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HOW TO USE THIS BOOK

PROPERLY used, this book can be a big time-saver for the practical 
radio engineer and student alike. It presents a mass of practical and 
theoretical data in as concise a manner as compatible with intelligibility.

Within these covers can quickly be found information which otherwise 
might be elicited only after thumbing through a whole shelf-full of books on 
theory, circuit practice, valves, components, sound amplification, instruments, 
interference suppression, and so forth.

The reader should first familiarize himself with the general ‘shape’ of 
the book. It will be seen from the Contents that the volume is divided into 
numerous sections, each devoted to a department of practice or theory.

A little acquaintance with the volume will enable the reader to turn, in 
most cases, straight to the section containing the information he requires.

Within each section, data are presented in appropriate sequence— 
technical or otherwise. This gives each item its logical place, thus aiding 
reference and at the same time ensuring, in many instances, that the item is 
explained by what precedes it.

When the reader has no clear conception of the category in which a 
required fact may be located, he should refer to the detailed index in the end 
pages. Every effort has been made to ensure that the index is comprehensive 
but, on occasion, it may be necessary to recollect that some information docs 
not readily lend itself to itemized listing.

While essentially a reference book, the reader will find several features 
which can be read through. In fact, while full explanation is outside its 
scope, the volume is more than a plain reference work.

This approach is exemplified in the Valve section. There you will find 
definitions of terms and brief descriptions of valve types, in addition to the 
formulas for understanding and utilizing valve circuits. The diagrams form, 
in themselves, a pictorial outline of theory as well as a reference guide to the 
numerous circuit arrangements which are the practical man’s concern.

The Component Design section not only contains the necessary data 
in particularly compact tables and helpful curves, but also explains how 
the material should be used. It is, in fact, a potted design manual.

The section on Instruments is not concerned with how they work as 
much as with how their ranges may be modified for particular purposes or 
with what is conveyed by the patterns on cathode-ray oscillographs. Sound 
Amplification begins with basic terms and useful reference charts and goes 
on to such practical matters as the characteristics of microphones and loud
speakers.

The needs of the television installation engineer, as well as of the short
wave enthusiast, have been borne in mind.

A summary of AC theory and of the algebra necessary for its application 
will be valuable equally to the student and to the older man who needs a 
refresher. Abacs and charts are given to speed everyday calculations.

It is hoped to revise and extend the book from time to time and sug
gestions for its improvement from readers will be welcomed.

Thanks are extended to contributors, among them D. H. Smith, 
B.Sc., Ph.D., E. J. G. Lewis, A.M.Brit.LR.E., W. B. Hunt, and J. de Gruchy, 
M.Brit.LR.E.

ROY C. NORRIS.
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SECTION 1

FUNDAMENTALS

WHILE all the information set 
out in the following brief 
introduction to the principles 

of electricity and magnetism can be 
found in the tables which follow it, 
nevertheless the introduction may 
help to explain the tables more 
completely.

The several distinct aspects of 
electrical phenomena may be re
lated to the behaviour of electricity 
when stationary, classified as static 
electricity, to electricity flowing in 
one direction, namely, direct current', 
to electricity flowing this way and 
that, which is described as alternating 
current. A subdivision of the 
classification of direct current is that 
of unidirectional current.

Electromagnetism
Associated with the flow of elec

tricity, whether in one direction 
continuously or alternating this way 
and that, are the magnetic effects in 
the neighbourhood of the conductors 
carrying the electricity, thus intro
ducing the subject of electromag
netism.

Static Electricity. A body is said 
to be charged when it has an excess 
of positive or negative electricity. 
We thus speak of a charge of 
electricity as meaning an excess of it. 
When a body is charged it is said to 
have an electrical potential. It is 
always assumed that the earth cannot 
have an excess of electricity, so that 
the earth is at zero potential and 
charged bodies have a potential with 
respect to earth, or a potential 
difference from earth potential. Thus, 
the electricity in charged bodies tends 
to flow to earth if a conductive path 
is provided. Two bodies with 
unequal charges of a like kind, or 
charges of an unlike kind (i.e., 
different positive or different nega
tive charges or positive and negative

charges respectively) have a differ
ence of potential.

When a body is charged it exer
cises an electric force in the space 
around it. This force is such as to 
attract or repel other charged bodies, 
or to attract bodies which are not 
charged. Bodies with like charges 
repel one another.

A concept which aids the under
standing of the action of forces 
around a charged body is that of 
postulating the existence of ’ an 
electric field composed of Unes of 
electric force, a line of electric force 
being a line drawn in the field which 
gives at all points the direction of 
the electric force.

When a body is charged, then an 
uncharged body brought near it is 
raised in potential; the field, in fact, 
represents a state of strain and a 
body in the field attains a potential 
representing this strain.

* Imagine a body charged with 
positive electricity and consider that 
another conductive body, not origin
ally charged, is brought near the 
charged body. It is then found that 
that part of the body nearer the 
positively charged body has a nega
tive charge, and that part of the body 
farther away from the charged body 
has a positive charge. These charges 
are induced charges but, since they 
are equal and opposite, there is, in 
fact, no total charge on the body, 
although the body, influenced, of 
course, as it is by the electric field, 
has a potential.

Displaced Electricity
To describe this effect, we say that 

electricity has been displaced in the 
body, some excess being represented 
as a charge of positive electricity in 
one part of the body, some being an 
excess of negative electricity in an- 

i other part of the body. The body as 
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a whole has no excess of electricity 
because the charges cancel.

If the charged body creating the. 
induced charges on the other body 
had a negative charge, displacement 
would also occur in the body which 
was introduced in the field, but the 
displacement would be the opposite 
way round from where the charged 
body had a positive charge.

A dielectric is the name given to a 
medium through which electricity 
may be displaced, but which does 
not conduct electricity as do metallic 
conductors. We may consider that 
the molecular structure of the 
dielectric helps to cause induction.

Insulating material has this proper
ty but is not by definition a dielectric; 
it is material which has a very 
high resistance.

Displacement Current
Electricity may be said to be dis

placed across a dielectric when the 
electric forces responsible for the 
state of strain are varying, because a 
quantity of electricity changing in 
the charged body causes the induced 
charges to vary; anticipating future 
description, we may say that a current 
of electricity may seem to flow 
through a capacitor when the poten
tial is applied to an uncharged 
capacitor, even though there is no 
conductive path between the plates 
of a capacitor, the plates being 
separated by a dielectric. Such a 
current represents a displacement of 
electricity, or a displacement current.

Electric flux associated with all 
varying charges is measured as the 
quantity of electricity displaced 
across a dielectric, and the intensity 
of an electric field is a measure of 
the electric flux.

The ratio of the electric flux 
density produced in a dielectric, to 
that produced by the same electric 
force in a vacuum, is called the 
relative permittivity of the dielectric.

A dielectric concentrates the elec
tric field much as a ferro-magnetic 
material concentrates a magnetic 

field, and permittivity can be asso
ciated with permeability.

Air has a relative permittivity so 
close to unity that it is sufficient in 
most cases to assess relative per
mittivity of dielectrics in relation to 
the electric flux-density produced by 
a given electric force in air. The 
permittivity of dielectrics is greater 
than unity, showing that dielectrics 
have the property of concentrating 
the electric field; this property has 
practical use in the construction of 
capacitors, a point that has now to 
be dealt with.

Capacitance
Given a certain charge on a body, 

the body has a certain potential. 
Consider that the body is conductive 
and that other bodies in its neigh
bourhood are at zero potential; the 
capacitance of the body is then 
defined as the ratio of the charge on 
the body to the potential of the body. 
This property, namely, capacitance, 
depends upon the physical shape of 
the body and its position relative to 
other bodies. The capacitance of the 
body is also determined by the 
permittivity of the medium which 
separates the charged body from 
other bodies, increasing with in
creasing permittivity. A capacitor is 
a component designed, in a practical 
form, to have the property of 
capacitance and, ideally, no other 
electrical property.

What have been referred to pre
viously as ‘bodies’ are, in a capacitor, 
essentially two conductive systems 
insulated from one another by a 
substance which has, consistent with 
other properties, a large relative 
permittivity.

Direct Current. A source of 
electricity capable of maintaining a 
steady and continuous flow of elec
tricity in a conductive circuit estab
lished across its terminals, must 
succeed in maintaining a steady 
difference of potential across its 
terminals while the conductive circuit 

I is connected between them. This 
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difference of potential will have 
different values, according to the 
magnitude of the flow of electricity 
in the conductive circuit, but, in 
order to establish the flow, the 
difference of potential across the 
conductive circuit must be main
tained whatever its value.

The term electromotive force de
scribes the force associated with the 
source of electricity which urges the 
flow of electricity round the circuit in 
one direction. The flow of electricity 
in the circuit is called an electric 
current or current; the difference of 
potential causing the current may be 
described as a voltage. When the 
flow of current is in one direction 
round a circuit and is of uniform 
value, this current is described as a 
direct current.

Ohm discovered that the metallic 
conductors of electricity with which 
he experimented had a property he 
called resistance, the value of which 
resistance is given by the ratio of the 
difference of potential acting across 
the conductor and the consequent 
current flowing in the conductor, this 
value (of resistance) being indepen
dent of the value of the potential 
acting and the current flowing 
provided the conductor is kept at a 
constant temperature. This discovery 
constitutes a natural law and is 
described as Ohm’s law.

Rectifiers and Ohm’s Law
Certain conductors do not obey 

Ohm’s law, e.g., certain composi
tions, or the contact between dis
similar materials or, notably, the 
contact between bright and oxidized 
contacts of the same material. What 
are called ‘rectifiers’ do not obey 
Ohm’s law because they conduct 
more strongly when the potential acts 
tine way across them than when it 
acts in the other, and even when the 
rectifier conducts relatively strongly 
the apparent resistance varies with 
current and voltage.

Conductance is the reciprocal of 
resistance; the greater the resistance 

of a conductor the less its conduc
tance, and vice versa.

A resistor is a component designed 
to have ideally the property of 
resistance and no other electrical 
property.

As a direct consequence of Ohm’s 
law, the voltage across a resistor (or 
a conductor having a given resis
tance) is given by the product of the 
resistance of the resistor (or con
ductor) and the current flowing in it. 
This is called a voltage drop.

If several resistors having dif
ferent values of resistance are con
nected in series and a difference of 
potential acts continuously across all 
the resistors in series (producing the 
same current in ail of them), then the 
sum of the several voltage drops 
developed across each resistance is 
equal to the total voltage acting 
across them all in series.

Internal Resistance
A source of electricity capable of 

producing a direct current in a 
circuit connected across its terminals 
can be considered as consisting of a 
constant electromotive force (com
monly symbolized by the abbrevia
tion EMF) and an internal resistance, 
the EMF and the resistance being in 
series across the terminals of the 
source. This internal resistance must 
not be confused with the existence of 
the physical object called a resistor, 
it is, in fact, part of a conception 
which conveniently explains the fact 
that the voltage across the terminals 
of the source is reduced as the 
current taken from the source is 
increased.

The internal resistance causes a 
voltage drop to be developed across 
it when a current flows in it, so that 
the voltage at the terminals of the 
source is equal to the voltage of the 
EMF minus the voltage drop in that 
resistance. If the external circuit has 
infinite resistance, this is the sole 
condition when the voltage on the 
terminals of the source is equal to 
the EMF of the source, because there 
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is no voltage drop in the internal 
resistance—since no current flows.

If the terminal voltage of the 
source is reduced by half, by con
necting an external circuit of the 
required resistance to halve the open
circuit voltage^ then this external 
resistance must measure the value of 
the internal resistance of the source. 
If the external circuit has zero 
resistance, then the terminal voltage 
is zero and the voltage drop in the 
internal resistance is equal to the 
EMF. All sources of electricity have 
internal resistance, whether they be 
small dry cells or high-powered 
electrical machines; a change of 
terminal voltage, however large or 
small, takes place directly the current 
is drawn from the source.

When a direct current flows in a 
conductor, a quantity of electricity 
flows through that conductor. This 
quantity is given by multiplying the 
steady rate of flow (current) by the 
time it flows uniformly.

It is observed that when a current 
flows in a conductor the conductor 
gains heat, showing that energy 
conversion takes place when a 
current flows in a conductor; electri
cal energy being transformed or 
converted into heat.

Joule's law states that the heat 
generated in a certain time by the 
passage of a uniform current through 
a conductor having a given resistance 
is equal to the product of the current 
squared times the time it flows 
uniformly times the resistance of the 
conductor in which it flows.

Using what are called practical 
units, current flow is measured in 
amperes, difference of potential in 
volts, and resistance in ohms.

Power is the rate of doing work. 
Power is measured, in a direct- 
current circuit, by the constant volts 
acting multiplied by the constant 
current flowing. A watt is thus given 
when one ampere flows due to the 
potential of one volt. Watt-hours is 
a measure of energy; it requires, let 
us say, an energy of x watt-hours to 

bring a quantity of water from 0° 
Centigrade to boiling point, but 
provided no radiation takes place, 
this might be 10 watts acting for 50 
hours or 500 watts acting for one 
hour or 30,000 watts acting for one 
minute; the energy is the same in 
each case.

As electric power depends upon a 
voltage times a current, namely, EI, 
it follows that, since E = RI (Ohm’s 
law), that power is also given by 
RI2, the product of resistance and 
current squared. Furthermore, since

E E2I — -o, power, namely, EI, is -5-, K K
i.e., the square of the voltage divided 
by resistance.

Electron:agnetism. The passage of 
a current through a conductor causes 
a magnetic field to be set up in the 
neighbourhood of the conductor. 
The field may be pictured as con
sisting of lines of magnetic force 
which give, at every point in the field, 
the direction of the magnetic force. 
The density of the lines of force is a 
measure of the strength of the 
magnetic field.

When a conductor is moved in a 
magnetic field so that it cuts the 
lines of force, an EMF is induced in 
the conductor, the value of the EMF 
being determined by the rate at 
which the lines are cut through. If 
the moving conductor forms part of 
a closed circuit, then the EMF 
induced in it will cause a current to 
flow in the conductor, always sup
posing that the resultant EMF is 
not zero, due to opposing induced 
EMF’s in other parts of the 
circuit.

Magnetic flux is an attribute of 
the field produced in the medium in 
the neighbourhood of a magnet or 
electric current.. The amount of 
magnetic flux through any area is 
measured by the quantity of electrici
ty caused to flow in an electric circuit 
of given resistance bounding the 
area when the circuit is removed 
from the magnetic field. This quantity 
is independent of the time taken
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in removing the circuit; if the removal 
is relatively slow, the induced EMF 
is less, and so the current less, but the 
time is relatively longer than if a 
more rapid removal were made. 
Thus, however slowly or rapidly the 
circuit is removed from the field, the 
product of resulting current and 
time, being the quantity of electricity, 
remains the same; therefore, the 
magnetic flux is given by the product 
of the quantity of the electricity and 
the resistance of the circuit when the 
circuit is removed from the magnetic 
field.

The measure of flux is related to 
magnetic flux density.

The magnetizing force at a point is 
the force associated with the flux 
density at that point. A magnetic 
circuit is a closed path throughout 
which a magnetic field is established 
by a magnetizing force.

The sum of the magnetic forces at 
all points around a magnetic circuit 
is said to equal the magnetomotive 
force acting to create the magnetic 
forces. There is here a similarity to 
current flowing in a conductive 
circuit, and caused to flow by an 
electromotive force, because the sum 
of the voltage drops (including that in 
the internal resistance of the source) 
around the circuit is equal to the 
electromotive force, just as the sum 
of the magnetic forces around the 
magnetic circuit is equal to the 
magnetomotive force.

Relative Permeability
The magnetic flux density pro

duced by a given magnetizing force 
in a medium will vary according to a 
property of the medium. This 
property is called the permeability of 
the medium. The relative permeabili
ty of a material or medium is defined 
as the ratio of the magnetic flux 
density produced in the material or 
medium to that produced in a 
vacuum by the same magnetizing 
force. Certain ferro-magnetic ma
terials have a relative permeability 
which is several thousand times that 

of a vacuum. The relative permeability 
of air is very nearly unity. Some 
materials have a relative permeability 
less than unity.

Electromagnetic induction is the 
term describing the fact that an EMF 
is produced in a conductor when lines 
of magnetic force cut that conductor. 
Electromagnetic induction may take 
place in two different ways. The 
magnetic lines of force may be 
stationary and the conductor may be 
in suitable motion, relative to the 
lines of force, or the conductor may 
be stationary while the lines of force 
are in suitable motion relative to the 
conductor. The latter condition may 
be established by causing currents to 
vary in one conductor when the 
consequently varying magnetic field 
created by the varying currents cuts 
another nearby conductor, thus in
ducing varying EMF’s in it. In this 
condition mutual induction is said 
to take place.

Self-Induction
If, however, only one conductor is 

in question, forming part of an 
electrical circuit, then if variable 
currents are passed through this 
conductor the varying lines of 
magnetic flux cut the conductor 
itself and induce EMF’s in it. This 
process is called self-induction, and 
the property of a conductor, associa
ted with the effects of self-induction, 
is called its self-inductance. This term 
is commonly abbreviated as induc
tance. Associated with mutual 
induction is the property of mutual 
inductance.

A component designed to have the 
property of inductance is called an 
inductor. It is inevitable that an 
inductor has some resistance, but an 
ideal inductor has the property of 
inductance and no other electrical 
property. The more nearly ‘ideal’ 
an inductor, the greater the ratio of 
its inductance to its resistance.

Unidirectional Currents in Capaci
tors and Inductors. A unidirectional 
current is one which flows in one 
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direction round a circuit but which 
does not flow at a constant rate.

Suppose a potential difference 
exists at the terminals of a uni
directional source of electricity and 
that these terminals are connected, 
at a given instant, to the terminals of 
a capacitor. If one terminal of the 
source is positive and the other 
negative, then one plate of the 
capacitor receives a positive charge 
and the other a negative charge. In 
order to establish these charges, a 
quantity of electricity must flow from 
the source to charge the plates of the 
capacitor and in so flowing must 
establish a current in the conductors 
joining source and capacitor.

After a lapse of time and when the 
charges are established, i.e. when the 
plates are at the same potential as the 
terminals of the source, no more 
current can flow because a steady 
current cannot pass through the 
material insulating the plates of the 
capacitor. At the instant of con
nection, the flow of current will be 
determined by the ratio of the EM F 
of the source and its internal resis
tance (assuming the conductors con
necting source and capacitor to have 
negligible resistance), because noth
ing else exists to limit the current 
flowing into the capacitor plates to 
charge them. After a certain lapse 
of time there is only electric strain in 
the dielectric in the capacitor which 
opposes any further flow of electricity 
from source to capacitor.

These effects can be explained by 
the assumption that the flow of 
current is opposed by a back-EMF 
in the capacitor, this back-EMF 
being zero at the instant the capacitor 
is joined and equal to the EMF of 
the source when the capacitor plates 
are fully charged.

If an inductor substitutes the 
capacitor, then at the instant of its 
connection the rate of change of 
current in it is maximum, resulting in 
an induced EMF which has its 
maximum value owing to the effects 
of self-induction. This is a back-

EMF because it opposes the rise of 
current. After some lapse of time 
the current becomes steady, its value 
being determined by the EMF of the 
source divided by the internal re
sistance of the source (assuming the 
inductor to have negligible re
sistance).

These effects can be explained by 
assuming that the inductor, at the 
moment the circuit is joined, exerts 
an EMF equal and opposite to the 
EMF of the source, which back- 
EMF reduces as time passes until, 
when a steady current flows, it is zero.

It is to be noted that the relation
ship between the time of action of 
the back-EMF in capacitor and 
inductor is an inverse one, the 
capacitor back-EMF starts by being 
zero and builds up in time to a 
value equal to the EMF of the 
source; the inductor EMF starts by 
being equal to the EM F of the source 
and dies down in time to zero.

Alternating Current. An alternating 
current is one which alternately 
reverses its direction of flow in a 
circuit in a periodic manner. An 
alternating current which executes a 
period of alternation in the same 
time continuously can be said to 
have zero value at one instant, to 
rise to a maximum in one direction, 
to fall again to zero, to rise to a 
maximum value in the other direc
tion, and to come to zero once more. 
The time taken for the execution of 
this total process (zero to, say, 
positive maximum, from positive 
maximum to zero, from zero to 
negative maximum, from negative 
maximum to zero) is called the 
period and is measured as a time.

The complete series of changes 
just described is called a cycle of 
alternation, or, briefly, a cycle.

The term frequency describes the 
number of cycles per given time ; 
it is expressed in practice as a 
number, giving the number of cycles 
per second.

In a simple conception, a source of 
alternating current may be con
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sidered to consist of an EMF which 
acts alternately in one direction and 
the other through an internal re
sistance.

If a capacitor be connected across 
the terminals of a source producing 
alternating potentials at its terminals, 
a current will flow, first this way, 
then that, into the capacitor, because 
the plates will be charged this way, 
then that. A limitation of the current, 
apart from that given by the internal 
resistance of the source, will be due 
to the back-EMF produced by the 
capacitor, because the current flowing 
into it cannot pass conductively 
through it and can only be repre
sented as a current which is altering 
the charge on the capacitor plates, 
i.e. a displacement current.

If an inductor be connected across 
the terminals of the source of 
alternating current, then because this 
current exhibits a rate of change as 
it rises and falls, so it will create a 
back-EMF due to the self-induction 
of the inductor. This back-EMF 
opposes the alternating EMF of the 
source and so, in common with the 
internal resistance of the source, 
limits the current.

The term reactance describes the 
property of a capacitor or an 
inductor, which property limits the 
value of alternating current passing 

through them in virtue of the back- 
EMF each produces. Neither a 
capacitor nor an inductor, if ‘pure’, 
has resistance, and so does not 
absorb power when the alternating 
current passes through it, whereas 
a resistance does.

It has been seen that the back-EMF 
of inductor and capacitor act op
positely in similar circumstances (see 
unidirectional currents) and so their 
reactances are of opposite sign when 
added together. This means that the 
inductive reactance and capacitive 
reactance of an inductor and a 
capacitor, when these components 
are connected in series, produce 
back-EMF’s which tend to cancel 
each other; the alternating current 
flowing in a circuit containing a 
capacitor and inductor in series may 
be greater, other things being equal, 
than when cither capacitor or in
ductor exist in the circuit alone.

When a circuit contains compon
ents having reactance and resistance, 
the combination is said to have 
impedance.

Further and more comprehensive 
discussion of the behaviour of 
alternating currents is given in a later 
section, dealing notably with those 
important practical questions of 
phase, power, and the relationships 
of reactance and frequency.

SYSTEMS OF UNITS

Units. Measurement is essential 
alike in science and technology. As 
a means to measure, the units of 
measurement must be the same when 
relating one quantity with another; 
rhe results of calculation can only be 
expressed in a useful form when a 
related system of units is used. It is 
useless, for example, to express 
areas in terms of the multiplication 
of lengths, some of which are 
measured in centimetres, some in 
inches; all lengths must be expressed, 
in this example, in the same units— 
be they inches, centimetres or yards.

Fundamental units are units of 
physical quantities that are regarded 
as fundamental concepts, such as 
length, mass and time, and derived 
units are units other than funda
mental units. Absolute units are de
fined by reference to fundamental 
units, these being usually length, 
mass and time. The centimetre
gramme-second (abbreviated e.g.s.) 
system is a system of physical units 
in which the centimetre, gramme and 
second are the fundamental units.

Electrical units used in practice, 
and called practical units, are based 
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upon the c.g.s. system, but are 
numerically adjusted because the 
c.g.s. units are inconveniently large 
or small.

There are two systems of absolute 
units, the electrostatic system of units 
and the electromagnetic system of 
units. Both are based on the c.g.s. 
system, but the electrostatic system 
has as its primary electrical unit a 
unit charge, while the electro
magnetic system is based on the 
definition of unit magnetic pole. 
Both systems make an arbitrary 

assumption about the permittivity or 
permeability of air respectively.

Derived from the c.g.s. system, is 
the metre-kilogramme-second system, 
the metre being 100 centimetres and 
the kilogramme 1,000 grammes. 
The metre-kilogramme-second elec
tromagnetic system of units (M-K-S 
units) includes'many of the practical 
units, i.e. ampere, ohm, volt, joule, 
henry, and farad, and makes an 
arbitrary assumption about the nu
merical value of the permeability of 
free space.

AIDS TO NUMERICAL CALCULATION

Powers of Ten. Although practical 
units have values which in practice 
are mostly numerically manageable, 
some must be expressed in multiples 
or fractions of the basic practical 
unit.

The use of ‘powers of ten’ greatly 
helps in making numerical calcula
tions, and the use of prefixes such as 
mega, micro, milli, etc., are con
veniently used in describing units 
which are multiples of ten times or 
the reciprocal of multiples of ten 
times the basic practical unit.

The number 1,000,000 may be 
written 10G, meaning that a million 
is 10 multiplied by itself six times, 
and meaning that a million has six 
noughts after the initial figure of one. 
Thus, the number 1,000 is 103, the 
number 10 is 101, while the number 
I is 10°. In fact, neither 10 nor unity 
is written as 101 and 10°, respective
ly, although it would be logical, if 
clumsy, to do so.

The convenience of the power of 
ten method of expressing numbers is 
that in multiplication of numbers 
the ‘powers’ are simply added, e.g. 
1,050,000 multiplied by 300,000 
comes to 1-05 X 106 X 3 X 105 = 
3-15 X 1011; the T05 and the 3 are 
multiplied, the power figures, 6 and 
5, are added.

The further convenience is that 
— 4 — 1CH, while, for another

example, f^QO^OO ~ 0 —
IO-«.

Thus, because the positive powers 
of ten are added, 0-003 X 470,000 X 
620 is 3 X 10 3 X 4-7 X I05 X 6-2 X 
10- = 3 X 4-7 X 6-2 X 10* = 
87-42 X 10* = 8-742 X 10> = 
874,200.

The use of the mega, milli, and 
micro prefixes is described in Table 
IV. The foregoing brief introduction 
concerning fundamental concepts and 
their quantitative expression, both 
in terms of units and numerically, is 
summarized in the following tables.

Symbols commonly used in al
gebraic expressions are :

= meaning equal to 
approximately

equal to 
greater than 
much greater than 
less than 
much less than 
not greater than 
not less than 
sum of

jX j where A is any symbol mean
ing the magnitude but not 
the direction and magni
tude of A.

dy meaning the rate of change 
dx of y with x.
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TABLE I

Term Brief description Letter 
symbol

Static electricity Electricity at rest and existing in excess in 
charged bodies

Direct current Electricity flowing uniformly in a conductor 
in one direction

DC

Alternating current .. 

Unidirectional current 

Electromagnetism

Charge of electricity

Electricity flowing alternately in reverse 
directions in a periodic manner

Electricity flowing in one direction but not at 
a constant rate of flow

Magnetic effects produced in the neighbour
hood of a conductor in which electricity 
is flowing in any manner

The excess of positive or negative electricity 
on a bodj' or in space

AC

Potential difference 
(abbreviated P.D.)

Electric force

Electric field ..

Line of electric force..

Displacement

Dielectric

Insulating material ..

Electric flux ..

A difference between the electrical states 
existing at two points, tending to cause a 
movement of electricity from one point to 
another

A force exerted in the neighbourhood of a 
charged body on other charged or un
charged bodies

The space in the neighbourhood of a charged 
body throughout which an electric charge 
experiences a mechanical force. (An 
electric force is exerted by a varying 
magnetic field.)

A line drawn in an electric field which gives 
at al! points in the field the direction of the 
electric force at these points

The displacement of electricity in a conductor 
or a dielectric due to the action of electric 
forces

A medium across which a quantity of elec
tricity may be displaced but which is 
incapable of conducting electricity through 
it

Material which offers a relatively high re
sistance to the passage of an electric current 

A phenomenon produced in the medium in 
the neighbourhood of a charged body and 
related to the conception of lines of electric 
force

V

Relative permittivity.. Referred to a dielectric. The property of a 
dielectric in relation to its effect in con
centrating electric flux in it when acted 
upon by an electric force

K

Capacitance ..

Capacitor

The property of a conductive body by virtue 
of which a quantity of electricity has to be 
contained in it to produce a difference of 
potential between the body and surround
ing bodies

A component capable of storing electrical 
energy in the form of electrical stress in 
insulating material placed between con
ductive surfaces which are electrically 
separated by the insulating material__

C
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TABLE I—continued

Term Brief description Letter 
symbol

Electromotive force 
(abbreviated EMF)

Of a source of electricity—that force which 
tends to cause a movement of electricity 
in a circuit

E

Electric current

Resistance

Ohm’s law ..

The flow of electricity along any path or 
round any circuit

That property of a body by virtue of which 
it resists the flow of electricity through it

The resistance of the majority of metallic 
conductors is independent of the potential 
acting across them and the consequent 
current flowing in them, provided the 
conductor is kept at a constant tempera
ture

I

R

Conductance

Voltage drop

Internal resistance ..

Quantity of electricity

The reciprocal of resistance
The voltage between any two points on a 

conductor with current flowing in it. The 
voltage across a resistor with current 
flowing in it

Of a source. Resistance concealed in a source 
and existing between physically inaccessible 
terminals

The term is self-explanatory, but see Table II

G

Electric power

Magnetic field

Line of magnetic force

The rate at which energy is converted from 
electrical to other forms

The space in the neighbourhood of an 
electric current or a permanent magnet 
throughout which magnetic forces can be 
detected

A line drawn in a magnetic field such that its 
direction at every point is the direction of 
magnetic force at that point

W

Magnetic flux

Magnetic flux density

A phenomenon produced in the medium in 
the neighbourhood of electric currents or 
magnets and associated with lines of 
magnetic force

At a point. The amount of magnetic flux 
per unit area, the area being in a position 
which gives a maximum value for the flux

Magnetizing force ..

Magnetic circuit ....

The force at a point which produces or is 
associated with the flux at that point

A closed path in a magnetic field

H

Magnetomotive force Around a magnetic circuit. The force which 
establishes the magnetic forces around a 
magnetic circuit

F

Permeability

Electromagnetic 
induction

Mutual induction

The property of a medium described in 
relation to its effect of concentrating 
magnetic flux in it when acted upon by a 
magnetizing force

The production of an electromotive force in 
a circuit by a change of magnetic flux in 
the circuit

The production of an EMF in one circuit by 
electromagnetic induction caused by vary
ing currents in another circuit

P-
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TABLE I—continued

Term Brief description Letter 
symbol

Self-induction.. The production of an EMF in a circuit due 
to the varying currents in that circuit

Self-inductance 
(abbreviated 

inductance)

The property of a circuit by virtue of which 
self-induction occurs

L

Mutual inductance ..

Inductor

Back-electromotive 
force (abbreviated 
back-EMF)

Period

Cycle

The property of a circuit by virtue of which 
mutual induction occurs

A component designed to have principally 
the property of inductance

An induced electromotive force which opposes 
the normal flow of current

The minimum time interval at which similar 
characteristics of an alternating current or 
voltage are repeated, the alternations 
being such as to make this time always 
the same

The complete scries of changes executed by 
an alternating current or voltage during 
a period

M

Frequency The number of cycles (of alternation) occur
ring in a defined time

f

Reactance A property associated both with capacitance 
and inductance which causes a back-EMF 
tending to oppose the flow of an alternating 
current

X

Impedance A property associated with a circuit con
taining both resistance and reactance 
which limits the value of alternating 
current flowing in the circuit according to 
the value of the impedance

z

TABLE II

Term Definition (practical units)
Practical unit 
(unless other
wise stated)

Leiter 
symbol 
of unit

Unit charge. That quantity of electricity which Coulomb C
Unit quantity of 
electricity

Potential differ-

passes through a conductor in 
one second when the mean cur
rent is one ampere

That electromotive force or po- Volt V
ence.

Electromotive 
force

tential difference which applied 
steadily to a conductor the re
sistance of which is one ohm 
produces a current of one 
ampere
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TABLE II—continued

Term Definition (practical units)
Practical unit 
(unless other
wise stated)

Letter 
symbol 
of unit

Electric force

Relative
permittivity

Electric flux

Measured in magnitude and di
rection at any point by the 
mechanical force per unit 
charge experienced by a very 
small body placed at that point 

Of a medium. The ratio of the 
electric flux density produced 
in the medium to that produced 
in free space by the same elec
tric force

The quantity of electricity dis
placed across a given area in a 
dielectric. The total flux dis
placed across a surface en
closing a charge equals the 
charge

Volt per unit 
length

E

Electric flux 
density

The electric flux per unit area 
normal to the direction of the 
flux

D

Capacitance The ratio of a charge on a con
ductor to its potential when all 
neighbouring conductors are at 
zero potential. The ratio of the 
charge of a capacitor, i.e. the 
total flux between its electrodes 
to the potential difference be
tween them

Farad F

Electric current Unit current is that which deposits 
111800 milligramme of silver 
per second from a solution of 
silver nitrate

Ampere A

Resistance Of a body. Given by the constant 
difference of potential applied 
to the ends of the body divided 
by the current which it pro
duces, no EMF being assumed 
to act in the body. The inter
national ohm is the resistance 
offered at the temperature of 
melting ice to an unvarying 
electrical current by a column 
of mercury 14-4521 grammes 
in mass of uniform cross- 
sectional area and 106-300 
centimetres in length

Ohm n

Conductance Unit conductance is the conduc
tance of a body having a re
sistance of one ohm

mho

Power .. Unit power is the energy expended 
in one second by an unvarying 
current of one ampere produced 
by a voltage of one volt. (For 
consideration of power and 
alternating current, see later 
sections.)

Watt w
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TAELE II—continued

Term Definition (practical units)
Practical unit 
(unless other
wise stated)

Letter 
symbol 
of unit

Energy .. Unit of energy, the energy expen
ded in one hour when the power 
is one watt. One watt-hour = 
3,600 joules

Watt-hour Wh

Magnetizing force The mechanical force experienced 
by unit magnetic pole placed at 
the point where the force is 
measured. In EM units the 
force in dynes exercised on unit 
pole

Oersted 
(EM unit)

Magnetomotive Along any path. The sum of the Gilbert
force magnetic forces around the 

path. If the path is closed, this 
is 0-4 tv times the ampere-turn

(EM unit)

The ampere-turns is the multi
plication of the turns on a coil 
and the current in amperes 
flowing in the coil

Ampere-turn AT

Amount of Through any area, measured by 
. the quantity of electricity 
caused to flow in a circuit 
bounding the area when the 
circuit is removed from the 
area. Unit magnetic flux (EM 
units) is that flux the removal of 
which from a circuit of unit 
resistance causes one electro
magnetic unit of electricity to 
flow

Maxwell
magnetic flux (EM unit)

Magnetic flux The amount of magnetic flux per Gauss (EM B
density

Relative 
permeability

square centimetre over a small 
area

Of a medium. The ratio of the 
magnetic flux density produced 
in the medium to that produced 
in space by the same magnetiz
ing force

unit) (1 gauss = 
1 maxwell

per square 
centimetre)

Inductance
(self-inductance)

The practical unit of inductance 
(the henry) is equal to 108 flux 
linkages per ampere

Henry H

Frequency Measured in cycles per second .. Cycle/Sec. c/s

Reactance Of a capacitor: has a numerical 
value given by the reciprocal of 
the product of 2 re times the 
frequency in cycles per second 
and the capacitance in farads 

Of an inductor: has a numeri
cal value given by the product 
of 2 tc times the frequency in 
cycles per second and the 
inductance in henries

Ohm O
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TABLE III

Tena Symbol Principal relationship with other 
quantities expressed algebraically

Potential ..

Capacitance
Charge
Electromotive force, 

potential difference
Resistance ..

Current

Conductance

Power
Magnetic flux density
Magnetizing force

Permeability
Frequency ..
Angular frequency
Reactance ..
Reactance

(of a capacitor)
Reactance

(of an inductor)
Impedance

(of a circuit containing 
resistance and reactance)

V

c
Q 
E

R

1

G

IP
B
H

P

co

Aq

Xt. 
z II

 II 
II
 II 

II
 II 

II
 II 

II
 II 

II
 II 

II
 II 

II
 

< 
s £ a 

a:
~s

 "■
£.

 S’ 
ft 

» 5
 O

Ti
sr

»
% 

II
 II 

II
 

II

+ 
>1

 
~ t"

! 
cy

 K
m

> 
“Cl

7 
li

LO

TABLE IV: PREFIXES

Prefix Letter 
symbol Interpretation Example

Mega or meg 
Kilo

j Deci 
Miiu 
Micro 
Pico or 
micro-micro

M

k

cl 

rn

p or
PP1

Millions of
Thousands of

Tenths of
Thousandths of
Millionths of
Million

millionths of

I megohm = 106 ohms
1 kilocycle per second = 101* 

cycles per second
1 decibel = 10”1 bel
1 milliamp 10-3 amp
1 microfarad = 10’ 6 farad

1 pico-farad \=1O «farad
1 micro-microfarad j
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TABLE V: ABBREVIATIONS SOMETIMES USED IN TABLES, 
TEXT AND DIAGRAMS

A zzzz Ampere D zzzz Electric flux density
A, or AE —- Aerial dB •--- -Decibel
A battery — Low-tension battery DC zzz: Direct current

(American) DCC zzzz Double cotton-
AC Alternating current covered wire
AC-DC —— All mains Det zzzz Detector
Ace ZZZZZ Accumulator DF ----- Direction finding
AF ZZZZ Audio frequency DIR T—— Double rubber-
AFC zzzz Automatic frequency covered wire

control DPC — Double paper-
AG ZZZ Auxiliary grid covered wire
Ah Ampere-hour DPR Double-lapped pure
Amps zzz: Amperes rubber-covered wire
AM Amplitude modula DSC -—- Double silk-covered

tion wire
AT zzz Ampere-turn DX —— Distant (reception)
AVC zzzz Automatic ' volume

control
E Earth, or electro

motive force
B ZZZZ Magnetic flux density, EHT zzzz Extra-high tension

or Press button EM --— Electromagnetic
B battery zzzz High-tension battery EMF Electromotive force

(American) Enam zzzz Enamelled wire
B/D, or Brd - Braided wire ES, or EX zzzz Extension speaker
BF Beat frequency
B and S Brown and Sharpe

Batt 
BT

gauge f zzzz Frequency

—

Battery
Bellini-Tosi system of 

direction finding

F = Farad, or fuse, or 
magnetomotive 
force

BWG = Birmingham wire FC zzz: Frequency-changer
gauge

FM ZZZZ
valve

Frequency modula

Capacitance, capaci
tion

C T~r
6) Zzzz Frequency X 2k

tor, or coulomb
C battery zzzz Grid-bias battery

CB __
(American) 

Circuit-breaker G zzz Generator, or grid, or
Cm Centimetre. Used on conductance

Continental capaci
tors to indicate

GB —— Grid bias

capacitance. 1 cm 
— 14 p.p.F H — Henry, or magnetiz

Cp —: Counterpoise ing force
cps, or c/s —z Cycles per second HC zzzz High-conductivity
CR zzzz Cathode ray wire
CW —z Continuous wave HD — Hard-drawn copper
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TABLE V—continued

Het = Heterodyne mFd, or [zF= Microfarad
HF == High frequency MG Motor generator
HMT — Hand micro-tele- (zH Microhenry

phone Mic ■ Microphone
HT — High tension mmFd, or Micro-m icrofarad

WzF

= Current
MO — Master oscillator

I mH j___ : Millihenry
IC
ICW

= Intercommunication
— Interrupted continu- P — Permeability, or am

plification factorous wave mV ------ - Millivolt
IF — Intermediate fre- MW — Medium wave

IFT
quency

— Intermediate fre- N — Neon tube
quency transformer Q — Ohm

Int = Interrupter Ose —— Oscillator

J — Jack P Padding condenser, or
* Plug

K — Permittivity (relative), 
or Morse key

PA
PB —

Public address 
Pushbutton

Kc/s = Kilocycles per second PC — Photo-electric cell
kVA = Kilovoltamperes Pen Pentode
kW — Kilowatt pF — Pico-farad (one
kWh — Kilowatt-hours mmFd)

ZTZZ Magnetic flux
PL ZZ'Z Lamp signal, or pilot

À = Wavelength lamp
L — Inductance, or indue- PM -— Permanent magnet

tor Pot Potentiometer
La = Lamp PU — Pick-up
Lani = Laminated PUC — Polyvinyl chloride
LF — Low (audio) fre- (plastic) covered

quency cable
LS
LT

= Loudspeaker 
— Low tension

QPP 7'"' " Quiescent push-pull
LW = Long wave R -—‘ Resistance, or

resistor
M = Meter, or mutual in- RC — Remote control
• ductance RCC Resistance-capaci-
III — Metre tance coupled
MA = Mains aerial Rec Rectifier, or receiver
mA = Milliamperes Rei — Relay
mA/V = Milliamperes per volt RF — Radio frequency
Mc/s = Megacycles per RT Radio-telephony

second
MC = Moving coil S, or Sv/ Switch
MCW = Modulated continu- see Single cotton-covered

ous wave wire
meg = Megohm SD Soft drawn copper
MF — Medium frequency wire
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TABLE V—continued

RADIATION OF WAVES

SG — Screen grid TRF — Tuned radio-
S/het = Superheterodyne frequency

receiver
SIR = Wire with single USW = Ultra-short wave

rubber lapping
Spk 
SR

= Loudspeaker
= Starting relay V — Potential difference,

SSC = Single silk-covered volt, valve
wire VA = Volt-ampere

sw = Short wave VF = Video frequency
swe = Single white silk- Vib = Vibrator

covered wire VIR — Vulcanized india-
SWG — Standard wire gauge rubber cable
Sync = Synchronizing Vol = Volume control

T = Trimming condenser, W = Power, or watt;
transformer, trans- rectifier
mitter w/c = Wave-change switch

TCC = Triple cotton- Wh = Watt-hour
covered wire WT = Wireless telegraphy

Tel — Telephone
TI = Tuning indicator X = Reactance, or crystalTPC = Triple paper-covered X’s — Atmosphericswire
TR = Transmitter-receiver
Trans — Transformer z — Impedance

An aerial is a structure capable of 
radiating waves when it is successive
ly charged, this way and then that, 
which process results in alternating 
currents flowing in the aerial.

The relationship between the 
length of the wave radiated from the 
aerial and the frequency of the 
currents flowing in the aerial is that 
the product of these two quantities 
is equal to a constant; therefore, the 
higher the frequency of the currents 
causing waves to be radiated, the 
shorter the length of the wave. If 
the waves are radiated into space, 
then the product of the frequency of 
the aerial currents, expressed as 
cycles per second, and the length of 
waves in centimetres, is very nearly 
equal to 3 X 1010 ems per sec., 

which is the assumed velocity of 
light. This velocity is approximately 
186,000 miles per sec.

Waves are classified both as to their 
length and, as it is called, their 
frequency, meaning basically the 
frequency of the alternating currents 
flowing in the sending aerial.

Some qualitative descriptions are 
attempted, such as short waves, long 
waves, ultra-short waves, and so 
forth. (See Fig. 2.)

The British Standards Institution 
publishes information, set out in 
tabular form on page 26, which 
attempts to standardize usage.

Note that the product of wave
length in metres and frequency in 
kilocycles per second is the number 
300,000, but also note that this
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RADIO CIRCUIT SYMBOLS-

PRIMARY OR 
SECONDARY 

CELL

CELLS IN 
SERIES

CABLE.
SCREENED

CABLE. CONCEN
TRIC (TRANS
MISSION LINE)

VARIARLE
INDUCTOR

PRE-SET 
INDUCTOR

CAPACITORS

CHASSIS
-4-

CONDUCTORS 
CROSSING

CONDUCTORS 
JOINING

CONDUCTOR

INDUCTOR
WITH SLIDER

INDUCTOR WITH 
VARIABLE TAPPING

COIL OR CHOKE (HF), 
AIR-CORED

IRON-DUST-CORED 
COIL

COILS (INDUCTORS) WITH .RON CORES

•M*: *. iTCAtirXrSaÆiaca

COUPLED INDUCTORS.
AIR-CORED (HF TRANSFORMERS)

COUPLED 
INDUCTORS. 
IRON-CORED 
(LF OR MAINS 
TRANSFORMER)

FIXED VARIABLE GANGED 
CAPACITOR

dial Or 
phot lamps

-^(TööW^-
TRANSFORMER.

WITH SCREENING

AUTO
TRANSFORMER

DIFFERENTIAL ELECTROLYTIC SERIES GAP 
CAPACITOR CAPACITOR OR SPLIT

STATOR 
CAPACITOR

FILAMENTS
OR HEATERS 

IN SERIES

PRE-SET OR 
TRIMMER 

CAPACITOR

FUSES

MOTOR-GENERATOR
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headphones
JACK 

(2-WAY)

LOUDSPEAKERS MICROPHONE

NEON TUBE

INTERRUPTER
JACK (2-WAY 

WITH EARTH BUSH)

MAINS PLUGS MICROPHONE

PLUG R SOCKET 
(OPEN » CLOSED)

press-button
MAKE AND BREAK

P1E 2 0'ELECTMC 
CRYSTAL resistance 

in Ohms

press-button 
break

PRESS-BUTTON 
OPEN CIRCUIT

RELAY 
SIOW RELEASE

n L i i r i c n , 
MFTAi OR 
crystal

PRESS-BUTTON 
CLOSED CIRCUIT

REI AY 
(TWO WINDINGS) RELAY

SLOW OPERATE

RESISTOR

RELAY.
THERMAL NON-INDUCTIVE

RESISTOR SCREEN OR 
SCREENING

DOUBLE-POLE
DOUBLE-THROW

----- o
SELECTOR
SWITCH

TUMBLER 
SWITCH

ó 6
OPEN

RECTIFIER
HEATER 
winding

CENTRE-TAPPED
HIGH-TENSION
WINDING

centre-tapped 
LOW—TENSION 
WINDING

TRANSFORMER MAINS

EM RELAY OR
circuit-breaker

Closed change-over
SPRING SWITCHES

IN USA THE FOLLOWING USE OF 
SYMBOLS HAS BEEN SUGGESTED -

RESISTOR 1 I- -MAA-

CAPACITOR T 4
FIXED VARIABLE ADJUSTABLE

CONTACT U ti"
(---------

OPEN CLOSED SEQUENCE

COIL
\ OR o °*

1 /

25



TAELE VI
According to Wavelength

Description Length in metres

Myriametric 
Kilometric 
Hectometric 
Decametric 
Metric 
Decimetric 
Centimetric____

Above 10,000 
10,000 to 1,000 
1,000 to 100 
100 to 10 
10 to 1 
1 to 0-1 
01 to 0 01

According to Frequency

Description
Frequency in 
kilocycles per 

second

Very-low 
frequency

Low frequency
Medium 

frequency
High frequency
Very-high 

frequency
Ultra-high 

frequency
Super-frequency

Below 30

30 to 300

300 to 3,000
3,000 to 30,000
30,000 to

300,000
300,000 to

3,000,000
3,000,000 to

30,000,000

assumes that the velocity of light is 
3 X 1010 cms per sec. Since the 
measurement of the velocity of light 
depends upon experimental results, 
and because different experimenters 
have not found exactly the same 
result, therefore the figure for the 
velocity of light is an approximation, 
though a very near one.

It is not possible to give the range 
of senders in accordance with the 
wavelength used, because this de
pends upon many factors, such as 
the power of the sender, its location 
(with the higher frequencies, par
ticularly as regards its elevation 
above the earth’s surface), the signal- 
to-noise ratio at the receiver and the 
relevance of this ratio to the re
quirements of signalling.

Waves radiated from sending 
aerials follow different ray paths, 
some which run parallel to the 
earth’s surface but leave this ap

proximately tangentially when the 
earth’s curvature becomes a relevant 
factor. Other waves are radiated 
skywards along paths making an 
angle to the earth's surface.

Consistent reception is the more 
possible as the receiver is better 
located to pick up the waves passing 
over the earth’s surface. Neverthe
less, the sky-seeking waves may be 
turned earthwards again by effects 
produced in the electrified layers in 
the upper atmosphere, called the 
ionosphere.

Electrical changes in the atmo
sphere cause noise to be reproduced 
in receivers, and such noise may 
interfere with reception. This noise is 
referred to as atmospherics. The 
longer the wave, other things being 
equal, the greater the liability to 
noise from atmospherics.

The longer the wave, however, the 
greater the strength of the ground 
waves, at a given distance, for 
senders of the same power and with 
equally efficient aerial systems.

Decametric waves may be bent 
earthwards at the ionosphere in spite 
of the effect of the sun’s rays on it; 
hectometric, kilometric and myria
metric waves are more strongly 
received when sun’s rays no longer 
impinge on the upper atmosphere.

All these factors lead to a choice of 
waves for different services, in which 
the decametric waves are used for 
signalling over world distances, with 
a certain unreliability in reception, 
because of the variable effects of 
ionospheric behaviour. Hectometric 
waves are used for broadcasting, 
where great reliability is essential, 
and where ground-ray reception gives 
this; while the longer waves are used 
for signalling over continental dis
tances.

The use of metric, decimetric and 
centimetric waves is being explored 
and yielding satisfactory results for 
signalling over distances of the order 
10 to 100 miles; range of the senders 
being greatly enhanced as they are 
elevated above the earth’s surface.
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FREQUENCY WAVELENQTH
(kc/S) (METRES)

ELECTROMAGNETIC WAVE SPECTRUM
Fig. 2. Depending on frequency and wavelength, ether waves have many different 
characteristics and uses, and these are clearly explained in this layout and text.
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SECTION 2
CALCULATIONS CONCERNING

DIRECT CURRENT
Relationships between Voltage, 

Current and Resistance. It is known 
from Ohm’s law that E = RI; put 
into words, this means that the 
voltage acting across a conductor of 
resistance R is equal to that resistance 
multiplied by the current flowing in 
that resistance, care being taken to 
use the appropriate units.

ESince E — 7?/, therefore, I =^and 
ER = j-, showing that if two quantities 

are known the third may be cal
culated. A way to remember the 
equivalences is to put the symbols in 

£
this form, namely, DT, when the 

. Ri
blotting out of any one of the symbols 
gives the expression for the remain
ing two. Blot out E and get RI 
(which E is equal to), blot out I and

£
get D (which I is equal to), blot out

ER and get p (which R is equal to).
A further point of practical 

importance, particularly when doing 
mental arithmetic, is that E comes 
out in volts if I is expressed in 
milliamps and R in k/ohms (thou
sands of ohms). For instance, if R 
is 5,000 ohms, that is, 5 X 103 ohms, 
or 5 k/ohms, and I is -003 amp, that 
is, 3 X 10 ~3 amps, or 3 mill ¡amps, 
then E is 3 X 103 X 5 X 10 s = 
15 volts. In other words, k/ohms 
times milliamps is volts.

Equally, when a ratio is involved, 
Ee.g., R—pR will come out in ohms 

if E is expressed in microvolts and I 
in microamps or E is expressed in 
millivolts and I in milliamps; in 
general, any, but always the same, 
units may be used for the ratios 
E Ej or p. Therefore, with 250 milli

volts acting and a current of 5 milli
amps flowing, the resistance acted 

. 250X10"3 250 ,upon is, =50 ohms.
3 W J

To give some examples, in which 
the results derived from Ohm’s law 
are relevant, we may want to know 
what is the voltage drop across the 
fixed winding of a motor if the 
winding has a resistance of 1,500 
ohms and pttsses a current of 50 
milliamps. Since E — RI, therefore, 
the voltage dropped is 1-5 X I03 X 
50 X 10;3 = 75 volts.

Suppose, for another example, 
that a potential divider has a total 
resistance of 1-25 megohm and 1,500 
volts act across it, what is the current 
through it? (This is a case in which 
the current is often called a bleeder 
current, because current is ‘wasted’ 
with the object of obtaining at the 
slider of the potential divider a 
voltage less than the total voltage.)

FGiven I = p, then, in the example, 

/= 1'A2S_1PL—1-2 x io 3 — i-2 
1 1-25 X 10(i 1 2 X W 12
milliamp — 0-0012 amp.

Lit the voltage applied to a heater 
circuit be 250 volts and the resulting 
current 0-3 amp, what is the total 
resistance of the circuit?

ESince R — •, therefore, in this
250case, R = = 833-3 ohms.

This last example, in which the 3 
after the decimal point is written 3, 
to show that 3 goes on recurring (i.e. 
it is 833-3333, and so on), introduces 
the idea of significant figures.

We could say that the resistance 
was approximately 833 ohms. Since 
three figures are used, the approxima
tion is expressed in three significant 
figures. If the number were written 
833-3, four significant figures would
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be used; therefore, 0-007352 is a 
number with four significant figures. 
Incidentally, if a result comes to, say, 
845-7, its expression in three signifi
cant figures is 846, because the -7 
brings it nearer to 846 than 845. In 
expressing numerical values in prac
tical radio work, three significant 
figures are usually enough because 
the accuracy of measurement is not 
often so great as to justify the use of 
more.

Power. The practical unit of 
electrical power is the watt and it is 
expended when one ampere flows 
due to a voltage of one volt. The 
electrical power W, expended in any 
way, may be measured, in a DC 
system, by the steady current flowing 
in the circuit in which the power is 
expended multiplied by the volts 
acting, or = EI.

But since E = RI, therefore, 
W = RE.

Table VJI gives these equivalences 
in convenient form.

When a current flows in a resistor, 
electrical energy is converted into

TABLE VII : EQUIVALENCES 
IN DC CIRCUITS

I = current, E = voltage, 
R = resistance, W = power.

E = ÏW W
R \ R E'

E — RI = JWR =

E E2 W
~ I ' W E'

W EI ER =

Units'. I in amps, E in volts, 
R in ohms, W in watts.

heat in the resistor. If the current be 
excessive in relation to the ability of 
the resistor to carry it, the resistor 
gets very hot and may be destroyed. 
Resistors are rated in terms of the 
watts that can be dissipated in them 
without danger to their life, and 
without unduly affecting the re
sistance of the resistor, permanently 
or temporarily.

A problem might arise in which it 
was necessary to obtain a voltage 
drop of 100 volts in a resistor when 
25 milliamps were passed through it. 
How many watts would be required 
to be dissipated in the resistor? The 
answer, from W—EE is W — 102 X 
25 X 10-3 = 25 X 10-1 = 2-5 watts. 
Therefore, a 2-5-watt rating is the 
minimum rating to be chosen for the 
resistor; it is better practice to choose 
a higher rating,, say, 3-0 watts.

Running Costs. Electricity is sold 
to the public in accordance with a 
stated cost of electrical energy. The 
so-called ‘unit’ is one kilowatt- 
hour; it is the energy expended in 
one hour when the power is one 
thousand watts. Given certain 
known values of voltage, currents, 
resistances, etc., it is possible to 
calculate the units of energy and the 
cost of using this energy.

For example, suppose a radio 
receiver energized from 250-vo1t DC 
mains takes a total current of 0-5 
amp, then the power is 125 watts. 
Suppose a unit (of energy) costs 2d., 
what is the cost per hour of running 
the receiver? The power is 125 watts, 
or 0-125 kilowatt, so that in one 
hour 0-125 unit is used. Since the 
cost is assumed to be 2d. a unit, the 
cost per hour is 2 X 0-125 pence, or 
•250 pence, i.e. a farthing an hour.

The question of the cost has been 
specifically referred to a DC circuit. 
Provided certain questions of power 
factor and the method of measuring 
the current arc taken into account, 
the expressions are applicable equal
ly to the case where the mains supply 
is of alternating current form.
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SECTION 3

SERIES AND PARALLEL CONNECTIONS
Resistors in series. The total 

resistance of any number of resistors 
connected in series, and having 
various values of resistance, is the 
sum of the values of all the
resistances. Thus, in Fig. 3, 

R == Ri 4~ R2 4~ Ra.
Resistors in parallel. The total 

conductance of any number of 
resistors connected in parallel and 
having various values of resistance 
is the sum of the conductances of 
all the resistors so connected. Thus,
in Fig. 4, 

I _ 1 1 1
R ” Rp R2 + R3’

This gives R. 
Ri

R7

Fig. 3. (Above) Three —WWW— 
resistors in series.

Rt R? Rj

Fig. 4. (Right) Three 
resistors in parallel.

Resistance networks. The total 
resistance of some forms of resistance 
networks can be found by calculating 
the resistance of groups of resistors 
forming the network, until the 
network is resolved into the simplest 
form containing what are effectively 
a number of single resistors in series 
or one resistor. This method cannot 
be used in all cases (e.g. certain 
bridges), and the use of Kirchhoff’s 
laws is then convenient.

Numerical examples. The series 
connection of resistors of value 
10,000 ohms, 35,000 ohms, and 
50,000 ohms is 95,000 ohms. The 
parallel connection of resistors of 
10,000 ohms, 50,000 ohms, and 
100,000 ohms gives a conductance of

1___ 1 __1___ 1___ -___ — 1 Y 10 4
10,000 “r 50,000 : 100,000““ A 
4- 0-2 X 10 4 + 0-1 X 104 = 1-3 X 
10 ~4 mhos, or A X 104 ohms, or

7,692 ohms, using four significant 
figures.

The resistance of the network of 
Fig. 5 is given by first adding the

10 000 5 000 Ji 000

—WV------WW-------WWW

100 000 10O00O 700 000

------------ ' ww------------w-------- -WA/W—--
75 000

---------------- /VW'---------------- •
—-------------------------------R-----------------------------------------------

Fig. 5. A network of resistors consisting 
of both series and parallel arrangements.

values of the resistors which are in 
series in each arm and so deriving 
Fig. 6. It is then possible to add the 

conductances 50 000> 200,000 and 

25 000 to ma^e a resistance of 
15,380 (four significant figures), 
which is added to 200,000 to make 
215,400 ohms (four significant 
figures).

Laborious calculation gives 
215,384-6 ohms, and if the figure 
were thus written the implication 
would be that the resistances them
selves could be measured to one part 
in ten million. This is, of course, 
quite impracticable, in ordinary 
everyday work, and even if it were 
feasible with the finest instruments to 
measure to this accuracy the resistors 
would, unless of very special con
struction and kept in constant 
conditions, never maintain a value 
deserving such close measurement.

50 000

Fig. 6. What is the 
total resistance ?

Inductors in series. The total 
inductance of a number of inductors 
connected in series and having

30



various values (it being assumed that 
the inductors are not coupled to 
one another to add or subtract 
mutual inductance) is the sum of the 
inductances of all the inductors so 
connected. In Fig. 7,

L = U + ¿2 + U.
Li L? 13

Fig. 7. Three inductors in series.

Inductors in parallel. There is no 
term relative either to inductance or 
capacitance to describe the recipro
cals of these quantities, and so we 
must say that the reciprocal of the 
total inductance of a number of 
inductors in parallel is the sum of 
the reciprocals of the several induct
ances so connected, or, as in Fig. 8, 

1 = 1 , 1_ , 1 
Ë Li ' L$

This gives L.
L1 Inductors are

—AWW----- treated as resi stors ;
L ? when in series their

__ aww_____ values are added, 
when in parallel 
the reciprocal of 
the total induc
tance is given by 

c. o T. the sum of the re- Fig. 8. Three tn- . , .
ductors in parallel C'.Pt?Ca S. °Phe 

dividual inductors.
Capacitors in parallel. The total 

capacitance of a number of capaci
tors in parallel is the sum of the 
capacitances of all the capacitors, or, 
as in Fig. 9,

C = Ci + C2 + C3.
Capacitors in series. The recipro

cal of the total capacitance of a num
ber of capacitors in series is the sum 
of the reciprocals of all the capacitors 
so connected. Thus, in Fig. 10, 

1=J + 1 4- 1 
C Cl 1 Cs Gi’ 

which gives C.
No good object is served by giving 

numerical examples concerning in
ductors, since the treatment is 
exactly the same as for resistors, but, 
so as to make the principles clear, 

we may consider, without using 
numerical values, how to calculate 
the total capacitance of the com
bination shown in Fig. 11.

First, we should tackle that part of 
the network containing Ci, C^ and 
C3. The capacitance of Ci and C2 in 
series, which we might call Ca,

1 1 1would be given by .
Ca Ci C2

Having got Ca, we add it to the 
(parallel) value of C3. Let Ca and 
C3 ~ Cb. Then the total capacitance

Cl C2 C3

—11—n is—
——— c —

Fig. 9 (Left). Three 
capacitors in parallel.
Fig. 10 (Above) Three 
capacitors in series.

C of the combination is given by 
L =A + > c cP eg This gives C. If this
process were done algebraically, the 
value of C would be,
r _ G [C1C2 + G (Ci 4- G)1 

GG 4- (Cs 4- Gj (G T Ctf
If only the numerical value of the 

combination is required, it is best to 
work out each step arithmetically.

1 I 1 4-

R1R2 ’ showing
that the total value of two cap
acitors in series, of value Ci and

Fig. 11. How is 
the total capaci
tance calculated ?

G, or two resistors in parallel, of 
value 7?i and Rz, or two inductors in 
parallel, of value Li and L2, are, 
respectively,

p__ GG . ? G__.
G l-G’ A4--K2’
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SECTION 4

EXPLANATION OF ABACS
qpHE abacs on the following 
| pages enable various quantities 

to be ascertained simply by the 
use of a ruler or straight-edge, 
preferably of the transparent variety. 
In most instances, three related 
quantities are represented by three 
scales. When any two are known, 
the third can be ascertained as 
follows: Lay the straight-edge so that 
it passes, through the appropriate 
points on' the scales representing the 
known quantities. The third quantity 
can then be read off on the third scale.

When the scales do not extend to 
the values required, it is sometimes 
possible to multiply or divide the 
quantities and bring them within the 
ranges. Figs. 12-17 give certain 
useful abacs.

The abacs can be read with 
sufficient accuracy for most practical 
purposes, but where greater pre
cision is necessary, answers should 
be calculated from the formula;. ’

Resistors in parallel, Capacitors in 
series. The chart of reciprocals 
(Fig. 12) simplifies the calculation of 
the effective value of resistors in 
series, and capacitors in parallel.

The formula giving the total 
resistance R of a number of resistors 
in parallel is:

R Ri f" R2 + Rf etC‘

The value of and so on, is a recip
rocal, and can be read from the chart.

For example, what is the total 
resistance value when resistors of 
20, 15, and 9 ohms are connected in 
parallel?

The reciprocals are -05, -067 and 
•11 respectively. Their sum is -227, 
and this is the reciprocal of 4-4, 
which gives 7? as 4-4 ohms.

Similarly, the formula for capaci
tors in series is:

1 _ 1 , 1 , t +C Cl + Cl + C3’ etC”

where C is the total 
capacitance of three ca
pacitors, C], Ci and C3, 
in series. Therefore, if 
capacitors of -01 mFd 
and -03 mFd are in 
series, their total capaci
tance is: Reciprocals 100 
and 33-3 = 133-3. 133-3 
is the reciprocal of-0075, 
so that C — -0075 mFd.

Note that, in this case, 
to find the reciprocal of 
133-3, the whole number 
side of the chart (right
hand side) is extended by 
‘multiplying’ by 10 and 
the reciprocals are ‘di
vided’ by 10.

Therefore, 13-33 on 
the chart is read as 133-3, 
and -75 on the chart is 
read as -0075.

Abac 1. This chart re
lates inductance, capaci
tance and wavelength 
for parallel- and series- 
tuned circuits. Place a 
rule through two known 
values and read the 
third on the remaining 
scale. Range may be 
extended by multiplying 
inductance, capacitance 
and wavelength, but not 
frequency, simultaneous
ly by the same factor.

Examples: (A) What 
inductance is tuned by 
■0005 mFd to 600 m? 
The answer is, as read on 
the abac, 200 mH. (B) 
With this coil tuned by 
30 mmFd, what is the 
wavelength? The answer 
is 140 m.

Fig. 12. Short cut for cal
culating resistors in parallel 
and capacitors in series.
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MICROHENRIES MEGACYCLES Z metres 
A- 
600

MICRO-MICROFARaOS

1.0001 00

90 900 .
5 00

30 800

700
400

A » 3 00.0 0 0.000 Î
600

30050 500

40 400

200

30 300

200

1 00

90

1 00

90

80

70

60

50

40

WHERE I. IS IN 
MICROHENRIES
AND C IS IN 
MICROFARADS

a

80

\ 60

30

30

20—r—

$5

6

70-S

60

•7

5 0\

40

Fig. ¡3. ABAC I: INDUCTANCE, CAPACITANCE, FREQUENCY, WAVELENGTH
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HENRIES

REACTANCE OF INDUCTORS

CYCLES
DH MS PER :SEC

Ë-

5.000 -=

4,000 4

3.000 -4

2.000

L
L

- -

OHMS
1.000 J

5— 100.000

80,000

900 4

800 4

E— 60,000 700 -4 =—
~— 50,000

40,000
6 00 4

E— 30,000 500 4
= - -

20,000

10.000

8.000

6.000

5.000

400 4

300 —

200 4

4,000 « -

3,000 -

2,000

-

1,000

800

600
500

400

100

90 -
80 4

70 -

60 -4

4

300
50 J

Abac 1 also provides a wavelength- 
frequency conversion scale. Read 
one side of the centre scale against 
the other side. To extend, divide one 
side and multiply the other side by 
the same factor.

Example'. A frequency of 450 Kc/s 
(•45 Me) corresponds to a wave
length of 666 m. (Divide frequency 
scale, multiply wavelength.)

Abac 2. As drawn, the scales are 
for low frequencies. For high 
frequencies, read henries as micro
henries, cycles as kilocycles and 
divide ohms by 1,000. Other ex
tensions are simple, because induc
tive reactance is proportional to 
frequency and inductance, e.g., 
doubling frequency doubles induc
tive reactance, doubling inductance
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100
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A

•7

6

S

•4

3
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ZC = 7—7
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200

300

400
500
600

800
1.000

4|- 2.000

-il- 3.000

- Z- 4.000 
4?- 5.000
-fi- 6.000
4 F 8.000
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•09
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•07
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30.000

4 0.000
50.000.
60.000
80.000
100.000

20.000

•02
200.000

300.000

400.000
500.000
600.000

800.000
1.000.000

CYCLES

- ■« - 1.000
- • 1. 900
-■ -- 800

700

5- 600

-= i- 500

|- 400

300

- -

—
*
r 200

■

100
90
80

-

f
£ 70

• 60

-L 50

j— 40
•_
E

—; — 30

— 20

Fîg. 15. ABAC 3: REACTANCE OF CAPACITORS

doubles the inductive reactance.

Abac 3. As drawn, the scales are 
for low frequencies. For high 
frequencies, read cycles as kilocycles, 
and divide ohms readings by 1,000; 
alternatively, read cycles as kilo
cycles and divide capacitance read
ings by 1,000. Other extensions are 
simple, because capacitive reactance 
is inversely proportional to frequency 
and to capacitance, e.g., doubling the 
irequency halves the reactance, 
doubling the capacitance halves the 
reactance.

Abac 4. For larger currents, the 
milliampere scale can be read as 
amperes, and then either volts must 
lx? multiplied by 1,000 or, alter

natively, ohms divided by 1,000.

Abac 5. If the volts scale be 
divided by 1,000 (making it read 
millivolts), the watts scale must be 
divided by 1,000 (making it read 
milliv/htts). Similarly, if the amperes 
scale be divided by 1,000 (making it 
read milliamps), the watts scale must 
be divided by 1,000 (making it again 
read milliwatts). If both volts and 
amperes scales be divided by 1,000 
(making them read millivolts and 
milliamps) the answer on the watts 
scale is in microwatts (e.g. 1 volt 
multiplied by । = IO 2 amps
= 10 milliamps, makes 10 milliwatts 
= 10,000 microwatts, which is the 
scale reading on the abac for these).
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VOLTS

I * I

E -IR

R - f

OHMS
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5.000
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600 
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200
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60

40
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20

E — IR

Fig. 16. ABAC 4: OHM’S LAW—VOLTS, OHMS, AMPERES
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Fig. 17. ABAC 5: POWER—VOLTS, WATTS, AMPERES
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section 5

ALTERNATING CURRENT

THE practice of radio signalling 
is based upon the use of 
alternating currents, so that a 

proper understanding of the be
haviour of such currents is essential 
to the radio engineer.

In Section 1, the terms period, 
cycle and frequency were defined, 
the next step .is to consider the 
relationship between the intensity of 
the current and time. So far we 
have spoken of alternating current; 
obviously, this cannot exist without 
an alternating voltage.

Our first step is to relate the 
intensity of current or voltage and 
the instant of time at which a given 
intensity exists. Thus, over a period 
of alternation, the current or voltage 
has an intensity which is different at 
different times during the period; we 
require to know how intensity is 
related with time.

Sinusoidal Graphs
Proof can be given that, always 

provided a cyclic variation is main
tained, any graph, however irregular, 
plotting intensity of current or 
voltage against time, is the result of 
adding together a number of graphs 
which are referred to as sinusoidal 
graphs. The first step is to consider 
the nature of a so-called sine curve or 
sine graph.

Consider Fig. 18. The line OPi is 
a line of certain length and direction. 
The direction can be defined by 
saying it makes an angle 0 with a

Fig. 18. Derivation of a sine curve.

horizontal line drawn through OQ^P. 
A vector has both magnitude and 
direction, so that OPi is a vector.

If the vector OP) is considered to 
rotate about O, its tip traces a circle. 
If the rotation is uniform in a 
counter-clockwise direction, the 
angle 6 increases uniformly with 
time. Therefore, we can say that the 
uniform rotation of OPi represents 
the rotation of a vector with a 
constant angular velocity, because 0 
increases uniformly with time.

The sine of the angle 0 is defined 
as the ratio of the vertical line Qf\ 
to the line of constant length OPi 
or, referring to Fig. 18, sin 6 = 
QiPi 
OPl ’

OP\ is a constant, and so sin 0 is 
proportional to QiPi. If we plot 
time along the horizontal (or x 
axis), and the length QiPi on the 
vertical (or y axis), the resulting 
graph is that shown to the right in 
Fig. 18. Since the y axis of the graph 
is proportional to Q\Pv and since 
CiA is proportional to sin 0, 
therefore the curve is called a sine 
curve.

A radian is an angle, and 0 in 
Fig. 18 is equal to one radian when 
PPi = OPi. There are 2k radians 
in a circle; in other words, there are 
2k radians in 360°; k is the ratio 
of the circumference of a circle to its 
diameter. Expressed to five signifi
cant figures, k = 3-1416. Therefore, 
to look at it another way, 360° is the 
same thing as 6-2832 radians.

if the vector OPi rotates f times a 
second (/ being a frequency of 
rotation), the angular velocity of 
rotation (assumed uniform) is 2k/. 
In any time t, measured from some 
zero time when, say, the vector OP) 
is horizontal and 6 = 0, the vector 
will have rotated through 2kft 
radians. Therefore, suppose f were 
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1,500 rotations per second, then if 
r = second, the angle swept 
through by the vector in this time 
would be 2 k 1,5 00 X , —j,UUU 
k radians — 180°.

If t — 1-5 sec., the angle swept 
through would be 2k 1,500 X 1-5, 
or about 14,200 radians.

If we cared to express the angles in 
degrees, we could say that the 
angular velocity was 360°/ and the 
angle rotated through in t seconds 
would be, in degrees, 360/z, and if f 
were fifteen times a second and t 
were J th second, the angle swept

k u k 360 X 15 .through would be , about
771°, or about eight right angles and 
50°, i.e., twice right round and 50° 
more.

Cycles per Second
From all this it is clear that, if we 

go back to radian measure of angles, 
then the function of the wavy curve 
to the right of Fig. 18 is given by 
y = OP[ sin co/, where y is the 
instantaneous intensity, measured 
above or below the horizontal line, 
as delineated by the curvc? and t is 
lime plotted uniformly along the 
horizontal, while co = 2k/ where/is 
the frequency of rotation of the 
vector. Since / is the frequency of 
rotation of the vector, it is, therefore, 
the number of complete cycles of 
variation of the sine curve in a 
second. This means that / is the 
frequency, expressed in cycles per 
second, of the alternation.

If the sine curve represents an 
alternating voltage, the peak value 
of which is Emax and if E is the 
intensity of this voltage at any time 
t, then E — Ewa sin at, and ex
pressed in terms of an alternating 
current J, of peak value /max, 
1 —— /max sin at.

The expression at represents an 
angle. Tables arc published giving 
the sines of angles. From these, and 
from a study of Fig. 18, it is clear, or

TIME --------- ►

Fig. 19. Sine curve showing variation of 
a voltage with time.

can be shown, that sin 0° = 0, 

sin 45° = 0-707, sin 90° = 1,
sin 135° = -707, sin 180° = 0, 
sin 225° = -707, sin 270° = -1, 
sin 315° = -707 and sin 360° = 0 
again.

Also, sin 30° = | = sin 150° and 
sin 210° — -J = sin 330°, and these 
figures indicate the function of the 
curve, provided we know <o = 2k/ 
and t the time. Note, as in Fig. 19, 
shown as an alternating voltage 
obeying a sine law, that Emax has the 
same magnitude as -Emax, because 
sin 90° = 1 and sin 270° = -1.

Consider now Fig. 20, which 
represents an ideal alternator. An 
alternator is a machine for pro
ducing an alternating EMF and 
hence an alternating current in a 
circuit. A uniform magnetic field, 
shown by the horizontal lines be
tween A and S, these being the poles 
of a magnet system, is formed in a 
cylindrical space between the mag
nets. The dots, labelled a and c, are 
supposed to be conductors having 
theirjengths extended at right angles 
to the surface of the paper.

Induced EMF
Suppose these conductors are 

secured in an armature, free to 
rotate about an axis passing through 
O at right angles to the paper. As 
this armature rotates, the conductors 
move so that a comes to b and c to d. 
Suppose the armature rotates, at a 
uniform angular velocity 2k/. As it 
rotates, so the conductors cut the 
magnetic lines and an EMF is
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Fig. 20. Dia
grammatic ex
planation of an 

alternator.

A

induced in the conductors. It can be 
shown that this EMF is proportional 
to the sine of the angle 0. When 
6 = 0, the conductors are moving so 
that no lines are cut; when 0 = 90°, 
the conductors cut the lines at 
maximum velocity and so have a 
maximum EMF induced in them. 
The angle 0 is measured by cot, where 
t is the time measured from the 
instant when 0 = 0. Thus the 
induced EMF is E = Em« sin cot, 
which is the function of an alterna
ting voltage of unique frequency 
/ = and peak magnitude Emax.

Alternating currents may be pro
duced by all sorts of means, notably 
by associating circuits containing 
inductance and capacitance with a 
negative resistance, but the alternator 
is used when mechanical forces are 
not too large to prevent an armature 
rotation frequency giving the re
quired frequency of alternation of 
the currents and voltages generated 
by the alternators.

Always remembering that cot is an 
angle, consider the expressions,

E = Emax sin (cot + 9), 
or, I = /max sin (wr + 9), 
where 9 is any angle added to or' 
subtracted from cot, according as 
it is plus or minus.

All that these expressions mean is 
that if we compare E = £raH sin cot, 
I = /max sin (cot + 9), is that the 
voltage E and the current I do not 
exhibit their maxima or their minima, 
or any value relative to their maxima, 
say, at the same time. For suppose, 
given some values of t, so that

j TV
cot = then E = E^ax sin

or since sin ~ E Em^.

But since I — ¿max sin _L 9) 5

and if 9 = then I = Zmax sin 
or I = 0-707 /maxi E is a maximum, 
I has not yet attained its maximum.

This point is brought out in Fig. 21. 
The terms ‘in phase' and '‘out of 
phase' are used to say whether two 
alternating quantities attain the same 
value relative to their maxima at the 
same time or not, respectively. The 
angle 9, used in the foregoing, is a 
phase angle. The two sine curves in 
the lower diagram are derived from 
rotating vectors which, according to 
the symbolism of Fig. 18, make, at 
any instant, an angle 0 and an 
angle 0 - 9 with a horizontal; since 
0 - 9 is less than 0, the current is 
said to lag the voltage because the 
rotating current vector is always 
lagging behind the rotating voltage 
vector. If 9 were positive, the 
current would lead the voltage. We 
talk of leading and lagging voltages 
or currents.

It is not necessary to refer the 
phase of current to voltage, or vice 
versa, we may also compare the 
phase of one current with another, or 
one voltage with another.

A particular case occurs when 9,

Fig. 21. Curves representing voltage and 
current in phase and out of phase.
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in sin (at 4- 9), is 90°, i.e. radians.
The resulting graph or curve is 
called a cosine curve or cosine graph 
(the term curve being generally used).

Clearly, when sin 0 — 0, then 
cos 0 = 1; 6 being 0°. Fig. 22 
summarizes some useful information 
relating radian measure and degrees 
and sine and cosine functions.

Root-Mean-Square
The root-mean-square value of an 

alternating current is the value which 
gives the same heating effect in a 
conductor as that caused by a direct 
current of that value. The term 

approximate R.M.S. value of about 
0-67 amp. As more and more points 
are taken, it can be shown that the

R.M.S. value is = 0-707 of the 
peak value. We may also apply the 
same reasoning for alternating volt
age and have an R.M.S. voltage.

Most instruments for measuring 
AC voltages and currents read
R.M.S. values.

An AC generator can be con
sidered to be composed of an 
alternating EMF and, in many cases, 
an internal resistance. Provided
R.M.S. values are taken, the same 
laws apply when the circuit is

DEGREES 0 30 45 60 90 120 135 150 180

SINE 0
>
2

1 VT~ 
2 1 2

l_ 1
2 0

COSINE 1 */T 
2

1
77

1
2 0 -2.

2
f

77
VT 

2
-1

DEGREES 0. 210 225 240 270 300 315 330 360

SINE 0 1
2 '

1
-72

_7T 
2" -1 2

I 
“TT

1 
2 0

COSINE -1
VT

2
1

TT
r

~ 2 O
f 
2

1
7T

yr 
2 1

ANGULAR MEASUREMENT
Fig. 22. Information covering radian measure and sine and cosine functions.
root-mean-square is used because it 
can be shown that the alternating 
current which gives the equivalent 
heating of a direct current, has a 
value given by taking the square root 
of the mean value of the sum of the 
squares of all the values of the current 
over a period of alternation.

At least to show the method and 
to get an approximate value of 
R.M.S. current, consider a peak 
value of 1 amp, then the currents at 
every |th cycle are 0, 0-707, 1, 0-707, 
0, --707, -1, --707, 0, and the squares 
are 0, 0-5, 1-0, 0-5, 0, 0-5, 1, 0-5, 0; 
the sum of the squares being 4 and 

4the mean making the square root
2

of the mean showing a very 

composed entirely of resistance, for 
alternating as for direct current; that 
is to say, E being R.M.S. voltage, 
1 being R.M.S. current, and R being 
resistance, E — RI; while power is EI,

E2or or RI2.
K

Reactance. In Section 3 it was 
shown that if a current flowing in an 
inductor exhibited rate of change 
(i.e. was not constant), then a back- 
EMF, opposing the flow of current, 
was generated across the terminals of 
the inductor, this back-EMF being 
greater as the rate of change of 
current was greater, and the induc
tance value of the inductor t he greater. 
This may be expressed by saying that 
the back-EMF is given by , L mi
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being the inductance and the ratio 
meaning the slope of the curve 

plotting current against time; in 
other words, 4 being the rate of 

change of the current over a very 
small interval of time dt.

In Section 1 the relationship 
between capacitance, charge and 
potential was shown to be the 
Q = CV, Q being the charge, C the 
capacitance and V the voltage. 
From V = the back-EMF across 
a capacitor when a displacement 
current is flowing in it will be i jidt,

Fig. 23. Alternating voltage applied to 
inductance and resistance in series and, 

right, the impedance triangle.

where C is the current and where the 
Jidt means, in effect, the charge on 

the capacitor when the current i 
varies as some function of time t and 
dt is a very small interval of time.

1

Using Calculus Methods
Expressing the value of the back- 

EMF’s as A and 
dt 

methods of the differential and 
integral calculus. From a knowledge 
of the calculus, and knowing that 
i = /max sin cut, we derive that 
ELmax — /maxEw COS <0/ and Ecmax = 

j '
/max — (-cos cot), where Ermax and 
Ecmax are the values of the back-EMF

Fig. 24. Resis
tance and capaci
tance in series.

Fig. 25. Re
sistance, in- 
ductance 
and capaci
tance in 

series.

existing across an inductor and a 
capacitor when an alternating current 
of sine form flows through them.

These expressions may be written, 
El = I Xl sin (cot + ^) ; Ec = I Xc 

sin (coz - *); El and Ec and I being 

R.M.S. values, because a cosine 
function is also a sine function, with 
TC
2 radians (90°), added or subtracted, 
and because we have chosen to write, 

Al ™ COL
and Xc — —.

The term X is frequently used to 
denote reactance, and Xl is an 
inductive and Xc a capacitive re
actance. Clearly, the voltages across 
the reactances are 90° out of phase 
with the current, but the two voltages 
El and Ec are 180° out of phase with 
one another; their difference is, in 
fact, k radians — 180°.

Impedance. Consider Fig. 23. 
The current will flow through both 
R and the inductive reactance Xl. 
We cannot simply say that E = RI 
-j- Xl I, as if the voltages were

Fig. 26. Showing how a sine curve is 
developed by using basic principles.
steady as in DC conditions, because 
the voltage RI is 90<J out of phase 
with XlI and because the voltages 
are varying with time. The magni
tude of one voltage RI is proportion
al to R and the magnitude of the 
other to Xl, but the resultant
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voltage must be expressed in terms of 
a vector addition, not an arithmetical 
addition, since XlI and RI are 
voltages 90° out of phase.

The triangle on the right of Fig. 23 
shows the vectors of length pro
portional to R and length proportion
al to Xl at right angles to one an
other producing a resultant propor
tional to Z in the sketch. From our 
knowledge of the relationships be
tween the lengths of the sides of 
a right-angle triangle, we get, 
Zl = fl FC 4- XC.

Using the same principles (Fig. 25), 
we get Zc = flR2 -|- Xc2, where Xc 
is the reactance of the capacitor of 
capacitance C.

Since the back-EMF’s XlIm^ and 
Xchnax are 180° out of phase, then 
for Fig. 26 we get, Zs = 
V R2 4- (XL ~Xcp.

The letter Z denotes what is called 
an impedance, and it is the back- 
EMF ZI which acts to limit the 
value of the current.

We may thus write, as a generality 
for all the circuits shown in Figs. 23, 

E
24 and 25, I — where I and E are
R.M.S. values of current and voltage 
andZ = 7^2 + X2.

X is Xl = ciL in Fig. 23,
Xc = in Fig. 24, and Xs =

COG

(XL - Xc) in Fig. 25.

Power Factor. The statement has 
been made that when an alternating 
current flows in a resistance con
nected to a source of alternating 
current having internal resistance, 
then the same relationships between 
E, I, and R exist as for DC, provided 
E and I are expressed in R.M.S. 
values.

When the circuit connected across 
an alternating current source con
tains resistance and reactance, then 
the power in the circuit is not 
obtained by a simple multiplication 
of voltage and current, because 
voltage and current are not in phase.

The multiplication of R.M.S. volts 
and R.M.S. amps gives the volt
amperes acting, but the power is EI 
cos 9, where 9 is the phase angle 
between volts and amperes. If the 
circuit is purely reactive, 9 = 90° =

radians and cos 9 = 0, so EI 
cos 9 — O and no power is developed 
in a pure reactance.

If the circuit is purely resistive, 
9 = 0 cos 9=1, and the power is 
EI = volt-amps. The power factor, 
so called, is the ratio of watts to 
volt-amps, and in the case of sine 
functions it is equal to cos 9.

Vector Algebra. In order to revise 
what has gone before, Fig. 26 once 
more underlines the basic principles 
for deriving a sine curve; the vector 
OP rotates at a uniform angular 
velocity and the instantaneous value 
of PQ is plotted against time to the 
right of the diagram. Now, consider 
Fig. 27, in which two sinusoids, 
derived from the rotating vectors 
OPi and OP2, both rotating at the 
same angular velocity, are plotted as 
shown.

What is the resultant curve?

Fig. 27. Result of addition of sine curves 
shown by vector addition.

This could be found without 
further recourse to vectors by adding 
and subtracting the vertical heights 
of the two sine curves and so getting 
the third.

But the resultant vector obtained 
by the vector addition of OP\ and 
OP-2 gives OP3, and the resulting 
curve, derived from OP3, is also a 
sinusoid as shown. It has the same 
frequency as those derived from
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Fig. 28. Alternating 
voltage applied to 

resistance.

OP\ and OP%, which are also of 
equal frequency.

Going back over past ground, but 
giving vector representation of the 
voltages and currents, we see in
Fig. 29. Voltage and 
current vectors in 

phase.
■> 

6

Fig. 28 and Fig. 29 this representa
tion where current and voltage are in 
phase in a pure resistance and where 
pure arithmetic addition gives the 
resultant.

In Figs. 30, 31, 32 and 33 it is 
seen that the quantities involved 
cannot be added arithmetically be-

Fig. 30. (Left) Alternating voltage ap
plied to inductance. Fig. 31. (Right) Vol
tage vector leading current vector by 90°. 

cause vector quantities, having both 
magnitude and direction, are in
volved. Note, comparing Figs. 31 
and 33, the 180° relationship between 
the reactance voltages obtained from 
inductor and capacitor. Fig. 35, 
being the vector diagram applicable 
to Fig. 34, shows the resultant of 
adding the vector quantities a LI and 
RI and the same process in Fig. 37 
applicable to Fig. 36.

Consider the three vectors E, jE 
and j (jE) of Fig. 38. It would be 
legitimate to say that the vector 
addition of the two vectors E and 
that labelled j (jE) could be an 
arithmetical one, namely, E - E.

Fig. 32. (Left) Alternating voltage ap
plied to capacitance. Fig. 33. (Right) 
Voltage vector lagging current by 90°.

Thus, if j X j = -1, then j2 means an 
operator turning a vector through 
two right angles in an anti-clockwise 
direction. If j2 turns a vector through 
two right angles in an anti-clockwise 
direction, then legitimately the opera
tor j turns the vector through one 
right angle in an anti-clockwise 
direction. Logically, j = /-I.

Using the Operator
Since no number exists which, 

multiplied by itself, equals -1, the 
letter j is called an imaginary; it is, 
in fact, not a quantity, but an
Fig. 34. Alterna
ting voltage ap
plied to combina
tion of resistance 
and inductance in 

series.
operator. It gives the instruction, 
when written jE, to turn the vector of 
magnitude E through one right angle 
in an anti-clockwise direction.

Fig. 39 illustrates the conclusion 
that -/ as a multiplier means turn 
through one right angle in a clock
wise direction. Thus, a + jb means 
add together two vectors of length a

Fig. 35. Voltage 
and current 
phase differ
ence is less 

than 90°.

and b, the vector b is considered to 
be horizontal and pointing to the 
right and vector a considered to be 
vertical and pointing upwards. The 
magnitude of the resultant must be, 
from our knowledge of the relation
ships of a right-angled triangle, 
Ja2Wb^'

a - jb is only different from a + jb 
in that the vector b is vertical but

Fig. 36. Alternating 
voltage applied to 
resistance and in
ductance in parallel.
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Fig. 38. (Right) 
Operator j turns 
a vector through 
90 degrees in an 
anti-clockwise 

direction.

Fig. 37. (Left) 
Current lags vol
tage by less than 

90°.

capacitive reactance, as was jcoL pre
viously the inductive reactance.

In Fig. 42, two vectors, which 
might represent voltages RI and XI, 
are shown, using the operator j, as 
R and jX, and the resultant is R 4- 
jX, which can be expressed as a 
magnitude VR2 4- according to 
previous conclusions.

Other Uses
Another valuable use of the j 

nomenclature is that the value of the 
angle <p in Fig. 42 can be obtained by

pointing downwards, while the mag
nitude (not the direction) of the 
resultant is a2 + b2.

All vectors with j before them can 
be added arithmetically, because 
they all have the same direction.

Thus, a + jb - jc - jcl + je = 
a +7 (b -\-e-c-d), and the resultant 
is -|- {(b + e) - (c + djy^.

All vectors not having j in front 
can be added arithmetically, a + b 
-f- c-d-e 4- if has a resultant 
s/{(a 4- b + c) - (d 4- e)}2 4-/2. 

Applying this to previous analyses, 
currents and voltages can be ex
pressed in terms of j and reactances. 
In Fig. 40, a vector diagram applic
able to a voltage acting on an

E inductor, we can write I — - j^.
or multiplying top and bottom of the

Similarly, in Fig. 41, we can derive

theE 1I=jcoCE— —y where is

Fig. 39 (Left) and Fig. 40 (Right) show 
phase relations in an inductor.

writing tan <? = where tan <p
means the tangent of the angle <p, 
being the vertical side of the right
angle triangle divided by its base.

The phase angle of an impedance

Fig. 41. (Left) Shows voltage and current 
in a capacitor, and Fig. 42 (Right) the 

appropriate impedance triangle.

may always be obtained from the 
ratio of the j terms to terms not 
multiplied by j, or using usual 
terminology in vector algebra by 
dividing the imaginary terms by the 
real terms, real terms being those 
not multiplied by j and associated 
with resistance.

impedance of Series Circuit. Using 
the j nomenclature, consider a circuit 
containing resistance R, capacitance 
C, and inductance L in series. We 
can find the resultant impedance by
writing, Z = Rf jcoL 4" »

or, Z = R 4- j (yL - ,

while \Z\ = Jr2 + M).

where \Z\ is the magnitude of the
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impedance, while Z is expressed as a 
vector quantity.

T 1
Moreover, tan 9 = ----- —— —

0 " ^Lc\

R
1

Note that when coL — - , Z =

R1 + CÙ2C2R2’ and an imaginary
jcoCR2

term, q ^^2^2» and so de-
riving tan 9 = - uCR, showing a 
negative angle for 9, because the j 
vector is pointing downwards. From 
any of the above equivalences,

1. 4 ^C2R2'
R

Fig. 43. Alterna
ting voltage ap
plied to imped
ances in parallel.

\Z\ = R and tan 9 = 0, meaning 
9 — 0. This is the condition of 
resonance.

Impedance of Parallel Circuit. In 
Fig. 43 there are two impedances in 
parallel. The term admittance means 
the reciprocal of impedance, just as 
conductance is the reciprocal of 
resistance. Thus the admittance of 
Zl and Z2 in Fig. 43 is,

Applying this to Fig. 44, and 
using the j operator, we have,

Z “ R 1 
j^C

= i +

H, or
7?

1 + jcoCR
This is not always a useful form of 

the expression, because the j term 
comes in the denominator. We may
write, Z

R -jco CR2
I +

(1 +> CR) (1 -j^CR)
giving a real term,

Note, if coC is very small (C very 
small or frequency very ‘low’ or both 
frequency small and C small, so that 

<7 1), then tan 9 = very 
small or 9 «ri 0 and \Z\ = R, i.e., the 
circuit ‘looks like’ a pure resistance. 
If coC is very large (frequency very 
high or C very large or both), 9 
approaches a right angle and

_ R = 1
z ~ <oCR aC' 

and the circuit ‘looks like’ a pure 
capacitance.

It is as well to remember that it is 
often valuable, especially to deter
mine 9, to separate real and imagin
ary terms so that when a result comes 
in the form we maY multiply

Fig. 44. Alternating 
voltage applied to 
resistance and ca
pacitance in parallel.

numerator and denominator by 
c-jd, getting

(a + jb) (c - jd)
c2 + d2

ac - jad + jbc 4~ bd
_ ^2-4^2

ac bd ,9 « jn and c2 + d2
.be - ad

c2 + d2'

If (c - Jd) comes in the denomin
ator, then multiply the numerator 
and the denominator by (c 4- jd).
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SECTION 6

TUNED CIRCUITS AND CIRCUITS 
USED FOR SELECTIVE RESPONSE

Resonance. We have seen that 
capacitors and inductors passing an 
alternating current develop EMF’s 
across them. A capacitor and an 
inductor are said to possess the 
property of reactance, the former 
having a capacitive reactance and 
the latter an inductive reactance. 
The value of these reactances is 
given as a vector quantity, being

1 -Ie .lor a capacitor and
jaL for an inductor. The EMF’s 
developed across capacitor and in
ductor when a current I flows in 
them are and jaLI respec
tively. They act oppositely and tend 
to cancel, since one is multiplied by 
+j and the other by -j. We are 
concerned in this section with con
ditions when capacitive and inductive 
reactances are equal, or nearly so. 
When these reactances are connected 
in a circuit and have equal values, 
then a condition of resonance is said 
to exist.

Associated with a condition of 
resonance, a voltage or a current or 
a voltage and a current attain their 
maximum values.

Tuned Circuit
A circuit in which the condition 

of resonance may be exhibited is 
called a tuned circuit, and the 
properties of resonance are made 
use of in receivers to make circuits 
highly responsive to certain narrow 
bands of frequency and as un
responsive as possible to others. 
Thus a tuned circuit is described as 
being frequency-selective, or selective, 
or as possessing the property of selec
tivity. Tuned circuits can be described 
as series-tuned or parallel-tuned, de

pending upon whether the nearly 
equal or equal inductive and capaci
tive reactances- act in series or in 
parallel with one another in the 
circuit.

Series Tuned Circuit. A series 
tuned circuit is shown in Fig. 45.

Fig. 45. Al- 
ternating 
voltage ap
plied to 
series tuned 

circuit.

This circuit has been analysed 
previously and it has been shown 
that its impedance is given by,

Zs= R f- j^L - j 1
When, by adjusting the values of C 

andL, or C or L, or by changing the
frequency f — , we make aL—

If

thcnZ = R, and the current I— \has 
its maximum value. This condition 
occurs at a unique frequency 
such that 2^foL = ~ ; so

that f0 = 2kx/£C*

We may transform the expression 
for Zs as, Zs = R (1 —ZZ 

= aL{^L +J (' - «i) }’ because

’ = «„2 = 4n2/„2.

The effects of resonance are 
clearly the more marked as R is 
smaller; therefore, if R were zero 
and co = a0, then Z — 0 and, given 
a generator capable of supplying an 
infinite current, the current at
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resonance would be infinite. It is 
desirable, as the circuit is to be made 
more selective, that R should be as 
small as possible. Thus no resistor, of 
value R, is added and the resistance 
R in Fig. 45 is shown to represent 
the resistance of the inductor and 
capacitor, while Ri is the internal 
resistance of the source of alternating 
voltage energising the resonant circuit.

Effect of Resistance
The resistance R, so far as the 

external circuit is concerned, is, in 
practice, almost entirely the resis
tance of the inductor, the resistance 
of the capacitor being relatively 
negligible.

The term 1 - —~ is
CO2 - too2 

to2

If we write co = o0 + Ao, where
A« = 2kA f &f being a frequency

^fo, then to2—to02 (too + Ato)2-too2
to2 (co0 + Aoj)2

+ 2Ato o0 -f Aw2 
(cùo + Aco)2 We may

neglect Aco compared with <oo in the 
denominator and we may neglect 
Aco2 compared with 2Acoco(, and get

co2 —<oo “ Jo

Thus, Zso = cooL +j , 

provided we express as <2O.
/Co

Thus, Qo is the ratio of the reactance 
to the resistance of the inductor at, 
or nearly at, resonance.

The voltage across the inductive 
reactance is cooLZ = El. The current, 

E
I = where E is the voltage acting 
across the series tuned circuit (see 
Fig. 45). Therefore, •

El _ 1
E 1 + . 2Aco

Qo to0
_ 1

/ f 4Aw2.
toO2

When f = /0, so Aco = 0, then

Elo

E
Since the voltages across capacitor 

and inductor have very nearly equal
values at resonance, so where Ec 
is the voltage acting across the 
capacitor, is virtually,

ioL   1
R (¿0CR

Eco
E

These expressions are approximate 
and apply only when the frequency is 
close to/,, and when ^°— = Qo is at 

least 5 or more in value. Note that if
1 2Ato . Elv —----- , then2o too E 

1

0-707 of its maximum value. If «<> 
were 2k x 10g c/s and Qo were 100, 

/’ । ni)
2A f = -K would give 2A / = or

Qo 102’
A/ would be 5,000 c/s.

This means that at 5,000 cycles off 
resonance the ratio of the response 
to a maximum response would be 
0-707 times with a Q value of 100 
and a resonance frequency of one 
million cycles.

A typical resonance curve plotting 
Ei ■ + r . .against frequency is shown m jC

Er Fig. 46, the maximum value of 

being Qo to0L and in the caseRo
cited being 100, E being considered 
to remain constant.

Parallel Tuned Circuit. The 
commoner type of tuned circuit, so 
far as radio practice is concerned, is 
the parallel tuned circuit of Fig. 47.

The first step is to find its imped- 
anqe. This is most easily done by 
adding the admittances (admittance 
being the reciprocal of impedance) of 
the two branches. That containing 
the capacitor is assumed to have 
zero resistance and so we want to 
know its susceptance (susceptance 
being the reciprocal of reactance). 
Writing K as the sum of admittance 
of the inductive branch and the 
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susceptance of the capacitive branch, 
gives, Y = .^L + R + jaC

= 1 - M + jaCR 
jaL + R

Writing a2LC as - $ and C as

1 we can write,

a0L (Q-j)
Assuming Q > j X 1, the im

pedance of the parallel tuned circuit

At frequencies very close to
resonance, the term/-^, by putting 

Jo J
f—fo±kf as previously explained, 
when considering the series tuned

Fig- 46. How 
voltage across 
a series tuned 
circuit varies 
with applied 
frequency; fo 
is the reso
nant frequen
cy of the cir

cuit.

• • 4. 2A/ +circuit, is + .. — , so that
Jo

ry _ GioLQo 
____ 2A7

1 ± j QoJo 
a^L 

-

Go - 7 To
The denominator of this expression 
is the same as that which multiplies 
the inductive reactance in a series 
tuned circuit.

We see that when A/ = 0, Zpo — 
at)LQo, showing a maximum value 
of impedance. Thus, provided a 
resistance Ri, which may well be the 
internal resistance of the source.

Fig. 47. Paral
lel tuned cir
cuit, the vol
tage Ex is 
maximum at 
resonance 
and nearly 

equals £.

exists (as it must, since all sources 
have some internal resistance), the 
voltage across the parallel tuned 
circuit, which we might call Ex (Fig. 
47), rises to a maximum at resonance
and ^2 — 

E
Zpr> 

Ri+Z^
1

At frequencies far from resonance, 
should be large compared with 

zp
E Z unity and * œ ’’ and is small, it

At resonance, or a frequency very 
close to resonance, may be 1 

^po
E

and p w 1, or Ex & E. There is, in zi
a parallel tuned circuit, no magnifica
tion of voltage, the frequency selective 
properties depend essentially upon 
the rising impedance of the circuit, 
which may rise to values sufficient 
to cause a sharp increase of voltage, 
Ex, across the circuit at resonance.

Dynamic Impedance
The impedance at resonance of 

the parallel tuned circuit is Zpo = 
a0LQ0, and is sometimes called the 
dynamic impedance of the circuit. 
Its phase angle equals 0. A parallel 
tuned circuit at resonance ‘looks 
like’ a high resistance, a series tuned 
circuit ‘looks like’ a low resistance.
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Since, Qo ---  ^po ---

and because L = Zpo coo2C

rq ’
L 

CRÔ

Coupled Circuits. The transfer of 
energy (between, for instance, stages 
of a receiver) by means of coupled 
circuits allows greater flexibility to be 
obtained in the shape ’of the reson
ance curve, while, at the same time, 
the loading on the preceding valve is 
of the high impedance associated with 
the parallel tuned circuit. It also 
permits the use of variable selectivity. 
The chief types are :

(1) Mutual inductance coupling 
(tuned transformer). (Fig. 48.)

k = _
x/ E1E2

Either primary, or secondary, or

Fig. 48. Three forms of tuned high- 
frequency transformer.

(2) Common inductance coupling. 
(Fig. 49.)

Fig. 49. 
Band -pass 
circuit con
sisting of 
two tuned 
circuitswith 
common in- 
ductance

m

(3) Common capacitance coup
ling. (Fig. 50.)

k = V£i^.
Fig. 50. 
Band-pass 
circuit with 
common ca
pacitance Cm 
for trans
ference of 

signal.

(4) ‘Top-capacitance’ coupling. 
(Fig. 51.)

k = —

Fig. 51.
Band-pass 
circuit with „ 
‘top ca- y 
pacitance’ C1 
coupling.

Types (I) are most commonly used 
for coupling between valve stages; 
for example, in the IF amplifiers of 
super-heterodyne receivers, while the 
remaining types are met with more 
usually in the aerial coupling circuits 
of the pre-selector stage.

Resonance Curves, The shape of 
the resonance curve, expressed as the 
impedance offered to the source of 
voltage, depends on the closeness of 

Fig. 52. How the response of coupled 
tuned circuits varies with degree of 

coupling.
coupling between the circuits. (Fig. 
52.)

Loose Coupling. The resonance 
curve is similar to that of a single 
parallel tuned circuit.

Critical Coupling. For a certain 
closeness of coupling, the resonance 
curve becomes flat-topped.

Close Coupling. For coupling 
closer than the critical coupling, a 
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double-hump peak appears in the 
resonance curve.

Coefficient of Coupling. The 
coefficient of coupling is defined as:

w^ere ’s
mutual inductance between the in
ductors, and L1L2 are in the induct
ances of the two inductors. (The 
values of k in the other cases are 
given above.)

1
Also, k = Jq q » where Qi and 

Qz are the Q factors of the two 
circuits.

With identical circuits, k =
The mutual inductance for critical 

coupling is, then,

y/RiRz
<0

With coupling exceeding the criti
cal coupling, the frequency difference 
between the peaks is,

A/ = fo J^~ i(E+kd

c Fig. 53. Ca-
WWW

L- ec -> charged 
through the

11L___  resistor by
* ' the battery.

With identical circuits, Nf = fo 
jk2 - where f0 is the common 

frequency to which the circuits are 
tuned.

With the other types of coupling.

Fig. 55. Current 
against time for 
charge and dis
charge of capacitor.

the resonance curve does not open 
symmetrically when the coupling is 
increased beyond the critical value.

Time-constant (Figs. 53-55). While 
circuits associating resistance and 
capacitance do not come into the 
category of tuned circuits, they are 
used for various purposes in receivers 
which must give selective response 
and, therefore, merit some mention.

Voltage Rise
When a capacitor is charged 

through a resistor from a battery or 
other steady, voltage source, the 
rate at which the voltage across the 
capacitor rises depends upon the 
product of the resistance and the 
capacitance (R X C). The relevant 
formulas are:

Let Eo be the voltage of the source, 
and let Ec be the voltage across the 
capacitor t secs, after the circuit is 
closed. Let Q be the charge on the 
capacitor at time t, and let Qo be the 
final charge when the capacitor is 
charged to the voltage Eo.

Then, Ec = Eo (1 - ew), where 
e = 2-718; Q = Q„ (1 - 4).

The charging current at time t is, 
j_  Eo — Ec — 

Fig. 54. How voltage across a capacitor 
varies during charge and discharge.

= Io
J?

where Io = is the initial current.
The product R X C is called the 

time-constant of the circuit. It will 
be a time in seconds if R is in ohms 
and C in farads.

With the values occurring in 
practical circuits, R is more usually
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expressed in megohms and C in 
microfarads, and the product is 
again in seconds.

t sec. = R (megohms) X C (micro
farads).

Thus, if R = 2MD, C = 0-1 jxF, 
t — 0-2 sec.

Charging Time
Calculating from the above 

formulae shows that the time con
stant measures the time taken for the 
voltage across the capacitor to rise 
to 0-632 of the charging voltage.

The time-constant also governs the 
rate at which the capacitor dis
charges through the same resistor. 
(Fig. 56.)

If Eo now represents the voltage to 
which the capacitor is initially

Fig. 56. Capaci
tor discharging 
through resistor.

charged, E the voltage after time t, 
then,

E—

Applications. (I) Any capacitor has 
a natural leakage resistance R, and 
the product RC is a measure of its

Fig. 57. Two examples of the use of 
time constant found in AVC circuits.

quality. The Post Office specification 
for paper capacitors is that the 
natural time-constant should not be 
less than 300 secs.

(2) Numerous circuits occur in 
which a capacitor and a resistor 
are associated in this way, and where 
the correct choice of the time
constant is important.

In the simple AVC circuit shown 
(Fig. 57), the voltage drop across the 
diode load, which is composed of 
primarily Rz and C> in parallel, 
includes a DC component propor
tional to the carrier strength, and 
this is used to bias the earlier valves. 
The resistor Ri and capacitor Ci act 
as a filter to prevent the audio
frequency component of voltage 
across the load from being applied to 
the¿e valves.

We may imagine that when the 
signal first arrives, Ci . becomes 
charged through Ri, to a voltage 
equal to the DC voltage across R2C2, 
and this voltage across Ci is actually 
the control voltage for the earlier 
stages. The voltage across R2C2 will 
rise and fall with fluctuations in 
carrier strength, owing, for example, 
to fading, and it is important that the 
voltage across Ci should follow these 
fluctuations quickly enough.

This it can do only if the time 
constant R\Ci is correctly chosen. 
Suitable values are: Telegraphy, 
I sec. or more, so that the control 
voltage diminishes slowly when a 
signal ceases. This prevents noise 
between signals. Telephony, 0-1 - 0-2 
sec. This ensures that the AVC will 
not follow modulation on low notes.

Another use of time constant 
is in synchronizing pulse separator 
circuits in television receivers. There 
are short and long signal pulses to 
trigger the line and frame time-bases 
respectively. They are sorted by a 
differentiating circuit of, say, 50-up.F 
series capacitor and 50,000-ohm shunt 
resistor for the line pulses and an 
integrating circuit of 20,000-ohm 
series resistor and -001 -¡xF shunt 
capacitor for the frame pulses.
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SECTION 7

FILTERS AND EQUALIZERS
A FILTER is essentially an 

electrical network designed to 
allow the free passage between 

its input and output terminals of 
currents having frequencies within 
one or more frequency bands and to 
prevent the passage of currents 
having frequencies outside these 
frequency bands.

In one sense, a tuned circuit can be 
considered as a filter and the two 
basic forms are shown in Fig. 58. 
The point to be realized, however, is 
that these circuits do not have 
selective properties unless associated 
with other impedances.

The term ‘pass’ is used to convey 
the idea of the free passage of 
currents. The term ‘transmit’ is used

Fig. 58. Basic forms of tuned circuit, 
(a) Series and (b) parallel.

in the same sense. Pass bands of 
frequencies and transmission bands 
mean the bands of frequencies which 
define the frequency of currents 
freely transmitted through a filter.

The term ‘stop’ may be used to 
define the condition when the filter 
acts to prevent or tend to prevent 
currents of certain frequencies pass
ing between input and output ter
minals. A more general term, 
‘attenuation’, is used to convey the 
idea of the prevention of a free 
passage of currents through a filter.

Filters are classified as (a) low 
pass; (b) high pass; (c) band pass. 
These terms describe filters which 
(1) pass currents of frequencies 

lower than a so-called cut-off fre
quency, and attenuate currents of 
frequencies greater than the cut
offfrequency; (2) which pass currents 
of frequency higher than a cut-off 
frequency and attenuate those of 
frequencies lower than the cut
off frequency.

In the simpler forms of band-pass 
filter (3), there are two cut-off fre
quencies and the filter passes frequen
cies lying within a band of frequencies 
bounded by the lower and higher 
cut-off frequencies, while attenuating 
currents of frequencies outside the 
pass band.

A band-stop filter has two cut-off 
frequencies and the filter attenuates 
frequencies lying in the band be
tween these frequencies, passing 
currents of other frequencies.

A filter contains elements which 
have, ideally, the nature of reactance 
and no resistance. In an ideal case, 
in which the filter elements were pure 
reactances and the terminations of 
the filter had impedances varying 
with frequency, exactly matching 
what is called the filter image 
impedance, there would be no loss at 
all in the transmission band and 
attenuation would become finite at 
frequencies infinitesimally greater or 
less than the cut-off frequency.

Such conditions cannot be realized 
in practice, but, using good elements 
and careful design, the approxima
tion to an ideal performance is 
reasonably good.

Equalizers
In structures in which elements 

having the property almost entirely 
of resistance are associated in the 
filter proper with elements having 
chiefly the property of reactance, the 
action will be such as to give greater 
attenuation to currents of one 
frequency than to another. There
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is no case where resistance is 
embodied in the filter proper that a 
sharply defined cut-off frequency 
exists, and these structures are 
more properly described as equalizers.

This term is used because, in a 
large number of cases, equalizers are 
used to compensate for some gradual 
falling away or increase of response 
with frequency in some part of a 
transmission system, which is sub
sequently equalized.

Referring to Fig. 59, the structures 
properly described as filters are the 
high-pass T, k and L sections, the 
low-pass T, k and L sections, and 
that labelled ‘coupled circuit’, be
cause these are structures containing, 
in themselves, essentially, reactances.

The structures properly described 
as equalizers are the high-pass 
R — C, the low-pass R — C and 
L — R, and the band-pass single
tuned circuit and the band-stop 
rejector.

It will be noted that the response 
curves, which are purely diagram
matic and not to scale, show much 
sharper rate of change of response 
with frequency for the filters than 
for the equalizers.

The load resistances can vary 
according to requirements. In some 
of the equalizers shown, the re
sistance elements of the equalizer are 
in parallel with the load resistances, 
and so, to all intents and purposes, 
the load resistance may be infinite.

Choosing Values
It is extremely important, in the 

filter structures, to choose the values 
of the reactances in relation to the 
terminating or load resistance.

If R be the value of the load 
resistance, and C and L the values 
for the capacitors and inductors 
respectively (where two capacitors 
or inductors are shown for the 
filters in Fig. 59 they have equal 
values), while f is the cut-off fre
quency (C being in farads, L in 
henries, fl in c/s, and R in ohms), we 
have, for the sections:

Filter Section C 
(farads)

L 
(henries)

High pass T 1 
2nflR

R
4k/

K
1

~4k/cR
R 

2^/

L 1 R 
2k/

Low pass T 1
K flR

R
It: fl

K
I

2k/cR
R 

t: fl

L 1
ZnflR

R
Zu fl

Tone Control. We now turn from 
filters (typically used in radio in the 
IF circuit of a super-heterodyne 
receiver) to a consideration of 
equalizers, particularly in their ap
plication to radio receivers, for 
altering the ‘tone’ of the reproduced 
sounds as it is affected by a greater or 
lesser gradual relative attenuation of 
bands of frequencies within the 
audio spectrum.

Jn Fig. 60, a capacitor Ci is 
connected across the primary of the 
transformer supplying audio-fre
quency currents to a loudspeaker. 
As the frequency of the voltages 
applied from the valve to the network 
containing the capacitance and the 
transformer in parallel increases, so 
the impedance of the combination 
gets lower.

Considering the valve as a source 
of voltage having an internal re
sistance, clearly the voltage across 
the transformer drops, owing to the 
increasing voltage drop in the 
internal resistance, as the frequency 
gets higher. The internal resistance 
of the source varies with the type of 
valve-source used.

The capacitance value found suit
able, if the valve is a pentode, to 
eliminate what is described as 
‘shrillness of tone’ (in fact, the poor 
performance of the circuit and
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Fig. 59. FILTER CIRCUITS AND THEIR CHARACTERISTICS
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Hg- 73
CIRCUITS THAT CONTROL AUDIO-FREQUENCY RESPONSE

Figs. 60-73. This representative batch of tone-control circuits affords much scope 
for experiment, and includes methods to prevent shrillness.
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loudspeaker at the higher audio 
frequencies), is 0 05 to 0-001 ixF.

Variable control of tone may be 
provided by C2 in series with Ri, 
which is, so far as the alternating 
currents are concerned, in parallel 
with Ci, because + HT and earth 
(or frame or chassis) are virtually at 
the same zero alternating potential.

A maximum value of between 25 
and 50 k/ohms does for Ri if C2 is 
0-01 to 0-05 [zF. As Ri is decreased, 
the equalizer attenuates the higher 
frequencies to a greater degree and 
the tone becomes more ‘mellow’.

Fig. 61 shows a stepped system for 
different degrees of attenuation of 
the higher frequencies. Suitable values 
of the capacitors for pentode valves 
are 0-001, 0-005, and 0-02 pF.

In Fig. 62, depending upon the 
choice of values, and the design of 
the transformer, the performance 
may be made that of an equalizer or 
a low-pass filter. The transformer 
will have leakage inductance and 
this forms the series arm of a low- 
pass filter, while Ci is the shunt arm 
and Ri the load or terminating 
resistance.

If a low-pass filter effect is required 
(with an abrupt cut-off after a cut-off 
frequency), Ci may be varied until, 
at a chosen frequency, the voltage 
across it rises to a maximum, Ri 
being infinite. Ai may then be chosen 
so that the voltage at this tuned 
frequency is made approximately 
equal to the voltage appearing at 
lower frequencies. The circuit will 
then give a very rapid attenuation of 
voltages of higher frequency than the 
cut-off frequency.

To make the attenuator vary more 
slowly with frequency, Ai may be 
reduced more and more. (Rz has no 
functional significance as regaids the 
filter or equalizer action, its use is to 
stop parasitic oscillations if these are 
prone to occur.)

In Fig. 63 we get an equalizer 
effect and variable control.

In Fig. 64, moving the slider along 
Ai so that the impedance of the 

network is chiefly capacitive, gives a 
greater attenuation of the higher 
frequencies, and moving it to the 
other end, to make the impedance 
chiefly inductive, gives a greater 
attenuation of the lower frequencies 
so that intermediate settings of Ri 
give intermediate results.

Fig. 65 permits control of both 
high- and low-frequency attenuation 
by operation of two controls. Ai and 
Ci correspond to C2 and Ai in Fig. 60. 
C2 is the normal coupling capacitor 
of sufficient capacitance to pass the 
low frequencies with little loss. At low 
values of A2, C3 has little effect, but 
at high values C3 is in series with C2. 
By making C3 of small capacitance, 
the effective coupling capacitance is 
made small and the proportion of 
low-note response appearing across 
A3 correspondingly reduced.

The principle of tone-compensated 
volume control is shown in Fig. 66. 
To preserve apparent tonal balance, 
a greater proportion of low-fre
quency energy is required at low 
volumes. By a tapping on the 
volume control, it can be arranged 
for high frequencies to be by-passed 
at low settings of the control.

Tone Control by Negative Feed
back. (Figs. 67 and 68.) The principle 
of negative feed-back is used in its 
more general application to reduce 
distortion in valve amplifiers; it can, 
however, be used to alter the response 
of amplifiers as a function of the 
frequency of the currents amplified.

Negative feed-back implies that 
the signal voltage applied at the 
input to a valve amplifier, be it a 
single or multi-stage amplifier, is 
opposed by another voltage, of less 
amplitude, derived from the input 
voltage but secured as an output 
voltage and, therefore, proportional 
to, but of less amplitude than, the 
input voltage.

Put more concisely, negative feed
back means that a voltage, derived 
from the output of the amplifier, is 
fed back in phase opposition to the 
voltage input to the amplifier. If, by
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design or fortuitously, the phase of 
the feed-back voltage, or its magni
tude, or both, varies with frequency, 
then the input voltage will be more 
or less opposed, according to the 
frequency of the voltage, and so the 
apparent gain of the amplifier will 
vary with frequency and so give a 
measure of tone control.

If A is the gain of an amplifier and 
¡3 is the proportion of the output 
voltage fed back in anti-phase, then 
the net gain of the amplifier is, in 
voltage feed-back, .—r -o—À.

1 fi- P A
Feed-back also has the effect of

altering the anode slope resistance of 
the output valve, an alteration given 
in voltage feed-back by, approxi
mately, -Q- —, where gm is the mutual

PgMl

conductance of the valve.
Thus, if p, in either of these 

expressions, varies with frequency, so 
the response varies with frequency 
and so the anode slope resistance, 
which may also have an effect upon 
response, varies with frequency.

In Fig. 69, suppose the capacitor, 
shown dotted, is in fact connected 
across the cathode resistance, then 
the impedance of the combination of 
resistor and capacitor will vary with 
frequency.

At the higher frequencies, this 
impedance may be substantially 
zero, so the grid cathode alternating 
voltage is that of the grid to earth 
alternating voltage. As the frequency 
gets lower, the AC, passing through 
R and C in parallel, may establish 
potentials on the cathode because 
the impedance of the RC combina
tion is no longer negligible in its 
relationship to the alternating vol
tages established across it.

In this condition, if the grid goes 
positive (say) with respect to earth, 
so the cathode goes positive too, and 
the net grid cathode potential di
minishes, making the ratio of anode 
current to grid voltage (the effective 
gm of the valve) less, and so its 
effective magnification becomes less.

At higher frequencies, reactance of 
capacitor may be negligible compared 
with resistance of parallel resistor and 
valve gives a maximum magnification. 
At lower frequencies, reactance of 
capacitor may, if it has a suitable 
value, increase, so introducing feed
back and lowering magnification.

In Fig. 70 the feed-back is obtained 
from the anode circuit. If the 
cathode circuit exerts no feed-back, 
and if the capacitor is large and if no 
reactance plays any part (a quite 
unrealizable condition up to very 
high frequencies), then the system 
behaves independently of frequency. 
The difficulty with such circuits is 
that, at some high frequency, re
actance does play-a part and the 
whole set-up oscillates.

In Fig. 71 the scheme illus
trated is designed to prevent oscilla
tion by attenuating any high fre
quency in the feed-back circuit which 
might get fed back to the input.

Scratch Filters and Heterodyne 
Filters. The scratch noise appearing 
at the output of a gramophone pick
up has chief components in the region 
of 5,000 c/s. The heterodyne whistle 
set up by broadcasting stations is of 
the order 8 to 9 Kc/s.

The noise can be eliminated by 
filters of the band-stop type. The 
series tuned circuit of Fig. 72 
presents its lowest impedance at 
resonance, and if L and C are 
suitably chosen, the low impedance 
presented to the voltage source 
PU causes a large voltage drop in its 
internal resistance and so, at and 
around the resonance frequency, a 
low voltage to the output trans
former. The resistor R adjusts the 
maximum voltage attenuation.

The band-stop filter of Fig. 73 
works because the parallel com
bination of L and C becomes a very 
high impedance at frequencies near 
resonance, thus reducing the voltage 
across Ri.

In both cases, L and C are chosen 
to be resonant either at the 
‘scratch’ or ‘heterodyne? frequencies.
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SECTION 8

WIRE TABLES
TABLE VIII: BARE COPPER

SWG Diam. 
(in.)

Section area 
(sq. in.)

Ohms per 
1,000 yds.

Length 
per ohm

Weight 
per 1,000 

yds.
Ohms per lb.

50 0001 0-00000079 30,570
ins.
1-18

ozs.
0-145 3,365,000

49 00012 000000113 21,230 1-7 0-209 1,623,000
48 00016 0 00000201 11,941 302 0-372 513,500
47 0002 000000314 7,642 4-71 0-581 210,300
46 00024 000000452 5,307 6-78 0-834 101,440
45 00028 000000616 3,899 9-24 1-14 54,750
44 00032 000000804 2,985 10 77 1-49 32,090
43 00036 00000102 2,359 15-26 1-88 20,040
42 0004 00000126 1,910 18-87 2-32 13,146
41 00044 00000152 1,578 22-81 2-81 8, 978
40 00048 00000181 1,326 27-15 3-35 6,340

38 0006 0-0000283 849
y a rds

1-18
lbs.

0-327 2,597
36 00076 00000454 529 1-89 0-525 1,008
34 0-0092 00000665 361 2-77 0-769 469-8
32 00108 00000916 262 3-82 1-06 247-4
30 0-0124 0000121 199 503 1-40 142-85
28 0-0148 0-000172 139-5 7-18 1-99 7014
26 0018 0000254 94-3 10-6 2-94 3206
24 0022 0000380 63-2 15-8 4-4 14-366
22 0-028 0-000616 39 25-6 7-12 5-475
20 0036 0-00102 23-6 42-4 11-8 2-004
18 0048 0-00181 13-27 75-4 20-9 0-684
16 0064 0-00322 7-46 134-6 37-2 0-2
14 008 0-00503 4-78 208 58-1 0-08216
12 0-104 00085 2-83 353 92-8 002877
10 0-128 0013 1-87 535 148-8 0-012537

TABLE IX: FLEXIBLE CORDS

Conductor
Current 
Rating

Resistance per 1,000 yds. 
at 60° F. for straight 

single cores, no allowance 
being made for twisting

Nominal cross- 
sectional area

Number and 
diameter (in.) 

of wires

sq. in. amps ohms
0-0006 14/0-0076 2 39-7
0001 23/0-0076 3 24-2
0-0017 40/0-0076 5 13-9
0003 70/00076 10 7-94
0-0048 110/0-0076 15 5-05
0007 162/0-0076 20 3-43
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TABLE X:
COTTON-COVERED AND SILK COVERED

SINGLE COTTON-COVERED DOUBLE COTTON-COVERED

SWG

Total 
thick
ness 
of 

cover
ing in 
mils.

Turns 
per 
in.

Turns 
per 
sq. 
in.

Yards 
per 
lb.

SWG

Total 
thick
ness 
of 

cover
ing in 
mils.

Turns 
per 
in.

Turns 
per 
sq. 
in.

Yards 
per 
lb.

40 4 112-5 26,600 3,910 40 7/9 78 6,080 3,456
38 4 100 10,000 2,550 38 7/9 71-5 5,110 2,287
36 4 86-2 7,430 1,610 36 7/9 64 4,010 1,477
34 5 70-5 4,970 1,280 34 8/10 55 3,020 1,024
32 5 63-3 4,010 835 32 8/10 50-5 2,550 755
30 5 57-5 3,300 634 30 8/10 47 2,210 587
28 5 50-5 2,550 452 28 8/10 42 1,790 422
26 5 43-4 1,892 311 26 8/10 37 1,400 294
24 5 37 1,369 219 24 8/10 32-3 1,043 203
22 5/6 29-8 888 134 22 9/11 26-3 692 129
20 5/6 24-1 581 81-7 20 9/11 21-7 473 79-4
18 6/7 18-3 335 46-3 18 9/11 17-3 299 45-4
16 7 14-1 198 26 1 16 10/12 13-3 177 25-6
14 7/8 11-4 130 16 9 14 12/14 10-75 115 16-6
12 7/8 9 81 10-3 12 12/14 8-5 72 909
10 7/8 7-4 54 6-63 10 12/14 7-1 50-3 6-58

SINGLE SILK-COVERED DOUBLE SILK-COVERED

yds. yds.

47 1-2 312 97,300
per oz.

1,375 47 2-2 238 56,600
per oz.

1,190
46 1-2 278 77,300 1,000 46 2-2 217 47,100 871
45 1-2 250 62,500 752 45 2-2 200 40,000 675
44 1-2 227 51,530 599 44 2-2 185 34,200 536
42 1-2 192 36,860 387 42 2-2 161 25,000 358
40 1-3 164 26,900 276 40 2-5 137 18,800 258

38 1-3 137 18,770
per lb.

2,871 38 2-5 118 13,900
per lb. 

3,760
36 1-3 112 12,540 1,815 36 2-5 90 1 8,120 1,750
34 1-3 95-2 9,060 1,250 34 2-5 85-5 7,310 1,220
32 1-3 82-6 6,820 912 32 2-5 75-2 5,650 887
30 1-3 73 5,330 695 30 2-5 67-1 4,500 675
28 1-3 62-1 3,860 488 28 2-5 57-8 3,340 478
26 1-3 51-8 2,680 332 26 2-5 48-8 2,380 325
24 1-5 42-5 1,810 222 24 3 40 1,600 218
22 2 33-3 1,090 137 22 3 32-2 1,040 134
20 2 26-3 692 83-3 20 3 25-6 655' 82-5
18 2 20 400 46-8 18 3 19-6 384 46-3
16 3 15 222 26-4 16 4 14-7 216 26-1

•
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TAELE XI: ENAMELLED

SWG
Total thickness 

of covering 
in mils.

Turns per in. Turns per sq. in. Yards per oz.

50 0-2 833 694,000 6,480
49 0-2 714 510,000 4,510
48 0-3 526 277,000 2,500
47 0-3 435 189,000 1,630

46 0-4 357 127,500 1,128
45 0-5 303 91,800 835
44 0-5 270 72,900 642
42 0-6 217 47,100 411

40 0-7 182 33,100 286

per lb.
38 10 143 20,450 2,810
36 10 116 13,450 1,840
34 1-0 98 9,600 1,202
32 1-2 83-3 6,940 915

30 1-2 73-5 5,400 694
28 1-6 60-1 3,610 488
26 1-8 50-5 2,550 330
24 2-3 41-1 1,690 221

22 2-5 32-8 1,080 137
20 2-7 25-8 666 83-3
18 2-7 19-7 388 46-9
16 3-5 14-8 219 26-4

TABLE XII: CURRENT RATING

Maximum current in amps at 1,000 amps per sq. in. In practice, the safe 
current depends on heat dissipation, and in amateur-made transformers— 
for example, where windings are less compact—the figures below may be 
doubled.

SWG Amps SWG Amps

12 8-5 28 •172
14 5 30 •12
16 3-2 32 •092
18 1-8 34 •0665
20 102 36 •0454
22 •615 38 ■0283
24 •38 40 •0181
26 •25
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TABLE XIII: EUREKA RESISTANCE WIRE

SWG Diameter (in.) Ohms per yard Yards per lb.

1

Current (amps) 
for temperature 
rise of 100° C.

8 0-160 0-0335 4-2 29-0
9 0-144 0-0413 5-3 24-0

10 0-128 00523 6-7 20-1
11 0116 0-0637 81 18-5
12 0-104 00793 100 14-8
13 0-092 0-1013 13 0 12-6
14 0-080 0-1339 17-1 10-5
15 0-072 0-1653 21-1 9-3
16 0-064 0-2094 26-7 8-1
17 0056 0-2733 34-9 7-0
18 0-048 0-3718 47-6 5-75
19 0040 0-5356 68-4 4-6
20 0-036 0-6613 84-6 4-1
21 0-032 0-8372 106-9 3-6
22 0-028 1-093 139-8 3-1
23 • 0-024 1-487 190-8 2-7
24 0-022 1-770 226-7 2-4
25 0-020 2-142 274-6 2-18
26 0-018 2-645 337-8 2-0
27 0-0164 3-186 406-5 1-82
28 0-0148 3-914 500-0 1-66
29 0-0136 4-634 592-3 1-54
30 00124 5-575 714-2 1-4
31 00116 6-370 813 0 1-3
32 00108 7-350 943-4 1-2
33 0-010 8 571 1,093-2 1-08

TABLE XIV: KANTHAL RESISTANCE WIRE

SWG
Ohms per ft. 
at 20 deg. C Ft. per lb. Current (amps) 

for temperature 
of 200 deg. C. 
Types A and DType A Type D Type A Type D

8 •03266 •03172 1604 15-83 21-5
9 ■04032 •03916 19-80 19-54 18-7

10 •05103 •04956 25-07 24-73 16
11 •06214 •06035 30-53 30 11 13-95
12 •07731 •07508 37-97 37-45 12-10
13 •09879 •09594 48-53 47-87 10-17
14 •1306 •1269 64-15 63-29 9-14
15 •1613 •1566 79-23 78-13 7-25
16 •2041 •1983 100-3 98-91 6-20
17 -2666 •2590 131-0 129-2 5-18
18 •3629 •3524 178-2 175-8 4-46
19 •5226 •5075 256-6 253-2 3-29
20 •6452 •6266 316-9 312 6 2-86
21 -8166 •7930 401-2 395-6 2-46
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TABLE XIV: KANTHAL RESISTANCE WIRE—continued

SWG
Ohms per ft. 
at 20 deg. C Ft. per lb. Current (amps) 

for temperature 
of 200 deg. C. 
Types A and DType A Type D Type A Type D

22 1-067 1-036 523-9 516 8 2-10
23 1-452 1-410 7130 703-2 1-67
24 1-728 1-678 848-8 836-8 1-48
25 2090 2-030 1027 1013 1 30
26 2-581 2-506 1267 1250 115
27 3-109 3-019 1526 1506 •995
28 3-817 3-707 1875 1849 •870
29 4-535 4-390 2220 2190 •775
30 5-338 5-281 2671 2634 •685
31 6-214 6-035 3052 3010 ■625
32 7-169 6-962 3504 3473 •565
33 8-362 8-121 4108 4050 ■510

TABLE XV: COMPARATIVE TABLE OF WIRE GAUGES

No.
British standard 

gauge 
SWG

American gauge 
AWG 
or BS

No.
British standard 

gauge 
SWG

American gauge 
AWG 
or BS

7/0
Diam. (in.) 

•500
Diam. (in.)

23
Diam. (in.)

•024
Diam. (in.)

■0226
6/0 •464 — 24 •022 •0201
5/0 ■432 — 25 •020 •0179
4/0 ■400 ■4600 26 ■018 ■0159
3/0 •372 •4096 27 •0164 •0142
2/0 •348 •3648 28 •0148 •0126

0 •324 •3249 29 •0136 •0113
1 •300 •2893 30 •0124 •0100
2 ■276 •2576 31 •0116 •0089
3 ■252 •2294 32 ' •0108 •0080
4 •232 •2043 33 •0100 •0071
5 •212 •1819 34 •0092 ■0063
6 •192 •1620 35 •0084 •0056
7 •176 •1443 36 •0076 •0050
8 •160 •1285 37 •0068 •0045
9 •144 •1144 38 •0060 •0040

10 •128 •1019 39 •0052 •0035
11 •116 •0907 40 •0048 •0031
12 •104 •0808 41 •0044 ——
13 •092 •0720 42 •0040 —
14 •080 ■0641 43 •0036 —
15 •072 •0571 44 •0032 —

16 •064 •0508 45 •0028 —
17 •056 •0453 46 •0024 —
18 •048 -0403 47 •0020 ---
19 •040 •0359 48 •0016 —
20 ■036 •0320 49 •0012
21 ■032 •0285 50 ■0010 —
22 •028 •0253
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TABLE XVIa: FUSE ELEMENTS

IEE 
Current rating 

of 
semi-enclosed 

fuse

Tinned copper wire
Standard alloy wire 
(63% tin, 37% lead)

Diameter (in.) SWG Diameter (in.) SWG

amps
1-8 — — 0-0164 27
3-0 0-006 38 0024 23
5-0 0-0084 35 0-032 21
8-5 0-0124 30 — —

10-0 0-0136 29 — —

15-0 0-020 25 — —

17 0022 24 — —

20 0-024 23 — —

24 0-028 22 — -—"■

30 0-032 21 — —

37 0-040 19 — —

46 0-048 18 — ■ ■ ■

53 0-048 18 — —

60 0-056 17 — —

64 0056 17 — —

83 0-072 15 — —

100 0080 14 —

The ratings given in Table XVIa are the normal maximum current of the 
circuit, and not the overload at which the fuse will operate. Fusing currents 
are given in Table XVIb, below.

TABLE XVIb: FUSING CURRENTS

SWG

Approximate fusing currents—amperes

Copper 
(plain)

Standard 
alloy 

63% tin 
37% lead

Lead Tin Aluminium

12 344 46-5 55 260
14 232 31-5 37 170
16 166 22-5 26-6 120
18 110 14-5 17-3 80
20 70 9-5 11-3 50
21 7-5
22 50 6-5 7-7 35
23 4-5
24 35 4-5 5-4 25
26 25 3-5 4-0 18
27 2-7
28 17 2-5 3-0 14
30 15 1-9 2-3 10
32 12 1-6 1-9 8
34 9 1-2 F5 7-5
36 7 09 11 5-0
38 5 0-75 0-8 4
40 3 0-5 06 2-5
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SECTION 9

COMPONENT DESIGN
Air-cored Coils. The simplest 

method of calculating the inductance 
of a coil is the formula given by 
Terman: L (pH) = N2dF, where N 
is the number of turns, d the diameter 
of the coil in inches and the term F is 
a variable, depending upon the ratio 
of coil diameter to length of winding. 
Eis given in Table XVII for ratios of 
•1 to 10, to cover all normal con
structions.

TABLE XVH
Factor F in inductance formula 

L=N2dF, in terms of the length 7’ 
and diameter *d’ of the winding ; 
I and d in inches.

/ 
d

F I 
d

F

•1 •05 1-5 •013
•2 •04 2 •01
•3 •034 2-5 ■0085
•4 •029 3 •0072
•5 •026 4 •0056
*6 •023 5 •0047
•7 •021 6 ■0039
•8 •019 7 •0033
•9 •018 8 •0029

1 •017 10 •0024

inductance becomes :

For example, a 50-turn coil of 
diameter 2 in. and length 1 in., has a 
ratio of-5, for which Fis obtained 
from the chart as *026, and so the

L = 2,500
X 2 X *026 
= 130 pH.

EFFECTIVE 
DIAMETER

Fig. 74. Effec
tive diameter 
is used to cal
culate induc
tance of a 
multi-layer 

coil.

When dealing with a multi-layer 
coil, d is mean diameter, that is, the 
inside diameter of the coil plus half 
the difference of the inside and out
side diameters. The inside diameter 
of the coil shown in Fig. 74 is 2 in., 
and the outside diameter 5 in., so 
that the effective value of d to be used 
in finding the inductance is :

2 + (~2~) = 31 in*
The charts shown in Figs. 79 and 

80 have been compiled from the 
above information and indicate the 
number of turns required for a given 
inductance from *1 pH to 10 pH 
with a single layer on different-size 
formers, but with a constant ratio of

of *5. The gauge of wire to be 
employed is marked along each graph.

Iron-dust Cores. Where an iron or 
iron-dust core is employed, the 
inductance of the coil will be 
increased by a factor which is the 
effective permeability of the mag
netic circuit. When the iron core 
forms a complete magnetic circuit 
around the coil with a negligible 
air-gap, as for instance in the case of 
G.E.C. Ironclad, illustrated in Fig.75, 
or the NeoSid cup or pot type, the 
inductance of the coil will be in
creased by a factor nearly equal to 
the permeability of the iron core, 
that is, from 2 to 4 in the radio
frequency bands.

Where, however, the iron core is 
in the form of a slug inside the coil, 
the net increase of inductance will be 
less than the permeability factor, 
owing to the effective air-gap.

Iron-dust cores having a per
meability of 1*3 are made for use at 
50 Mc/s and higher permeabilities, 
up to 15, for use in the IF band at 
450-500 Kc/s. The makers’ litera
ture should be consulted in choosing 
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a particular core for a given 
frequency range and purpose.

Advantages of iron-dust 
core inductances are :
(1) Inductance value can be 

adjusted.
(2) Lower R loss with the 

possibility of higher Q for 
a given coil.

(3) Possibility of achieving 
constant Q over a band of 
frequencies.

Low-frequency Chokes. The design 
of LF chokes is complicated by the 
fact that, in addition to the ripple 
component, there is often a direct 
current flowing through the winding. 
This necessitates an air-gap in the 
magnetic circuit.

Since the actual inductance of an 
iron-cored choke coil is a variable 
depending upon the DC and upon 
the ripple voltage applied to it, some 
simplifying assumptions are made 
which reduce somewhat the accuracy 
of the method.

1-45 AN2
L is taken as equal to—7=—^/aXlO7 

where
A = cross-scctional area of iron 

circuit in square inches.
N = number of turns.
a — air-gap in inches. This is 

assumed to be never less than -002 in.
In Figs. 81-84, the graphs denote 

the inductance for a given number of 
turns on the core shown in the 
caption. The different curves are 

for different 
lengths of air
gap, indicated 
by the figures 
at the end 
of the curve.

Fig. 75. Forms 
of iron-dust 
core for radio
frequency in
ductors. (a) 
Totally en
closed pattern, 
and (b) semi- 

enclosed.

Li = OR OTHER CONVENIENT VALUE
C1 »lOO^fd
TRIMMER C-lW«

Fig. 76. Circuit for measuring values 
of inductors and capacitors. Oscillator

frequency is set at 6 Mc/s.
The figures along each curve are 

the limiting values of current, DC 
plus AC, from the viewpoint of non
saturation. Below each chart is the 
gauge of wire which may be employed 
for different numbers of turns, and 
the resistance.

Measurement of Inductance. For 
the measurement of small induc
tances, -1-150 pH, the resonance 
method is to be preferred on the 
score of simplicity and accuracy. It 
is shown in Fig. 76. The oscillator is 
set to about 6 Mc/s and feeds into 
the tuned circuit L1C1, having two 
terminals normally connected by a 
short link.

With the link in position, Ci, the 
calibrated capacitor, is set to maxi
mum capacitance, and the oscillator 
tuning is adjusted for maximum 
reading on the valve voltmeter or 
magic-eye indicator. The unknown 
inductance is now connected to the 
terminals in place of the link and 
Ci is adjusted for resonance. Lx, the 
unknown inductance, is then given 
by:
Lx — Ly where L\ is the

Ci - C3
original inductance, Ci is the total 
capacitance, C3 is the reduction in 
capacitance to reproduce the reson
ant condition with Lx in circuit.

For a carefully constructed stan
dard of 7 p.H employed with a 
frequency of 6 Mc/s, the capacitance 
to inductance ratio for in terms of
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Ca is as shown in the chart (Fig. 85).
For the measurement of larger 

inductances the impedance bridge of 
Fig. 78 is to be preferred. In this 
case, inductances can be read off a 
resistance scale once the standard 
inductance is brought into circuit.

Capacitors are grouped according 
to their dielectric—the insulating 
material between their plates. These 
are air, mica and mica substitutes, 
paper, ceramics and electrolyte.

The capacitance is given by: 
Ax SIC , . . ..C ——T».-—, where A is the area 4-45r

of the opposing plates in square 
inches, t is the thickness of the 
dielectric in inches, SIC is the per
mittivity (specific inductive capaci
tance) of the dielectric, and C is 
expressed in micro-microfarads.

Table XVIII gives the SIC for a 
number of materials used as dielec
trics. It also shows the range of 
power factors and the breakdown

1 voltage in volts per thousandth of 
am inch.

Use of Capacitors. In choosing a 
capacitor for a particular service, 
consideration must be given to the 
following points :

(1) The dielectric must be capable 
of withstanding the peak voltage that 
will be impressed upon it.

(2) The terminals and plate con
figuration must be suitable for the 
peak voltage to be applied, under the 
worst conditions of atmospheric 
pollution, or the low pressures of 
high altitude, that may be en
countered.

(3) The lugs joining the plates to 
the terminals must have sufficient 
cross-section to carry the capacitance 
current without undue overheating.

(4) The portion of the total 
current represented by the loss 
component must not cause a danger
ous rise in temperature.

A rise in dielectric temperature in 

TABLE XVIII: DIELECTRIC QUALITIES

Material SIC Power factor, 
tan 0

Breakdown 
strength in volts 
per thousandth 

of an inch

Air, normal pressure .. 1 0 20
Air, five limes normal pressure 1 0 80
Air, at altitude of 20,000 ft. .. 1 0 10

Mica 3 — 8 •0001 — -001 500— 1,000
Micalex 8 ■002 200 — 300
Polystyrene (Distrene, Trolitol, 2-2 —2-5 -0002 500

etc.)

Frequentite, Calit 6 ■0003 — -002 100 — 300
Alsimag, Isolantite 6 ■0005 — -002 100 — 300
Faradex, Condensa 80 —
Porcelain 5 — 6 ■001 — 005 50—150

Paper .. 2 — 2-5 •02 — 05 100 — 500
Glass (Electrical) 4 — 6 -005 — -01 1,000— 1,500
Glass (other grades) .. 3 — 9 •005 — -05 200 — 500
Ebonite 3 — 5 ■005 — -01 400 — 500
Bakelite (Phenolaldehyde) 4 — 7 •02 —-1 100 — 600
Wood .. 3 — 5 -002 — -05 100 — 200
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practically every instance causes a 
lowering of the dielectric strength, 
and also an increase in the dielectric 
loss.’ Therefore, overheating effects 
can be cumulative, and breakdowns 
sometimes occur after prolonged use 
at a small overload. For this reason, 
it is imperative that the capacitor 
manufacturer’s rating should not be 
exceeded.

At high frequencies, the limiting 
factor becomes the current that may 
be passed, and whilst a general 
figure cannot be given, it could be 
said that the maximum current 
passed by a small mica capacitor of 
the ‘postage stamp’ variety should 
not exceed one ampere. The follow
ing figures are quoted by Maloff for 
a -01 mica capacitor (Proceedings 
I.R.E., Vol. 20, p. 647, April, 1932):

Frequency Kc/s Rated Voltage
Direct Current 10 kV

1 10 kV
100 3 kV
300 3 kV

1,000 1-78 kV
3,000 605 volts

10,000 178 volts

Electrolytic Capacitors. Electro
lytic capacitors are formed for a 
given voltage, and have a plate area 
and dielectric thickness suitable for 
use at that voltage. To avoid risk of 
permanent damage to the dielectric 
film, the rated voltage, and current, 
where stated, should not be exceeded.

Capacitors should not be employed 
at maximum ratings at a temperature 
in excess of 40 deg. C, and most 

Fig. 77. 
Simple 
bridge, 
used for 
testing 
capacitors.

types are not satisfactory at tempera
tures below -10 deg. C.

When employed as reservoir 
capacitors, the capacitance should be

/2
chosen so that is less than 900 for 
capacitors having plain anodes, and 
less than 450 for etched anode types. 
/ is the DC current in milliamperes, 
and C the capacitance in microfarads.

Measurement of Capacitance and 
Power Factor. The simplest method 
of measuring the capacitance and 
power factor is the impedance 
bridge shown in Fig. 77. This 
employs the 100 c/s rectified ripple 
for energizing the bridge, and also a 
simple power pack to supply the 
magic-eye tuning indicator, which is 
connected as a grid rectifier across 
the galvo terminals of the bridge, to 
indicate the balance position.

The simple type is not capable of 
measuring very small capacitances, 
of the order of 10 mmFd or less, and 
cannot detect the small changes of 
unbalance caused by power factors 
in the range -0001 to -01.

Where these latter measurements 
are of importance, the more elaborate 
design of Fig. 78 is required.

In this, a valve oscillator feeds the 
bridge network, preferably via a 
cathode follower stage. An amplifier 
is interposed between the bridge and 
the detector, and it is essential that 
the screening and decoupling of 
oscillator and amplifier be of a high

order if 
stable andO O AC MAINS

accurate re
sults are 
required.

In both 
types, the 
circuit em
ployed does 
not allow 
the power 
factor of 
capacitors 
having a 
lower loss
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amplifier 
AND 

DETECTOR

DIRECT-READING IMPEDANCE BRIDGE
Fig. 78. Gives direct readings of impedance of a capacitor or an inductor.

than the standard capacitor employed 
to be measured. In such a case, it is 
necessary to connect a resistance in 
series with the unknown capacitor, 
set the resistor in series with the 
standard capacitor to zero and find 
the value of added resistance that 
balances the bridge.

As long as the power factor of the 
standard capacitor is known, the 
power factor of the unknown capaci
tor can be calculated, since at the 
balance point the phase difference in 
the two reactive arms of the bridge is 
zero.

For precise results, the readings of 
the lowest ranges must be reduced 
by a figure representing the effective 
capacitance of the terminals and 
wiring.

For the measurement of very small 
capacitances, the resonance method 
is widely employed. The circuit of 
Fig. 76 may be employed, and the 
trimmer capacitor calibrated in micro
microfarads.

The trimmer is set to maximum 
capacitance, and Ci used to obtain 
resonance at the detector. The un
known capacitor is then connected 
at the terminals marked Cx and the 
trimmer capacitor is set to obtain 
resonance once more. The difference 

in its settings is equal to the unknown 
capacitor connected at Cx.

This method will be found satisfac
tory for measuring the input capaci
tance of a valve and its valve holder, 
also the variation of its capacitance 
with changes of anode current.

Power Transformers. Because it 
operates at a constant frequency, and 
usually with a constant load, the 
power transformer is a much simpler 
affair to design than the other 
transformers employed in radio 
engineering.

The design tables appended are for 
50-cycle input frequency (Table XIX). 
Transformers based on this data will 
operate satisfactorily at 60 c/s, but 
must not be connected to a 25-c/s 
supply.

The laminations chosen are silicon 
steel, -014 in. thick. The sizes are 
the types most commonly used and 
the stacks arranged for bobbins that 
are commercially available.

A flux density of 60,000 lines per 
sq. in. is provided when the core 
area A, multiplied by the turns per 
volt (TPV), equals 7*5.

The required core areals given
IW approximately by A = *X-P, where
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TABLE XIX: DESIGN DATA FOR

w. 
Total 

second
ary load 
(watts)

Approx, 
effi

ciency 
(per cent)

IPp 
Primary 
watts = 
Ws X 100 
Efficiency

Core 
area (A)

5-7

Turns 
per volt, 

TPV 
7-5 

~ A

Primary 
gauges 

for 200- 
250 volt 
(SWG)

Primary 
current 
for 230 

volts 
(amps)

Suitable 
lamina

tion

50 75 67 watts 1-5 5 26 •3 4A
75 80 94 „ 1-76 4-5 24 •41 4A

100 85 117 „ 2-1 4 23 •51 75A
150 90 166 „ 2-35 3-5 22 •72 75A
200 90 222 „ 2-7 3 20 1 28A
300 93 323 „ 3-25 2-5 18 1-4 35A
500 94 530 „ 415 2 16 or

2 X 19
2-4 37A

JVP is the primary power, that is, 
IPs X 100 .• +, and IPs is theEfficiency per cent’

power drawn from the secondaries.
Usual efficiencies that are ob

tained in small transformer designs 
are shown in column 2 of Table XIX.

To commence a transformer de
sign, it is first necessary to know 14© 
the secondary power. A radio trans
former usually carries a centre- 
tapped HT secondary with two or 

more LT secondaries. For example :
(1) HT secondary: 350—0—350 

volts at 120 mA.
Since only half of the secondary is 

... 350X120_ 
in use at one time, OOO -”
42 watts.

(2) Rectifier LT=5 volts, 3 amps 
= 15 watts.

(3) Normal LT = 6-3 volts, 5 amps 
= 31-5 watts.

Total secondary power, IP8=88-5.

TABLE XX: DETAILS OF LAMINATIONS

Diagram showing dimensions 
A, B, C, D, E and F.

Type 
No. A B C D E F

1

GX

1

© D- o 4A

75A

28A

35A

37A

41A

3-563

4-000

5-000

6-250

6-750

8-500

3-188

3-375

4-250

5-250

6-750

7-250

0-938

1000

1-219

1-500

1-750

2-500

0-439

0-500

0-625

0-750

0-875

1-250

2-313

2-375

3-000

3-750

5-000

4-750

0-87

100

1-26

1-62

1-62

1-75

— c—-
—F*

0

o -D O
—---------- A----------
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TYPICAL SMALL POWER TRANSFORMERS

Size of 
stack 
(in.)

Window 
area 

(sq. in.)

Compensated 
primary turns

Secondary 
compensation: 
to TPV X Es 

add

Approx, 
magnetizing 

current 
at 230 volts200 230 250

1-5 2 920 1,060 1,140 6 per cent TPV x Et 83 mA
21 2 850 985 1,060 4 „ TPV X Es 86 „
21 2-375 770 880 960 4 „ TPV X E, 103 „
21 2-375 680 775 845 3 „ TPV x E. 150 „
2i 3-8 580 670 725 2 „ TPV X E, 170 „
11 61 490 560 610 2 „ TPV x Es 240 „
2 81 395 455 495 1 „ TPV x E,

(where Et is the second
ary voltage)

350 „

From column 2, Table XIX, we 
see that the efficiency will be of the 
order of 85 per cent, so that, 

88*5X 100Wp= 85 =104 watts.
The core area A is now fixed by 

1-8 sq. in. and the turns per 
7-5 volt as = 4-15, say 4.

We now choose a suitable lamina
tion size. Table XX lists the widely 

employed laminations together with 
suitable bobbins. Values of A for 
each bobbin are given.

Since the primary power is 104 
watts, we can calculate the primary 

W 104
E~ 230current from for a

230-voIt supply, that is, 450 mA.
From the Wire Tables (Section 8), 

we see that for a conservative 
rating of 1,000 amps per sq. in. we 
should employ 23 SWG wire, but that

FOR CHOKE AND TRANSFORMER COILS

STANDARD BOBBINS

Thickness of lamination stack (t) and area of iron path (J), sq. in.

t
A 

sq. in. t
A

sq. in. t
A

sq. in.

1 in. •938 li in. 1-4 21 in. 1-88

1 „ 1 1 a 1-5 21 „ 2-25

11 „ 1-5 21 », 2-7 21 „ 3-35

n „ 2-25 21 „ 3-4 21 „ 4-1

n „ 3 05 21 3-95 <■>1 '

21 „ 6-25 31 „ 9-4 5 „ 12-5
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Fig. 79. INDUCTANCE OF AIR-CORED COILS (I)

CURVE A-DIAMETER j IN., LENGTH OF WINDING J IN.

CURVE B-DIAMETER I IN.. LENGTH OF WINDING j IN.
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Fig. 81. INDUCTANCE OF IRON-CORED LF CHOKES
No. 15 LAMINATIONS (STALLOY)

CORE 625 IN. THICK (40 PAIRS)
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Fig. 84. INDUCTANCE OF IRON-CORED CHOKES
No 41 LAMINATIONS (STALLOY)
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CONVERSION GRAPH FOR INDUCTANCE TESTER
Fig. 85. This chart is for use with the inductance measuring circuit shown in Fig. 76. 
The inductance of the coil under test is read off against the capacitance change 

necessary to produce resonance with the 6 Mc/s signal.
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since the current density is only 
1,200 amps per sq. in. for 24 SWG, 
this latter gauge can be used.

The total primary winding consists 
of primary volts (£p) X TPV — 230 
X 4 = 920 turns, and these in 24 
SWG require 0-55 sq. in. for machine 
winding, and a generous allowance, 
say 0-8 sq. in., for hand winding.

It is usual to allow about 35 per 
cent of the total window area for the 
primary winding, and this fixes the 
window area at between 1-5 and 2-3 
sq. in. The 4A size lamination has a 
window area of 2 sq. in., or the 75A 
a window area of 2-375 sq. in.

The thickness of stack required 
will be 1-9 in. in the case of thc4A, 
or 1-8 in. in the case of the 75A. 
We choose a 2|-in. stack of 4A size.

Taping Windings
There must be a layer of insulating 

tape between the primary and the sec
ondary, with ample dielectric strength 
to withstand the normal or fault 
stresses. Normal stress is 1-4 X 
(Ev + Eht). For the transformer in 
question this will be 1-4 X (230+350) 
=820 volts peak. It is well to allow 
for at least double this stress and 
wind on three thicknesses of Empire 
tape 0-004 in. thick.

The secondary winding of 35OX 
2x4=2,800 turns + 300 turns, to 
compensate for losses, will be wound 
with 34 SWG. Since each half of the 
winding is only conducting for 
approximately half of the total 
period, it is only necessary to use a 
gauge of wire to carry 60 mA 
continuously.

The LT windings will each have an 
extra turn to compensate for the 
IR drop in the winding and other 
losses. Thus the 5-volt winding will 
consist of 21 turns of 16 SWG, 
whilst for convenience the 6-3-volt 
secondary could be wound with two 
parallel w'n lings, each of 26 turns of 
16 SWG, instead of the single 
winding of 14 SWG, which is more 
awkward to handle.

Between the HT secondary and 

the LT secondaries, a further layer of 
insulating cloth or tape must be 
employed, and also between the two 
LT windings.

Design data of a number of 
typical transformer sizes for use on 
200-250-volt supplies is set out in 
Table XIX.

To simplify design, compensation 
for losses can be split, as in the above 
example, between primary and sec
ondary, the primary being reduced 
by a small percentage and the 
secondary increased by a similar 
amount.

In choosing the gauge of wire for 
the LT secondaries, the effect on 
voltage of reducing the load must be 
considered. Voltage regulation is 
equal to Z X Rs, where I is the full
load current and Rs is the resistance 
of the LT secondary winding. A 
safe rule is to ensure that at full load 
the current density is less than 
1,000 amps per sq. in. (see Wire 
Tables, pages 59-64).

The data given above assumes that 
the winding is carried out with 
enamelled or silk- and enamel- 
covered wire. There will be room for 
double-silk covering, but in some 
instances there would not be suffici
ent room for double-cotton-covered 
wire.

Auto-Transformers. The power 
transformers so far described are of 
the double-wound variety, that is, 
the primary and secondary are 
insulated electrically. Where it is 
desired to change the available vol
tage to some other value, e.g. operate 
a 230-voIt appliance from 105-volt 
mains, a simpler form of transformer, 
called an auto-transformer, can be 
employed.

This is shown diagrammatically in 
Fig. 86 and it is seen that the section 
of the winding from the ‘common’ 
terminal is connected to the low- 
voltage supply, whilst the required 
voltage appears across the whole 
winding. Conversely, of course, the 
230-volt supply could be connected 
to the ends of the winding, when
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—o
HIGH 

VOLTAGE

Fig. 86. An auto-transformer has a single 
tapped winding, as shown in this diagram.

OCOMMON

~ 230 V

105 volts would appear between the 
tap and the common terminal.

Since the secondary current flows 
through the primary turns, it has the 
effect of reducing the primary current. 
Therefore, a smaller gauge of wire 
can be employed for the section 
between the common terminal and 
the tap, the reduction being greater 
as the ratio of input to output 
voltage approaches unity.

The remaining calculations are as 
for the double-wound 
transformer. Find, first, 
PCs, then IPp, then A and 
TPV. Calculate from

— and effec- 1 E (input)’
tive Zp fromZp -Zs, where
7 _ XTZs -- NOW E (output)
select a suitable gauge 
of wire for the primary, 
in terms of the effective 

Fig. 87. Circuit for a high-voltage flash tester.current (see Wire Tables, 
pages 59-64).

For an example, take an auto
transformer for operating a 230-volt 
receiver, requiring 120 watts from 
105-volt AC supply at 50 c/s.

IPs=120 watts; efficiency=85 per 
cent.

120X100 1/fn fPP=— —=140 watts.
r 140 . „Zp=^=l-33 amp.

Zs=||$=0-53 amp.

Approximate current from com

mon terminal to tap=Zp - Zs=0-8 
amp, requiring 21 SWG.

Approximate current from tap 

to high-voltage terminal=Zs=O-53 
amp, requiring 23 SWG.
J=^ =2-0 sq. in.
7PF=3-5.
Primary turns—380, requiring -45 

sq. in.
Secondary turns=440, requiring 

•35 sq. in.
These turns could be accommo

dated on a 15-size lamination, having 
a core width of -625, but this would 
require a stack of 3-25 in. In this 
instance, a better design would 
incorporate a 2-in. stack of No. 4A 
laminations, and the larger window 
area would permit the two windings 
to be carried out in 19 and 21 SWG 
respectively.

Construction and Testing. When 
assembling the core, the ‘T’ lamina
tions should be placed in pairs 
from each end of the former alter

HEAVILT
INSULATED CABLE

4 kV TEST PROD

1 kV

AS
REQUIRED

nately, and the ‘U’ pieces likewise.
After the transformer has been 

assembled and bolted up, the mag
netizing current should be measured. 
Approximate figures for this are 
given in Table XIX, but a variation 
of at least + 25 per cent may 
be encountered, due to variation of 
stacking, depending upon whether a 
good magnetic joint has been made, 
also upon the quality of the iron, 
which varies from different manu
facturers, and sometimes even be
tween one maker’s samples.

Assuming that the results of this 
test are satisfactory, the secondary 
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voltages should be measured when 
giving their rated load. A half-hour 
run at least should be made at full 
load to see that the core and windings 
do not overheat. Both should be 
about the same temperature, 40— 
50 deg. C (104—122 deg. F).

A further test that should be 
imposed is a ‘flash’ test, employing a 
suitable voltage of about twice the 
normal voltage appearing between 
windings. This voltage is applied 
between windings and also between 
all windings and core.

A diagram of a suitable flash tester 
is shown in Fig. 87. It employs a 
tapped transformer to give a range of 
suitable test voltages, a pair of 
heavily insulated test prods and a 
foot-switch to close the primary 
circuit. Great care must be exercised.

In the case of high-voltage trans
formers, such as are used for cathode
ray tube power supplies in television 
sets and oscilloscopes, the trans
former should be placed in an 
earthed ‘cage’, and clips used in 
place of the test prods for applying 
the test voltage. The primary switch 
is arranged in series with a door switch 
on the cage so that the circuit cannot 
be completed unless the door is closed.

Audio-frequency Transformers are 
of two types, voltage trans
formers and LF power transformers. 
The former type work into a large 
secondary resistance, such as the grid 
circuit of a Class A amplifier, and the 
second type is used where the 
secondary circuit consumes power.

Voltage Transformers. The design 
of voltage transformers is controlled 
by the amount of DC in the primary. 
Where this is zero, as in the case 
of the resistance-capacitance trans
former circuit of Fig. 88, a compact 
design is possible, using Mu-metal 
stampings. Mu-metal, with its high 
incremental permeability at low 
values of magnetization, allows an 
efficient design in small space, with 
high primary inductance and low 
self-capacitance.

High primary inductance ensures

Fag. 8G. Resistance-capaci
tance transformer coupling 
with auto-transformer con-

a level response well into the bass 
register, while low leakage inductance 
and self-capacitance permit efficient 
high-frequency response.

Although its advantage is most 
marked when there is no DC, Fig. 91 
shows that it is possible to obtain 
satisfactory results with the miniature 
core, even with small direct currents 
in the primary.

This chart also indicates the 
primary inductance of windings of 
3,000, 4,000 and 5,000 turns on a 
stack of twelve pairs of 3 IT Mu-metal 
stampings, both with and without 
DC in the primary.

With the auto-transformer con
nections of Fig. 88, step-up ratios of 
5 to 1, 4 to 1 and 2-4 to 1 are possible, if 
total winding of 12,000 turns of 44 
SWG enamel wire is used in each case.

If double-wound coils are em
ployed, as shown in Fig. 89, the 
step-up ratios are 3 to 1, 2 to 1 and 
1-4 to 1 respectively.

Fig. 90 shows the primary induc
tance necessary to limit the lower 
cut-off to 1, 2 and 3 dB at various 
frequencies up to 150 c/s with an 
anode resistance of 10,000 ohms. 
For other values of anode resistance, 
the figure obtained from the chart 
should be multiplied by the anode 
resistance of the valve in thousands 
of ohms and divided by 10.

Thus, if the value obtained from 
the chart is 90 henries and the anode 
resistance of the valve is 6,000 ohms, 
the required inductance will be 90 
multiplied by 6 and divided by 10 ; 
that is, 54 henries.

Where the DC component is too



Fig. 89. Parallel-fed trans
former intervalve coupling.

large for a Mu-metal core, the use of 
Radiometal is recommended. Fig. 92 
gives the primary inductance for 
different windings on a core of 60 
pairs of 24T Radiometal stampings.

Having chosen the core and the 
primary winding to give the necessary 
primary inductance and step-up 
ratio, the degree of interleaving of 
the windings can be decided. Usually, 
it is sufficient to wind on one-half of 
the secondary, then the primary 
winding, and lastly the remainder of 
the secondary. Care must be given 
to the interwinding insulation in view 
of the fact that the voltage between 
them may exceed the sum of the HT 
and the GB supplies.

From the foregoing it is seen that 
the step-up ratio of the normal inter
valve transformer is largely con
trolled by the number of turns needed 
to obtain the specified primary in
ductance. For impedance matching, 
such as connecting a 600-ohm line, 
or a microphone to the grid circuit of 
a Class A amplifier, it is necessary to 
arrange the number of turns so that 
a correct match is obtained on both 
sides of the transformer. This is 
achieved when the ratio of the turns 
is the square root of the ratio of the 
impedances connected to the two 
windings.

Typical ratios are : carbon micro
phone to grid of Class A amplifier, 
25 to 1 ; 600-ohm line to grid of 
Class A amplifier, 10 to 1.

Low - frequency Power Trans
formers. With low-frequency power 
transformers, in addition to the 
design requirements detailed above, 

to take into account the losses it is 
necessary to make an adjustment to 
the actual turns ratio.

First, the core dimensions are 
settled by reference to the charts to 
be found in the low-frequency choke 
section. The DC flowing controls 
the core size and gap. the re
quired inductance being obtained 
as before from chart in Fig. 90. 
Since a secondary winding has to be 
wound in part of the space, it is 
necessary to limit the gauge of wire 
used for the primary, so that it 
occupies just less than one half of the 
total winding space.

Table XXI shows the maximum 
gauge of wire that may be employed.

Transformers of this type having 
an output of 5-20 watts, usually have 
an efficiency of 70 to 80 per cent. 
This implies that the secondary must 
be increased above the number of 
turns required for impedance match
ing. For the smallest transformers, 
this increase should be 20 per cent, 
but for the larger types, handling 20

Fig. 90. This chart indicates the induc
tance necessary in an anode circuit to 
limit the loss at bass frequencies, as 
shown, to values indicated by the curves.
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watts or more, the increase necessary 
will be about 12 per cent.

Push-pull Transformers. • Push-pull 
transformers are fundamentally simi
lar to the single-circuit types just 
described. The input voltage trans
former must provide two equal 
secondaries, and this precludes the 
use of the miniature core, unless a 
step-up ratio as low as 1-5 to 1 can 
be tolerated. Otherwise, the Radio
metal core should be employed ; 
alternatively, a larger Mu-metai as
sembly.

The push-pull output transformer 
has the advantage that the DC

TABLE XXI
Gauge of 

wire (SWG) 
shown at 

foot of 
choke 
charts

Equivalent 
gauge 
SWG 

of wire for 
trans

former use

Current
carrying 
capacity. 
DC-AC

20 22 1 A
22 26 370 mA
24 28 250 mA
26 30 180 mA
28 32 130 mA
30 34 100 mA
32 36 75 mA
34 38 45 mA
36 40 27 mA
38 42 18 mA
40 44 12 mA

component in the two primary 
windings are in opposition magnetic
ally. For production work with 
unmatched valves, it is usual to 
assume that the residual DC is 15 
per cent of the normal DC com
ponent of one of the valves. 
Fig. 9L (Left) How the primary induc
tance of three coils, all on 12 pairs of 3 IT 
Mu-metal stampings, varies with DC 
magnetization. Fig. 92. (Below) How the 
primary inductance of four coils, on 60 
pairs of 24T Radiometal stampings, varies 

with DC magnetization.
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SECTION 10

MATCHING

Principles of Matching. If a source 
of voltage, direct or alternating, is 
applied to an external circuit having 
only resistance, and if the internal 
impedance of the source is also 
resistive, then the maximum power is 
developed in the external resistance 
when its value is equal to the internal 
resistance of the source. Therefore, 
if the EMF of the source be E and 
its internal resistance Ri, and if 
the resistance of the external 
circuit be Rx, then the current flowing
•7—1S,/ Ri + Rx

The power in the resistance Rxis

This value of IP may be trans
formed as,

Ri is a constant and so we want to 
know the maximum value of an 
expression of the form-------------- p 

x4-2+ - x
Rr

where x and has values varying Kx
between zero and infinity. Obviously, 
neither of these limiting values fits, 
because in both cases the ratio is 0 
and, in the absence of mathematical 
proof (given by differentiating the 
function and equating to 0), trial 
and error reveals a maximum value 
of i, when x = 1.

The point italicized above is an 
important principle and applies 
whether the source be a microphone, 
a valve, an alternator, or a battery, 
always provided the nature of the 
internal and external impedances is 
wholly resistive.

If the internal impedance is of the 
nature Ri + jXi, and the external 

impedance be of the nature of 
Rx ± jXx, then all reactance can be 
eliminated at one frequency by 
realizing that the current will be
given by, R* + Rj ff ± ±

when the connection of another 
reactance Xc may be used to make 
± Xi ± Xx ± Xc = 0. This 
correction, can, however, only be 
effective at one frequency and so 
some loss is inevitable when the 
impedances, internal and external, do 
not match. Obviously, with varying 
frequency, unless the impedances are 
the same, mismatching is inevitable.

The Transformer. In many cases a 
source of voltage may have a 
constant internal resistance Ri, 
while it has to feed a load with fixed 
resistance Rx which also cannot be 
changed. In this case, provided AC 
is in question, the transformer is used 
to secure matching.

In an ideal transformer, the output 
power equals the input power. If a 
voltage Ei be applied to the primary 
of a transformer across which is 
connected a resistance Ri, the 

Ei2 primary power Wi is, Wi — Y.
Ri

Let the voltage on the unloaded 
secondary of the transformer be E?. 
Then, if Ri be disconnected and a 
new resistance Rz be connected 
across the secondary, the secondary 
power, also equal to Wi, is,

Thus —1 = —2 
Ri Ri' ’Ri EF

Ri is the impedance transformation J<2
Eiratio and ~ the voltage transforma- 
jC.2

tion of the transformer, and if Tz be 
the former and Te be_ the latter, 
Tz = Te2, or Te = jTz.

If a generator having an internal 
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resistance cf 2,000 ohms has to feed 
a load of 200 ohms, then, for correct 
matching, a transformer is required 
with an impedance transformation 
ratio primary to secondary of 10 and 
a voltage transformation giving a/10; 

that is to say, if 15 volts were applied
15

to the primary,5 volts would 
be applied to the secondary.

Put in another way, the 200 ohms 
at the secondary ‘reflects’ 2,000 ohms 
to the primary, and this reflected load 
is in series with the 2,000 ohms of the 
source, so that maximum power is 
generated in the load; albeit, without 
the transformer, mis-matching would 
occur.

A method exists to find the 
internal resistance of any source 
directly, wherein the voltage of the 
source is found first with the load 
connected across the terminals and 
then a load is found which reduces 
the source voltage to half its open
circuit value. This load resistance 
then equals the internal resistance.

If a transformer be used and the 
load connected across the secondary 
to reduce the open-circuit secondary 
volts to half, then the internal 
impedance is given by multiplying 
the value of the experimentally 
determined load resistance (to reduce 
open-circuit volts to half) by the 
impedance ratio of the transformer 
(primary to secondary), or by the 
square root of the voltage trans
formation ratio.

For example, in a 10 to 1 imped
ance ratio (primary to secondary) 
transformer, if the secondary load 
were 100 ohms to reduce the open
circuit voltage by half, the internal 
impedance of the source would be 
10 times 100 ohms — 1,000 ohms.

Matching with Valves. Provided 
reactance effects associated with 
inter-electrode capacitance may be 
neglected, then a valve, considered as 
a source of electric power, can be 
simulated by an EMF, of value 
gEg, in series with an internal 

resistance Ra, where g is the ampli
fication factor, Eg the grid cathode 
voltage, and Ra the anode slope 
resistance of the valve.

With triodes or with feed-back 
arranged to reduce the effective anode 
slope resistance of pentodes and 
where maximum power output is 
required, it is legitimate to match 
the external load with the actual or 
effective value of Ra, using, if 
necessary, a transformer to do so.

Where voltage amplification is 
required, the largest practicable value 
of external resistance is used.

As an important rider to these 
generalized statements, it should be 
appreciated that in many cases a 
mis-match is preferable in order to 
minimize harmonic distortion.

A pentode used without feed
back to lower its anode slope 
resistance has a very high value of 
Ra and it is impracticable to attempt 
to secure a load resistance of com
parable value. Thus a pentode is 
like a constant current generator, 
the value of the external load makes 
little difference to the current in that
load, since it is , and since

Ra Rl
LI/tg

Rl Ra which is a constant.
Any anode impedance, conducting 

the anode current, is part of the load 
resistance. In a resistance-capaci
tance amplifier the valve load is

RrRz , where rk ¡s qlc value of 
Rk + Rr
the anode resistor andEgthefollowing 
grid resistor, the latter being blocked 
off by a capacitor.

The best advice to the designer is 
to consult makers’ catalogues to find 
optimum load values for particular 
valves arranged in different ways.

Loudspeaker Matching. The im
pedance of a loudspeaker, what
ever its type, is neither wholly resistive, 
nor is it constant with frequency.

Certain empirical rules about 
loudspeaker impedance may be used, 
or the makers consulted. The 
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impedance of low-resistance speech 
coils may be taken as that of their 
DC resistance when this has a value 
of the order 2 to 5 ohms. Above 
these values, and up to 15 ohms 
DC resistance for the coils, their 
impedance at 1,000 cycles is of the 
order 20 - 25 ohms.

In practically all instances the use 
of modern low-impedance loud
speakers calls for the use of a trans
former to secure ‘’matching’ with the 
relatively high impedance of the 
output valve. As explained above, 
the transformer ratio is given by

I Valve optimum load 
n Speech coil impedance'

Mis-Matching
Some ‘tone correction’ may be 

achieved by mis-matching, with 
consequent risk of distortion due to 
such mis-matching. The generally 
accepted practice is to match to the 
impedance at 1,000 c/s, but if a 
lower figure than this be taken there 
will be a greater attenuation of the 
higher frequency than if matching 
at 1,000 c/s were done. Vice versa, 
low-note attenuation, preventing 
‘boominess’, may be obtained by 
matching to a higher impedance than 
that given at 1,000 c/s, always re
membering that distortion may also 
be introduced by these expedients.

If similar loudspeakers are con
nected in parallel, then their imped
ance is the impedance of one 
divided by the number energized in 
parallel. This rule does not apply in 
rediffusion practice, where the im
pedance of the lines, notably at the 
higher audio-frequencies, is an im
portant factor, as well as their 
loading.

Whatever the resulting impedance 
for whatever type of load, the use of 
feed-back on the one hand, and a 
matching to the lowest impedance on 
the other, assures that the applied 
voltage cannot vary by more than 
2 to 1 over the frequency range, and, 
if the load be constant (i.e. always 
the same number of speakers), an 

equalizer can be used to secure an 
equal input voltage at all frequencies, 
or a shaping of a response curve, by 
equalizers, to get the most pleasing 
effect.

Loudspeakers are seldom con
nected in series, but if they are the 
total impedance is the sum of all the 
impedances of all the loudspeakers.

Microphone Matching. The im
pedance of microphones may vary 
from fractions of an ohm to 
megohms, depending on their type. 
A microphone is usually connected 
directly to the input of a valve 
amplifier, the impedance of which, 
between grid and cathode, is virtually 
infinity. The maximum gain of the 
system, microphone-cum-first valve, 
is obtained when the voltage applied 
to the valve grid is maximum.

If the microphone is of low 
impedance, its terminals may be 
connected to the primary of a 
transformer having a large step-up 
ratio, a suitable load for the micro
phone being connected either across 
primary or secondary of the trans
former.

Mechanical considerations forbid 
the manufacture of transformers 
giving a step-up of voltage when the 
primary impedance is very high, in 
which case the microphone (typically 
of the capacitive type) is connected 
directly to the grid cathode circuit of 
the input valve.

To obviate long leads, this valve 
is sometimes embodied in the micro
phone housing and a transformer 
steps down the impedance from valve 
anode to leads, thereby making a 
low-impedance connection between 
microphone and subsequent amplifier.

Pick-up Matching. The pick-up 
may be treated as a microphone; if it 
is of low impedance, a transformer 
may be used; if high, it cannot.

Sometimes the isolation of one 
circuit from another given by a 
transformer is useful and so a 
transformer may be used more 
from circuit consideration than 
because it gives a voltage gain.
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SECTION 11

VALVES
FILAMENT, BIAS, SCREEN AND ANODE SUPPLIES

Battery Types. The filaments of 
2-volt battery valves are normally 
operated in parallel from a 2-volt 
accumulator. The current ratings of 
the valves may be different. To find 
length of operation after one charge 
of the battery, add all the valve 
currents, and divide this into the 
ampere-hour capacity of the ac
cumulator.

Valves with L4-voIt filaments are 
run in parallel from a single dry cell, 
or dry cells in parallel. If operated 
from a 2-volt accumulator, series 
resistance is necessary to reduce the 
voltage. The value in ohms is:

where Vb is battery voltage, Vv is 
rated voltage of valve filaments, and 
lv is total filament current in amps.

Mains valves may be operated 
from batteries or accumulators if the 
necessary voltage and current are 
available. The 63 range of valves 
may be operated from a 6-volt 
battery.

AC Mains Valves are normally 
operated in parallel from a low- 
voltage winding on the mains trans
former. Voltage ratings of the valves 
must be the same, but current 
consumptions may differ.

AC-DC Mains Valves. In sets for 
operation from DC as well as AC 
mains supplies, the valve heaters are 
connected in series, so that the total 
voltage necessary to energize the 
heaters is increased and, therefore, 
less has to be reduced in a series 
resistor. The specified voltages of 
valve heaters may differ when 
heaters are connected in series, but 
their specified current consumption 
must be the same.

Value of the series or ‘ballast’

resistor is: R = ^3- —— 
Jv

where Vm is mains voltage, Fjz is the 
sum of the valve voltages, and Iv is 
the rated current through the heaters.

Suppose an American receiver 
contains the following valves: S6A7, 
6SK7, 6B8, 25A6 and 25Z6. The 
heater current will be -3 amp, and the 
total of voltages will be 6-3 + 6-3 + 
6-3 4- 25 + 25 = 69. In America, 
the standard mains voltage is taken 
as 117-5. Therefore,

. 117-69 1 z-n kBallast = —s— = 160 ohms.

To operate this set from a supply 
of, say, 230 volts, an additional 
ballast resistor, or line cord resistor, 
wiil be necessary, as indicated in 
Fig. 93, the value being

230- 117 .
------ .3— = 380 ohms, approx.

The series resistor must be capable 
of dissipating the heat developed, 
which is IE watts; for example, 
(230 - 117) X -3 = 34 watts.

Line cords require, in most cases, to 
be cooled by air circulation, and must 
not be hidden under carpets unless 
designed to be so used.

To ensure the same current for 
series operation, combined series
parallel connections of heaters may 
be arranged. Where a valve takes less 
than the circuit current, a resistor 
may be connected in parallel with the 
valve, the value being: 
Parallel resistance =

Valve heater volts
Circuit current - Valve current*

For example, suppose a -15-amp 
12-6-volt valve is to be used in series 
with -3-amp valves.

12’6 9A 1 — 84 ohms.
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TO VALVE HEATERS 

c-AWAVA-?

TO RECTIFIER 
ANODE

1175 V 230 V

TO CHASSIS 
O—--------------

Fig. 93. 
An extra 
line cord 
is needed 
when U.S. 
midget 
sets are 
used on 
mains of 
over 117-5 

voits.

To minimize ‘noise’ in AC-DC 
sets, heaters should be connected in 
the following order: Voltage-drop- 
ping resistor, rectifier, output, RF 
and IF valves, frequency changer, 
first LF valve, demodulator, chassis.

Cathode Connections. In valves 
with indirectly heated cathodes, the 
heater has no part in the anode 
circuit; but to prevent noise and 
reduce likelihood of heater-cathode 
insulation breakdown, the voltage 
difference should be kept low (less 
than 150 volts). The heater circuit is 
usually connected to HT negative, 
either from a centre-tap on the heater 
energizing winding or from the 
centre-tap of a 40/50-ohm ‘hum
dinger’ resistor across the winding. 
With rectifier valves, the heater 
circuit is connected to HT positive.

In high-gain circuits, the heater 
may be made 10 volts positive to the 
cathode to prevent emission from 
heater to cathode causing hum.

Bias Resistors. When automatic 
bias is provided by a resistor between 
cathode and HT negative, the re
sistance in ohms is:

„ __ Vb X 1,000R Ic

where Vb is required bias volts and 
Ic is cathode current in milliamps.

TO VALVE HEATERS

TO PH.OT 
LAMP 

O------------------

MAINSTO
RECTIFIER ANODE 

O-----------------------------

TO CHASSIS 
O----------------------------------------------------------------- O

Fig. 94. 
S o m e - 
times line 
cord re
sistors are 
tapped.

Bias and cathode current are 
obtained from valve data. Cathode 
current comprises anode current plus 
current to other electrodes, such as 
screens, and is that given for the 
rated working voltages.

The power in the resistor must be: 
Bias volts X cathode current (amps).

Where bias is derived from resis
tance between chassis and HT 
negative, the total bias available is: 
E (volts) = Total receiver HT 
current (amps) X Bias resistance 
(ohms).

The bias resistance may be the DC 
resistance of the speaker field coil. 
Where the actual bias to the valve is 
taken from a potential divider across 
the total bias volts, the proportion is: 
n p , where Ri and R2 are the Al -j- 
values of the resistors across the 
main bias resistor (or choke), with Ri 
as the one nearer the chassis.

Bias resistors should have a 
parallel decoupling capacitor to 
prevent voltage changes due to the 
cathode current being introduced to 
the grid circuit and causing negative 
feed-back and loss of gain. Re
actance of the capacitor should be -3 
to -2 times bias resistance at lowest 
frequency to be fully reproduced.

Representative values in receivers 
are :

Capaci- Type and Working 
Stage tance Voltage

RF and •! p.F Non-inductive
IF paper (only low

applied voltage)
LF 8-50 pF Electrolytic, 

10 volts upward 
Output 50 p.F Electrolytic, 

upward 10 volts upward
Positive electrode of electrolytic 

capacitor goes to cathode, and 
negative to chassis.

In LF stages, the decoupling 
capacitor may be omitted where 
negative feed-back is required.

With power output valves of high 
mutual conductance, it may be 
necessary to shunt the decoupling 
electrolytic capacitor by a mica
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FOUR MANUAL VOLUME-CONTROL CIRCUITS FOR HF STAGES
Fig. 95. (a) Variation of the battery grid bias; (b) variation of the cathode bias; 
(c) simultaneous regulation of aerial input and cathode bias; (d) an improved cathode 

bias control circuit.
capacitor of about -001 p,F to 
prevent oscillation.

Bias Control of Volume. With the 
variable-mu type of valve, an in
crease of bias results in reduction of 
amplification. Therefore, the output 
volume can be regulated by control 
of bias. Fig. 95a shows a method for 
battery valves, R being 10,000- 
50,000 ohms, with a view to dis
charging the bias battery during the 
‘life’ of the HT battery. In Fig. 95b, 
Ri and Rz together give the maximum 
bias (calculated from above formulas) 
at minimum cathode current, and Ri 
gives minimum bias, again calculated 
at the appropriate current.

The bias resistor may be combined 
with the aerial circuit (Fig. 95c), so 
that signal input is reduced simul
taneously with reduction in gain. In 
Fig. 95d, a potentiometer system is 
employed; this also acts as a bleeder 
and gives voltages less dependent of 
the current through the valve.

Fig. 96. Screen-grid voltage may be 
applied by using (a) a potential divider, 

or (b) a series resistor.

Screen Voltages. The screen of a 
screen-grid valve should not be fed 
from a series resistor, because the 
screen current varies during opera
tion, and a varying screen voltage 
would alter the gain of the valve. 
A feed from a potential divider 
should be employed (Fig. 95d or 
Fig. 96a). The larger the drain 
through Ri and R> with respect to the 
screen current, the steadier the 
voltage. A total resistance of 50,000 
to 100,000 ohms is satisfactoiy.

The voltage at the screen is:
Es — E X ñ—Ab-» where E is the 

Ri + Rz
total HT voltage.

With the pentode, screen current is 
sufficiently steady to permit the use 
of a series resistance only (Fig. 96b). 
vi- E - Es

Screen current (amps)
In the ‘sliding screen’ pentode, the 

screen current does vary, and the 
voltage on the screen rises as the 
total cathode current decreases. This 
characteristic is used to achieve anode 
current economy at low bias.

The screen decoupling capacitor 
Ci (Fig. 96) is usually of -1 p.F, and 
should be a paper non-inductive type, 
or should, at least, have the outer foil 
as the one connected to chassis.

In early sets, adjustment of screen 
voltage was sometimes employed for 
volume control.

Anode Voltage and Load. The 
maker’s stated anode voltage must 
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not be exceeded, and at times a 
series voltage-dropping resistance is 
necessary. For example, in an RF 
or IF stage, the DC resistance of the 
anode load is negligible. If the 
available HT is 270 volts and the 
maximum permissible anode voltage 
is 200 with a current (at normal bias) 
of 10 mA, the voltage-dropping 

. 270 - 200 „ .resistance is —— = 7,000 olims.
In choke- or transformer-coupled 

LF stages, again the DC resistance of 
the coupling may be negligible.

With resistance-capacitance coup
ling, the anode load is a resistor 
which causes considerable HT drop. 
The larger the resistance value of the 
decoupling resistor Ri (Fig. 97), the 
lower must be Rz the anode load, if

’ T 'ïü +
Rl

Fig. 97. Resistance-capacitance audio
frequency intervalve coupling. R|C| 

form anode decoupling circuit.

the HT at the anode is not to be 
too low.

The maximum permissible anode 
load resistance may be calculated, 
and then the smallest possible part of 
this allocated to the decoupling 
resistor. Experiment may be neces
sary.

R = -L—where R is total

anode resistance, Ei is HT, E2 is 
working anode voltage, and I anode 
current (in amps), at the working 

anode voltage and corresponding 
bias.

Anode decoupling will probably be 
adequate if, at the lowest frequency, 
the reactance of the capacitor Ci is 
one-tenth the resistance of the 
decoupling resistor. Normally, it is 
sufficient for Ci to have a reactance 
one-fifth of this resistance. Suitable 
values are given in Table XXII.

TABLE XXII:
DECOUPLING CAPACITANCE 

(P-F)

Decoupling 
resistance 

(ohms)

Reactance 
at 50 c/s, 

2 of 
decoupling 
resistance

Reactance 
at 50 c/s, 

•1 of 
decoupling 
resistance

5,000 6 3
10,000 3 1-5
15,000 1 •5

The capacitor must have a working 
voltage at least as high as that 
applied, and preferably higher.

Decoupling is not generally neces
sary unless there are more than two 
stages. In modern sets with electro
lytic capacitors of small reactance 
providing excellent HT regulation, 
decoupling may not be needed even 
for five- and six-stage sets. The 
smoothing choke and capacitor can 
be regarded as decoupling all the 
stages. A voltage-regulated mains 
unit greatly decreases the effects of 
common coupling of stages in an 
amplifier.

The anode load resistance Rz 
should be at least twice the AC 
resistance of the valve. Generally 
speaking, the higher the load the 
better, until the point is reached 
where the anode voltage becomes so 
low on increases of current due to the 
signal that amplification is lost.

The grid resistance of the valve 
Rs (Fig. 97) must be high, as it is in 
parallel with Rz. The upper limit. 
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however, is usually stated by the 
makers of the valve which forms the 
next stage of amplification.

Capacitance of the grid capacitor 
must be large to pass low fre

quencies, but a limit is set by the 
‘time constant’ determined by R^Cz.

In older sets, the anode load for a 
triode used as the first LF amplifier 
was 10,000-75,000 ohms; 50,000 
being an average figure where HT 
permitted. The modern practice is to 
employ anode loads of 100,000- 
500,000 ohms, the anode current 
being extremely low (Table XXIII).

TABLE XXIII:
REPRESENTATIVE
COUPLING VALUES

Anode 
load 

(ohms)

Coupling 
capacitor 

(mFd)

Following 
grid 

resistor 
(ohms)

50,000 ■025 -05 100,000
100,000 ■01 250,600
250,000 •005 500,000
500,000 •003 1,000,000

CODE OF PRACTICE FOR RADIO VALVES

So that the optimum performance 
and life of valves can be secured, the 
British Standards Institution issue a 
Code of Practice as a general guide 
to designers of receivers and users of 
valve equipment. The Code BS1106, 
1945, was drafted by the British 
Radio Valve Manufacturers’ As
sociation.

Valve ratings in the makers’ 
specification must not be exceeded. 
Heater voltages should not vary by 
more than plus or minus 7 per cent 
of the rated value.

Care should be taken to determine 
whether the valves have a constant 
current, or a constant voltage heater 
rating. It is, in general, undesirable 
to wire constant-voltage heaters in 
series as in AC-DC receivers.

Mounting Valves
Valves should be mounted base 

down, and with the axis vertical. 
The only provision for alternative 
mountings is in the case of directly 
heated valves and with certain 
high-mu indirectly heated types, 
where the filament, or the major axis 
of No. 1 grid, can be vertical.

Layouts must afford sufficient 
ventilation. For most receiving 
valves, the maximum safe running 
temperature is 20° C above the 

temperature attained in free air. 
Special care is needed with regard to 
valves using powers in excess of 
25 watts.

It is desirable to avoid large 
heater-cathode potential differences 
in the case of indirectly-heated valves 
not designed for AC-DC operation. 
The general maximum is 150 volts.

In no circumstances should valves 
be operated without a DC connec
tion between each electrode and the 
cathode. The resistance of this con
nection should be the minimum 
practicable, and it is emphasized that 
the apparent advantage of an open- 
circuited electrode, or of a high- 
resistance path, may be defeated 
by the valve’s secondary emission 
characteristics.

Where grid bias is obtained by 
means of grid rectification, sufficient 
cathode bias should be provided to 
avoid damage in the event of loss of 
drive. High resistance in series with 
the control grid should be avoided, 
and, with receiving valves, the series 
resistor should not exceed 1 meg for 
auto-bias, and -5 meg with fixed bias.

Where valves have an anode 
dissipation of over 10 watts, the 
series resistor should be *5 meg 
for auto-bias (cathode resistor), and 
• 1 meg with fixed bias. These figures
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do not apply when resistance is 
common to more than one control
grid circuit.

Resistors in the voltage supply 
network to the screen grids of multi
electrode valves should have as low 
a value as possible. Aligned grid 
valves, operating with the screen vol
tage substantially lower than the 
anode voltage, should derive the 

screen supply from a potential di
vider network. Valves with grids not 
in alignment, other than frequency 
changers, may derive the screen sup
ply by means of a series resistor.

Suppressor grids should be main
tained at the same potential as the 
cathode, except where valves have 
been specially designed for sup
pressor-grid modulation.

MAINS VOLTAGE REGULATION IN AMERICAN MIDGET SETS

The difference between the voltage 
required to operate an American 
AC-DC set and the British mains 
supply voltage is dropped by a 
resistor. This can be either a vitreous- 
enamelled resistor, a ballast or 
barretter tube, or a line cord resistor 
in which the flex connecting the set 
to the mains plug has the required 
resistance value.

Dropper resistors of the vitreous- 
enamelled type have the advantage 
that they are usually tapped for 
various supply voltages, and thus 
provide for operation for different 
supply voltages. Where space permits 
they can sometimes be incorporated 
in a set where the line cord is 
objected to.

Ballast or barretter tubes provide 
automatic adjustment of resistance 
over a certain voltage range. For 
example, if the input voltage is low, 
the current is low, and the element 
automatically becomes lower in 
resistance, until the current is re
stored to a substantially correct value.

Line cords were used for voltage 
adjustment on most imported Ameri
can AC-DC receivers. Most of them 
are in two sections, that connected to 
the set being the original cord 
designed to operate on American 
supply mains which, on average, 
have a voltage of 117-5. These cords 
usually have three leads in them, but 
some have an additional tapping for 
a pilot lamp. They must not be 
shortened.

The second portion, usually joined 

by an American cord-type plug and 
socket, drops the difference between 
117-5 volts and the British standard 
of 230 volts. Sometimes the joints 
are made internally and braided over.

Valves in sets using line cords must 
have their heaters wired in series. To 
determine the total amount of line 
cord resistance required, add to
gether the heater voltages of the 
valves used; subtract the total from 
the mains voltage to Arid the volts to 
be dropped; then divide this by the 
heater current in amps. The result 
is the line cord resistance in ohms. 
(See also ‘Filament, etc., Supplies’.)

Where two section cords are 
fitted, the resistance of the first 
section can be found in the same way, 
by taking the supply voltage as being 
117-5, and, for the second section, 
the difference between this and 
230 volts.

When sets using 0-3-amp valves 
and fitted with a suitable resistance 
for 117-5-volt mains are to be used on 
higher voltages, the following two- 
core line cords are needed: 200 volts, 
280 ohms; 230 volts, 380 ohms; 
250 volts, 450 ohms.

Check Heater Current
Some midget sets use 0-15-amp 

valves, so that it is essential to 
verify the heater current rating 
before starting on line cord calcula
tions.

Another practice in American set 
design is to choose valves so that 
their total voltage equals that of the 
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mains supply, and dropper resis
tances are thus not needed. To adapt 
these sets for British use, a two-core 
line cord must be used.

It is not sufficient to replace a cord 
with a new one of the same length, 
since, although the standard is about 
50 ohms a foot, different values are 

marketed. Many service engineers 
prefer to start with an overlength 
cord and to shorten this a little at a 
time, checking the heater current at 
each step. Care must be taken when 
replacing multi-core cords to see 
that the correct leads and tappings 
are incorporated.

VALVES AND VALVE CIRCUITS

The Valve. The electronic valve 
is appositely so described inasmuch 
as its action is that of controlling a 
flow of electricity, just as a steam 
valve controls the flow of steam, a 
carburettor valve the flow of a 
mixture of air and petrol, and a 
water valve the flow of water.

TABLE XXIV:
VALVE LETTER SYMBOLS

A = Amplification 
Ea — Anode voltage 
Eg = Grid voltage (as an al

ternating RMS voltage) 
gm = Mutual conductance 
gc = Conversion conductance 
I a = Anode current 
p. = Amplification factor 
m = Amplification under prac

tical conditions of work
ing

Ra — Anode slope resistance 
Rl = Anode load resistor (ex

ternal)

The root distinction between an 
electronic and any form of mechani
cal valve is that in the electronic 
valve a flow of electricity may be 
increased and decreased with enor
mous rapidity, whereas the inertia of 
moving parts in a mechanical valve 
limits the frequency at which the 
turning on and off process may be 
performed.

The term thermionic valve is 
somewhat unfortunate and will not 
be used here. There is no root 

reason why the necessary emission of 
electrons should not take place at a 
cold cathode, and the action of the 
most commonly used electronic valve 
is not concerned with ionic con
duction, such conduction being, in 
fact, inimical to reliable performance, 
except in soft valves, which are only 
used in a relatively few applications.

A valve consists of an envelope 
containing gas at a low (possibly 
negligible) pressure, provided with a 
number of electrodes between two 
or more of which conduction of 
electricity through the virtual vacuum 
or the contained gas may take place 
as a result of the emission of electrons 
or ions from one of the electrodes.

The term vacuum tube, or tube, is 
used in the U.S.A, instead of valve, 
but with the wider significance that 
there is no restriction as to the 
primary source of emission.

A hard valve is a valve with a single 
source of emission in which the 
evacuation of gas is so complete as 
to make the performance of the hard 
valve independent of any ionization 
of the residual gas. Most valves used 
in radio practice are hard valves.

A soft valve is a valve with a single 
source of emission in which the 
amount of residual gas is enough to 
make an appreciable effect on the 
electrical characteristics of the valve.

A gas-filled valve is a valve in 
which the effect of gaseous ionization 
determines the electrical characteris
tics of the valve.

The cathode of a valve is the 
primary source of electrons, while a 
filament is a cathode heated by a 
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current which passes through the 
whole or part of it.

A force is required to make 
electrons leave a cathode and the 
work function is the potential differ
ence cp through which an electron 
moves to do an amount of work W.

W
q> = _« where E is the electron T E’
charge. The lower the work function, 
the greater the number of electrons 
released (greater emission) for a 
given amount of work. The following 
gives the work function of various 
substances:

Tungsten, 4-52; thorium, 3-35; 
platinum, 4-4; molybdenum, 4-3; 
carbon, 4*1; lithium, 2-36; sodium, 
1*82.

Table XXV relates emission of 
substances with temperature to which 
these substances are raised.

TABLE XXV

Substance

Tem
pera
ture 
deg. 

Kelvin

mA/ 
sq.cm.

Carbon 2,000 20
Oxygen on tungsten 

layer
1,000 350

Tungsten 2,000 1

Oxides on platinum'.
AC2O3 2,200 60
BaO 1,200 500
CaO 1,400 250
MeO 1,000 100
SrO 1,200 85
ThOi 2,000 25

Cathode efficiency is the emission 
obtainable for unit power expended 
in heating the cathode. Typical 
figures for this efficiency are tungsten, 
1 mA/per watt; thoriated tungsten, 
25 mA/watt; and for special oxide 
coatings, 250 mA/watt.

Diode Valve. The diode is the 
simplest form of valve and consists of 

a cathode (shown in Fig. 98 as a 
filament drawn in a hairpin form) and 
an anode (shown at the top of the 
envelope in Fig. 98 as a straight bar).

Electrons are emitted from the 
filament heated by the current from 
the battery and, being negatively 
charged, are attracted to the anode 
when this, as shown in Fig. 98, is 
connected to the positive terminal of 
the HT battery. Thus a current flows 
between cathode (consisting of a 
filament) and anode, the electrons 
emitted from the filament being 
replaced by the action of the high- 
tension battery.

Free electrons form in a cloud 
between cathode and anode and 
represent a negative charge. This 
charge, called the space charge, 
tends to repel new electrons emitted 
from the cathode and so to limit the 
anode current. This limitation is the 
greater as the anode voltage is less, 
and, the effects being non-linear, the 
result of plotting anode voltage 
against anode current is a non- 
iinear function at low values of anode 
voltage, as shown in Fig. 99.

When the anode voltage becomes 
so great that the supply of electrons 
from the cathode is insufficient to 
carry a current of so great a value as 
would occur were the diode a linear 
metallic conductor, saturation sets in, 
due to the limitation of emission at 
the cathode. The higher the tempera
ture of the filament, the higher the 
anode voltage at which saturation 
begins, but, of course, a limit is set 
inasmuch as the filament is destroyed 
or ‘burnt out’ if it is made too hot.

Thus the diode is a conductor 
which does not obey Ohm’s law, 
since at different values of voltage 
applied, and consequent anode cur-

Erent flowing, the ratio j is different. 
We cannot, therefore, speak of the 
anode resistance of a valve, because 
this would have no meaning, the 
resistance being a function of E. 
On the other hand, if a change of 
anode voltage AE is made, AE being
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Fig. 98. Diode valve 
with filament and 

anode batteries.

so small that the con
sequent change of 
current NI makes NI 
proportional to NE, 
then we may write,

Ra = , showing that RA isNEa __ dEA
NIa ~ dïA

the slope of the curve at any given 
point on it, and is, therefore, called 
the anode slope resistance of the 
valve. Anode slope resistance must 
not be confused with the resistance 
of the valve considered as a conduc
tor of electricity. The latter resis
tance, given certain electrode vol
tages, is the anode voltage divided 
by the anode current; the slope 
resistance is the inverse of the slope 
of the curve plotting anode current 
(x axis) and anode volts (y axis).

Anode slope conductance is the 
reciprocal of anode slope resistance.

Other definitions of terms, relevant 
to the diode as well as more complex 
forms of valves, are:

Schottky effect, a variation in the 
electrode current (anode current in 
the case of a diode) due to the 
lowering of the work function of the 
cathode with rise in anode voltage.

Shot effect is random variation in 
the emission of electrons from the 
cathode or for other causes. (The 
result is noise in high-magnification 
amplifiers.)

Flicker effect is fluctuation of the 
anode current, being a function of 
the nature of the cathode material 
causing variations in total emission.

Fig. 99. 
How anode 
current of 
a diode 
varies with 
anode vol

tage.

The effect is different from shot 
effect.

Secondary emission is the liberation 
of electrons from an electrode 
caused by its bombardment by free 
electrons. Such electrons, released 
by bombardment, are called second
ary electrons.

Triode Valve. (Figs. 100 and 101.) 
The triode valve contains an anode, 
a cathode, and a third electrode 
called a grid. The grid (Fig. 101) is 
placed between cathode and anode. 
Changes of voltage on the grid cause 
changes of anode current, the anode 
voltage remaining constant.

As the grid voltage is made more

Fig. 100. Anode current/grid voltage 
curve of a triode valve.

and more negative, more and more 
of the electrons emitted from the 
cathode are repelled and cannot 
escape to the anode. Therefore, the 
more negative the grid with respect 
to the cathode, the less the anode 
current. Fig. 100 plots the grid
cathode volts against resulting anode 
current.

Suppose the grid voltage is changed 
by an amount NEg (Fig. 100) so small 
that there is a proportionate increase 
of anode current NIa (no impedance 
or resistance in the anode circuit 
tending to prevent this current rising). 
Now let the anode voltage be changed 
by an amount NEa to restore the 
same anode current as existed before 
the grid voltage was changed.

The voltage factor of a valve is 
defined as the ratio of the change in
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Fig. 10L Basic circuit for the use of 
triode as an amplifier.

a

one electrode voltage to the change 
in another electrode voltage, to 
maintain a specified current un
changed, all other electrode voltages 
remaining constant, so that the 
amplification factor of a triode is the 
voltage factor of the anode and grid, 
the anode current remaining un
changed.

Thus one may write p, the ampli- 
fication factor, as, fz = = g-.

The term transconductance from 
one electrode to another is strictly 
the quotient of the in-phase com
ponent of the short-circuit alternating 
current of the second electrode, 
divided by the alternating voltage on 
the first electrode, all other electrode 
voltages remaining constant.

Mutual conductance, usually sym
bolized as gm, is the control-grid to 
anode transconductance, and we may 
write that, gm = , namely, the
ratio of the small change of anode 
current given by a small change of 
grid voltage, the changes being so 
small that current is proportional to 
voltage. Thus gm is expressed in 
current per potential, or, in practice,

MAIMS 
TRANSFORMER

HT—

CATHODE

(b)

DECOUPLING 
CAPACITOR

CHOKE

Fig. 102. Indirectly- 
heated mains-type valves 
usually have ‘automatic’ 
bias, either by (a) 
cathode resistor or (b) 
voltage dropper in 

HT negative of set.
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DIAS'

RECEIVE K CHASSIS

5 G > ])O 
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If an impedance, say, a resistance, 
is connected in the anode circuit, then 
a change of grid volts produces a 
change of anode current, hence a 
voltage drop in the resistance, hence a 
change in anode voltage, and the 
valve acts as a voltage magnifier, but 
this magnification m is the value that, 
while related to p., is not, in fact, p, 
depending as it does upon the value 
of the anode resistance, or, with 
alternating voltages, upon the anode 
impedance. This is sometimes called 
a magnification factor, or ‘m value’, 
or stage gain of a valve and its 
associated circuit.

Triode as amplifier. (Figs. 101, 102, 
103 and 104.) The basic circuit of a 
triode used as an amplifier is shown 
in Fig. 101. The so-called grid-leak 
resistor has the function of allowing 
the electrons (which would, if it were 
insulated, accumulate on the grid, 
causing it to be more and more 
negatively charged) to leak back to 
cathode.

If an alternating voltage be applied 
between grid and cathode, an alterna
ting anode current flows, producing 
a magnified alternating voltage across 
the anode resistor.

The steady grid potential is made 
more negative than the cathode and 
the peak signal voltage is usually less 
than this grid-bias voltage, so that 
the grid never becomes more positive 
than the cathode. If the grid is 

positive with re- 
w spect to cathode, a
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Fig. 103. Fluctuating DC in an anode 
circuit is equivalent to steady DC plus 

an AC component.

grid current flows and in so doing 
represents a resistance which is only 
finite when the grid is more positive 
than the cathode. This may cause a 
distortion of the input voltage and 
consequent distortion of the ampli
fied voltage.

Grid bias may be supplied by a 
battery, as in Fig. 101, or by con
necting a resistance in the cathode 
return circuit so that the steady anode 
current flowing in this resistance 
raises the cathode to a greater 
positive potential than the grid. This 
is equivalent to making the grid more 
negative than the cathode.

If it be desired to maintain the 
cathode at a steady positive potential, 
then the capacitor C is used to 
prevent the alternations of intensity 
of the anode current producing an 
alternating potential on the cathode.
The reactance of C must be X than 
the resistance of R at all frequencies 
amplified by the triode to maintain 
this condition. If C is removed, 
current feed-back takes place.

In Fig. 103 is shown the super
imposition o"f the variations of anode 
current due to alternating potentials

Fig. 104. Voltage and current phase relation
ships in a triode amplifier.

on the grid of the valve on the steady 
current flowing when the grid voltage 
is fixed. Thus the anode current 
contains an alternating plus a direct 
component.

The phase of the anode voltage 
and anode current in an amplifying 
valve having pure resistance in its 
anode circuit is shown in Fig. 104. 
The anode voltage is seen to be 180° 
out of phase with the grid voltage.

If the capacitor C in Fig. 102 is 
omitted, the cathode potential varies 
in phase with the grid potential, 
lowering the magnification factor of 
the system and producing current 
feed-back. This reduces distortion. 
The diagram is not to scale.

The phase relationships shown do 
not exist when the anode load is 
sensibly reactive.
Fig. 105. Ca
pacitances be
tween elec
trodes in a tri
ode are equiv
alent to capa
citors connec
ted as shown.

Miller effect. (Fig. 105.) The 
electrodes in a valve have capaci
tance, which may be expressed as the 
capacitance between any two elec
trodes and is called inter-electrode 
capacitance. The effective value of 
this inter-electrode capacitance is 
increased because the voltages are 
amplified on certain electrodes.

In a triode, if Cgc is the capacitance 
between grid and cathode, and Cag

the capacitance between 
grid and anode, then the 
effective capacitance at the 
grid cathode electrodes (the 
input, in fact) is C^, + (M 
-|- 1) Cag, where M is the 
stage gain.

The impedance of the 
anode load makes an effect 
upon the input circuit be
cause of the enhanced inter
electrode capacitance in the
valve. This is called Miller 
effect, and can be expressed 
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as an alteration in admittance of the 
control-grid circuit of a valve, due to 
capacitance between it and another 
electrode on which an alternating po
tential is developed, in consequence of 
the variation of the grid potential.

The effect depends upon the nature 
of the anode impedance. When this 
is resistive, the effect corresponds to 
negative feed-back, reducing gain; 
when the load is capacitive, the feed
back remains negative; when the load 
is inductive, the feed-back is positive.

Therefore, a triode, which exhibits 
Miller effect very strongly, cannot 
be used as an amplifier of high 
frequencies when grid and anode 
circuits contain parallel tuned cir
cuits, because the anode load ‘looks 
like’ an inductive reactance at 
frequencies less than the resonance 
frequency and causes positive feed
back to set up oscillations. This can 
be prevented by methods of ‘neutrali
zation’, producing feed-back of a 
negative kind, opposing the positive 
feed-back, but the circuits are 
inclined to be unstable.

Screen-grid Valve. (Fig. 106.) In a 
screen-grid valve a second grid is 
interposed between the control grid 
and the anode; the valve having four 
electrodes: cathode, control grid, 
screen grid, and anode. The function 
of the screen grid is to minimize grid 
to anode capacitance, seen to produce 
Miller effect in a triode. The screen
grid valve has a peculiar anode 
volts-anode (and screen) current 
characteristic, as illustrated in Fig. 
106.

This is due to secondary electrons,

Fig. 106. Anode and screen 
current curves of a screen-grid 
valve have a characteristic kink.

released from the anode by bom
bardment, accumulating on the 
screen, the current of which increases 
at the expense of the anode current. 
The valve, used as a linear amplifier, 
has, therefore, severe limitations. Its 
chief use is as a means to get tuned 
circuits into oscillation, because it 
can be adjusted to have negative 
resistance (i.e. an increase of anode 
voltage can produce a decrease of 
anode current). Used in this way, it 
is called a dynatron oscillator.

Tetrode. A tetrode is also a 
screen-grid valve, the distinction 
between the screen-grid valve and 
the tetrode being that in the former 
a lot of care is taken to reduce grid
anode capacitance with less regard 
to the distortions in the resulting 
characteristic, while in a tetrode the 
screening is not so acute but the 
characteristic is less alinear.

Fig. 107. 
Typical 
anode cur
rent-anode 
voltage 
curve of a 
pentode.

Pentode, (For characteristic, see 
Fig. 107.) This is a five-electrode 
valve contain ing an anode, a cathode, 
a control electrode, and two addition
al electrodes, both having the nature 
of a screen grid. The suppression
grid, nearer the anode than the 
screen grid, is designed to shield the 
secondary electrons from the screen 
grid, and, being usually connected to 
cathode, passes the secondary elec
trons back to cathode. The pentode, 
among its other uses, is commonly 
used for high-frequency amplifica
tion, since it greatly minimizes Miller 
effect and yet has a good anode 
volts-anode current characteristic.

Pentodes are also used for audio
frequency amplification; indeed, they 
are used in most circuits. They are 
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prone to produce more distortion 
than triodes, but the application of 
negative feed-back removes this dis
advantage. Pentodes have a higher 
amplification factor than triodes for 
the same distortion factor.

Beam Valves. In beam valves, the 
effect of secondary emission is 
reduced by the relative spacing of the 
electrodes and not by the use of a 
suppressor grid.

Heptode and Octode. (See Fre
quency Changers.)

Cross Modulation is the modula
tion of the carrier of the desired 
signal by an undesired signal, and 
may occur when an unwanted trans
mission reaches the grid of the first 
HF valve of a high-frequency ampli
fier and, being added to the wanted 
signal, takes the grid swing on to the 
curved portion of the valve charac
teristic. On this part of the character
istic, the amplification alters with the 
grid voltage, and consequently the 
required signal becomes amplitude 
modulated by the unwanted trans
mission. The two signals cannot be 
filtered out by subsequent tuning. 
The remedy is to use more selective 
circuits before the first valve or, if 
the unwanted signal is of sufficient 
frequency difference from the wanted, 
to see that the valve is one not liable 
to give this type of distortion when 
correctly used.

Variable-^. (mu) Valve is a screen
grid, or pentode, type in which the 
characteristics of both low- and 
steep-slope valves are combined 
(Fig. 108). The characteristic is free

Fig. 108.
Anode cur
rent I grid 

volts 
curves of a 
straight 
HF pentode 
and of a 
variable- 

mu type.

signal strength is exceeded.

from sharp bends and the possibility 
of rectification and cross modulation 
is, therefore, reduced. The main 
advantage, however, is that the gain 
of the valve can be controlled by 
alteration to the grid bias. With a 
large signal input and a large bias, 
the mutual conductance is low. With 
small input and small bias, the gain 
is high. The valve is an essential part 
of automatic volume-control circuits.

Automatic Volume Control, more 
exactly, automatic gain control, 
seeks to produce a constant value of 
signal at the demodulator stage, 
regardless of the signal input. The 
purpose is to prevent fading of the 
signal from affecting the sound out
put, and to prevent ‘blasting’ when 
dialling a receiver through powerful 
transmissions. Part of the amplified 
HF signal is rectified and smoothed 
to provide a negative bias. This is 
applied to the grids of the HF valves, 
which are variable-mu types, so that 
their gain is regulated. An increase 
of signal causes an increase of bias 
and a reduction of gain.

As the production of a control bias 
depends on change of signal at the 
end of the HF amplifier chain, it 
follows that no AVC system gives a 
perfectly constant output (Fig. 109).

The standard AVC circuit (Fig. 
110) incorporates a ‘delay’ which 
prevents reduction of gain on signals 
which fail to produce a minimum 
signal at the demodulator stage. The 
delay is obtained by giving the 
cathode of the AVC rectifier diode a 
positive bias. Until the signal exceeds 
this, the valve does not rectify, and 
no AVC bias is generated. Ci 
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taps HF energy from the signal 
diode, or from the anode of the 
preceding HF valve. Ri is the diode 
load, Rz, the delay-bias resistor, and 
Rs with Cz are decoupling com
ponents, which smooth out both HF 
and LF ripple.

Gas-filled Valves. A valve con
taining gas possesses characteristics 
which make it unsuitable for normal 
amplification purposes, but very 
useful in certain other applications. 
When a valve contains gas, electrons 
from the cathode collide with mole
cules with sufficient force to dislodge 
electrons from them. The molecules 
then become positive particles or 
‘ions’. These ions have two effects. 
They lower the internal resistance of 
the valve so that electrons find it 
much easier to leave the cathode; the 
anode current increases. Second, the 
ions are attracted to the negative 
grid, where they combine with elec
trons; to maintain the bias, current 
must flow through the grid circuit.

Both these effects are undesirable 
in a receiver, and when a valve goes 
‘soft’ (loses vacuum), as indicated by 
increased anode current, or develops 

a blue glow and, perhaps, red-hot 
grid and anode, it must be replaced.

In the ‘gas-filled relay’, or ‘thyra
tron’, an inert gas is introduced into 
the valve. The grid is normally 
biased to such an extent that no 
anode current flows. When an 
impulse signal reduces the bias the 
valve begins to conduct. Ionization 
takes place, and a heavy current 
rises almost instantaneously to a 
large value. The grid ceases to 
effect any control, and the current 
can be stopped only by interruption 
of the anode voltage.

The valve behaves, therefore, as a 
relay in which a current flow is 
‘triggered’ by a voltage. It finds use 
in saw-tooth oscillators for cathode
ray oscillographs and in ‘counting’ 
and other electronic devices re
quiring relay action. Fig. Ill shows 
a circuit for control of a counter.

.. anode potential . x, The ratio, —., \ at thegrid potential
critical striking point is known as 
‘grid control ratio’. The critical grid 
voltage varies with the anode voltage 
(Fig. 112).

The ‘mercury-vapour’ valve con
tains a small amount of mercury

RCA CIRCUIT

SPECIAL VALVES AND THEIR USES
Fig. ISO. Standard AVC circuit. Figs. Ili-I13. Practical use of relay valves.
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CIRCUITS FOR RECTIFICATION AND DEMODULATION
Figs. ¡14, 515. Illustrating the principle of rectification. Fig. 116. Use of filter. 
Fig. ¡17. Full-wave rectifier. Fig. 118. Principle of demodulation. Fig. 119. Using 

diode for demodulation. Fig. 120. Anode-bend ‘detection’.
which is vaporized when the valve 
is operated. Ionization occurs 
(shown by a bluish-green glow) and 
a heavy current passes. The valve is 
used as a rectifier where outputs 
larger than those given by hard 
valves are needed. The drop between 
anode and cathode is only about 
15 volts, and varies very little with 
the current demand.

Ionic Bombardment
In the ‘cold cathode’ or ‘ionic- 

heated cathode’ rectifier or relay 
valve, the bulb contains a reduced 
pressure of inert gas. The ions 
bombard the cathode and heat it; no 
other heat is applied. The ionic flow 

may be initiated by use of a starter 
anode causing a glow discharge.

Fig. 113 shows this valve as a 
relay operated by a radio trans
mission. In the quiescent condition, 

and R2 provide the starting anode 
with a voltage just below the striking 
value. When a transmission ener
gizes the tuned circuit Lc, the 
resonant voltage adds to the applied 
voltage, and the starting anode 
begins a glow discharge to the 
cathode. This discharge produces 
ions which lower the resistance of the 
valve so that current flows through 
the main anode and operates the 
relay. As the supply is AC, operation 
stops when the transmission ceases.
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Fàg. 121. Leaky grid 
detection. Fig. 122. 
Pentode detection. 
Figs. 123-129 illus
trate various meth
ods of mains rectifi
cation using diode 
and double-dioclo 

valves.
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RECTIFICATION AND DEMODULATION
Rectification. Current flows 

through a diode only when the anode 
is positive to the cathode. The valve, 
therefore, passes unidirectional cur
rent pulses when an alternating 
voltage is applied (Figs. 114, 115).

A DC supply can be obtained 
from a rectified AC supply by the 
use of a low-pass filter structure to 
let the DC (zero frequency) pass and 
to attenuate the AC (Fig. 116).

By use of a centre-tapped second
ary winding on the power trans
former, and a valve containing two 
anodes (double-diode), full-wave 
rectification is obtained (Fig. 117).

In a circuit such as Fig. 117, where 
there is a cathode load, the loss of 
electrons by the cathode makes it 
positive. The polarity across R is, 
therefore, as indicated, and the anode 
receives a DC negative bias. The 
circuit adjusts itself, so that this bias 
is slightly less than the peak positive 
AC input, which makes the anode 
momentarily positive and so main
tains current through the diode and 
the charging of C.

Detection. A carrier frequency, 
amplitude modulated by speech or 
music (LF) ,can be represented as in 
Fig. 118. The LF, or components of 
audio frequency, can be separated 
from the carrier (HF), or components 
of carrier frequency, by a diode 
circuit, as in Fig. 119.

The charge in Ci over a short 
period varies according to the 
amplitude of the rectified uni
directional currents. The discharge 
through Ri varies with the intensity 
of the carrier modulation, provided 
Ci and Ri are correctly related. The 
voltage across Ri corresponds to 
steady DC with superimposed LF.

Ci stops the DC but passes the LF 
through the volume control R¿ to 
the grid of the triode amplifier, which 
is biased by R^; Ra and C$ form an 
HF filter to reduce the HF voltage 
across C2, Ri.

Suitable values are: Ri, -5 meg; R2,

1 meg; R$, 50,000-100,000 ohms; 
Cl, -0001 mFd; C2, -01-05 mFd; 
C3, -0003 mFd. Ri may be as low as 
•25 meg, and R2 may be -5 meg. 
Value of R.) is determined by the 
triode bias and anode current.

Triode Detector. The triode can 
be used to separate LF from an HF 
carrier and, at the same time, pro
vide a degree of LF magnification. 
In the ‘anode bend’ method (Fig. 
120), the grid is biased to the bottom 
bend in the anode current-grid volts 
characteristic. Negative halves of 
the HF cycles are virtually sup
pressed, but the positive halves 
produce pulses of anode current.

The ‘grid’ or ‘leaky grid’ system 
(Fig. 121) produces demodulation in 
a similar way to the diode, and the 
grid also regulates the electron 
stream to the anode, thereby afford
ing amplification.

The value of the grid leak Ri is 
chosen so that the valve biases itself 
back to the bend in the characteristic. 
Ri is usually 2 meg and Ci is -0003 
mFd.

Power Grid Detection employs the 
same circuit but values are: Ri, 
•25 meg; Ci, -0001 mFd. The valve 
is worked in a less-sensitive con
dition, but the quicker charging and 
discharging of C permits the rectified 
voltage to follow faithfully the high 
audio frequencies, even when the 
carrier wave is deeply modulated.

Pentode Detection is sometimes 
employed in simple sets, where high 
sensitivity and gain are needed, even 
though harmonic distortion is prob
able. Typical values (Fig. 122) are: 
Ri, 2 meg; Ci, -00025 mFd; R2, 
•25 meg. The high anode load is 
necessary because of the high AC 
resistance of the valve. R3 and R± 
form a potential divider to apply the 
required voltage to the screen, and 
may be 40,000 and 25,000 ohms;
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Cs, -1 mFd. C3 is an HF by-pass of 
•0001 mFd.

Reaction, which is a name for 
positive feed-back, is employed with 
these two types of detector. Some H F 
reaches the anode with the LF. The 
HF choke (Fig. 120), or anode load 
resistance, opposes the passage of 
the HF, which thereupon flows 
through the reaction coil L\ and 
capacitor VC.

Li is wound near to L>, the tuning 
coil, so that the magnetic field set up 
by the HF current induces current 
in L^. The direction of winding ¿1 is 
such that the induced current in £2 is 
in same direction as signal current.

The induced current compensates, 
for the losses in the resistance of the 
tuned circuit, and results in increased 
gain and selectivity.

The amount of HF current and, 
therefore, of energy feed-back is 
controlled by the variable reaction 
capacitor VC. If VC is advanced too 
far, the positive feed-back is in
creased so that a continuous oscilla
tion is set up in the tuned circuit. As 
the circuit is tuned, this oscillation 
will ‘beat’ with the incoming signal, 
and produce the well-known re
action howl.

C3 provides an alternative HF 
by-pass route, necessary when VC 
has minimum capacitance.

MAINS RECTIFICATION

In most receivers operating from 
AC mains a diode or double-diode 
valve is used to obtain DC for the 
anode supplies to the receiving 
valves. The principle is illustrated 
in Figs. 116 and 117.

Since hum would be caused in the 
loudspeaker if any appreciable trace 
of the mains fluctuations appeared 
in the anode supplies, smoothing 
must be very complete. For this 
reason, in addition to the reservoir 
Ci in Fig. 123, corresponding to C 
in Fig. 117, an additional smoothing 
impedance CH, and smoothing 
capacitor C^, are included,

CH may be a resistance, but to 
secure high impedance with low DC 
resistance, and, therefore, low voltage 
drop, an inductance is generally 
employed. Frequently, the in
ductance is the field winding of an 
electromagnet type of loudspeaker.

The capacitance of the reservoir 
Ci affects the rectified voltage. The 
‘smoothing’ capacitor C2 also pro
vides a route by which signal 
currents in the anode circuits return 
to chassis. When C2 becomes open 
circuit, instability as well as in
creased hum may result.

Electrolytic capacitors are general

ly employed for Ci and C>, and 
typical ratings are shown in Table 
XXVI. The current-voltage or 
regulation curves of two representa
tive rectifiers are seen in Figs. 124 
and 125.

In Fig. 127 two double-diode 
valves, each used as a ha If-wave 
rectifier, are combined in a full-wave 
circuit for heavy current duties. 
Fig. 128 shows a voltage doubling 
arrangement; the valves may be 
combined in a single double-anode, 
double-cathode type. Capacitors 
Ci and C2 are each charged by the 
input voltage and, as they are in 
series, the output across C3 is double 
the input.

AC-DC Input. With sets for 
operation from AC or DC mains 
without alteration, an input trans
former cannot be employed. Fig. 126 
shows the usual arrangement, al
though the rectifier Vmay be a single
anode type. £1, £2 and Ci form a 
filter to prevent HF ‘noise’ in the 
mains from entering the set.

£1 and Rz are resistors to prevent 
excessive current through the valve 
during voltage surges. The suitable 
value varies with reservoir capaci-
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TABLE XXVI: CHARACTERISTICS OF TYPICAL RECTIFIERS 
Showing regulation and effect of reservoir capacitance

Type of Valve 
and 

Heater Rating

Type 
of 

Cathode

Normal RMS 
Input to 
Anode

Reservoir 
Capacitance 

(mFds)

Smoothing 
Inductance 

(H)

DC Output

, mA Volts mA Volts

r 8 25 upward 120 325 60 390
Full-wave, 4 volts IDH 350-0-350 120 365 60 405

2 amps L 24 (max) • 120 370 60 410
Full-wave, 4 volts DH 350-0-350 16 (max) » 120 385 60 420

2-5 amps 
Two-path full IDH 225 r 8 120 160 60 220

wave, 25 volts 120 200 60 235
•3 amp I 24 (max) 120 205 60 240

Two-path full IDH 125 20 - 30 100 70 40 110
wave, 25 volts
•3 amp

IDH \32 (max) 20 - 30 100 110 40 125

tance. approximately as follows: 
8 pF, 50 ohms; 16 pF, 75 ohms; 
32 piF, 1,250 ohms.

All the valve heaters are in series, 
and the detector is placed at the low 
potential end (chassis) to reduce 
noise. B is a barretter to control the 
heater current and may be replaced 
by a tapped adjustment resistor.

Regulation. A rectifier circuit with 
good regulation is one in which 
there is little change of output 
voltage with alteration of load 
current. Change of output voltage 
with output current is due to the 
internal resistance of the valve, 
transformer, etc., the whole circuit 
being in the nature of a voltage 
source with internal impedance 
(largely resistance if the transformer 
has little leakage inductance).

The value of this equivalent 
resistance is approximately R =

(R^\^ Rp, where Rs is re- 7<i/
sistance of secondary, is step-up Rl
ratio of primary to secondary, and 
Rp is resistance of primary.

With a DC input as in an AC-DC 
set on DC, voltage drop across the 
rectifier is as low as, approximately, 
5-25 volts with normal loads.

The apparent increase of voltage in 
AC circuits at certain reservoir 
capacitancesand loads, is because the 
input is stated in RMS, and the peak 
voltage across the valve is greater 
by ^2—1-41 times.

Increase of reservoir capacitance 
means that the valve works into a 
lower impedance; that is, the charg
ing pulses become larger. This 
increases the output; but the charging 
pulses must not exceed the safe 
saturation emission of the rectifier 
valve. To limit the charging pulses, 
a choke input may be employed (Fig. 
129).

Peak Inverse Voltage of a rectifier 
is the highest voltage it can safely 
stand, in the direction opposite to 
conduction. This inverse voltage is 
applied during that part of each 
cycle when the input voltage is 
opposite to the voltage across the 
reservoir capacitor during ‘negative’ 
half-cycles of input.

VALVE OSCILLATORS
A valve may be used to set up 

alternating currents in a parallel 
tuned circuit, the frequency of the 
currents being determined by the 
constants of the tuned circuit and 
being equal to or nearly equal to the 

resonance frequency of the tuned 
circuit.

The alternating currents caused to 
flow in the tuned circuit are called 
oscillating currents, or oscillations, 
and the valve and associated circuits 
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are called a valve oscillator circuit, or 
valve oscillator, or oscillator. The 
distinction between oscillating cur
rents and alternating currents lies 
only in the difference that the 
frequency of the oscillating current 
is determined by the constants of the 
circuit in which it flows, whereas an 
alternating current is independent of 
such constants.

If the voltage across the grid and 
cathode of a valve were varied, in 
some periodic manner, then the 
resulting anode voltage, if resistance 
were included in the anode circuit, 
would vary in a like manner.

Tuned Anode Circuit
If now a parallel tuned circuit 

were connected in the anode circuit 
and adjusted to have a resonance 
frequency equal to the frequency of 
the fundamental component of the 
alternating grid to cathode voltage, 
then the impedance of this tuned 
circuit would be in the nature of a 
resistance, and the currents in it and, 
therefore, the voltage across it, 
would be 180° out of phase with the 
grid cathode voltage.

Therefore, equal currents would 
flow in the (equal) reactances formed 
by the parallel connected capacitor 
and inductor of the tuned circuit 
and these would be oscillatory 
currents. The voltage across the 
tuned circuit would be the maximum 
possible voltage, because at reson
ance the tuned circuit has its maxi
mum impedance.

Now, suppose that instead of some 
external source causing the grid 
cathode voltage to vary at the 
resonance frequency of the tuned 
circuit in the anode, means are 
provided to derive this voltage, at 
correct phase, from the anode 
circuit.

Begging the question as to how the 
process might start, consider that 
oscillatory currents do flow in the 
tuned circuit at the resonance fre
quency, then the grid cathode 
circuit will have voltages applied to 

it at the correct frequency and, by 
suitable adjustment, the correct amp-' 
litude to maintain the oscillations in 
the tuned circuit.

In both these cases, in one of which 
the grid cathode voltages are supplied 
from an external source at the 
correct frequency, and in the other 
where they are derived from a tuned 
circuit, presumed to have oscillatory 
currents flowing in it, at the correct 
frequency, phase and amplitude, the 
valve may be considered to act in the 
nature of an interrupter.

To say that energy is transferred 
from anode to grid circuit is allow
able, but the basic conception of the 
valve causing pulses of current to 
‘tap’ the tuned circuit into oscilla
tion at its resonance frequency is, 
perhaps, the more rewarding.

It is also possible to say that there 
is positive feed-back, whereby the 
voltages applied from anode circuit 
to grid are such as to cause greater 
anode voltages to be developed until 
the oscillations build up to a value 
limited by saturations of one kind 
or another.

This conception helps to explain 
how oscillations start when power is 
applied from the high-tension source; 
any change of voltage in the anode 
circuit is fed back to the grid, in a 
sense tending to increase the anode 
voltage until oscillations build up.

Anode-Grid Coupling
There is no reason why the parallel 

tuned circuit should be connected in 
the anode circuit, it may be connected 
between grid and cathode, always 
provided the necessary means to 
ensure positive feed-back are pro
vided.

Also, if desirable, both anode and 
grid circuits may contain tuned 
circuits. The essential feature of all 
oscillating circuits is to ensure 
positive feed-back so that the valve, 
acting as an interrupter, the inter
ruptions being more or less sudden 
according to the conditions required, 
shall cause oscillating current to 

106



flow in a parallel tuned circuit or 
circuits connected to the valve 
electrodes.

In Fig. 131a the tuned circuit is 
connected between grid and cathode, 
positive feed-back being provided 
by coupling Lj and L^.

Self-Bias Action
The combination of the parallel 

resistor and capacitor in the grid 
circuit is called a grid leak. When 
currents build up in the tuned 
circuit, the grid becomes (once every 
cycle of alternation) more positive 
than the cathode and so collects 
electrons. These can return to 
cathode only via the resistor.

Depending upon the value of the 
resistance of the resistor, the rate of 
leak is greater or smaller, and so the 
mean negative change on the grid 
greater or smaller. Moreover, if 
relatively large currents flow in the 
tuned circuits, so there is a tendency 
for the positive pulses of grid 
cathode voltage to be larger and so 
a tendency to collect a greater mean 
negative change on the grid. The 
grid is thus biased by a steady 
negative voltage, on which the 
oscillation voltages are superposed, 
which negative voltage tends to 
become greater as the oscillation 
voltages tend to become greater.

A measure of automaticity is thus 
obtained, the circuit having a self
limiting action because the grid bias 
being more negative tends to reduce 
the amplitude of the oscillation. The 
grid leak assists the circuit to start to 
build up oscillation because, in the 
initial conditions, grid cathode vol
tage is zero and the mutual con
ductance of the valve is high.

In Fig. 131b the feed-back is 
caused by the inter-electrode capaci
tance of the triode, Miller effect 
enhancing the feed-back.

In Fig. 132a a common inductor is 
used to give positive feed-back, and 
Fig. 132b is a variant in which HFC 
is a ‘high-frequency choke’, i.e. an 
inductor of high impedance to 

currents having the resonance fre
quency of the tuned circuit.

The relative values of the react
ances of the two capacitors of 
Fig. 132c determine the degree of 
positive feed-back.

Fig. 133 shows the circuit of the 
dynatron oscillator. A tetrode with 
the potentials on its electrodes 
appropriately proportioned has the 
characteristic of a negative resistance 
between anode and cathode; that is 
to say, an increase in anode voltage 
results in a decrease of anode 
current.

Imagine that oscillations are flow
ing in the tuned circuit. At one 
instant the back-e.m.f. from the 
oscillating circuit adds to that of 
the high-tension source, and in the 
time of half a cycle of oscillation 
later subtracts from it, and so on.

When added, the total voltage 
across the anode cathode circuit is 
high but the current small, when 
subtracted the total anode voltage is 
low but the anode current high.

Interrupter Principle
Thus the valve, acting as an 

interrupter to the currents from the 
source, causes pulses of current to 
flow through the tuned circuit and 
these maintain the oscillations. The 
rate of switching on and off of the 
valve, considered as an interrupter, 
is determined by the tuned circuit 
and takes place at a frequency equal 
to the resonance frequency of the 
tuned circuit, because it is at this 
frequency that its impedance is 
highest and so the effects described 
are the greatest.

The magnetron oscillator of Fig. 
134 illustrates the interrupter prin
ciple, inasmuch as the voltages on 
the two anodes, when oscillating 
currents are set up in the tuned 
circuit, are 180° out of phase and so a 
stream of electrons is conductive 
first through one anode " and then 
through the other at the appropriate 
frequency.

Fig. 135 shows a crystal oscillator.
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Quartz crystals have notably the 
property that their conductivity to 
alternating currents shows a very 
marked increase at a certain fre
quency at which the crystal itself 
resonates mechanically. Figs. 131b 
and 135 are, electrically speaking, 
identical; the difference being that 
the crystal, labelled K in Fig. 135, 
behaves as a tuned circuit. .

Frequency Stability
The crystal has the property of a 

tuned circuit, the resonance fre
quency of which diverges only very 
slightly from a mean, and so the 
frequency of oscillation of a crystal 
oscillator has a value which is 
constant, within very small limits. 
Divergences of as little as one part 
in a hundred million can be assured 
when great care is taken to ensure 
constancy of ambient temperature, 
stability of mounting, and constant 
electrical conditions.

Any circuit having positive feed
back will cause oscillations to be set 
up in it, and the circuit of a two- 
valve amplifier (Fig. 136) will set up 
oscillatory currents determined by 
the values of the contained resistors 
and capacitors.

No tuned circuit is used and, in 
consequence, no filtering action 
discriminating against the generation 
of harmonics (i.e. currents having 
frequencies which are whole number 
multiples of the lowest frequency), 
and the resulting wave form of the 
oscillation may not be sinusoidal.

If the valves are worked over non
linear portions of their characteris
tics, harmonic generation is the more 
prone to occur. When there is a 
large generation of harmonics, the 
circuit producing them is called a 
multi-vibrator.

The term relaxation oscillator 
refers to a generator of oscillations 
characterized by cycles, each con
sisting of a period during which 
energy is stored in a reactive element, 
followed by a period of transition, 
or relaxation, during which the 

reactance discharges; these processes 
usually occur at very different rates.

Fig. 137 shows a relaxation 
oscillator in which the capacitor is 
charged through a resistor (the time 
of charging depending upon the 
product R X C) until the voltage 
across the capacitor rises to such a 
value that the neon tube N becomes 
highly conductive, its conductance 
being virtually zero at voltages less 
than a critical voltage, and so dis
charges the capacitor, the conduc
tance of the tube being maintained 
at a low value until the voltage across 
it is but a few volts.

The tube then becomes non- 
conductive and the capacitor charges 
up to the critical voltage again, the 
process repeating act infinitum.

In Fig. 138 the discharge takes 
place in a gas-filled valve G, the 
critical voltage being more accurately 
determined by the grid cathode 
voltage applied by the battery source 
(or any other DC source) shown. 
The time of charge is determined by 
the adjustable value of the resistor 
and by the grid voltage.

Gas-filled valves such as thyratrons 
may be used to set up oscillatory 
currents in tuned circuits, and an 
example of the type of circuit used 
is given in Fig. 139.

Super-regenerative reception of 
signals is a method of reception 
employing amplification in which 
feed-back is adjusted to a point at 
which oscillation occurs or is liable 
to occur; any oscillation produced is 
periodically suppressed or quenched. 
A circuit is shown (Fig. 140) which 
typifies the principle.

If the tuned circuit were oscillating 
at a frequency different from that of 
the signal frequency, audible beats 
could be produced in telephones 
energized from a chain of valves 
connected at its input to the trans
former labelled ‘To VC in Fig. 140. 
(The process of production of beats 
is indicated in Fig. 141, because if the 
two sinusoids shown are added, the 
resulting envelope will have, among 
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others, a sinusoidal component of 
frequency equal to the difference 
between the two frequencies of the 
sinusoids added together.) -

These beats, being audible, would 
interfere with the reception of 
telephony signals, and so means are 

provided, consisting of a grid leak 
(resistance, 3 Mil, and capacitor, 
50 micro-microfarads), to quench 
the oscillation so soon as it tends to 
build up. The arrangement is very 
sensitive but, unless carefully ad
justed, may tend to be unstable.

FREQUENCY CHANGERS
The super-heterodyne receiver is 

based upon the principle whereby the 
frequency of the signals received at 
the aerial is changed, so that, what
ever (within limits) the frequency of 
the received signals, they are de
tected (i.e. the envelope of modula
tion restored) at a fixed (supersonic) 
frequency.

The means to change the different 
frequencies of the different received 
signals to a constant frequency is 
based upon the principle that by 
combining two alternating voltages 
or currents which have sinusoidal 
functions, a complex wave form is 
produced which can be shown to be 
made up of a number of sinusoids of 
different amplitudes and frequencies, 
the chief components of which are 
two sinusoids having frequencies 
equal to the sum and difference 
respectively of the original fre
quencies before combination.

Thus, in a super-heterodyne re
ceiver, a local oscillator, the frequency 
of which may be varied (usually by 
the adjustment of a variable capaci
tor), is supplied and the voltage from 
this is combined with the received 
signal voltages.

Let the frequency of the local 
oscillations be /n and the frequency 
of the oscillations representing the 
received signals be fs. Let fa and 
fez be the components existing after 
combination of fn and fs, then, 
fc\ = fn + fs ; fez — + (Jh -fs); 
fez being expressed as shown to 
indicate that the result of subtraction 
must be positive.

Common practice in the design of 
super-heterodyne receivers is to make 
fn > fs- Thus a filter is connected 

at the output of the circuits in which 
signal and local oscillator voltages 
are combined, which filter passes 
frequencies equal to fez (and a small 
band of frequencies equally greater 
and smaller than fez to pass the 
sidebands of modulation) and 
rejects or stops all other currents 
having other frequencies (e.g. fa). 
The frequency (fn - fs) is called the 
intermediate frequency (abbreviated 
IF), and it is commonly 450 Kc/s, so 
that the intermediate frequency filter 
passes a band of from 450 - fm to 
450 + fm, where fm is the highest of 
the audio modulations substantially 
fully reproduced in the output after 
the modulation detector.

One of the many advantages of the 
super-heterodyne receiver is that the 
amplification and filtration of signals 
may be performed with currents of 
the same frequency; albeit, the signal 
currents have different frequencies. 
Only the adjustment of the local 
oscillator frequency is required to 
bring all signal frequencies to the 
same intermediate frequency.

The two methods of combination 
of the voltages due to signal and 
local oscillator which are used are 
(1) to add the instantaneous values 
of the two voltages; (2) to multiply 
the instantaneous values of the two 
voltages.

The former method is called the 
heterodyne method, and when the 
resulting difference frequency f is 
above audibility, it is called a super
sonic frequency; therefore, the name 
supersonic heterodyne receiver was 
introduced and abbreviated to super
heterodyne. This term, in the light of 
modern practice, is no longer strictly
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accurate because, according to this 
practice, the adding or heterodyne 
principle has been abandoned and 
the multiplying or modulation pro
cess substituted.

The heterodyne method demands 
that the complex resulting from the 
addition of the signal and local 
oscillator voltages shall be rectified, 
the output from the rectifier being 
taken to the IF filter.

First and Second Detectors
The term first detector is used to 

distinguish that which rectifies the 
component resulting from adding, 
from that which restores the modula
tion envelope and called the second 
detector.

To eliminate distortion of the IF 
wave form, the local oscillator 
voltage should be much greater than 
the signal voltage. A square-law 
first detector, however, removes all 
distortions, whatever the ratio of 
signal and local oscillator voltage.

In modern receivers, the local 
oscillator and signal voltages are 
multiplied by the use of a valve 
properly called a frequency changer 
and often called a mixer. The 
frequency changer valve is designed 
so that the signal voltages shall be 
multiplied by (i.e. modulated by) the 
local oscillator voltages.

In spite of the selective properties 
inherent in the super-heterodyne 
principle, the signal frequencies must 
be filtered, to some degree, in order 
to prevent second channel inter
ference.

Suppose a signal frequency is 
1,000 Kc/s and the oscillator fre
quency 1,450 Kc/s, then the IF is 
1,450- 1,000 = 450 Kc/s.

There may, however, exist a signal 
of frequency 1,900 Kc/s, which, if 
not stopped by a signal filter, pro
duces also 450 Kc/s, as 1,900 - 1,450 
= 450 Kc/s.

Since a constant difference between 
signal and oscillator frequencies is 
required, and assuming that both 
oscillator and signal frequency filter

pass frequency are determined by the 
setting of variable capacitors opera
ted by the same adjustment, either 
such capacitors must have different 
laws connecting setting and resulting 
capacitance values, or the circuits 
must be devised so that the resonance 
frequencies of the two circuits have 
a constant difference whatever the 
common angular setting of the two 
variable capacitors.

The latter expedient is usually 
adopted and a so-called ‘padder’ 
capacitor, of fixed value, is con
nected in the oscillator circuit, in 
series with the variable capacitor, so 
that the total capacitance of the two 
capacitors in series is largely de
termined by the variable capacitor 
when this has its smaller values, but 
is to a greater extent independent of 
the value of the variable capacitor, as 
this is larger.

If the oscillator frequency is 
greater than the signal frequency, 
this method of ‘tracking’ ensures the 
required filtration of the signal 
frequencies and the constant fre
quency difference between signal and 
oscillator frequencies.

Fig. 142a shows, on the right, a 
triode oscillator which injects the 
local oscillator voltage (frequency 
determined by Ci) into the cathode 
circuit of a tetrode, the signal 
voltages being ‘tuned in’ with C2. 
The tetrode valve takes the added 
voltages and rectifies them to produce 
the IF selected by the tuned circuit 
in the anode of the detector.

Fig. 142b economizes a valve, 
because the tetrode itself generates 
the local oscillation (frequency deter
mined by Ci) as well as detecting the 
result of adding the voltages.

The Hexode, as used in the circuit 
of Fig. 143, is an early example of 
the modulation method. The triode 
on the right sets up voltages in the 
local oscillator circuit (frequency 
determined by Ci), which are applied 
to the (screened) electrode of the 
hexode, while the signals (tuned in 
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by C2) are applied to the grid of the 
hexode, the anode to cathode current 
being modulated by the amplitudes 
of oscillator and signal voltages, the 
IF being selected by the anode 
circuit filter. C3 is the padding 
capacitor.

The Heptode (called Pentagrid in 
the U.S.A.) of Fig. 144 dispenses 
with the separate triode oscillator of 
Fig. 143, an oscillator circuit being 
formed between inner grid and the 
next grid, the latter being treated as 
an anode; Ci and Ri acting as a grid 
leak.

The signal is applied to a screened 
electrode as shown, and the resulting 
modulations produce the IF selected 
in the anode filter tuned to the IF 
frequency.

A so-called virtual cathode is 
formed in frequency changers of this 
type, which is a surface in the space
charge where the electric field is zero 
and the potential more negative than 
on either side of it, and which, by 
reason of high space-charge density, 
behaves as a source of electrons.

This virtual cathode acts as a 
cathode for the signal frequency 
amplifier, which is, in effect, formed 
by those electrodes not used for the 
oscillator portion of the valve, and 
forms the equivalent of a screen-grid 
valve.

Ci and Ri in Fig. 144 provide 
automatic bias for the oscillator 
section (i.e. a grid leak). R2 and C2 
form a de-coupling means for the 
oscillator and C3 is the tracking or 
padding capacitor.

Octode. This is similar to the 
heptode, but has an extra screen grid 

corresponding to the earth (or 
cathode connected) electrode in a 
pentode.

Triode-Pentode (Fig. 145). In this 
form of frequency changer the 
oscillator portion is separated. The 
principle is much the same and the 
difference is largely constructional.

External cathode or internal in
jection of the oscillator voltage may 
be employed, as shown in Figs. 145a 
and 145b respectively.

Triode-Hexode (Fig. 146) is an
other variant on the schemes hitherto 
described, the portion of the valve 
where multiplication of voltages is 
obtained being a hexode. In Fig. 147 
the circuit shown is suitable when the 
signals have very high frequencies 
(short-wave band).

Obviously, some amplification is 
given in all the methods described; in 
other words, the voltage across the 
IF filter may be greater than the 
voltage applied by the signal to any 
given electrode. Thus, conversion 
gain is the ratio of the intermediate 
frequency voltage to the signal 
frequency voltage.

A term, conversion conductance, is 
also used to describe the ratio, in a 
frequency changing device, of a 
specified component, of single fre
quency, of the short-circuit output 
current to the applied sinusoidal 
input voltage (of a different fre
quency) to which the output current 
is due.

Conversion conductance in a fre
quency converter has much the same 
significance as mutual conductance 
in a valve used to amplify currents of 
one frequency.

AMPLIFICATION
Strictly speaking, all valve ampli

fiers amplify power because the 
anode circuit impedance, essential to 
secure amplification, must be partly 
resistive.

The term voltage amplifier, how

ever, may be used when the function 
of the amplifier is to give as large a 
voltage output as is possible for a 
given harmonic content, and the 
term power amplifier for one which 
gives as large a power output as is 
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possible for a given harmonic con
tent. Intermediate conditions apply, 
so there is no hard-and-fast dis
tinction between the two types of 
amplification.

Fig. 148 shows a single-valve 
amplifier. Considering the valve as a 
source having an internal impedance 
Ra and an EMF y.Es, being the 
amplification factor of the valve, a 
voltage E being developed across the 
load resistance, then,

,: = Ra+r,: or

Voltage gain = V-Rl

Ra + Rl
Ra Rl

where gm = is the mutual con- 
Ra

ductance of the valve.
^EfRL o 

(Ra + RLrThe power output is,
limit being set to the value of Eg by 
the increasing harmonic distortion 
as Eg is increased beyond a given 
value.

With a certain HT voltage, Rl can
not be increased indefinitely without 
lowering the anode volts and so 
reducing gm (i.e. increasing RA)- 
The HT voltage cannot be increased 
beyond certain limits for fear of too 
large voltages damaging the valve.

Fig. 149 differs only from Fig. 148 
in that the anode impedance in 
Fig. 149 is a tuned circuit. If the grid
cathode voltages (which are the 
‘same as the grid-earth voltages if 
the cathode bias capacitor has 
negligible reactance at the relevant 
frequencies) are equal to the reson
ance frequency of the tuned circuit, 
the voltage amplification is, Z A™ ,

Ka A-Rd 
where Rd is the resistive impedance 
of the tuned circuit at resonance, i.e.

Rn CRo
T ~ afL2 . aoLQo = p , where

L and C are the values of the 
inductor and capacitor respectively 
which form the parallel tuned circuit, 
Ro is the high-frequency resistance of 

the inductor, while ao — 
where fo is the resonance frequency
and Qo =

Ai
If Rd Ra (the inductor having 

a large value and a large Q value), 
then the amplification of the circuit 
of Fig. 149 is approximately ¡x. 
If Rd Ra, then the amplification 
is approximately gmRn, where g,n is 
the mutual conductance of the valve.

The input capacitance of the valve 
(a highly important factor in high- 
frequency amplification) is, Cc — 
Cg + (A + 1) Ca , where Cc is the 
input, Cg the grid to cathode and 
Ca the grid to anode capacitance, 
A being the stage gain. The larger is 
A, the greater is Co, the percentage 
increase depending upon the ratio 
Ca to Cg.

The selectivity of the amplifier, 
measured as the variation of the grid 
input volts with the consequent 
variation of anode volts for small 
changes of frequency, Nf = n-,

ZTC 

which small frequencies are added to 
or subtracted from the resonance 
frequency, namely, f, = is given

1
by* 14- rA. 7 1 I j2^ y 

showing that for maximum selectivi
ty Ra should be a0L, and Qo — 

should be as great as possible.
Transformer coupling is used in 

the two-valve amplifier of Fig. 150a, 
and the effective anode impedance 
aoL can be increased or decreased as 
desired by making the turns ratio 
Lc to L greater or smaller respective
ly, and so, with a constant Ra, re
ducing or increasing selectivity.

In Fig. 150b a band-pass filter 
circuit is used. The characteristics 
of this filter have already been 
discussed (see Tuned Circuits).

Multi-valve Amplifiers. Fig. 150a 
and Fig. 150b are representative of 
multi-valve high-frequency ampli- 

114



tiers (used, for instance, in the IF 
stages of a super-heterodyne re
ceiver), while Figs. 151 to 154 
inclusive are typically used for audio
frequency voltage amplification be
fore the output or power stage.

Fig. 151 is a resistance-capacitance 
type of amplifier, the amplified 
voltage on the anode of the first valve 
being passed to the grid of the 
second, the HT voltage being blocked 
off from this grid by a capacitor Ci.

If the first valve is a triode, then 
Ai should be as large as is permissible 
for the operation of the second valve. 
Ri should be several times greater 
than the Ra of the first valve, but 
should not exceed a quarter of Ai.

Ri should be selected to give the 
required bias voltage, a good guide 
to a suitable value being to make
RA3 — —.p.

There are innumerable factors 
which alter the choice of values, and 
the above values are to be considered 
more as generalizations applying to 
typical conditions than rigid re
quirements.

If the valve is a pentode, then, 
owing to the very large value of Ra, 
shunting capacitance, caused mainly 
by the grid capacitance of the second 
valve, may appreciably affect stage 
gain at the higher frequencies, if A2 
is increased beyond a certain value.

For general use, A2 is typically 
250,000 ohms. If A2 = 100,000 ohms, 
there will be of the order 2 dB loss at 
25 Kc/s; if A2 = 250,000 ohms, this 
loss will occur at 10 Kc/s, and if 
500,000 ohms, at 5 Kc/s. Ai should 
be not less than twice A2.

Both for triodes and pentodes, low- 
note response is reduced if the 
cathode capacitor is of too high a 
reactance at low frequencies.

Electrolytic capacitors having 
values of the order 100 jxF, and a 
reactance at 50 c/s of the order 
30 ohms, may be used if low-fre
quency response down to very low 
values of frequency is required.

The intervalve transformer con

nection of Fig. 152 is valuable if, for 
any reason, the high-tension voltage 
is limited (e.g. in battery-operated 
receivers, where the bulk weight and 
renewal cost of batteries demand that 
the HT voltage shall be the least 
possible).

One disadvantage of the connec
tion is that it is not altogether easy to 
design transformers to give sub
stantially equal response over a wide 
band of frequencies, particularly 
when the steady anode current 
flowing in a winding magnetizes the 
core.

This is probably not a grave 
disadvantage in the cheaper types of 
receiver, where a compromise result 
is purchased for a low price.

Parallel Feed
Transformer core saturation is 

avoided in the connection shown in 
Fig. 153, but no economy of high- 
tension voltage is secured by it.

In all cases where a reactor forms 
part of the anode circuit, and when 
it is required to have substantially 
equal response from, say, 50 c/s to 
10,000 c/s, then the primary in
ductance of the transformer must be 
very large.

The limitations of winding space 
and mechanical construction general
ly make it impossible to increase the 
secondary inductance beyond a cer
tain value. Thus, while it is true that 
the voltage gain of a stage using an 
intervalve transformer is equal to 
the voltage gain of the valve times 
the step-up (primary to secondary) 
ratio of the transformer, the latter 
must approach unity, as the demands 
for equal response over a wide 
frequency range are greater.

Even though the transformer 
secondary ‘looks’ into the grid 
cathode impedance of the following 
stage, which may be a very high 
capacitive impedance, nevertheless 
this, added to the self-capacitance of 
the transformer secondary, and con
sidered in relation to the enhanced 
Ra of the valve at the secondary, 
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causes some considerable falling 
away of response at the higher 
frequencies.

An auto-transformer connection

Is shown in Fig. 154; it presents no 
particular advantages and the general 
observations made in the foregoing 
apply, if not exactly, at least in degree.

OUTPUT STAGE
Quite different considerations 

apply when considering the valve as 
a means to supply power, with 
reasonable efficiency, to a load such 
as a loudspeaker (Fig. 155a).

Provided the grid-cathode voltage 
does not exceed a value at which 
tolerable distortion exists in the 
output, the stages preceding the 
power (or output) stage exist to give 
the greatest possible voltage magni
fication consistent with a low dis
tortion factor. The output stage must 
be designed for maximum power 

output and a given value of dis
tortion.

Class A Operation. In so-called 
Class A valve-operation the anode 
current flows at all times during the 
entire electrical cycle; this condition 
is illustrated in Fig. 155b for a 
circuit such as that of Fig. 155a, the 
former figure (of the dynamic 
characteristic curve of anode current 
against grid volts) showing that the 
steady grid bias is symmetrical with 
respect to the total grid swing.

The dynamic characteristic is one

Fig. 151 Fig. 152 Fig. 153
BASIC VALVE COUPLING CIRCUITS FOR HF AND LF

Fig. 148. Essentials of a valve amplifier stage with automatic bias. Fig. 149. Develop
ment of Fig. 148 with tuned circuits as anode and grid loads. Fig. 150. Two forms of 
HF intervalve coupling, (a) Single tuned transformer and (b) transformer with both 
primary and secondary tuned. Fig. 151. Resistance-capacitance intervalve coupling; 
stray capacitance C2 prevents HF use. Fig. 152. Audio-frequency transformer inter- 

valve coupling. Fig. 153. Parallel-fed transformer coupling.
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Fig. 156 (a)

COUPLING CIRCUITS AND OUTPUT VALVE LOADING
Fig. 154. Parallel-fed auto-transformer coupling. Fig. 155. (a) Output stage delivers 
power to loudspeaker through a matching transformer, (b) In Class A operation, a 
valve is biased to the centre of the straight part of its characteristic. Fig. 156. To get 
maximum power with minimum distortion, an optimum value of load is necessary. 

These are load curves for (a) a triode and (b) a pentode.
representing the relationship between 
grid volts and anode current where 
an impedance of a resistive nature 
but not necessarily a resistor is 
connected in the anode circuit.

The permissible grid swing is that 
over which the relationship between 
grid volts and anode current is linear, 
or substantially so, so that harmonic 
distortion is minimized.

A valve, as has been previously 
shown, may be considered for many 
practical cases as a source of power 
containing an EMF and an 
internal resistance Ra and, therefore 
(see Matching), the maximum power 
is delivered to a load of resistance 
Rl when Rl — Ra.

Since the maximum power output

is therefore, when Rl =
(Kl H Ka)

gm“RAEg 
' 4Ra, it is

As pi is increased, so the maximum 
value of Eg, to avoid distortion, is 
decreased, so that it cannot be said 
that a valve with a larger value of pi 
gives a greater power output; each 
case must be studied in detail and 
particularly with reference to the 
amount of distortion which appears 
under any given set of conditions.

In the foregoing, the case was 
considered in which Rl was made 
equal to Ra- It is possible to achieve 
this condition in a triode but not with 
a pentode, because Ra, in this latter 
case, is so large. But even with a 
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triode the distortion when Rl = Ra 
may be considerably greater than 
whenTiz, > Ra. Thus, efficiency must 
be sacrificed for the sake of reducing 
distortion. In some cases in which 
feed-back is used, the load may be 
matched to effective Ra of valve.

A graphical method for determin
ing a maximum undistorted power 
output can be explained in terms of 
Fig. 156a and Fig. 156b, the former 
for a triode and the latter for a 
pentode-type valve.

The several graphs shown plot 
anode current against anode volts 
for different values of grid bias. The 
point P in Fig. 156a gives the steady 
anode current (30 mA) for a steady 
anode voltage (200 volts) with a 
fixed grid bias (- 20 volts).

If the grid volts be periodically 
varied from - 20 to zero, then from 
zero to - 20, then from - 20 to - 40, 
and back to zero again, the relation
ship between anode volts and anode 
current is given by the points on the 
line AB.

The (negative) slope of this line is 
in the nature of a resistance (voltage 
divided by current), and this resis
tance is the anode impedance 
assumed resistive.

Thus in Fig. 156a the resistance 
represented by the slope of the curve 
is of the order 300-75 volts divided 
by 58-10 mA, or 225 divided by 
48 mA; approximately 4,800 ohms. 
Therefore, with 4,800 ohms resistive 
impedance in the anode circuit, the 
relationship between grid volts (as
sumed to vary sinusoidally) and 
anode current (which should also 
vary in a like manner if no distortion 
is to exist) is given in Fig. 156a.

Unless PC — PE, or, for larger 
grid excursions, PD = PB, some 
distortion must exist. A common 
specification for minimum tolerable 
distortion is that such intercepts as 
PC and PE, or PD and PB, shall not 
differ in length by more than 5 
per cent.

The line APB is found, centred 
upon a point such as P until the 

required near equality of intercept is 
obtained, the resulting slope giving 
the optimum resistive impedance Rl. 
If Rl is reactive, the ‘load line’ 
becomes ellipsoidal in shape.

The power is given by,
(IA max ~ I A min) X (E/fmax — £4 min) $

I A max, Ea max, Ea min, and I a min 
being the maxima and minima of 
currents and voltages for the required 
distortion.

The divisor 8 comes from dividing 
the total excursion of current by 2 
and of voltage by 2, giving a divisor 
4, and then introducing x/2 X ^2; 
to bring peak values of current and 
voltage to R.M.S. values.

Anode Power and Efficiency. If 
the power output per given distortion 
be divided by the power dissipated 
at the anode of the valve, a figure 
for efficiency is arrived at. The 
power dissipated at the anode is 
Eht X I a in the steady condition 
(point P in Fig. 156a). A method for 
obtaining the output power has 
already been given.

In pentode valves this efficiency 
may be as high as 40 per cent; in 
triodes, with Class A operation, 25 
per cent is a typical figure. Higher 
efficiencies are possible with different 
classes of valve operation, as will 
shortly be discussed.

In Fig. 156b the anode volt-anode 
current characteristics are typically 
applicable to pentode and beam 
power valves. The same considera
tions apply as for Fig. ¡56a. The 
dotted load lines show different 
values for Rl and different dis
tortions.

A further point is brought out in 
.Fig. 156b, namely, that if the 
maximum anode current be lx and 
the minimum ly (corresponding to 
min. and max. values of grid swing), 
then the harmonic distortion may be 
calculated.
Per cent 2nd harmonic distortion —

I A max + 7.4 min —
Ci max - Cimin + Ml (Ix-Iy) *
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Per cent 3rd harmonic distortion = 
Ia max — Z^min- 1'41 v |qq
Ia max “ Ia min + 1-41 (Zx-Zy) 
Per cent total 2nd + 3rd =

(per cent 2nd)2 -j- (per cent 3rd)2’
In the above, Zx and Zy are working 

minimum and maximum values of 
anode current and Ia is no-signal 
anode current.

Class A Parallel. Conditions with 
two similar valves in parallel (Fig. 
157) are :

Anode current — 21a-
Anode dissipa- = 21 a X Ea watts, 

tion
Anode load for one valve.
Power output = 2 IK.

Balanced Valve Operation, com
monly known as push-pull, is shown 
in Fig. 158. One advantage of 
balanced valve operation is that, the 
grid voltages being 180° out of phase, 
so are the anode voltages, so that 
the second, fourth, sixth, etc., 
harmonics, which may be produced 
in the valves individually, are greatly 
reduced when the valves are used 
together in the balanced connection, 
because the even number harmonics 
are in phase and so tend to cancel.

There is no need to connect a 
capacitor across the common cathode 
bias resistance, since no component 
of the fundamental component of 
the AC flows in it.

A further advantage of the push- 
pull circuit is that the net ampere 
turns of the primary winding of a 
transformer, such as T in Fig. 158, 
due to the anode currents in the two 
valves, is zero and so the core is not 
magnetized as when the unbalanced 
connection is used.

Class B Operation is achieved 
when the, grid-bias voltage is ap
proximately equal to the cut-off 
value, so that the anode current is 
approximately zero when no alterna
ting grid voltage is applied, and so 
that anode current flows for approxi

mately half of each cycle when an 
alternating grid voltage is applied.

Serious distortion in audio-fre
quency amplification would arise if 
only one valve were used, but this is 
largely eliminated by Class B opera
tion with a balanced valve operation.

Fig. 159 shows how each valve 
contributes a half-cycle to the total 
wave form of resulting current, the 
sum of the effects being a sinusoid, 
or approximately so.

The advantage of the connection 
lies chiefly in the high efficiency 
obtainable, that is to say, the ratio 
of AC power output to DC power 
input is high.

Efficiency x 100,
X Eao 

xtzj
where Ia'x is peak anode current and 
Eao the operating anode voltage. 
In practice, efficiency may approach 
75 per cent.

Class AB Operation is a variant on 
Class B operation, distinguished by 
the condition that the anode current 
flows for less than the entire electrical 
cycle but for appreciably more than 
half the cycle.

Balanced valve operation is as 
essential in Class AB as in Class B 
operation for audio-frequency ampli
fication. The efficiency is not so 
great as in Class B operation, but 
the maximum power output per 
given distortion, suitable valves being 
used, is greater than with Class B.

Positive Drive Operation. This 
type of operation, where again 
balanced operation must be em
ployed, is characterized by working 
the valves in conditions in which the 
grid becomes, over part or the whole 
of the cycle of operation of each 
valve, more positive than the cathode, 
so that grid current flows between 
grid and cathode.

This current constitutes a load 
upon the valve supplying the grid 
voltage and so the internal impedance 
of this valve (or these valves) must
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be so low that the voltage output 
from it (or them) is not affected by 
the load. This implies considerable 
power output from the so-called 
‘driver’ stage.

In order to distinguish the various 
classes of valve operation, the suffix 
1 is added to the letter or letters of 
the class identification when grid 
current does not flow, while the 
suffix 2 may be used to denote that 
grid current flows during some part 
of the cycle.

Thus, Class AB\ is Class AB 
operation when no grid current 
flows and Class A Bo indicates that 
positive drive is used.

Fig. 160 shows a circuit for 
Class A Bo operation in which a 
cathode-follower circuit (magnifica
tion < 1) is used to secure a low 
impedance drive stage capable of 
giving the required power to produce 
grid current in the driven stage 
without affecting the input voltage 
wave form from the driver stage.

Paraphase Connection. This con
nection secures balanced valve opera
tion without the use of an input 
transformer to supply the grids of 
the output stage with voltages 180° 
out of phase, and has the advantage 
of resistance capacitance coupling.

Imagine the system working and 
the valves Vi and Vo of Fig. 161 to 
have anode voltage 180° out of 
phase and of equal magnitude. If 
the two resistors Ai and A2 are equal, 
A is a point of zero alternating 
potential.

A tapping on Ai will have a 
positive potential if the grid of the 
valve Vi is negative, so the grid of 
the valve will be positive when the 
grid of the valve V) is negative, and 
vice versa. Thus the voltages passed 
to the output stage are 180° out of 
phase.

The value of the arrangement is its 
tendency to maintain balance. If the 
amplification of JA falls relative to 
Pi, the tapping point on Ai has a 
higher potential than in the balanced 

condition and so increases the 
voltage on the anode of Fs, thus 
restoring, or tending to restore, 
balance; on the other hand, the 
rising amplification of F2 relatively 
to Ki reduces the potential of the 
tapping point and so the self
balancing action is symmetrical for 
any relative change of amplification 
of Vi and Vz.

Phase Inverter, Phase Splitter 
(Figs. 162a and 162b). If the anode 
load is divided between anode and 
cathode circuits, two output voltages, 
180° out of phase, can be tapped off 
to feed a push-pull output stage.

In Fig. 162a, Ri and A2 together 
equal half the anode load. The valve 
is biased by the drop across Ai. As 
the signal from the previous stage is 
developed between grid and chassis, 
the amplified signal across Ai - A2 
exists in the grid circuit as negative 
feed-back and the effective stage gain 
is less than unity.

In Fig. 162b means are found to 
introduce the signal from two points, 
neither of which is connected to 
chassis. Negative feed-back is in
troduced only by As. if Rz is equal 
to half the anode load, Ai can be 
decoupled by Ci, thus preventing 
feed-back and loss of stage gain.

Cathode Follower. Included in 
Fig. 160 is a feature that is becoming 
more common in amplifier circuits 
and in certain stages of television 
receivers. It will be seen that the 
output of a valve is taken, not from 
a load in the anode circuit, but from 
a load in the cathode circuit. Since 
the cathode load is also in the grid 
circuit, there is negative feed-back 
and the output voltage is actually 
less than the input voltage to the grid.

The advantages of the cathode 
follower circuit are low '‘internal 
generator ’impedance presented to the 
output load, high input impedance, 
great stability, and low distortion.

As explained regarding Fig. 160, it 
is also adaptable to driver stages.
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VALVE CHARACTERISTICS
AND BASE CONNECTIONS

VALVE Characteristic Tables on 
the following pages are for 
technical reference, and have 

been made as complete as possible. 
They must not be taken as a guide to 
what types are available from the 
manufacturers. Many types, although 
still in use in thousands of sets, are 
no longer being made. Alternatives 
can be chosen from a study of the 
characteristics, and of the bases.

The tables are subdivided into 
frequency changers, triodes, etc., 
and these appear approximately in 
the order in which they are used in 
receivers.

Order of Presentation
Battery valves are listed first. 

Then follow AC types, AC-DC 
types, and, finally, any special types. 
The appropriate base connection 
diagrams (pages 191-197) also serve 
to describe a valve.

Abbreviations in descriptions 
where these are not self-evident are: 
D, diode; DD, double-diode; S, 
screen-grid; VS, variable-mu screen- 
grid; P, HF pentode; VP variable-mu 
HF pentode; DDT, double-diode 
triode; DDP, double-diode LF pen
tode; Pen, LF pentode; DPen, diode 
pentode; DTetrode, diode LF tet
rode; DT, diode triode.

Valve base diagrams are drawn to 
show the connections when looking 
at the base with the valve 
inverted.

In the tables the base used is 
indicated by a code reference con
tained in Base column. The first 
number and letter indicate the 
group of diagrams to which reference 
should be made, and the final num
ber, the base diagram in that group. 
For example, 4B3 indicates that the 
valve has a 4-pin British base, and 
that the third diagram in the section 
shows the pin connections.

Basing diagram groups in addition 
to 4B are: 5B, meaning 5-pin British; 
7B, 7-pin British; 9B, 9-pin British; 
8S, British side contact; OM, Mazda 
Octal; O, International Octal; 7C, 
7-pin Continental; OF, footless.

American Types
American valve manufacturers use 

a standard type-number code which 
makes separate lists of makes un
necessary.

The first figure in the code numbers 
indicates the heater voltage with the 
slight differences that 1 stands for 
1-5 or 2 volts, 2 for 2-5 volts, and 6 
or 7 for 6-3 volts.

The second number denotes the 
number of electrodes connected to 
the base, including the metallizing or 
metal shell, and counting the heater 
as one electrode.

The intervening letters differ
entiate between different types of 
valves with the same heater rating 
and the same number of electrodes 
connected to the base. As all the 
letters in the alphabet have been 
used, some valves now have two 
intervening letters, the first one of 
which is A. Another two-letter 
combination begins with the letter S, 
which denotes a single-ended octal 
type. Final letters are used to 
indicate other types of envelope, and 
special features. The 6J7G is a valve 
with similar characteristics to the6J7, 
but with standard glass envelope; 
the 6J7GT is again the same, but with 
a small glass envelope. Some valves 
have a final E, indicating an English 
replacement type, while ML means 
a metal Loctal,and GL a glass Loctal.

Valve bases are indicated in the 
table by a code in which O means 
Octal, OL, Loctal, and LTX, the 
earlier American pin-type connec
tions; figure in front of letters UX 
indicates number of pins in the base.
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TABLE XXVII: FREQUENCY CHANGERS

Make Type Description Base Fil.
Volts

Fil.
Amps

Anode
Volts

Screen 
Volts

Oscil
lator 
Volts

Conv.
Condct. 
Mhos

1

Bias 
Volts

BIUMAR .. 20A1 Triode Hexode 7B38 4-0 T2 250 80 150 650 -1-5-30
15A2 Heptode 7B35 4-0 0-65 250 100 200 550 -3-40
15D1 Heptode 7B35 13-0 0-2 250 100 200 550 -3-40
1&D2 Heptode 7B35 13-0 0-15 250 100 200 550 -3-40
20D2 Triode Hexode 7B39 13-0 0-15 250 100 100 350 -3-30
6A8G Heptode — 6-3 0-3 250 100 200 550 -3-40
6K8G Triode Hexode — 6-3 0-3 250 100 100 350 -3-30

COSSOR .. 210DG Bigrid 5B1 2-0 0-1 150 — — 190 0
210PG Pentagrid 7B7 2-0 0-1 150 80 150 450 0
210SPG Pentagrid 7B7 2-0 0-1 150 80 150 450 0
210PGA Pentagi d 7B7 2-0 0-1 150 80 150 450 0
220TH TriodeHeptode 7B11 2-0 0-2 150 150 100 200 0
41MDG Bigrid 5B16 4-0 1-0 200 —- — 150 0
41 MPG Pentagrid 7B35 4-0 1-0 250 100 100 1,300 -1-5
41 STH Triode Hexode 7B37 4-0 1-0 250 100 100 600 -1-5
4THA Triode Hexode 7B37 4-0 1-5 250 100 100 850 -2-0
OM8 Octode 054 6-3 0-2 250 50 200 550 -2-0
OM10 Triode Hexode 058 6-3 0-2 250 100 250 700 -2-0
13PGA Pentagrid 7B35 13-0 0-2 250 100 200 520 -3-0
202MPG Pentagrid 7B35 20'0 0-2 250 100 100 1,300 -1-5
202STH Triode Hexode 7B37 20-0 0-2 250 100 100 600 -1-5
802THA Triode Hexode 7B37 30-0 0-2 250 100 100 850 -2-0
4TP Triode Pentode 7B45 4-0 1-4 200 200 — 4,500 -5-0

DARIO .. BK22 Octode 7B7 2-0 0-14 135 45 — 250 0-12
BH12 Hexode 7B5 2-0 0-135 135 60 —- 1,400 -1-5
TK24 Octode 7B35 4-0 0-65 250 70 —— 600 -1-5
TCH24 Triode Hexode 7B37 4-0 1-45 250 100 — -_ -2-5-25
TB5013 Octode 8S28 13-0 0-2 200 70 — 600 -1-5-25
TCH229 Triode Hexode 7B37 21-0 0-2 200 70 — 1,200 -1-5

EVER K80A Octode 7B7 20 0-1 135 70 150 200 0
READY K80B Octode 7B8 2-0 0-13 135 45 135 270 -0-5

A36A Triode Hexode 7B37 4-0 1-0 250 70 — 1,000 -1-5
A3GC TriodeHeptode 7B37 4-0 1-45 250 100 — 750 -2-5
A 80A Octode 7B35 40 0-65 250 90 90 600 -1-5
ECH3 Triode Hexode 8S29 6-3 0-2 250 100 ■ ■■ 650 -2-0
ECH35 Triode Hexode 058 6-3 0-3 250 100 — 650 -2-0
CCH35 Triode Hexode 058 6-3 0-2 250 100 — 650 -2-0
C36A Triode Hexode 7B37 21-0 0-2 250 70 — 1,000 -1 -5
C36C TriodeHeptode 7 Bl 7 29-0 0-2 250 100 — 750 -2-5
CSOB Octode 7B35 13-0 0-2 200 90 1 III*' "■ 600 -1-5
C36B Triode Hexode 7B37 29-0 0-2 200 150 100 1,000 -1-5

FERRANTI VHT2A Heptode 7B7 20 0-1 150 70 70 — -1-5
VHT4 Heptode 7B35 4-0 1-0 250 100 100 650 -3-0
VHTA Heptode 7B35 13-0 0-2 250 100 100 — —
VHTS Heptode 7B35 13-0 0-3 250 100 100 650 -3-0

HIVAC .. TP23O Triode Hexode 9B2 2-0 0-3 150 70 150 325 0-12
MARCONI X14 Heptode 010 1-4 0-05 90 45 90 250 0

X21 Heptode 7B9 2-0 0-1 150 70 70 240 —
X22 Heptode 7B9 2-0 0-15 150 70 110 350 0
X23 Triode Hexode 7B9 2-0 0-3 150 60 100 250 -1-5
X24 Triode Hexode 7B9 2-0 0-2 150 60 100 250 -1-5
MX40 Heptode 7B35 4-0 1-0 250 100 150 500 -3
X42 Heptode 7B35 4-0 0-6 250 100 150 490 -3
X41 Triode Hexode 7B35 4-0 1-2 250 80 120 640 -1-5
X41C Triode Hexode 7B35 4-0 1-2 250 80 120 640 -1-5
X61M Triode Hexode 058 6-3 0-3 250 100 200 620 -3-0
X63 Heptode 058 6-3 0-3 250 100 200 490 -3-0
X64 Hexode 058 6-3 0-3 250 150 — 310 —6-0
X65 Triode Hexode 058 6-3 0-3 250 100 150 225 -3-0
X30/32 Heptode 7B35 13-0 0-3 250 80 150 800 -3-0
X31 Triode Hexode 7B35 13-0 0-3 250 «0 150 640 -3-0

MAZDA .. FC141 Pentagrid 0MS 1-4 0-05 90 90 — 250 0
TP22 Triode Pentode 9B2 2-0 0-25 150 150 150 500 -19-5
TP23 Triode Pentode 7B10 2-0 0-25 150 150 150 400 -1-5
TP25 Triode Pentode GM 5 2-0 0-2 150 150 150 225 -1-5
TP26 Triode Pentode 0M5 2-0 0-2 150 150 150 550 —‘
ACTP Triode Pentode 9B5 4-0 1-25 250 250 200 700 -5
ACTH1 Triode Hexode 7B38 4-0 1-3 250 250 250 750 -3

ACTH1A Triode Hexode 0M26 4-0 1-3 250 250 150 870 -3
TH41 Triode Hexode 0M26 4-0 1-3 250 250 150 870 —3
TP 1340 Triode Pentode 9B5 13-0 0-4 250 250 200 700 -5
TH2320 Triode Hexode 7B38 23-0 0-2 250 250 150 750 -3-0
TH2321 Triode Hexode 7B38 23-0 0-2 250 260 150 640 -3
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TABLE XXVII: FREQUENCY CHANGERS—continued

Make Type Description Base Fil.
Volts

Fil.
Amps

Anode 
Volts

Screen 
Volts

Oscil
lator 
Volts

Conv. 
Condct.
Mhos

Bias 
Volts

MAZDA— TH233 Triode Hexode 0M26 23-0 0-2 250 250 150 640 -3
continued TP2620 Triode Pentode 9B5 26-0 0-2 250 250 200 650 -5

MULLARD DK1 Heptode 8S10 1-4 0-05 90 90 45 250 0
TH2 Triode Hexode 7B10 2-0 0-23 135 60 —- 430 -5 0
FC2 Octode 7B8 2-0 01 135 70 70 200 0
FC2A Octode 7B8 2-0 0-13 135 45 45 270 -0-5
TH 4 Triode Hexode 7B37 4-0 1-0 250 70 --- 1,000 -1-5
TH4A 1 riode Hexode 7B37 4-0 1-45 250 100 100 750 -2-0
TH4B Trio deHeptode 7B37 4-0 1-45 250 100 —. 750 -2-5
FC4 Octode 7B36 4-0 0-65 250 90 70 600 -1-5
ECH3/33 Triode Hexode 8S29/ 

058
6-3 0-2 250 100 — 650 -2-0

ECH35 Triode Hexode 058 6-3 0-3 250 100 —. 650 -2-0
EK2 Octode 8S28 6-3 0-2 250 200 50 550 -2-0
EK3 Octode 8S28 6-3 0-72 250 100 ,— 650 -2-5
CCH35 Triode Hexode 058 7-0 0-2 250 100 —- 650 -2-0
FC13 Octode 8S28 130 0-2 200 90 70 600 -1-5
FC13C Octode 7B36 13-0 0-2 200 90 70 600 -1-5
TH13C Triode Hexode 7B37 13-0 0-31 250 70 130 1,000 -1-5
TH21C Triode Hexode 7B37 21-0 0-2 250 70 — 1,000 -1-5
TH22C Triode Hexode 7B37 29-0 0-2 250 150 100 — —
TH30C Triode Heptode 7B38 290 0-2 250 100 — 750 -2-5

OSRAM .. X14 Heptode 010 1-4 0-05 110 60 250 —
X21 Heptode 7B9 2-0 0-1 150 70 -- - 240 —
X22 Heptode 7B9 2-0 0-15 150 70 150 350 0
X23 Triode Hexode 7B10 2-0 0-3 150 60 150 250 -1-5
X24 Triode Hexode 7B10 2-0 0-2 150 60 150 350 -1-5
MX40 Heptode 7B35 4-0 1-0 250 100 250 500 -3-0
X41 Triode Hexode 7B37 4'0 1-2 250 70 250 640 -1-5
X42 Heptode 7B35 4-0 0-6 250 100 — 490 —
X73M Heptode 058 6-0 0-16 250 80 250 500 -3-0
X61M Triode Hexode 058 6-3 0-3 250 100 — 620 —
X62 Triode Hexode 058 6-3 1-27 250 120 250 1,750 -15
X63 Heptode 054 6-3 0-3 250 100 250 490 -3-0
X64 Hexode 035 6-3 0-3 250 150 — 310 -6-0
X65 Triode Hexode 058 6-3 0-3 250 100 250 225 -3-0
X30/32 Heptode 7B35 13-0 0-3 250 100 —— 800 —
X31 Triode Hexode 7B37 13-0 0-3 250 80 150 640 -1-5
X71M Triode Hexode 058 13-0 0-16 250 100 — 520 —>
X75 Triode Hexode 058 15-0 0-16 250 100 250 225 -3-0

RECORD .. OC2 Octode 7B8 2-0 013 135 45 135 270 -1-12
AC/OC4 Octode 7B37 4-0 0-65 250 70 90 700 -1-5-25
AC/TH4 Triode Hexode 7B37 4-0 1-0 300 80 150 1,000 -1-5-25
OC/13 Octode 7B36 13-0 0-2 200 70 90 600 -1-5-25
OC/13L Octode 8S28 13-0 0-2 200 70 90 600 -1-5-25

TH/21DA Triode Hexode 7B37 21-0 0-2 200 80 150 1,000 -1-5-25
TRTOTRON 0202 Octode 7B8 2-0 0'13 135 45 ——- 250 0-12

0400 Octode 7B36 4-0 0-65 250 70 —— 600 -1-5
TH401 Triode Hexode 7B37 4-0 1-0 300 150 — 750 -20
01307 Octode 7B36 13-0 0-2 200 70 — 600 -1-5-25

TUNGSRAM VX2 Hexode 7B5 2-0 0 135 135 60 — 300 -1
V02/S Octode 7B9/

8S11
2-0 0-13 135 45 135 270 —

TH4A/B TriodeHeptode 7B38 4-0 1-5 275 100 100 750 -2-5
TX4 Triode Hexode 7B37 4-0 1-0 250 80 150 1,000 —1-5
V04/S Octode 7B36/

8S28
4-0 0-65 250 70 90 600 1-5-25

V06S Octode 8S28 6-3 0-2 250 50 200 450 -2-25
VX6S Hexode 8S29 C-3 0-2 250 150 — 350 -3-25
6E89 Triode Hexode 058 6-3 0-3 250 100 150 650 -2
6TH8G Triode Hexode 058 6-3 0-6 250 100 150 1,000 —1 -5—25
ECHU Triode Hexode 0F5 6-3 0-2 250 100 150 650 -2
ECH2 TriodeHeptode 8S29 6-3 0-95 250 100 100 750 -2-5
ECH3/

33
Triode Hexode 8S29/ 

058
6-3 0-2 250 100 150 650 -2

ECH35 Triode Hexode 058 6-3 0-3 250 100 150 650 —2
EK2 Octode 8S28 6-3 0-2 250 50 200 550 -2
EK3 Octode 8S28 6-3 0-65 250 100 100 650 -2-5
V012/S Octode 7B36/ 

8S28
13-0 0-2 250 70 90 600 1-5-25

TX21 Triode Hexode 7B27 21-0 0-2 250 80 150 1,000 -1-5
TH29/30 TriodeHeptode 7B38 29-0 0-2 275 100 100 750 -2-5
MHH13 Heptode .. 7C4 10-0 0-18 250 100 200 520 -2-5
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TABLE XXVIII: SCREEN-GRIDS

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.

Make Type Descrip
tion Base Fil. 

Volts
Fil.

Amps

BRIMAR 8A1 P 5B19/7B23 4-0 10 (1)
9A1 VP 5B19/7B23 4-0 1-0 (2)
8D2 P 7B3O 13-0 0-2 (3)
9D2 VP 7B30 130 0-2 (4)
6J7G P — 6-3 0-3 (5)
6K7G VP — 6-3 0-3 (6)

COSSOR 215SG S 4B5 20 0 15 (7)
220SG S 4B5 20 0-2 (8)
220V SG VS 4B5 20 0-2 (9)
220VS VS 4B5 2-0 0-2 (10)
210VPT VP 4B8/7B4 2-0 0-1 (U)
210VPA VP 4B8/7B4 2-0 0-1 (12)
210SPT p 4B8/7B4 2-0 0-1 (13)
2201 PT p 7B28 2-0 0-2 (14)
MSG/HA S 5B17 40 10 (15)
41MSG S 5B17 40 1-0 (16)
MSG/LA S 5B17 40 10 (17)
MVSG vs 5B17 4-0 1-0 (18)
4TSP p 7B23 4-0 1-0 (19)
MS/PEN p 5B19/7B23 4-0 10 (20)
MS/PEN A p 7B23 40 1-0 (21)
MVS/PEN VP 5B19/7B23 4-0 10 (22)
MS/PEN B p 7B26 40 10 (23)
MVS/PEN B VP 7B26 40 1-0 (24)
OM5 p 047 6-3 0-2 (25)
OM6 VP 047 6-3 0-2 (26)
13VPA VP 7B26 13-0 0-2 (27)
13 SPA p 7B26 13 0 0-2 (28)
DVSG vs 5B17 16-0 0-25 (29)
DS/PEN p 5B19 160 0-25 (30)
DVS/PEN VP 5B19 16-0 025 (31)
202V P VP 7B23 20-0 0-2 (32)
202VPB VP 7B26 200 0-2 (33)
202SPB p 7B26 20-0 0-2 (34)
4TPB p 7B26 4-0 10 (35)
41 MPT p 7B23 4-0 10 (36)
42 MPT p 7B23 4-0 20 (37)
42PTB p 7B26 4-0 20 (38)
41 MTS Split 7B43 4-0 1-0 (39)

anode P
4TSA 7B44 4-0 1-0 (40)
42SPT p 7B23 4-0 2-0 (41)

DARIO PF462 p 7B4 20 018 (42)
PF472 VP 7B4 20 0-18 (43)
TB622 s 4B5 20 0-18 (44)
TB552 vs 4B5 20 0-15 (45)
TE424 s 5B17 4-0 1-0 (46)
TE524 s 5B17 4-0 1-0 (47)
TE554 vs 5B17 40 1-0 (48)
TE464 p 5B19/7B23 40 1-1 (49)
TF44 p 7B26 40 0-65 (50)
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AND HF PENTODES

Anode 
Volts

Screen 
Volts

Bias 
Volts

Anode 
Current 

(mA)

Screen
Current 

(mA)

Bias 
Res. 

Ohms
Slope 
mA/V

(1) 200 80 -1-5 3-5 0-7 200 4-0
(2) 200 80 -1-5-30 50 10 200 4-25
(3) 250 100 -3 2-0 0-5 1.000 1-25
(4) 250 125 -3-40 10-5 2-6 200 1-65
(5) 250 100 -3 2-0 0-5 1,000 1-25
(6) 250 125 -3 -40 10-5 2-6 200 1-65

(7) 150 80 -10 1 25 -— 1-1
(8) 150 80 -1-0 1-4 — — 1-6
(9) 150 80 -2-5 2-25 — -- - 1-6

(10) 150 80 -2-5 1-0 — —-— 1-6
(H) 150 80 -1-5 . 2-9 7-5 — 11
(12) 150 150 -3 0 2-2 — — 1-1
(13) 150 80 -1-5 1-2 — — 1-3
(14) 150 80 -1-5 2-5 — -— 1-0
(15) 200 100 -1-5 2-1 — 600 20
(16) 200 80 -1-5 0-8 — 1,500 2-5
(17) 200 100 -1-5 5-2 — 250 3-75
(18) 200 100 -1-5 7-8 7-5 V 2-5
(19) 250 250 -3-0 120 — — 8-0
(20) 200 100 -1-5 50 -— — 2-8
(21) 200 150 — 90 5-0 200 4-0
(22) 200 100 -1-5 4-3 — V 2-2
(23) 200 100 -1-5 5-0 — — 2-8
(24) 200 100 -1-5 4-3 —— V 2-2
(25) 250 100 -20 3-0 — — 1-8
(26) 250 100 -2-5 6-0 --- V 2-2
(27) 200 100 -3 0 7-0 -— v 1-8
(28) 200 100 -3 0 2-3 — — 1-25
(29) 200 100 -1-5 7-5 — V 2-5
(30) 200 100 -1-5 4-7 — — 2-3
(31) 200 100 -1-5 5-5 —— V 2-0
(32) 250 100 -1-5 4-3 — V 2-2
(33) 250 100 -1-5 4-3 — V 2-2
(34) 250 100 -1-5 4-8 — •-- 2-8
(35) 250 250 -3 0 12-0 — — 8-0
(36) 250 200 -1-5 12-0 -— 4-8
(37) 250 250 -3 0 34-0 — — 8-5
(38) 250 250 -3 0 340 --- — 8-5
(39) 250 100 — — — — —

(40) 250 100 — — — — —
(41) 500 250 -15 27-0 — — 11-0
(42) 150 150 -0-5 3-0 — — 1-85
(43) 150 150 -0-5-16 2-5 — ■' ■ ■ 1-7
(44) 150 90 -0-5 20 — 1-4
(45) 150 75 0-9 1-8 ~— — 1-5
(46) 200 100 -1-3 1-5 — — 0-9
(47) 200 100 -2-0 3-0 — — 20
(48) 200 100 -1-5-40 3-0 — V 2-0
(49) 200 100 -2-0 3-0 —— — 2-3
(50) 250 250 -2-4 40 — — 3-4

[Continued on next page
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Make Type Descrip
tion Base Fil.

Volts
Fil.

Amps

DARIO—cont. TE474 VP 5B19/7B23 4-0 11 (51)
TE564 VP 5B19/7B23 4-0 1-2 (52)
TF64 VP 7B26 4-0 0-65 (53)
TF713 P 7B23 13 0 0-2 (54)
TF313 VP 7B26 13-0 0-2 (55)
TB5613 VP 7B26 13-0 0-2 (56)
TB4620 P 5B19 20-0 018 (57)
TB4720 VP 5B19 200 018 (58)

EKCO VP41 VP 7B26 4-0 0-65 (59)
VPUl VP 7B26 13 0 0-2 (60)

EVER READY K50M VP 4B8/7B4 20 0-18 (61)
K50N VP 7B5 2-0 0-14 (62)
K40B s 4B5 2-0 018 (63)
K40N vs 4B5/7B4 20 0-18 (64)
A40M vs 5B17/7B23 4-0 10 (65)
A50M VP 5B19/7B23 40 10 (66)
A50N VP 5B19/7B23 4-0 1-2 (67)
A50P VP 7B26 4-0 0-65 (68)
A50A p 5B19/7B23 4-0 10 (69)
A50B p 7B26 4-0 1-65 (70)
EF9/39 VP 8S24/04 6-3 0-2 (71)
C50N VP 7B26 130 0-2 (72)
C50B p 7B26 13 0 0 2 (73)

FERRANTI .. VS2 vs 4B5 20 01 (74)
VPT2 VP 7B4 20 015 (75)
SPT4A P 7B23 40 10 (76)
VPT4 VP 5B19 40 10 (77)
VPT4B VP 7B23 40 10 (78)
SPTS p 7B23 13'0 0-3 (79)
VPTS VP 7B23 130 0-3 (80)
VPTA VP 7B23 130 0-2 (81)
VPTSB VP 7B23 130 0-3 (82)

HI VAC.. XSG 1-5V s 4D2 1-5 008 (83)
XW 1-5V p 5D1 1-5 008 (84)
XSG 20V s 4D2 20 008 (85)
XVS 2 0V vs 4D2 20 008 (86)
XW 20V p 5D1 20 008 (87)
SG215 s 4B5 20 0 15 (88)
SG220 s 4B5 20 0-2 (89)
SG220SW s 4B10 2-0 0-2 (90)
VS215 vs 4B5 20 015 (91)
HP215 p 4B5/7B4 20 0-15 (92)
VP215 VP 4B5/7B4 2-0 0 15 (93)
AC/SL s 5B17 4-0 10 (94)
AC/SH s 5B17 4-0 10 (95)
AC/VS vs 5B17 4-0 10 (96)
AC/VH vs 5B17 4-0 10 (97)
AC/HP p 5B17/7B23 40 10 (98)
AC/VP VP 5B17/7B23 4-0 10 (99)
VP13 VP 7B23 13-0 0-3 (100)

LISSEN SG215 s 4B5 20 0 15 (101)SG2V vs 4B5 2-0 015 (102)
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1

Anode 
Volts

Screen 
Volts

Bias
Volts

Anode 
Current 

(mA)

Screen
Current 

(mA)

Bias 
Res. 

Ohms
Slope 
mA/V

(51) 250 100 -1-5-30 4-5 _ V 2-3
(52) 200 100 -2-0-22 4-25 V 2-5
(53) 250 250 -3-0 -45 11-5 — V —
(54) 200 100 -2-0 30 — .. J- 2-1
(55) 200 100 -3-0 -50 8 0 V 1-8
(56) 200 100 -2-0 -22 4-5 — V 2-2
(57) 200 —. -2-0 3 0 — — 2-2
(58) 200 — -2-0-50 4-0 — v 2'0
(59) 250 250 -3 0 -40 12 0 4-5 180 3-5
(60) 250 250 -3-0-40 120 4'5 180 3-5
(61) 135 135 0-7 3 0 — V 1-5
(62) 135 60 -T5 20 —. V 1-4
(63) 150 90 0 2-9 — — T5
(64) 150 90 0-7 2-5 — v 1'4
(65) 200 110 -1-5-40 60 — V 2'5
(66) 200 100 -2-50 4-5 — v 2-3
(67) 200 100 -2-0 4-25 V 2-5
(68) 250 250 -3-0 115 — v 20
(69) 200 100 -2-0 30 * — 2-3
(70) 250 250 -2-4 40 — — 3-4
(71) 250 100 -2-5 6-0 • — — 2-2
(72) 200 200 -2-0 90 — v 2-2
(73) 200 200 -2-2 2-5 —- — 2-8
(74) 150 70 ■-- - "—— — •-- 10
(75) 150 75 — — -- . — 1-6
(76) 250 100 -1-5 2-0 1-0 — 3-0
(77) 250 100 -3-28 5-5 3-0 V ——
(78) 250 100 -2-0 60 3-0 v 3-6
(79) 250 100 -1-5 2-0 1-0 ■ ■■ — 3-0
(80) 250 100 -3-28 5-5 2-0 v —
(81) 250 100 ■— ■ - 4-2 20 V —
(82) 250 100 -20 6-0 3-0 V 3-6
(83) 50 30 0 0-55 0-25 — 0-30
(84) 50 45 0 0-75 0-2 — 0-52
(85) 50 30 0 0-6 0-3 — 0-4
(86) 50 30 0 0-4 0-15 — 0-33
(87) 50 45 0 0-95 0-3 — 0-60
(88) 150 75 -1-5 2-7 0-8 — 1-0
(89) 150 70 -1-5 2-4 0-9 — 1-5
(90) 150 70 -1-5 2-4 0-9 — 1-5
(91) 150 75 0-14 60 1-7 V 1-0
(92) 150 70 -1-5 1-5 0-3 — 1-2
(93) 150 70 0-9 3-75 0-75 V 1-25
(94) 200 80 -1 3-8 0-4 250 2'2
(95) 200 80 -1-5 7-4 0-5 200 3-5
(96) 200 80 -1-5-40 4-4 06 V 3 0
(97) 200 80 -1-5-40 9-3 1-6 V 3-3
(98) 200 100 -2 4-2 1-4 350 3-2
(99) 200 100 -1-5-30 5-7 2-3 V 3-0

(100) 200 100 -1-5-30 6-3 2-0 V 3-0
(101) 150 80 — — — — 1-1
(102) 150 80 — • .......... — 1-2

(Continued on next page
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Make Type Descrip
tion Base Fil.

Volts
Fil.

Amps

LISSEN—cont. SG410 S 4B5 40 0-1 (103)
AC/SG S 5B17 40 10 (104)
AC/SGV VS 5B17 40 10 (105)

MARCONI .. Z14 p 07 1-4 005 (106)
S23 s 4B5 20 0-1 (107)
S24 S 4B5 20 01 (108)
VS2 vs 4B5 20 01 (109)
VS24 vs 4B5 20 0 15 (110)
VS24/K vs 4B5 20 0-15 (111)
Z21 p 4B8/7B4 20 0-1 (112)
VP21 VP 7B4 20 01 (113)
W21 VP 4B8/7B4 20 01 (114)
MS4 s 5B17 4-0 10 (115)
MS4B s 5B17 40 1-0 (116)
MS4B/K s 5B17 40 1-0 (117)
VMS4 vs 5B17 4-0 10 (118)
VMS4/K vs 5B17 4-0 1’0 (119)

1 VMS4B vs 5B17 4-0 1’0 (120)
MSP4 p 5B17/7B23 40 1’0 (121)
MSP41 p 5B17/7B23 4-0 1’0 (122)
VMP4 VP 5B17/7B23 40 1’0 (123)
VMP4/K VP 5B17 4-0 1’0 (124)
VMP4G VP 7B23 40 10 (125)
W42 VP 7B30 40 0-6 (126)
KTZ41 T 7B41 4-0 1-5 (127)
Z63 p 047 6-3 0-3 (128)

1 W63 VP 047 6-3 0-3 (129)
KTW61 VP 047 6-3 0-3 (130)
KTW63 VT 047 6-3 0-3 (131)
KTZ63 T 047 6-3 0-3 (132)
W30 VP 7B23 130 0-3 (133)
W31 VP 7B23 130 0-3 (134)
DS s 5B17 160 0-25 (135)
DSB s 5B17 160 0-25 (136)
VDS vs 5B17 160 0-25 (137)
VDSB vs 5B17 16-0 0-25 (138)
S12 s 4D2 2-0 006 (139)
ZA1 — Acorn 40 0-25 (140)
Z62 p 047 6-3 0-45 (141)
ZA2 p Special 6-3 0 15 (142)

MAZDA SP141 p 0M7 1-4 005 (143)
SG215 s 4B8/7B4 20 015 (144)
S215A s 4B8/7B4 2-0 0 15 (145)

1 S215B s 4B8/7B4 20 015 (146)
S215VM vs 4B8/7B4 20 015 (147)
SP210 p 7B4 20 0-1 (148)
SP215 p 7B4 2-0 0 15 (149)
VP210 VP 7B4 20 0-1 (150)
VP215 VP 7B4 2-0 015 (151)
SP22 p 0M3 20 0-1 (152)

1 VP22 VP 0M3 2-0 01 (153)
VP23 VP 0M3 20 005 (154)

130



AND HF PENTODES—continued

Anode
Volts

Screen
Volts

Bias 
Volts

Anode 
Current 

(mA)

Screen
Current 

(mA)

Bias 
Res. 

Ohms
Slope 
mA/V

(W3) 150 80 _ _ _ _ 1-25
(104) 200 80 — — — — 3-25
(105) 250 80 — — — ----- M 3-5
(106) 90 90 0 1-2 0-25 — 0-75
(107) 150 70 -1-5 1-3 0-6 — 11
(108) 150 70 0 4-5 0-5 — 1-4
(109) 150 70 — — — — 1-25
(HO) 150 75 0-9 4-5 0-5 1-5
(HD 150 75 0-9 4-4 0-3 — 1-5
(112) 150 150 0 1-7 0-6 -- . 1-7
(113) 150 60 0 2-8 0-7 — 1-1
(114) 150 150 -1'5 30 09 — 1-4
(115) 250 70 -1-5 2-4 0-3 550 bl
(H6) 250 80 -20 2-5 1-2 440 3-2
(117) 250 80 — — — 1 ' ■ H 3-2
(118) 250 80 -2 9 2 V 2-4
(119) 250 80 -2 9 2 V 2-6
(120) 250 80 -1 5 1-2 V 2-9
(121) 250 100 -1-75 3-3 1-0 400 4-0
(122) 250 240 -4 8-5 3-2 3-2
(123) 250 100 -2 30 10 V 3-5
(124) 250 100 -2 7-0 3-5 V 2-5
(125) 250 100 -2-0 8-0 5-0 V 2-7
(126) 250 125 -30 7-6 1-9 V 15
(127) 250 250 -2-5 8-0 2-25 ■! < 7-5
(128) 250 125 -3 0 20 0-5 — 1-225
(129) 250 100 -3 0 7-6 1-9 V 1-5
(130) 250 100 -3 0 8 0 2-3 v 2-9
(131) 250 100 -3 0 7-6 1-9 V 1-5
(132) 250 125 -3 0 20 0-5 -- - 1-225
(133) 250 250 — — ■ ■- — V 4-5
(134) 250 too -1'0 — — V 40
(135) 200 70 — — —— — 11
(136) 200 80 .-- — — 3-2
(137) 200 80 — — — V 2-4
(138) 200 — —- ■ ■ ■ — V 2-2
(139) 100 30 0 2-5 0-4 — 0-7
(140) 250 100 -3 0 20 0-7 1,500 1-4
(141) 300 150 -2*0 100 2-0 — 7-5
(142) 250 100 -3'0 20 0-7 —- 1-4
(143) 90 90 1-8 ■ ■ ■ — 0-8
(144) 150 80 -1-5 1-5 0-25 — 1-1
(145) 150 80 — 1-9 0-3 -- — 1-1
(146) 150 80 -1-5 1-5 0-3 — 1-7
(147) 150 80 0-8 10 015 — 1-4
(148) 150 150 -1 bl 0-33 — 1-2
(149) 150 150 -1-5 1-35 0-47 — 1-3
(150) 120 70 -1-5 1'8 0-63 —— 1-03
(151) 150 150 -1-5 1-1 0-385 — 0-82
(152) 150 150 -1-0 11 0-38 — 1-2
(153) 150 150 -1-5 12 0-32 ■ ■" 0-02 ।
(154) 150 150 -2-0 10 0-35 — 0-8

[Continued on next page
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Make Type Descrip
tion Base Fil.

Volts
Fil.

Amps

MAZDA—cotti. AC/SG S 7B23 40 1-0 (155)
AC/S2 S 5B17 40 1-0 (156)
AC/S1VM VS 5B17 40 1-0 (157)
AC/SG VM vs 5B19/7B23 40 1-0 (158)
AC/S2Pen p 7B23 40 10 (159)
AC/SP1 p 7B23 40 1-0 (160)
AC/VPI VP 7B23 40 0-65 (161)
AC/VP2 VP 7B26 40 0-65 (162)
VP41 VP 0M24 40 0-65 (163)
SP41 p 0M24 40 0-95 (164)

1 SP42 p 0M?4 40 0-95 (165)
SPI 320 p 7B23 130 0-2 (166)
VP1320 VP 7B23 13 0 0-2 (167)
VP1321 VP 7B23 130 0-2 (168)

; VP1322 VP 7B26 130 0-2 (169)
VP133 VP 0M24 130 0-2 (170)
SP2220 p 7B23 22-0 0-2 (171)
DC2/SG s 7B23 200 0-1 (172)
DC2/SGVM vs 7B23 200 0-1 (173)

MULLARD .. DF1 p 8S6 1-4 005 (174)
DF51 p 4D3 1-5 0-067 (175)
DAS1 T 4D2 20 006 (176)
SP2 p , 7B4 20 018 (177)
PM 12 T 4B5 2-0 0 15 (178)
PM12A T 4B5 20 0 18 (179)
PM12M VT 4B5 20 0 18 (180)
VP2 VP 7B4 20 0 18 (181)
VP2B VP 7B5 20 0-14 (182)
AP4 p ACORN 40 0-2 (183)
S4V s 5B17 40 10 (184)
S4VA T 5B17 40 10 (185)
S4VB T 5B17 4-0 1-0 (186)
MM4V VT 5BI7 40 10 (187)
VM4V VS 5B17 4-0 10 (188)
TSP4 p 7B26 40 1-3 (189)
SP4 p 5B19/7B23 40 10 (190)
SP4B p 7B26 4-0 0-65 (191)
VP4 VP 5B19/7B23 • 40 1-0 (192)
VP4A VP 5B19/7B23 40 1-2 (193)
VP4B VP 7B26 40 0-65 (194)
4672 p ACORN 6-3' 0 15 (195)
EF5 VP 8S24 6-3 0-2 (196)
EF6/36 P 8S24/047 6-3 0-2 (197)
EF8/38 p 8S25/051 6-3 0-2 (198)
EF9/39 p 8S24/047 6-3 0-2 (199)
SP13 p 8S24 130 0-2 (200)
SP13C p 7B26 130 0-2 (201)
VP13A VP 8S24 130 0-2 (202)
VP13C VP 7B26 130 0-2 (203)

OSRAM Z14 P 07 1-4 0-05 (204)
S23 s 4B5 20 01 (205)
S24 s 4B5 20 0-15 (206)
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Anode 
Volts

Screen
Volts

Bias
Volts

Anode 
Current 

(mA)

Screen
Current 

(mA)

Bias . 
Res.

Ohms
Slope 
mA/V

(155) 200 80 -1-5 8-5 —— —1 2-4
(156) 200 80 -1-5 70 — — 4-4
(157) 200 100 -1-5 5-7 ■ ' — — 1-1
(158) 200 80 -2 5-8 — — 20
(159) 250 150 -4-25 5-25 1-75 — 5-5
(160) 250 250 -30 4-9 41 300 2-65
(161) 250 250 -4 8-8 2-2 — 2-0
(162) 250 250 -4 8-8 2-2 — 20
(163) 250 250 -4 8 6 2-3 — 20
(164) 250 250 -21 11’1 2-8 150 8-4
(165) 200 200 -1-25 27-0 6-75 37 9-0
(166) 250 250 -20 3-5 0-3 — 19
(167) 250 250 -1-5 4-7 1-25 — 2-0
(168) 250 250 -4 8-8 2-2 — 2-0
(169) 250 250 -4 8-8 2-2 — 20
(170) 200 200 -0 7 7-2 20 — 2-35
(171) 250 250 -30 4-9 4T --- 2-65
(172) 200 100 -1-5 110 —— — 2-4
(173) 200 100 -4 80 — —A- 1-6
(174) 90 90 0 1-2 — 0 75
(175) 45 13 5 0 0-125 — —. 017
(176) 120 600 -2-7 b5 — — 0-58
(177) 135 1350 0 3-0 1-0 — 1-8
(178) 150 75 — 4-25 — — 1-1
(179) 135 75 0 20 — — 1-5
(180) 150 90 0-7 2-5 — — 1-4
(181) 135 135 0-7 3-0 1-25 — 1-5
(182) 135 60 -b5 2-0 — 1-4
(183) 250 100 -3 0 20 0-7 — 1-4
(184) 200 75 -10 1-5 — 600 bl
(185) 200 110 -1-5 2-75 — 460 2-0
(186) 200 110 -b5 4 6 — 2-5
(187) 200 110 -1-5-40 60 — v 2-5
(188) 200 100 -1-5-40 8-5 — 200 1-2
(189) 250 250 -30 10 5 2-0 250 4-7
(190) 200 100 -20 3 0 — — 2-3
(191) 250 250 -2-4 4-0 1-5 500 3-4
(192) 200 100 -2 -50 4-5 — V 2-3
(193) 200 100 -2 0 4-25 1-8 V 2-5
(194) 250 250 -30 11-5 4-25 v 2 0
(195) 250 100 -3-0 2-0 — — b4
(196) 250 100 -3 -50 80 V 1-7
(197) 250 100 -2 0 3-0 — — 1-8
(198) 250 250 -2-5 8-0 — — 1-8
(199) 250 100 -2-5 60 — -..— 2-2
(200) * 200 100 -20 3-3 — 400 2-2
(201) 200 200 -2-2 2-5 0-9 600 2-8
(202) 200 100 -20 40 1-4 V 2-2
(203) 200 200 -20 9-0 3-6 V 2-2
(204) 90 90 —’—— — — — 0-75
(205) 150 70 -1-5 1-3 0-6 — bl
(206) 150 70 0 4-5 05 --- 1-4

[Continued on next page
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TABLE XXVIII: SCREEN-GRIDS

Note.—The figures in parentheses are-for quick reference and to facilitate reading across the pages.

Make Type Descrip
tion Base Fil.

Volts
Fil.

Amps

' OSRAM—cont. VS2 VS 4B5 20 015 (207)
VS24 VS 4B5 20 015 (208)
VS24K VS 4B5 20 015 (209)
Z21 P 4B8/7B4 20 01 (210)
Z22 P 7B4 20 01 (211)
VP21 VP 7B4 20 01 (212)

I W21 VP 4B8/7B4 20 01 (213)
MS4 s 5B17 40 10 (214)
MS4B S 7B23 40 1-0 (215)
VMS4 VS 5B17 40 10 (216)
VMS4B vs 5B19/7B23 40 1-0 (217)
VMS4/B vs 5B19/7B23 40 10 (218)
MSP4 p 5BÏ7/7B23 40 10 (219)
MSP41 p 5B17/7B23 40 10 (220)
VMP4 VP 5B19/7B23 40 1-0 (221)
VMP4G VP 7B23 40 10 (222)

1 W42 VP 7B30 40 0-6 (223)
1 KTZ41 T 7B41 40 1-5 (224)

KTZ73 p 030 60 016 (225)
KTW73M T 030 60 017 (226)
KTW74M T 030 130 016 (227)
Z62 P 047 6-3 0-45 (228)
Z63 P 050 6-3 0-3 (229)

I W63 VP 050 6-3 0-3 (230)
KTW61 VP 047/050 6-3 0-3 (231)

I KTW63 VP 050 6-3 0-3 (232)
I KTZ63 T 050 6-3 0-3 (233)

W30 VP 7B23 130 0-3 (234)
W31 VP 7B23 130 0-3 (235)
DS s 5B17 160 0-25 (236)
DSB s 7B23 160 0-25 (237)
VDS VS 5B17 160 0-25 (238)
VDSB vs 5B17 160 0-25 (239)
S12 T 4D2 20 006 (240)
ZA2 P Acorn 6-3 0 15 (241)

RECORD S2 s 4B5 20 0-12 (242)
VS2 vs 4B5 20 012 (243)
HFP2 p 4B5 20 0-12 (244)
VHP2 VP 4B5 20 012 (245)
AC/S s 7B23 40 10 (246)
AC/VS vs 5B17 40 1-2 (247)
AC/HFP P 5B19/7B23 40 10 (248)
AC/HPB P 7B26 40 065- (249)
AC/VHFP VP 5B19/7B23 40 1-0 (250)
AC/VHPB VP 7B26 4'0 0-65 (251)
HFP/13 p 7B26 130 0-2 (252)
HFP/13L p 8S24 130 0-2 (253)
HPB/13 p 7B26 130 0-2 (254)
VHFP/13 VP 7B26 130 0-2 (255)
VHFP/13L VP 8S24 130 0-2 (256)
VHP/13 VP 7B26 130 0-2 (257)
VHP/13L VP 8S24 130 0-2 (258)
VHPB/13 VP 7B26 13 0 0-2 (259)



AND HF PENTODES—continued

Anode
Volts

Screen 
Volts

Bias 
Volts

Anode 
Current 

(mA)

Screen
Current 

(mA)___

Bias 
Res. 

Ohms
Slope 
mA/V

(207) 150 75 0-15 50 20 1-25
(208) 150 75 0-9 4-5 0-5 — 1-5
(209) 150 75 0-9 4-4 0-3 — 1-5
<210) 150 150 -0-5 1-7 0-6 — 1-7
(211) 150 150 — — — — 1-4
(212) 150 60 0 2-8 0-7 — 1-1
(213) 150 150 0 3-6 1-2 — 1-4
(214) 250 70 -1-5 2-4 03 550 1-1
(215) 250 80 -2 0 3-4 1-2 250 3-2
(216) 250 80 -2 -30 7-5 2-0 V 2-4
(217) 250 80 -1 -15 5 0 1-2 V 2-9
(218) 250 80 — — — V 20
(219) 250 100 -1-75 3-3 1-0 400 40
(220) 240 240 -40 90 3-2 — 3-2
(221) 250 100 — — — V 3-5
(222) 250 100 -20 80 5-0 V 2-8
(223) 250 125 -30 7-6 1-9 V 15
(224) 250 250 -b5 180 5-25 65 120
(225) 250 100 -30 20 0-25 1,000 1-5
(226) 250 100 -30 65 1-3 V 1-7
<227) 250 100 — _ V 1-5
(228) 300 150 -2*0 100 2-3 160 7-5
(229) 250 125 -3-0 20 0-5 1,200 1-225
(230) 250 100 -3 -40 7-6 1-9 V 1-5
(231) 250 100 -30 8-0 2-3 V 2-9
(232) 250 125 -3-0 7-6 1-5 V 15
(233) 250 125 -30 2-0 0-5 1,200 1-23
(234) 250 250 — — v 4-5
(235) 250 100 -2-5 81 50 V 2-78
(236) 200 70 — — — — bl
(237) 200 80 — — — — 3-2
(238) 200 80 — — — — 2-4
(239) 200 — — — — — 2-2
(240) 100 30 0 2-5 0-4 — 0-7
(241) 250 100 — — — — b4
(242) 150 75 -0-9 1-5 03 • b4
(243) 150 75 -0-5 1-0 01 15
(244) 150 150 -1-5 1-9 0-7 — 19
(245) 150 150 -0-9-17 2-5 0 6 — b7
(246) 200 100 -2-0 30 0-8 500 3 0
(247) 200 100 -1-5-40 3-0 0-8 V 3 0
(248) 200 100 -2-0 3-5 0-6 600 3-5
(249) 250 250 -2-0 2-9 0-8 500 40
(250) 200 100 -20-35 5-0 13 V 3-5
(251) 250 250 -10-50 100 2-5 V 40
(252) 200 100 -20 3-0 1-5 450 2-4
(253) 200 100 -20 3-0 1’5 450 2-4
(254) 200 200 -1-5 3-5 1-5 300 3-5
(255) 200 100 -1-0-10 8-0 2-9 V 3-5
(256) 200 100 -10-10 8-0 2-9 V 3-5
(257) 200 100 -3 0-55 so 26 V 2-8
(258) 200 100 -30-55 8-0 2-6 V 2-8
(259) 200 200 -1-0 -50 100 3-5 V 3-5

[Continued on next page

135



TABLE XXVIII: SCREEN-GRIDS

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.
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Make Type Descrip
tion Base Fil. 

Volts
Fil.

Amps.

TRIOTRON .. S217 VP 7B4 20 0-2 (260)
S218 P 7B4 20 0-2 (261)
S215 S 4B5 20 018 (262)
S213 VS 4B5 20 0 15 (263)
S434N VP 5B19/7B23 40 11 (264)
S420 VP 7B26 40 0-65 (265)
S440 P 7B26 40 065 (266)
S435N p 5B19/7B23 40 11 (267)
S415N vs 5B17 40 10 (268)
S4I0N s 5B17 40 10 (269)
S430N s 5B17 40 10 (270)
SI 324 p 7B26 130 0-2 (271)
S1328 p 8S24 130 0-2 (272)
SI 323 VP 7B26 130 02 (273)
S2034N ' VP 5B19 200 018 (274)
S2O35N p 5B19 200 0-18 (275)

TUNGSRAM .. SE211 vs 4B5 20 012 (276)
SE211C VS 4B5 20 012 (277)
HP210 p 4B8/7B4 20 0 12 (278)
HP210C p 7B4 20 0 12 (279)
HP210NC p 4B8/7B4 20 012 (280)
SP2B HF PEN 7B3 20 005 (281)
SP2D P 7B3 20 0-1 (282)
SS2I0 T 4B5 20 0 12 (283)
VP2B VP 7B3 2-0 005 (284)
VP2D VP 7B3 20 0-1 (285)
HP2I1C VP 7B4 20 0 12 (286)
AS4125 VS 5B17 40 1-2 (287)
AS4120 T 5B17 40 1-0 (288)
HP4I0I P 5B19/7B23 4 0 1-0 (289)
HP4I15 P 7B23 40 10 (290)
SP4B P 7B26 40 0-65 (291)
HP4106 VP 5B19/7B23 40 1-0 (292)
VP4B VP 7B26 40 0-65 (293)
EFI 2 P 0F3 6-3 0-2 (294)

• SP6S P 8S24 6-3 0-2 (295)
VP6S VP 8S24 6-3 0-2 (296)
EF11 VP 0F3 6-3 0-2 (297)
EF6 P 8S24 6-3 0-2 (298)
EF5 VP 8S24 6-3 0-2 (299)
EF9/39 VP 8S24/047 6-3 0-2 (300)
SP13 p 7B26 130 0-2 (301)
SP13B p 7B26 130 0-2 (302)HP13 VP 7B26 130 02 (303)VP13 VP 7B26 130 0-2 (304)VP13B VP 7B26 130 0-2 (305)EF8 HF HEX 8S25 6-3 02 (306)HP2118 VP 5B19 20 018 (307)HP2018 P 5B19 20 0 18 (308)HP1118 VP 7C3 10 018 (309)HP 1018 P 7C3 10 0-18 (310)SS2018 s 5B17 20 018 (311)

•----------- —--------------------------------------------
S2018 s 5B17 20 0 18 (312)



AND HF PENTODES—continued

Anode
Volts

Screen
Volts

Bias
Volts

Anode 
Current 

(mA)

Screen
Current 

(mA)

Bias
Res.

Ohms
Slope 
mA/V

(260) 150 150 -0-5-16 2-5 _ 1-7
(261) 150 150 -0-5 3-0 -- - r~.~ ri 1-85
(262) 150 90 -0-5 20 — — 1-4
(263) 150 75 0-9 40 — — 1-5
(264) 200 100 -1-5-30 4-5 — 3-5
(265) 250 250 -30 11-5 — V —
(266) 250 250 -2-4 4-0 — —— 3-4
(267) 200 100 -2-0 30 — — 3-5
(268) 200 100 -1-5-40 3-0 — V ........
(269) 200 60 -1-3 1-5 —— — 10
(270) 200 100 -2-0 3-0 — — 2-0
(271) 200 100 -2-0 30 — --- 2-4
(272) 200 100 -20 3-0 — — 2-4
(273) 200 100 -3 -55 8-0 — V 1-8
(274) 200 100 -2 -35 5-0 — V 3-5
(275) 200 100 -20 3-0 — --- 3-5
(276) 150 75 -9 -5 1-0 0-1 •• 1-3
(277) 150 75 -5 1-0 0-1 — 1-5
(278) 150 150 -1-5 1-9 0-7 —— 1-9
(279) 150 150 -1-5 1-9 0-7 — 1-9
(280) 150 150 -1-5 1-9 0-7 u -in m , 1-9
(281) 135 135 -0-5 2-6 1-0 — 1-0
(282) 150 150 -1-0 1-45 0-35 1-7
(283) 150 75 -0-9 1-5 0-3 —------ 1-4
(284) 135 135 0-15 2-5 08 — 0-65
(285) 150 150 -1-5-12 1-3 06 ■o r - 20
(286) 150 150 -0-17 2-6 0-6 — 1-7
(287) 200 100 -1-5-40 3-0 0-8 V 30
(288) 200 100 -20 3-0 0-8 500 30
(289) 250 100 -3 0 3-5 1-8 600 3-5
(290) 200 100 -20 4-5 1-5 150 3-2
(291) 250 250 -3-0 3-2 1-5 500 4-0
(292) 250 100 -15-35 50 1-3 V 3-5
(293) 250 250 -1 -50 10-0 2-5 V 4 0
(294) 300 100 -20 60 10 500 3-0
(295) 250 100 -2-0 3-0 10 500 20
(296) 250 100 -3 -50 80 2-5 V 1-7
(297) 300 125 -20 6-0 2 0 250 2-2
(298) 300 125 -2-0 3-0 11 — 2’0
(299) 250 125 -3 0 -50 80 2-6 V 1-7
(300) 300 300 -2-5 -55 6-0 1-7 V 2-2
(301) 200 100 -2 3-0 1-5 450 2.4
(302) 200 .200 -1-5 3-5 1-5 —— 3-5
(303) 200 100 0-10 8-0 2-9 V 3-5
(304) 200 100 -3 -55 8-0 2-6 V 2-8
(305) 250 200 -1 -50 100 2-0 V 3-5
(306) 250 250 -2-5 80 0-25 — 1-8
(307) 200 100 -2-0 5-0 11 —— 3-5
(308) 200 100 -2-0 40 1-2 — 3-5
(309) 250 100 -3-0 8-2 2-0 — 1-6
(310) 250 100 -3-0 2-0 0-5 — 1-22
(311) 200 100 -3 0 3-0 1-0 ■ 1 3-0
(312) 200 60 -3-0 4-0 1-2 — 1-2
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TABLE XXIX: DIODES

Make Type Descrip
tion Base

Filament Max. 
Diode 
Volts

1

Max.
Diode

CurrentVolts Amps

BRIMAR .. IODI DD 5B12 130 02 __,
6H6G DD — 6-3 0 3 — —

! COSSOR . 220DD DD 5B12 20 0-2 — —
DDL4 DD 5B12 4-0 0-75 —

I DD4 DD 5B12 40 075 —
OM3 DD 038 6-3 0-2 — _

DARIO .. TB24 DD 5B12 40 0-65 — —
TB213 DD 5B12 13-0 0-2 —. ——

EVFR A20B DD 5B12 4-0 0-65 200 0-8
READY EB34 DD 038 6-3 0-2 200 0-8

C20C DD 5BI2 130 0-2 200 0-8

FERRANTI ZD DD 5B12 70 0-2 — —*

HIVAC .. *Ac/DD DD 5B12 40 10 —«

MARCONI D41 DD 5B12 40 0-3
D42 D 4B18 40 0-6 75 15-0
D63 DD 038 6-3 0-3 100 20

MAZDA .. DD2O7 DD 4B3 2 0 0075 —-, . - .1^

DD41 DD OM18 40 0-5 —. —.
V914 DD 5B12 40 0-3 10

*DD620 DD 5B12 60 0-2 _ _ 10
:-L-______________________

DD101 DD OM18 10-0 02 —

[Continued on opposite page

TABLE XXX: DIODE

Make Type Descrip
tion Base Fil.

Volts
Fil.

Amps
Anode 
Volts

1 BRIMAR .. 11A2 DDT
-

7B19 40 10 200 (1)
11D3 DDT 7B19 130 0-2 250 (2)
11D5 DDT 7B19 130 015 250 (3)
6Q7G DDT — 6-3 0-3 250 (4)

1 6R7G DDT —« 6-3 0-3 250 (5)

1 COSSOR.. 210DDT DDT 5B2 20 01 150 (6)
2102 DDT 6UX2 20 0-12 150 (7)
DDT DDT 7B19 40 1-0 200 (8)
DD/Pen DDP 7B34 40 1-0 250 (9)
420TDD DDP 7B22 40 20 250 (10)
13DHA DDT 7B19 130 0-2 250 (11)
DDT 16 DDT 7B19 160 0-25 200 (12)

____________
202DDT DDT 7B19 200 0-2 200 (13)

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.
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TABLE XXIX: DIODES—continued
1

Make Type Descrip
tion Base

Filament Max. 
Diode 
Volts

Max. 
Diode 

CurrentVolts Amps

MULLARD 2D2 DD 5B12 20 0-9 125 05
2D4A DD 5S2 40 065 200 0-8
2D4B DD 7B16 40 0-35 200 0-8
EB4/34 DD 8S18/038 6-3 0-2 200 0-8
EABI DDD 8S19 6-3 0-2 200 0-8
2D13 DD 5B12 130 0-2 200 0-8
2D13A DD 5S1 13 0 0 2 200 0-8
2D13C DD 5B12 130 0-2 200 0 8

OSRAM D41 DD 5B12 40 0-3 —- ——■
*D42/43 D 4BI8/4B19 40 0-6 75 15-0

D63 DD 038 6-3 0 3 100 2-0 cachi

RECORD Ac/DD4A DD 5B12 4-0 0-65 200 0-8
DDA/13 DD 5B12 13 0 0-2 200 0-8
DDA/13L DD 8S16 130 0-2 200 08

TRIOTRON 0400 DD 4B12 4-0 0-65 200 08
DI 300 DD 8S16 13-0 0-2 200 0-8

TUNGS DD4 DD 5 Bl 2 40 0-65 200 0-8
RAM DD4D DD 7B16 4-5 04 100 4-0

*D418 D 4B15 4-0 0-18 200 1-5
*DD6DS DD 8S16 6-3 0-2 200 0-8
EB4 DD 8S18 6-3 0-2 200 0 8
EABI DDD 8S19 6-3 0-2 200 0-8
DD13/13S DD 5B12/8S16 13 0 0-2 200 0-8
DD18 DD 5BI1 80 0 18 100 1-5

COMBINATIONS

Screen 
Volts

Amp. 
Factor

Slope 
(mA/V)

Bias
Volts

Bias 
Res. 

(Ohms)

Anode 
Current 

(mA)
Output 
(mW)

(D 50 2-8 -2-0 _ 3-0 —
(2) — 100 11 -20 5,000 0-4 —,
(3) — 40 1-5 -3-0 750 3-8 —
(4) ■ 70 1-2 -3 4,000 bl —
(5) — 16 1-9 -9 1,000 9-5 —

(6) 27-5 bl 0 1 11 ' 2-3 —
(?) — 30 1-3 0 — 2-5 —’—
(8) — 41 2-4 -30 _ 3-4 —
(9) 200 — 2-7 -2-5 — 5-0 —

(10) 250 ■■ 11 7-0 -5-5 34-0 —
(H) 125 1-5 -b5 - 1-0 —
(12) — 40 2-5 -30 — 5-0 —
(13) — 41 2-4 -30 — 3-5

Ì t
——

(Comimied on next page
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TABLE XXX: DIODE

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.

Make Type Descrip
tion Base Fil.

Volts
Fil.

Amps
Anode
Volts

DARIO .. BBC12 DDT 5B2 20 01 130 (14)
TBC14 DDT 7B19 40 0-65 250 (15)
TE444 D Tetrode 7B50 40 11 200 (16)
TBL14 DDP 7B32 40 2-25 250 (17)
TBL44 DDP 7B33 40 2-25 250 (18)
TBC113 DDT 7B19 130 0-2 200 (19)

EKCO DT41 DDT 7B19 40 0-65 200 (20)

EVER K23A DDT 5B2 20 01 150 (21)
READY K23B DDT 5B2 20 012 135 (22)

A23A DDT 7B19 40 0-65 250 (23)
A27D DDP 7B33 40 2-25 250 (24)
EBC3/EBC33 DDT 8S21/041 6-3 0-2 275 (25)
EBLl/31 DDP 8S27/053 6-3 1-5 250 (26)
C23B DDT 7B19 130 0-2 200 (27)

FERRANTI H2D DDT SB2 20 01 150 (28)
H4D DDT 7B19 40 10 250 (29)
PT4D DDP 7B32 40 20 250 (30)
HSD DDT 7B19 130 0-3 200 (31)
HAD DDT 7B19 130 0-2 200 (32)
PTSD DDP 7B32 130 0-3 250 (33)

| HIV AC .. DDT215 DDT 5B2 20 015 150 (34)i AC,/DDT DDT 7BI9 40 10 200 (35)
AC/2DD DDTetrode 7B32 40 20 250 (36)
DDT213 DDT 7B19 13 0 0-3 200 (37)

MARCONI HD14 DD 04 1-4 005 90 (38)
HD21 DDT 5B2 20 0-2 150 (39)
HD22 DDT 5B2 20 0-2 150 (40)
HD23 DDT 5B2 20 0 15 150 (41)
HD24 DDT 5B2 20 01 150 (42)
WD40 VPDD 9B6 40 10 250 (43)
MHD4 DDT 7B19 40 10 200 (44)
DH42 DDT 7B19 40 0'6 250 (45)
DL63 DDT 041 6-3 0-3 250 (46)
DN41 DDP 7B32 40 2-3 250 (47)
DH63 DDT 041 6-3 0-3 250 (48)
WD30 VPDD 9B6 130 0-3 250 (49)
DH30 DDT 7B19 130 0-3 200 (50)
DHD DDT 7B24 160 0-25 200 (51)

MAZDA .. H141D DT OM6 1-4 005 90 (52)
HL21/DD DDT 5B2 20 015 150 (53)
L21/DD DDT 5B2 20 01 150 (54)
L22/DD DDT OM2 20 01 150 (55)
HL23/DD DDT OM2 20 005 150 (56)
AC/HLDD DDT 7B19 40 10 250 (57)
AC/HLDDD Triple DT 9B3 40 10 250 (58)
AC2/PENDD DDP 7B32 40 20 250 (59)
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COMBINATIONS—continuée!

Screen 
Volts

Amp.
Factor

Slope 
(mA/V)

Bias
Volts

Bias 
Res. 

(Ohms)

Anode 
Current 

(mA)
Output 
(mW)

(14) 16 1-5 -4-5 —* 2-5
(15) — 27 20 -7-0 — 4-0 —

(16) 33 1,000 30 -2-3 —— 0-35 —

(17) 250 -- - 9-5 — — 360 —

(18) 250 — 9-5 — ■' ■ " ■ 360 —

(19) • - 27 20 -5-0 — 4-0 —

(20) — 29 30 -3-5 470 7-5 —

(21) — 16 5 1-4 -1-5 — 2-5 —

(22) —— 30 1-2 -1-5 — 1-95 —

(23) — 27 20 -70 — 40 —

(24) 250 — 100 -60 —— 36-0 4,300
(25) .—_ 30 20 -6-25 -- - 50 —
(26) 250 — 9-5 -60 — 360 4,300
(27) — 27 20 -5 0 — 40 —

(28) — ir ' n — — — —
(29) —.— 39 2-7 -3 0 ......... 4-5 —
(30) 250 —— 7-5 -6-0 140 7-5 3,600
(31) — 39 2-7 -3-0 4-5 —

(32) .---- 39 2-7 -3-0 — 3-3
(33) 250 — 7-5 -6-0 140 7-5 3,600

(34) ____ à. 20 1-6 -3-0 — 30 —

(35) 1 1 ■ <l» 35 2-3 -4-0 800 50 —
(36) 250 -—. 80 -9-5 160 320 3,000
(37) — 35 2-3 -4-0 800 50 —

(38) — 65 0-275 0 — 0-14 ---
(39) — 27 1-5 -1-5 —— —

(40) — 27 1-5 -1-5 — — —
(41) — 40 1-4 -1-5 — 2-0 —
(42) — 40 1-4 -1-7 — 1-7 —

(43) 100 — 3-5 1 — —
(44) 40 2-2 — 750 3-2 —

(45) — 70 1-2 -3-0 2,000 1-5 —

(46) 37 1-65 -3 — 50 —
(47) 250 — 100 -4-4 90 320 4,400
(48) — 70 1-2 -3 0 2,000 11 —

(49) 100 ■ ' ■■■ 2-6 —--- — — —
(50) — 80 4-5 -2-0 1,000 2-7 —
(51) — 40 2-2 — — — —

(52) —— 65 0-48 — 0065 —

(53) — 32 1-5 -2-0 — 2-0 •-- -
(54) — 18-5 1-85 -5-0 — 2-8 ■—'

(55) —. 18-5 1-85 -5 0 — 2-3 —-
(56) — 25 1-2 -1-5 ■----- - 0-6 —

(57) -ï— 36 2-6 -3 0 700 4-3 —
(58) 35 2-7 -3-0 700 4-3 —

(59) 250 — 8-0 -5-3 140 32'0 3,500
. -—_____ L.. ■ L-- ~

[Conlinued on next page
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TABLE XXX: DIODE

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.

Make Type Descrip
tion Base Fil.

Volts
Fil.

Amps
Anode 
Volts

MAZDA— AC5/PENDD DDP Tet 7B22 4-0 20 250 (60)
continued PEN 45/DD DDP Tet OM25 4-0 20 250 (61)

HL41/DD DDT OM21 4-0 065 250 (62)
HL42/DD DDT OM21 4-0 0-65 250 (63)
HLDD1320 DDT 7B19 130 0-2 250 (64)
HL133/DD DDT OM21 130 0-2 250 (65)
PENDD1360 DDP 7B32 130 06 250 (66)

i DC2HLDD DDT 7B19 25-0 01 200 (67)
PENDD4020 DDP 7B32 400 0-2 250 (68)
PEN453/DD DD Tet OM25 450 0-2 200 (69)

MULLARD DAC1 DT 8S3 1-4 005 90 (70)
TDD2 DDT 5B2 20 0 1 150 (71)
TDD2A DDT 5B2 20 012 135 (72)
SD4 D Tetrode 7B50 40 10 250 (73)
TDD4 DDT 7B19 40 0 65 250 (74)
PEN4DD DDP 7B33 4-0 2-25 250 (75)
EBC3/33 DDT 8S21/041 6-3 0-2 275 (76)
EBF2 DDP 8S27 6-3 02 250 (77)
EBL1/31 DDP 8S27/O53 6-3 1-5 250 (78)
TDD13C DDT 7B19 130 0-2 200 (79)
PEN40DD DDP 7B33 440 0-2 200 (80)
CBL1/31 DDP 8S27/053 44-0 0-2 200 (81)

OSRAM .. HD14 DT 04 1-4 005 90 (82)
HD21 DDT 5B2 20 0-2 150 (83)
HD22 DDT 5B2 20 0-2 150 (84)
HD23 DDT 5B2 20 015 150 (85)
HD24 DDT 5B2 20 01 150 (86)
WD40 VPDD 9B6 4-0 10 100 (87)
MHD4 DDT 7B19 4-0 10 250 (88)
DH42 DDT 7B19 40 0-6 250 (89)
DH41 DDP 7B32 40 2-3 250 (90)
DN41 DDP 7B32 4-0 2-3 250 (91)
DH73M DDT 041 60 017 250 (92)
DL74M DDT 041 130 016 250 (93)
DH63 DDT 041 6-3 0-3 250 (94)
DL63 DDT 041 6-3 03 250 (95)
WD30 VPDD 9B6 130 0-3 250 (96)
DH30 DDT 7B19 13-0 0-3 200 (97)
DHD DDT 7B19 160 0-25 200 (98)

RECORD DDTR2 DDT 5B2 20 01 135 (99)
AC/DDTR DDT 7B19 40 0-65 250 (100)
DDTR/13 DDT 7B19 130 0-2 200 (101)
DDTR/13L DDT 8S21 130 0-2 200 (102)

TRIOTRON DT215 DDT 5B2 20 01 135 (103)
DT436 DDT 7B19 4-0 0-65 250 (104)
DP495/6 DDP 7B33/7B32 40 2-25 250 (105)
DT1336 DDT 7B19 130 0-2 200 (106)
DP4480 DDP 7B33 44-0 0-2 200 (107)
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COMBINATIONS—continued

Screen
Volts

Amp.
Factor

Slope 
(mA/V)

Bias
Volts

Bias 
Res. 

(Ohms)

Anode 
Current 
(mA)

Output 
(mW)

(60) 250 90 -8-5 175 40-0 5,800
(61) 250 — 90 -8-5 175 40-0 5,800
(62) — 30 2-5 -7-4 1,400 2-2 —

(63) 23 2-9 -1-25 450 2-8 ——*

(64) — 30 20 -3-0 700 4-3 _
(65) — 32 2-5 -2-2 1,750 1 *25 —
(66) 250 — 80 -5-3 140 320 —

(67) 11 30 2-0 -3 0 700 3-75 ! —
(68) 250 ■ 70 -7-75 150 43 3,900
(69) 200 —— 120 -100 130 64-0 3,750

(70) —— 65-0 0-275 0 — 0-14 1 — i
(71) — 16-5 1-4 -5-5 — 2-5
(72) —. 300 1-2 -1-5 — 195 _
(73) 100 — 30 '■ ■ - ■ — _  1
(74) — 27-0 20 -7'0 1,500 40 —

(75) 250 — 9-5 -60 150 360 4,300
(76) 1 ■ ■ ■ 300 20 -6-25 I' ' ■" 5 0 ———

(77) 100 1-8 -2 0 — 50 —

(78) 250 — 9-5 -60 — 36-0 4,300 i
(79) — 270 2-0 -5-0 1,250 40 1

(80) 200 _ 8-0 -8-5 — 450 4,000
(81) 200 _ 8-0 -8-5 — 450 4,000

(82) ■ w —I 65 0-275 ■ — MMM 1 —

(83) — 27 1-5 -1-5 ■ 111 ' —
(84) — 27 1-5 -1-5 — —'- —
(85) — 40 1-4 -1-5 — 1-7 ■ - ■■
(86) --  ■ 40 1-4 -1-7 — 1-7 —

(87) —- — 2-6 — — -— —

(88) —. 40 2-2 -4-0 1,000 4-0 each —

(89) — 70 1-2 -3-0 1,500 — —

(90) 250 — 10-0 -3-5 90 32-0 3,500
(91) 250 _ 100 -50 120 32-0 ■■ —■ '■

(92) — 44 2-0 — — — —

(93) — 36 1-6 — — — —

(94) --  . 70 1-2 -30 2,000 1-1 each
(95) — 36 16 -3-0 1,500 4-2 each —

(96) 100 — 2-6 — — --  ■ - -
(97) — 80 4-5 -2-0 1,000 2-7 —

(98) .. . 40 2-2 ----- - - - ~ '■ — ——

(99) ■ ' 30 1-4 -30 — 1-0 —

(100) — 40 3-6 -50 1,000 40 —

(101) — 40 3-6 -50 1,000 4-0 —

(102) — 40 3-6 -5 0 1,000 4-0 —

(103) — 16 1’0 —4’5 — 2-5 —

(104) — 27 2-0 -7 0 - 4-0 —

(105) 250 — —— -60 — 360 —

(106) — 27 2-0 -5-0 — 4-0 —

(107) 200 280 8-0 -8-5 — 45 0 —

[Continued on next page
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TABLE XXX: DÏODE

Make Type Descrip
tion Base Fil.

Volts
Fil.

Amps
Anode
Volts

TUNGSRAM DDT2 DDT 5B16 2'0 01 135 (108)
DDT2B DDT 5B16 20 0 1 135 (109)
DDT4/S DDT 7B19/8S21 4-0 0-65 250 (110)
DDPP4B/M DDP 7B32/7B33 40 2-0 250 (111)
EBF11 DDP (HF) 0F4 6-3 0-2 300 (112)
DDT6S DDT 8S21 6-3 0-2 250 (113)
EBC3/33 DDT 8S21/041 6-3 0-2 300 (114)
EBF2 DDP (HF) 8S27 6-3 0-2 300 (115)
EBL1/31 DDP 8S27/053 6 3 1-4 250 (116)
DDT13/S DDT 7B19/8S21 130 0-2 250 (117)
DDPP39/M/S DDP 7332/7B33 

/8S27
390 0 2 200 (118)

DDPP6B DDP 7B32 6-3 1-4 250 (119)

TABLE XXX!: GENERA L-

Make Type Base Fil.
Volts

Fil.
Amps

Anode
Volts

BRIMAR 4215 A _ 10 0-25 45 (1)
HLA2 5B15 40 10 200 (2)
4D1 7B18 130 0-2 200 (3)
6C5G — 6-3 0-3 250 (4)
6J5G — 6-3 0-3 250 (5)

COSSOR 21 ORC 4B4 2-0 01 150 (6)
21 OHL 4B4 20 01 150 (7)
210HF 4B4 20 01 150 (8)
210DET 4B4 2-0 01 150 (9)
210LF 4B4 2-0 01 150 (10)
41MRC 5B15 4-0 10 200 (11)
41MH 5B15 4-0 10 200 (12)
41MHF 5B15 4-0 10 200 (13)
41MHL 5B15 40 1-0 200 (14)
41MLF 5B15 40 10 180 (15)
DHL 5B15 160 0-25 200 (16)
41MTL 5B15 40 10 250 (17)
41MTB 5B15 4-0 10 250 (18)
41MTA 5B15 4-0 10 200 (19)

DARIO TB282 4B4 20 01 150 (20)
TB172 4B4 2-0 01 150 (21)
TB102 4B4 20 01 150 (22)
TB122 4B4 20 0-2 135 (23)
TE994 5B15 4-0 10 200 (24)
TE384 5B15 40 1-0 200 (25)
TE244 5B15 40 10 200 (26)
TE094 5B15 40 1-0 200 (27)

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.
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COMBINATIONS—continued

Screen
Volts

Amp.
Factor

Slope 
(mA/V)

Bias
Volts

Bias 
Res. 

(Ohms)

Anode
Current 

(mA)
Output 
(mW)

(108) _ 30 1-4 -1-5 — 10
(109) —• 16 1-0 -4-5 — 2-5 —
(110) — 40 - 3-6 -5 0 — 4-0 —
(111) 250 — 100 — 150 36-0 3,600
(112) 125 -- . 1-8 — — — •—
(113) — 30 2-5 -5-5 1,000 5 0 —' ■
(114) —• — 20 -6-25 — 50 ...........

(115) 300 '■ ' 1 1-8 -2-0 —— 20 —
(116) 250 — 100 -60 150 360 3,600
(117) — 40-0 3-6 -50 1.000 40 —
(118) 200 8-5 — 170 450 3,200

(119) 250 " 1 100 -60 — 20 —

PURPOSE TRIODES

Amp.
Factor

impedance 
(Ohms)

Slope 
(mA/V)

Bias
Volts

Anode 
Current 

(mA)

Bias 
Res. 

(Ohms)

(1) 6 25,000 04 -30 08 _
(2) 50 9,000 5-5 -20 8-0 400
(3) 40 10,000 40 -30 5-0 800
(4) 20 10,000 20 -8 80 1,000
(5) 20 7,700 2-6 -8 90 900
(6) 40 50,000 0-8 -1-5 0-45
(7) 24 22,000 1-1 -1-5 20 ..........

(8) 24 15,000 1-5 -1-5 2-25
(9) 15 13,000 1’15 -1-5 4-5 —

(10) 14 10,000 1-4 -3 0 4-5 —
(ID 50 19,500 2-6 -10 2-5 —
(12) 72 18,000 4-0 -1-5 1-5 ■ ■

(13) 41 14,500 2-8 -2-0 2-5
(14) 52 11,500 4-5 -3 0 40
(15) 15 7,900 1-9 -4-5 7-5 —
(16) 58 13,000 4-5 -1-5 3-8 —
(17) 44 15,000 30 -30 4-0
(18) 104 40,000 2-6 -1-0 3-4 —
(19) — — — -— — —
(20) 28 22,000 1-3 -2-0 20 —
(21) 17 12,000 1-4 -3-0 4-5 —-
(22) 10 8,000 1-25 -6-0 50 —
(23) 12 6,000 2-0 -60 5-0 —
(24) 100 25,000 40 -1-6 1-0 —
(25) 38 25,000 1-5 -2-5 1-5 —
(26) 24 10,000 2-4 -3-5 60 1
(27) 9 7,000 1-3 -160 12-0 —

[Continued on next page
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TABLE XXXI: GENERAL-

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.

Make Type Base Fil.
Volts

Fil.
Amps

Anode
Volts

DARIO—cont. TCI 13 7B18 130 0-2 200 (28)
TB9920 5B15 200 018 200 (29)

EVER READY K30K 4B4 20 01 135 (30)
K30D 4B4 20 01 150 (31)
K.30E 4B4 20 01 135 (32)
A30B 5B15 40 0-65 200 (33)
A30D 5B15 40 0-65 250 (34)
C30B 7B18 130 0-2 200 (35)

FERRANTI .. D4 5B15 40 10 200 (36)
DA 7B18 130 0-2 200 (37)
DS 5B15 130 0-3 200 (38)

HIV AC.. XHF5V 4D1 1-5 008 50 (39)
XD1-5V 4D1 1-5 008 50 (40)
XH20V 4D1 20 008 50 (41)
XD2 0V 4D1 20 008 50 (42)
H210 4B4 20 01 150 (43)
D210 4B4 20 01 150 (44)
D210SW 4B11 20 01 150 (45)
L210 4B4 20 01 150 (46)
AC/HL 5B15 40 10 200 (47)
FILI 3 7B18 13-0 0-3 200 (48)

LISSEN H2 4B4 20 01 150 (49)
HL2 4B4 20 01 150 (50)
L2 4B4 20 01 150 (51)
AC/HL 5B15 4-0 10 200 (52)

MARCONI .. H2 4B4 20 01 150 (53)
HL21 4B4 20 01 150 (54)
HL2 4B4 20 01 150 (55)
HL2/K 4B4 2’0 0 1 150 (56)
HL210 4B4 2-0 01 150 (57)
L21 4B4 20 01 150 (58)
L210 4B4 20 01 150 (59)
H42 7B18 4-0 0-6 250 (60)
MH41 5B15 4 0 10 200 (61)
MH4 5B15 40 10 200 (62)
MHL4 5B15 40 10 250 (63)
H63 039 63 0-3 250 (64)
L63 034 6-3 0-3 250 (65)
H30 7B18 13-0 0-3 250 (66)
L30 7B17 130 0-3 200 (67)
DH 5B15 160 025 200 (68)
ET1 4B1 10 01 4-10 (69)
Hll 4DS1 10 01 100 (70)
Lil 4D51 10 01 100 (71)H12 4D1 20 006 100 (72)
L12 4D1 20 006 100 (73)
A537 4DS 40 0-4 150 (74)
A577 5B14 40 10 250 (75)
MH40 5B15 40 10 200 (76)
HAI Acorn 40 0-25 180 (77)
HA2 Acorn 6-3 015 180 (78)
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PURPOSE TRIODES—continued

Amp. 
Factor

Impedance 
(Ohms)

Slope 
(iiiA/V)

Bias
Volts

Anode 
Current 

(mA)

Bias 
Res. 

(Ohms)

(28) - _ IB. 3-3 -3-7 5-0
(29) 100 — 3 0 — — ■ 1 . ■

(30) 30 21,500 1-4 -1-5 2-2 —
(31) 18 12,000 1-5 -4-5 4-0 —
(32) 18 12,000 1-5 -4-5 20
(33) 72 20.600 3-5 -2-0 2-2 —
(34) 40 11,500 3-5 -4-5 6-5 ■ ■ w

(35) 40 12,000 3-3 • -3-7 5-0 ... ■ •

(36) 40 12,500 3-3 -3-0 4-0 650
(37) 40 12,500 3-3 -3-0 3-7 650
(38) 40 12,500 3-3 -3-0 4-0 650
(39) 25 50,000 0-5 0 0-45 . ..
(40) 20 50,000 0-4 0 0-45 ——
(41) 28 50,000 0-56 0 0-45 —
(42) 21 38,000 0 56 0 0-65 —
(43) 25 22,000 115 -3 1-1
(44) 16 12,000 1-35 -4-5 2-4 ——
(45) 16 12,000 135 —4*5 24 .——
(46) 12 7,500 1-6 -6-0 4-2 ■ 1 ""
(47) 35 10,000 3-5 -2-75 60 460
(48) 35 10,000 3-5 -2-75 60 460
(49) 50 45,000 11 — —— ■ - '
(50) 35 22,000 1-6 — --- _
(51) 20 10,000 20 — — —
(52) 40 10,000 40 — -— -- 1
(53) 35 35,000 11 -1-5 1-5 —
(54) 27 18,000 1-5 -15 2-0 —™
(55) 27 18,000 1-5 -1-5 2-0 —
(56) 27 18,000 1-5 -1-5 20 -U -

(57) 24 20,000 1-2 -3 1-2
(58) 16 8,900 1-8 -60 2-2 —
(59) 11 12,000 0-9 -7-5 2-5
(60) 100 66,000 1-5 -2 10 —
(61) 80 13,000 60 -20 * — 400
(62) 40 11,100 3-6 -30 — 700
(63) 20 8,000 2-5 -9 5-5 850
(64) 100 66,000 1-5 -2-0 1-0 2,000
(65) 20 7,700 2-6 -9 7-5 —-—
(66) 80 13,300 60 -2-5 30 « ■ 1»
(67) 12 2,860 4-2 -10 20 ... ,
(68) 40 10,800 3-7 — --- ■
(69) ' - ■ — 008 — —.—
(70) 15 30,000 0 5 0 _ —.—
(71) 4-4 7,700 0-57 0 ——

(72) 26 108,000 0-24 0 -— ——
(73) 4-8 6,000 0-8 — 2-5 ——
(74) 15-5 10,000 1-55 — ■ * 1 w —
(75) 6 3,000 2-0 — — —
(76) 45 18,000 2-5 .. . —■ —MW

(77) 25 12,500 2-0 -5 0 4-5 —
m 25 12,500 2-0 -5-0 4-5 —

[Continued on next page
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TABLE XXXI: GENERAL-

.Note.—The figures in parentheses are for q nick reference and to facilitate reading across the pages.

Make Type Base Fil.
Volts

Fil.
Amps

Anode
Volts

MAZDA H2 4B4 20 0-1 150 (79)
HL2 4B4 20 0-1 150 (80)
L2 4B4 20 01 150 (81)
AC/HL 5B15 40 1-0 200 (82)
AC2/HL 5B15 4-0 10 200 (83)
HL41 0M19 4-0 0-65 250 (84)
P41 OMI 9 40 0-95 250 (85)
AC/P4 5B13 40 1-0 700 (86)
HL1320 7B18 130 0-2 250 (87)
HL133 0M20 130 * 0-2 250 (88)
DC3HL 5B15 25-0 01 200 (89)

MULLARD .. DC51 4D1 1-5 0067 45 (90)
DAI 4D1 20 005 40 (91)
PM1A 4B4 20 01 150 (92)
PM1HF 4B4 20 0-1 150 (93)
PM1HL 4B4 2-0 01 135 (94)
PM2HL 4B4 20 0-1 135 (95)
PM ILF 4B4 20 01 150 (96)
PM2DX 4B4 20 01 135 (97)
PM2DL 4B4 20 0-1 135 (98)
AT4 Acorn 40 0-25 200 (99)
994V 5B15 4-0 0-65 200 (100)
904V 5B15 40 0 65 200 (101)
484V 5B15 40 1-0 200 (102)
354V 5B15 4-0 0-65 250 (103)
244V 5B15 4-0 0-65 200 (104)
154V 5B15 4-0 0-65 200 (105)
4761 Acorn 6-3 0-15 180 (166)
HL13 8S20 13 0 0-2 200 (107)
HL13C 7B18 130 0-2 200 (108)

OSRAM H2 4B4 2-0 01 150 (109)
HL2 4B4 2-0 0-1 150 (HO)
HL2/K 4B4 2-0 0-1 150 (111)
HL210 4B4 2-0 0-1 150 (112)
H210 4B4 2-0 0-1 150 (113)
L21 4B4 2-0 0-1 150 (114)
H42 5B15 4-0 0-6 250 (115)
MH41 5B15 4-0 1-0 250 (116)
MH4 5B15 4-0 0-1 250 (117)
MHL4 5B15 4-0 1-0 250 (118)
H63 039 6-3 0-3 250 (119)
L63 039 6-3 0-3 250 (120)
H30 5B15 13 0 0-3 250 (121)
DH 5B15 16-0 0-25 200 (122)
H12 4D1 2-0 0-06 100 (123)
A577 5B14 4-0 10 250 (124)
MH40 5B15 4-0 1-0 200 (125)
HAI Acorn 4-0 0-25 180 (126)
HA2 Acorn 6-3 015 180 (127)
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PURPOSE TRIODES—conti nued

Amp. 
Factor

Impedance 
(Ohms)

Slope 
(mA/V)

Bias 
Volts

Anode 
Current 

(mA)

Bias
Res.

(Ohms)

(79) 50 45,000 11 0 2-5
(80) 32 21,000 1-5 -1-5 2-7 —
(81) 19 10,000 1-9 -3 0 5-3 _
(82) 35 11,700 30 -3-5 50 700
(83) 75 11,500 6-5 -1-75 4-5 390
(84) 36 10,300 3-5 -31 2-2 1,400
(85) 17 8 0 -10 30-0 _ _
(86) 20 2,800 70 -35 50 —
(87) 30 10,000 30 -4-5 7-5 600
(88) 36 10,600 3-4 -1-95 1-3 1,500
(89) 35 11,700 3 0 -3-5 50 700

(90) 25 66,000 0-38 0 0-34
(91) 32 80,000 0-4 0-25 0-25 —
(92) 50 41.600 1-2 -10 10 —
(93) 18 22,500 0-8 -3 -4-5 1-5 —
(94) 28 23,400 1-2 -1-5 2-3 ——
(95) 30 21,500 1-4 -1-5 2-2 : --- i
(96) 11 12,000 0-9 -7-5 40 ... .
(97) 18 18,000 10 —4*5 20 _
(98) 18 12,000 1-5 -4-5 20 - —
(99) 25 12,500 2-0 -60 4-5 —

(100) 135 35,000 3-6 -1-5 1-35 1,000
(101) 72 20,600 3-5 -20 2-2 900
(102) 48 21,800 2-2 -3 0 2-8 1,000
(103) 40 11,500 3-5 —4’5 6-5 700
(104) 25 9,000 2-8 -5-5 5-5 1,000
(105) 15 7,500 20 -7-5 90 800
(106) 25 12,500 20 -5 0 4-5 —
(107) 40 12,000 3-3 -3-7 50 740
(108) 40 12,000 3-3 -3-7 50 740

(109) 35 35,000 1-0 -1-5 1-5 ■■I,—
(110) 27 18,000 1-5 -1-5 2-0 1
(111) 27 18,000 1-5 -1-5 20 —
(112) 24 20,000 1-2 -— — * " III ■

(113) 35 50,000 0-7 — < m —
(114) 16 8,900 1-8 -60 2-2
(115) 100 66,000 1-7 -20 10 2,000
(116) 80 13,300 60 -2-5 3-6 700
(117) 40 11,000 3-6 -40 50 750
(118) 20 8,000 2-5 -80 8-0 1,000
(119) 100 66,000 1-5 -2-0 10 2,000
(120) 20 7,700 26 —
(121) 80 13,300 60 — — —
(122) 40 10,800 3-7 .. 1 — 11»» ""

(123) 26 21,600 1-2 — — —
(124) 60 3,000 20 — * 1 ..... —
(125) 45 18,750 2-4 — " II
(126) 20 11,700 1-7 -6-5 4-5 .' 1 ■
(127) 25 12,500 20 —— — —

(Continued on next page
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TABLE XXXI: GENERAL-

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.

Make Type Base Fil.
Volts

Fil.
Amps

Anode
Volts

1
RECORD H2 4B4 20 01 200 (128)

L2 4B4 20 012 150 (129)
DL2 4B4 2-0 01 150 (130)
AC/NHL 5B15 4 0 0-65 250 (131)
NHL/13 7B18 130 0-2 200 (132)

■ NHL/13L 8S20 130 0-2 200 (133)
TRIOTRON HD2 4B4 2-0 008 200 (134)

TD2 4B4 2-0 01 150 (135)
A214 4B4 2-0 0 1 150 (136)
W213 4B4 2-0 01 150 (137)
A440N 5B15 40 10 200 (138)
A2040N 5B15 20 0 018 200 (139)

TUNGSRAM HR2 4B4 2-0 006 135 (140)
HR210 4B4 2-0 01 200 (141)
HL2 4B4 20 0 13 135 (142)

. LD210 4B4 20 01 150 (143)
LL2 4B4 2-0 0-2 135 (144)
HL4+ 5B15 40 0-65 250 (145)
HL4g 7B18 4-0 0-65 250 (146)
LL4C 5B13 40 1-2 350 (147)
HL13 7B18 130 0-2 200 (148)

TABLE XXXII: POWER

Make Type Base Fil.
Volts

Fil.
Amps

Anode
Volts

BRIMAR .. I’Al 5B15 40 11 200 (1)
COSSOR .. 215P 4B4 20 015 150 (2)

220P 4B4 20 0-2 150 (3)
220PA 4B4 20 0-2 150 (4)
23OXP 4B4 20 0-3 150 (5)
2 P 4B4 2-0 20 250 (6)
2XP 4B4 20 20 300 (7)
41MP 5B15 40 10 200 (8)
41MXP SB15 40 F0 200 (9)
4XP 4B4 40 1-0 250 (10)
I9P 7B18 16-0 0-25 200 (H)
402P 7B18 400 0-2 200 (12)

DARIO TB052 4B4 2-0 015 150 (13)
TB062 4B4 20 0-33 150 (14)
TBO32 4B4 2 0 0-2 150 (15)
1"Fl 04 4B4 40 20 550 (16)
TF364 4B4 40 20 400 (17)
TD044 4B4 40 0-65 250 (18)
TD4 4B4 4 0 10 300 (19)

EVER K30G 4B4 2 0 0-2 135 (20)
READY S 4B4 40 10 300 ¡21)

;
S30D 4B4 20 20 300
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PURPOSE TRIODES—continued

Amp. 
Factor

Impedance 
(Ohms)

Slope 
(rnA/V)

Bias
Volts

Anode 
Current 
(mA)

Bias 
Res. 

(Ohms)

(128) 30 23,000 1-3 -3 0 10 _
(129) 17 15,000 1-2 -50 3-2 —
(130) 18 14,000 1-3 —4'5 30 —
(131) 33 11,000 3-5 -4-5 50 1,000
(132) 30 12,000 3-5 40 60 1,000
(133) 30 12,000 3-5 -40 60 1,000
(134) 15 15,000 10 -50 5 0 ■ —

(135) 10 8,000 1-25 -60 5 0 —
(136) 17 12,000 1-4 -4-5 40 ——
(137) 28 22,000 1-3 -2-5 10 —
(138) 100 25,000 4-0 -1-6 10 —
(139) 100 25,000 40 -1-5 0-2
(140) 25 40,000 0-6 -1-5 1-2 —
(141) 30 23,000 13 -30 10 —
(142) 30 21,000 1-5 -1-5 2-2 —
(143) 18 14,000 1-3 -4-5 3 0 —
(144) 30 11,500 2-6 -2-5 3 0 ——
(145) 33 11,000 3-5 -4-5 50 1,000
(146) 33 11,000 3-5 -4-5 50 1,000
(147) 10 * 3-5 — ——
(148) 30 12,000 3-5 -5-5 60 1,000

OUTPUT TRIODES

Impedance Slope 
(mA/V)

Bias
Volts

Anode 
Current 

(mA)

Bias 
Res. 

(Ohms)
Output 
(mW)

Optimum 
Load 

(Ohms)

(1) 1,050 120 -9-0 500 260 1,250 4,000
(2) 4,000 2-25 -7-5 100 1 ' 150 9,000
(3) 4,000 2-25 -7-5 11-0 — 190 9,000
(4) 4,000 40 -4-5 10-0 180 9,000
(5) 1,500 30 -180 22-0 — 450 3,500
(6) . 1,150 70 -22-0 400 — 3,000
(7) 900 70 -360 500 — 4,000
(8) 2,500 7-5 -7-5 240 320 1,250 3,000
(9) 1,500 7-5 -12-5 400 300 2,000 2,000

(10) 900 7-0 -28-5 48-0 600 3,000 3,000
(11) 2,800 6 0 -7-5 250 300 — 3,500
(12) 1,330 7-5 -9-5 300 320 2,500
(13) 4,200 1-2 -18-0 7-0 — 150 11,000
(14) 3,000 2-0 -10-5 130 — 1,550 6,000
(15) 2,000 1-5 -300 120 r— 500 6,000
(16) 2,500 4-0 -360 45 0 — — —-
(17) 3,000 3-8 -92-0 63 0 — —- . —
(18) 1,300 2-7 -400 400 — — <—■* -
(19) 1,200 5-0 -380 48-0 — — - — '

(20) 6,000 20 -60 5-0 — 150 7,000
(21) 1,200 5-0 -38-0 500 600 3,500 2,300
(22) 1,200 5-0 -380 500 600 3,500 2,300

-------- 1.
[Continued on next page
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TABLE XXXII: POWER

Note.—TA« figures in parentheses are for quick reference and to facilitate reading across the pages.

Make Type Base Fil. 
Volts

Fil.
Amps

Anode
Volts

-
FERRANTI L2 4B4 2-0 01 150 (23)

LP4 4B4 40 10 250 (24)
HIVAC XL1-5V 4D1 1-5 008 50 (25)

XLO1-5V 4D1 1-5 008 50 (26)
XPT5V 4D1 1-5 008 50 (27)
XL2 0V 4D1 20 008 50 (28)
XLO20V 4D1 20 008 50 (29)
XP20V 4D1 20 008 50 (30)
P215 4B4 20 015 150 (31)
P22O 4B4 20 0-2 150 (32)
PP22O 4B4 20 0-2 150 (33)
PX23O 4B4 20 0-3 150 (34)
PX23OSW 4B11 20 0-3 150 (35)
AC/L 5B15 ‘ 40 10 200 (36)
PX41 4B4 40 10 250 (37)
PX5 4B4 40 20 400 (38)

LISSEN .. LP2 4B4 2 0 0-2 150 (39)
P220 4B4 20 02 150 (40)
PX240 4B4 20 0-4. 200 (41)

MARCONI .. LP2 4B4 20 0-2 150 (42)
P215 4B4 20 015 150 (43)
P2 4B4 20 0-2 150 (44)
ML4 5B15 40 10 200 (45)
PX4 4B4 40 10 300 (46)
PX25 4B4 40 20 400 (47)
PX25A 4B4 40 20 400 (48)
DA30 4B4 40 20 500 (49)
DA 60 4L1 60 40 500 (50)
DA 100 4L1 60 2-7 1,000 (51)
DA250 4M1 100 20 2,500 (52)
DA41 4UX1 7-5 2-5 1,000 (53)
DL 5B15 160 0-25 200 (54)

MAZDA .. P220 4B4 20 0-2 150 (55)
P220A 4B4 20 0-2 150 (56)
PA2O 4B4 20 20 300 (57)
AC/P 5B15 40 10 200 (58)
AC/P1 5B15 4-0 10 200 (59)
PP5/400
PP3/25O

4B4 40 20 400 (60)

Per pair in\ 
push-pull j

4B4 40 10 300 (61)
PA40 4B4 4 0 20 400 (62)
PP3521 7B17 350 0-2 250 (63)
DC2/P 5B15 35-0 01 200 (64)

MULLARD DD51 4D1 1-5 0-67 45 (65)
DA2 4D1 20 005 40 (66)
DA3 4D1 20 005 40 (67)
PM2A 4B4 20 0-2 135 (68)
PM2 4B4 20 0-2 150 (69)
PM252 4B4 20 0-2 150 (70)
PM202 4B4 20 0-2 150 (71)
164V 5B15 40 0-65 200 (72)
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OUTPUT TRIODES—continued

Impedance Slope 
(mA/V)

Bias
Volts

Anode 
Current 

(mA)

Bias
Res.

(Ohms)
Output 
(mW)

Optimum 
Load 

(Ohms)

(23) 6,800 1-6 — 5-6 —— —
c

(24) 980 5-5 -35-0 480 730 2,800 2,500
(25) 20,000 0-6 -1-0 0-7 — — —
(26) 20,000 0-65 -1-0 0-9 — — —
(27) 7,250 0-72 -4-5 1-75 — — ■■ ’

(28) 12,500 •0'84 -1-0 1-0 — — —
(29) 12,500 0-92 -bl bl — —
(30) 6,000 10 -3-0 20 — —— —
(31) 3,600 2-2 -12 80 — 150 10,000
(32) 4,700 3 0 -7-5 60 — 175 9,000
(33) 2,300 30 -120 12-5 — 250 5,000
(34) 1,850 3-5 -15-0 17-5 — 450 4,000
(35) 1,850 3-5 -15-0 17-5 — 450 4,000
(36) 2,350 4-25 -13-5 17-0 760 675 6,300
(37) 830 60 -400 480 830 2,500 3,500
(38) 1,480 6-5 -340 62-5 530 5,750 3,000
(39) 3,500 3-5 — — — 200 —
(40) 4,000 1-75 — ..■- — 100 —
(41) 1,500 30 — — • 1 800 —
(42) 3,900 3-85 -60 7-0 — —. 9,700
(43) 5,000 1-4 -12 0 8-5 — — 12,000
(44) 2,150 3-5 -12-0 14-0 — 200 6,000
(45) 2,860 4-2 -8-0 25 400 — 6,000
(46) 830 60 -50-0 500 1,000 4,500 3,500
(47) 1,265 7-5 -30-0 6-25 530 5,500 4,000
(48) 580 6-9 -1030 62-5 1,630 8,400 4,500
(49) 910 3-85 -1340 600 — — —
(50) 835 30 -1350 120-0 1,100 — 2,800
(51) 1,410 3-9 -1500 100-0 — — —
(52) 2,300 7-0 -1300 800 — — —
(53) >17,500 3-6 0 — — —
(54) 2,660 4-5 — — — — —
(55) 3,700 3-4 -7-0 5-5 180 10,000
(56) 1,850 3-5 -140 15-0 — 350 4,100
(57) 1,000 6-5 -290 42-0 690 2,650 2,750
(58) 2,650 3-75 -13-5 17-0 750 650 6.000
(59) 1,450 ‘ 3-7 -280 240 1,200 1,000 5,000
(60) 1,500 6-0 -32-0 62-5 510 5,900 2,700
(61) 1,000 6-5 -30-0 42-0 715 2,650 2,750
(62) 425 4-5 -85-0 2100 400 33,500 3,700
(63) 600 10-0 -25-0 70 0 360 2,300 2,000
(64) 2,650 3-75 -13-5 170 800 650 6,000
(65) 10,000 0-5 -3 0 1-7 — —
(66) 13,600 0-5 -2-15 1-25 — —
(67) 7,600 0-62 -2-8 1-8 — ■■

(68) 6,000 20 -6-0 5-0 — 150 7,000
(69) 4,400 1-7 -12-0 6-6 — — 9,000
(70) 2,000 3-5 -12-0 140 — — 3,700
(71) 2,000 3-5 -12-0 14-0 — — 3,700
(72) 3,640 4-5 -8-5 130 — ■--

[Continued on next page
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TABLE XXXII: POWER

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.

Make Type Base Fil.
Volts

Fil.
Amps

Anode
Volts

MULLARD— 104 V 5B15 4 0 10 250 (73)
continued TT4 5B15 40 1-0 250 (74)

TT4A 5B15 4-0 10 250 (75)
AC 104 4B4 40 10 200 (76)
AC064 4B4 40 10 200 (77)
AC044 4B4 4-0 10 300 (78)
AC042 4B4 20 20 300 (79)
D024 4B4 40 1-85 400 (80)
D026 4B4 40 20 400 (81)
D030 4B4 40 1-85 500 (82)
D010 4B4 60 0-85 400 (83)
DO25 4B4 60 1-1 400 (84)
D020 4B4 7-5 11 425 (85)
EC31 034 6-3 0-65 250 (86)

OSRAM .. LI 2 4D1 20 006 100 (87)
LP2 4B4 20 0-2 150 (88)
P215 4B4 20 0-15 150 (89)
P2 4B4 2-0 0-2 150 (90)
ML4 5B15 4-0 10 250 (91)
PX4 4B4 4-0 10 300 (92)
PX25 4B4 40 2-0 400 (93)
PX25A 4B4 40 20 400 (94)
DA30 4B4 40 20 500 (95)
DET 5 4B4 40 20 600 (96)
DA60 4LI 60 4'0 500 (97)
DAI 00 4L1 60 2-7 1,000 (98)

Double DET 19 7UX10 6-3 0-8 300 (99)
DA41 4UX3 7-5 2-5 1,000 (100)
DET 12 4B4 7-5 3-2 1,250 (101)
DET14 4UX3 7-5 30 1,500 (102)
DA250 4M1 100 20 2,500 (103)
DL 5B15 16-0 0-25 200 (104)

TRIOTRON ZD2 4B4 2-0 015 150 (105)
UD2 4B4 2-0 033 150 (106)
E235 4B4 20 0-2 150 (107)
E430N 5B15 4-0 10 200 (108)
K480 4B4 4-0 2-0 550 (109)
K435/1O 4B4 4-0 0-65 250 (HO)
T1325 7B49 130 0-2 200 (111)

TUNGSRAM LP220 4B4 20 0-2 150 (112)
P215 4B4 20 015 150 (113)
SP220 4B4 20 0-2 150 (114)
LL4 5B15 40 1-2 350 (115)
P12'250 4B4 40 10 250 (116)
Pl 5/250 4B4 4-0 10 250 (117)
015/400 4B4 40 10 400 (118)
P26/500 4B4 4-0 20 500 (119)
P27/500 4B4 40 2-0 500 (120)
P25/500 4B4 60 11 500 (121)
P60/500 4L1 60 4-0 600 (122)
P25/450 4B4/4UX3 7-5 1-25 450 (123)
PX2100 4B4 7-5 1-25 425 (124)
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OUTPUT TRIODES— continued

h^ped an co Slope 
(mA/V)

Bias 
Volts

Anode 
Current 
(mA)

Bias 
Res. 

(Ohms)
Output 
(mW)

Optimum 
Load 

(Ohms)

(73) 3,300 3-2 -160 200 —— 500 10,000
(74) 3,300 3-2 -16-0 20-0 — 500 10,000
(75) 4,400 4-1 -9 0 20-0 — 400 5,000
(76) 2,850 3-5 -14-0 11-0 1,500 400 6,000
(77) 2,000 30 -21-0 200 1,000 620 5,000
(78) 1,200 50 -38-0 50-0 — 3,500 2,300
(79) 1,200 50 -38-0 500 3,500 2,300
(80) 1,070 7-5 -40-0 63-0 7,100 3,200
(81) 950 3-8 -92-0 63-0 1,500 7,500 3,000
(82) 890 3-5 - 1400 60-0 — —
(83) 2,850 0-85 -130-0 25-0 5,500 2,500 6,000
(84) 800 3-75 -112-0 63-0 1,780 7,000 4.000
(85) 2,000 2-5 -660 40-0 1,650 5,000 5,000
(86) 3,300 3-2 -16-0 200 — 500 10,000 |
(87) 6,000 0-8 -4-5 1-9 — 1-2 —
(88) 4,170 3-6 -60 5-6 — 100 —
(89) 5.000 1-4 — — — —
(90) 2,150 3-5 -12-0 14-0 — 200
(91) 2.860 4-2 -160 140 1,000 — 7,000
(92) 830 60 -42-0 500 900 3,500 4,000
(93) 1,265 7-5 -310 62-5 530 5,500 3,200
(94) 580 6-9 -103-0 62-5 1,630 8,400 4,500
(95) 580 69 -134-0 60-0 — 11,000 6,000
(96) 1,265 70 -- - — — 35,000 —
(97) 835 3 0 -1350 120-0 J. 100 2,800
(98) 1,410 3-9 -150-0 100-0 — 30,000 6,800
(99) 3,340 21 — — — 16,000 —

(100) 17,500 3-6 — — — — —
(101) — — — — — 70,000 —
(102) — — — 80,000 —
(103) 2,290 70 -1300 80-0 — 800,000 12,000
(104) 2,660 4-5 — — — —
(105) 4,200 1-2 -180 7-0 — — —
(106) 2,000 20 -150 12-0 — — —
(107) 3,000 30 -7-5 13-0 — —
(108) 7,000 1-3 -16 0 12-0 —
(109) 2,500 40 -360 45-0 — —

1
(HO) 1,300 2-7 -400 400 — —
(111) -■ 3-3 -3-7 5-0 — —
(112) 3,500 3-5 -60 5-0 — 200 7,500
(113) 3,300 1-5 -12-0 8-0 — 260 7,000
(114) 2,200 3-0 -18-0 14-0 — 360 6,700
(115) 3-5 — 240 — — —
(116) 850 60 -33-0 48-0 700 2,800 2,400
(117) 660 60 -440 600 750 3,500 2,500
(118) 1,800 5 0 -380 300 1,000 3,700 7,000
(119) 670 4-7 -100-0 62-5 1,600 6,500 5,000
(120) 1,100 80 -320 62-5 500 5,000 4,000
(121) 1,000 30 -112-0 62-5 1,950 4,000 7,000
(122) 1,000 3-5 -125-0 1160 1,080 15,000 3,000
(123) 2,000 2 0 -82-0 55-0 1,500 5,100 5,000
(124) 5,000 1-6 -39-0 18-0 2,000 1,600 10,200
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TABLE XXXIII: OUTPUT PENTODES

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.

Make Type Base Fil.
Volts

Fil.
Amps

Anode 
Volts

BRIMAR .. 6F6G ___ 6-3 0-7 250 (1)
6V6G »■ 1 --'1 6-3 0-45 250 (2)
25A6G — 250 03 180 (3)
PENB1 5B4 20 0-2 150 (4)
7A2 5B18/7B31 40 1-2 250 (5)
7A3 7B31 40 20 250 (6)
PENAI 5B4 40 10 250 (7)
7D5 7B31 130 0-315 250 (8)
7D8 7B31 130 0-65 250 (9)
7D3 7B31 400 0-2 180 (10)
7D6 7B31 400 0-2 250 (H)

COSSOR .. 21 OPT 4B6/5B4 20 0-2 150 (12)
220HPT 4B6/5B4 20 0-2 150 (13)

(Tetrode) 220 0T 5B3 20 0-2 150 (14)
230PT 4B6/5B4 20 0-3 150 (15)
PT41 5B4 40 10 250 (16)
PT41B 5B4 40 10 400 (17)
MP Pen 5B18/7B27 40 1-0 250 (18)
42MP Pen 7B27 4-0 2-0 250 (19)
41 MPT 7B23 40 10 250 (20)
42MPT 7B23 40 2-0 250 (21)
41 MTS 7B43 40 1-0 250 (22)
PT10 7B27 40 2-0 250 (23)

(Tetrode) 42 0T 7B20 40 20 250 (24)
DP/Pen 7B27 160 0-25 250 (25)

(Tetrode) 402 0T 7B21 400 0-2 250 (26)
40PPA 7B27 400 0-2 150 (27)
402 Pen 7B29 400 0-2 250 (28)
402 Pen/A 7B29 400 0-2 150 (29)

DARIO TC432 4B6/5B4 20 0-2 150 (30)
TC434 5B4 40 0-25 300 (31)
TE534 7B27 40 14 250 (32)
TE434 5B4 40 14 250 (33)
TE634 5B18/7B27 40 1-35 250 (34)
TL44 7B27 40 1-75 250 (35)
TL54 7B27 40 2-0 250 (36)
TL413 7B27 330 0-2 200 (37)
TB4320 8S22 240 0-2 200 (38)
TBL226 5B4 240 0-18 200 (39)

EKCO OP41 7B27 40 1-8 300 (40)
0P42 7B27 40 F8 250 (41)

EVER K70B 5B4 20 0-15 135 (42)
READY K70D 5B4 20 0-3 135 (43)

A70B 7B27 40 1-35 250 (44)
A70D 7B27 40 1-95 250 (45)
A70E 7B27 40 2-1 250 (46)
EL32 030 6-3 0-2 250 (47)
EL3/33 8S23/O48 6-3 0-9 250 (48)
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AND TETRODES

Screen
Volts

Slope 
(mA/V)

Bias
Volts

Bias 
Res. 

(Ohms)

Anode and 
Screen 
Current 

(mA)

Output 
(mW)

Optimum 
Load 

(Ohms)

(1) 250 2-35 -16-5 410 40-5 3,000 7,000
(2) 250 410 -12-5 240 49-5 4,250 5,000
(3) 135 2-5 -20 440 45 2,750 5,000
(4) 150 2-5 -4-5 — 9-6 — 18,000
(5) 250 3-2 -17-5 330 38-5 3,500 8,000
(6) 250 100 -6 150 38-0 3,750 8,500
(7) 250 3-6 -16 5 450 38-5 2,700 8,000
(8) 250 2-35 -16-5 410 40-5 3,000 7,000
(9) 250 100 -6 150 38-0 3,750 8,500

(10) 135 2-5 -20 440 45-0 2,750 5,000
(H) 250 100 -6 150 38-0 3,750 8,500

(12) 150 2-5 -7-5 -- - — 8,000
(13) 150 2-5 -3 0 - — — 20,000
(14) 150 2-5 -4-5 -— — — 20,000
(15) 150 2-0 -15-0 — 23-0 — 10,000
(16) 200 3-0 -12-5 350 360 — 8,000
(17) 300 2-25 -330 — — — 8,000
(18) 250 3-5 -16-0 450 360 10,000
(19) 250 7-0 -5-5 140 38-0 — 8,000
(20) 200 4-8 ----- — — — — —
(21) 250 70 — — — — —
(22) 100 1-6 — — — — —
(23) 250 90 -7-5 — — 1 • ■ 5,000
(24) 250 70 -5-5 130 — — 6,500
(25) 250 3-5 -100 300 — 10,000
(26) 250 70 -6-6 — — — 5,500
(27) 150 40 -25-0 600 42-0 ‘.— I— 4,000
(28) 250 70 -6-7 140 ——- —— 5,500
(29) 150 80 -9-0 —— — — 2,500

(30) 150 2-4 -4-5 — — —
(31) 200 1-7 -25-0 — — — —
(32) 250 2-5 -15-0 — -... ■ — —
(33) 250 2-8 -14-0 — — —
(34) 250 2-7 -220 — — — —
(35) 250 9-5 — — — —
(36) 275 8-5 —. — — — —
(37) 200 80 -8-5 — — —— —
(38) ICO 3-1 -19 0 — — — —
(39) — ■ 80 -19-0 — — — —

(40) 250 9 0 -13 0 200 660 8,000 4.000
(41) 250 110 -6-0 145 36-5 3,800 8,000

(42) 135 2-2 -4-5 ■ III. 1 ---------r 340 19,000
(43) 135 30 -2-4 — — 300 24,000
(44) 250 2-8 -22-0 — 3,800 6,000
(45) 250 9-5 -5-8 — — 3,800 8,000
(46) 275 8-5 -14-0 — — 8,800 3,500
(47) 250 2-8 -180 — -- - 3,600 8,000
(48) 250 90 -6-0 —’ — 4,500 7,000

[Continued on next page
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TABLE XXXIII: OUTPUT PENTODES

Make Type Base FH.
Volts

Fsl.
Amps

Anode 
Volts

FERRANTI PT4 7.B27 40 2-0 250 (49)
PTA 7327 130 0-3 250 (50)
PTSA — 26-0 0-3 250 (51)
PTZ — 400 0-2 250 (52)

HIVAC XY1-5V 5D2 1-5 0-16 45 (53)
XY2-0V 5D2 2-0 0-16 50 (54)

(Tetrode) Y220 4312 2-0 0-2 150 (55)
Z220 4B12 20 0-2 150 (56)
AC/Y 5B18/7B27 40 1-0 250 (57)
AC/YY 7B27 40 20 250 (58)
AC/Z 7327 4-0 2-0 250 (59)
AC/Q 7B27 4-0 1-35 375 (60)
FY 4312 4-0 1-0 250 (61)
AC/QA 7B27 6-3 09 375 (62)
Y13 7B27 13 0 03 250 (63)

M Z26 7027 260 0-3 250 (64)
LISSEN PT225 4B6/5B4 20 0-2 150 (65)

PT240 4B6/5B4 2-0 0-4 200 (66)
PT2A 4B6/5B4 20 0-2 250 (67)
PT425 4B6/5B4 4-0 0-25 200 (68)
PT611 4B6 60 01 150 (69)
AC/PT 5B4/7B27 40 1-0 250 (70)

MARCONI .. N14 08 1-4 04 90 (71)
(Tetrode) KT2 5B4 20 0-2 150 (72)

PT2 5B4 2-0 0-2 150 (73)
KT21 4B4 20 0-3 150 (74)
KT24 4B4 20 0-2 150 (75)
MKT4 7B27 40 1-0 250 (76)
MPT4 7B27 4-0 1-0 250 (77)
MPT4K 7B27 4-0 1-0 250 (78)
KT41 7B27 40 2-0 250 (79)
N40 7B27 4-0 1-0 250 (80)
N41 7B27 4-0 2-0 250 (81)
KT42 7327 40 1-0 250 (82)
N42 7B27 4-0 1-0 250 (83)
N43 7B29 4-0 2-0 250 (84)
PT4 5B4 4-0 10 250 (85)
PT25 5B4 4-0 2-0 400 (86)
PT25H 534 4-0 2-0 400 (87)
PT16 5B4 4-0 1-0 300 (88)
KT61 048 6-3 0-95 250 (89)
KT63 048 6-3 0-7 250 (90)
KT66 048 6-3 1-27 400 (91)
N30 7B27 13 0 0-3 250 (92)
KT30 7B27 13 0 0-3 250 (93)
DPT 7B27/5B4 160 0-25 200 (94)
KT31 7B46 r i3-o

1 26-0
0-6 1
0-3 ■ 200 (95)

N31 7B46 * 13-0
I 26-3

0-6 Ì
0-3 J 200 (96)

KT32 048 26-0 0-3 135 (97)

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.
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AND TETRODES—continued

Screen 
Volts

Slope 
(mA/V)

Bias
Volts

Bias
Res.

(Ohms)

Anode and 
Screen 
Current 
(mA)

Output 
(mW)

Optimum 
Load 

(Ohms)

(49) 250 70 », — 1 ■
(50) 250 — — — 37*5 — —
(51) 250 — -8-9 — 37-5 ——
(52) 250 — — — 470 — —

(53) 45 10 -1-5 — 2*1 —
(54) 50 1-4 -2-0 — 2-15 —. ——*
(55) 150 2-5 -4’5 — 11’8 500 11,500
(56) 150 2-5 -60 — 20-1 1,000 7,500
(57) 250 3-5 -100 300 36-3 3,000 6,500
(58) 250 7-5 -10-0 140 78-0 5,000 3,000
(59) 250 80 -5*5 160 36-3 3,000 6,500
(60) 250 60 -22 370 59*5 11,500 4,000
(61) 250 5 0 -10 250 38-0 3,000 6,000
(62) 250 60 -22 370 59-5 11,500 4,000
(63) 250 40 -22 550 39-5 3,000 4,000
(64) 250 8 0 -11 250 440 3,000 4,000
(65) 150 1-6 —- — — 300 —
(66) 150 2-3 — — — 1,000 —
(67) 150 2-5 —« — — 1,100 —
(68) 150 2-3 — — — 1,000
(69) 150 1-4 — — — 300
(70) 250 40 — — — 2,500 —
(71) 90 1*55 -7-5 —. 90 250 8,000
(72) 150 2-5 -4-5 — 9-2 500 17,000
(73) 150 2-5 -4-5 9-2 500 17,000
(74) 150 5-3 -2-5 — 12-3 750 10,000
(75) 150 3-2 -2-8 12-1 640 10,000
(76) 225 30 -13 5 360 370 3,200 7,000
(77) 200 3-0 -10 5 250 37-5 — 8,000
(78) 200 3-0 -10 5 250 37-0 8,000
(79) 250 10-5 -4-4 90 48-5 4,300 6,000
(80) 225 2-9 — — — _ ■
(81) 250 10*5 -4-4 90 48-5 4,300 6 000
(82) 250 2-5 -16-5 420 39 5 3,000 7,000
(83) 250 2-5 - 16-5 420 39-5 3.000 7,000
(84) 250 100 -4-5 — 500 5,400
(85) 250 2-85 -100 400 38-0 2,500 7,500
(86) 200 4-0 — — — - ——
(87) 400 6-5 -160 250 750 10,000 5,000
(88) 300 4-8 -15 270 630 — 5,000
(89) 250 10*5 -4-4 90 47-5 4,300 6,000
(90) 250 2-5 16-5 420 39-5 3,000 7,000
(91) 300 6-3 -15 170 920 7,250 2,200
(92) 250 3-9 -14-0 375 370 2,600 7,500
(93) 250 3-9 -14-0 375 370 2,600 7,500
(94) 200 30 — — — —

(95) 200 10-0 -4-5 95 54-0 3,000 6,500

(96) 180 100 —4*5 95 — 3,000 6,500
(97) 135 9-0 -7-6 95 80-0 3,500 1,300

[Continued on next page
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TABLE XXXIII: OUTPUT PENTODES

Make Type Base FiL
Volts

Fil.
Amps

Anode
Volts

MARCONI— KT33C 048 f 26-0
\ 13-0

0-3 1
0-6 200 (98)

continued
KT35 048 f 26 0

\ 13-0
0-3 1
0-6 J 200 (99)

KT44 7B23 40 2-0 400 (100)
MAZDA .. PEN141 0M4 1-4 0-1 90 (101)

PEN231 5B4 2-0 0-3 150 (102)
PEN220 5B4 2-0 0-2 150 (103)
PEN220A 5B4 2-0 0-2 150 (104)
PEN24 0M4 . 2-0 0-3 150 (105)
PEN25 0M4 20 0-15 150 (106)
AC/PEN 7B27 4-0 1-0 250 (107)
AC2/PEN 7B27 4-0 1-75 250 (108)
AC4/PEN 7B20 4-0 1-75 250 (109)
AC5/PEN 7B20 4-0 1-75 250 (HO)
AC6/PEN 7B47 4-0 1-75 330 (HD
PEN44 0M22 4-0 2-1 275 (112)
PEN45 0M22 40 1-75 250 (113)
PEN46 OM23 4-0 1-75 330 (114)
PEN 1340 7B27 130 0-4 250 (H5)
PEN352O 7B27 35-0 0-2 250 (H6)
DC2/PEN 7B27 35-0 0-1 250 (117)
PEN3820 7B2O 380 0-2 200 (118)
PEN 383 0M22 38-0 0-2 200 (119)

MULLARD DL1 8S8 1-4 005 90 (120)
DL2 8S8 1-4 0-1 90 (121)
DL51 4D3 1-5 0 134 45 (122)
PM22 4B6/5B4 2-0 02 150 (123)
PM22A 4B6/5B4 2-0 0 15 135 (124)
PM22C 5B4 20 0-3 150 (125)
PM22D 5B4 20 0-3 135 (126)
PEN4VA 5B18/7B27 4-0 1-35 250 (127)
PEN4VB 7B27 4-0 1-95 250 (128)
PENA4 7B27 4-0 1-95 250 (129)
PENB4 7B27 4-0 21 250 (130)
PEN428 7B27 4-0 2-1 375 (131)
PM24 4B6/5B4 4-0 0 15 150 (132)
PM24A 5B4 4-0 0-275 300 (133)
PM24M 5B4 4-0 1-1 250 (134)
PM24B 5B4 4-0 10 400 (135)
PM24C 5B4 4-0 1’0 400 (136)
PM24E 5B4 4-0 2-0 500 (137)
EL2/32 8S22/050 6-3 0-2 250 (138)
EL3/33 8S23/O48 6-3 0-9 250 (139)
EL35 048 6-3 1-35 250 (140)
EL6/36 8S23/048 6-3 1-3 250 (141)
PENI 3 C 7B27 13-0 0-5 250 (142)
PEN26 8S22 24 0 0-2 200 (143)
PEN36C/ 7B27/048 33-0 0-2 200 (144)

CL33
CL4 8S22 . 33-0 0-2 200 (145)
CL6 8S22 35-0 0-2 200 (146)

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.
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AND TETRODES—continued

Screen 
Volts

Slope 
(mA/V)

Bias 
Volts

Bias 
Res. 

(Ohms)

Anode and 
Screen 
Current 

(mA)

Output 
(mW)

Optimum 
Load 

(Ohms)

(98) 200 100 -13-2 188 700 5,000 3,000

(99) 200 100 —11-5 200 58-5 4,300 4,000
(100) 300 6-3 1 1 ■ — — — —
(101) 90 1-75 -8-1 ' ■ 5-0 210 10,000
(102) 150 5-3 -2-2 5-5 290 19,000
(103) 150 2-5 —4*5 — 60 350 17,000
(104) 150 2-5 -9-0 22-2 1,000 7,500
(105) 150 5-7 -3-3 —- 6-0 440 16,000
(106) 150 4-5 -36 — 60 400 14,000
007) 250 2-5 -15-5 250 32-0 3,300 7,500
(108) 250 8-0 -5-3 140 380 3,500 6,700
(109) 250 110 -8-75 114 77-0 6,900 3,300
(HO) 250 9-0 -8-5 175 47-5 5,800 4,500
(111) 220 8-5 -6-9 90 77-0 —— —.
(112) 275 11-0 -11-1 135 82-0 9,250 2,650
(113) 250 9-0 -8-5 175 47-5 4,850 5,200
(114) 220 8-5 -6-9 90 77-0 — —
(115) 250 6-5 -8-6 175 49-0 4,000 5,500
(116) 250 70 -8-0 165 48-0 3,000 4,400
(117) 200 2-5 -100 300 300 2,300 10,000
(118) 200 120 -8-7 145 600 2,650 2,800
(119) 200 12-0 -8-7 145 60-0 2,650 2,800
(120) 90 1-25 -3-0 — 170 22,500
(121) 90 1-55 -7-5 — — 240 8,000
(122) 45 1-5 -1-5 — — — —
(123) 150 1-3 -10-0 ■-- 190 600 8,000
(124) 135 2-2 -4-5 —— 70 340 19,000
(125) 150 3-0 -200 — 270 1,450 8,000
(12.6) 135 3-0 -2-4 5-8 300 24,000
(127) 250 2-3 -22-0 500 39-0 3,800 6,000
(128) 250 9-5 -5-8 145 41-0 3,800 6,000
(129) 250 9-5 -5-8 145 410 3,800 8,000
(130) 275 8-5 -14 0 175 79-0 8,800 3,500
(131) 275 8-0 -20-5 165 71-0 8,060 6,500
(132) 150 1-75 -11-0 650 25-0 — 8,000
(133) 200 2-0 -22-5 i,000 23-5 — 10,000 i
(134) 250 3-0 -17-0 500 35-6 2,800 7,000 I
(135) 300 2-1 -40-0 1,100 37-0 —- 8,000 i
(136) 200 30 -28-0 850 34-5 — 12,000
(137) 200 4-0 -35-0 750 59-0 — 7.000
(138) 250 2-8 -18-0 — — 3,600 8,COO
(139) 250 9-0 -6 0 — — 4,500 7,000
(140) 250 5 0 -15-5 — ■—

(141) 250 150 -7-0 — 8,000 3,500
(142) 250 6-0 -119 250 39-0 3,200 6,400
(143) 100 31 -190 420 45-0 3,000 5,000
(144) 200 8-0 -8-5 — — 4,000 4,500

(145) 200 80 -8-5 .11 . — 4,000 4,500
(146) 100 8-0 -9-5 — 4,000 4,500

[Continued on next page
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TABLE XXXIII: OUTPUT PENTODES

Make Type Base Fil. 
Volts

Fil.
Amps

Anode 
Volts

OSRAM N14 08 1-4 01 90 (147)
N15 012 1-4/2-8 0-05/0-1 90 (148)

(Tetrode) KT2 5B4 2-0 0-2 150 (149)
KT21 5B4 2-0 0-3 150 (150)

»> KT24 5B4 20 0-2 150 (151)PT7 7B27 20 0-3 240 (152)
ZA1 Acorn 40 0-25 250 (153)

>> MKT4 5B18/7B27 4-0 1-0 250 (154)
MPT4 7B27 4-0 1-0 250 (155)

99 KT41 7B27 4-0 2-0 250 (156)
N41 7B27 4-0 20 250 (157)

93 KT42 7B27 40 10 250 (158)
N42 7B27 40 1-0 250 (159)
N43 7B29 4-0 2-0 250 (160)
PT4 5B4 4-0 1-0 250 (161)PT5 5B4 4-0 10 1,250 (162)
DET8 7B27 4-0 20 400 (163)
PT10/14 7B23 4-0 1-25 500 (164)
PT25 5B4 40 20 400 (165)
PT25H 5B4 40 20 400 (166*
KT73 048 60 0-4 175 (167)KT8 5B17 6-3 1-27 600 (168)

99 KT61 048 6-3 0-95 250 (169)
99 KT63 048 6-3 0-7 250 (170)
99 KT66 048 6-3 1-27 400 (171)N30 7B27 130 03 250 (172)

N30G 7B27 13-0 0-3 250 (173)
KT30 7B27 13 0 0-3 250 (174)

93 KT72 048 16 0 017 175 (175)
99 KT74 048 15-0 016 175 (176)DPT 7B27/5B4 160 0-25 200 (177)
39 KT31 7B46 260 0-3 200 (178)N31 7B46 260 0-3 200 (179)
99 KT32 048 26-0 0-3 135 (180)
93 KT35 046 26-0 0-3 200 (181)

KT33C 046 260 0-6 200 (182)

RECORD .. PT2 4B6/5B4 2-0 0-22 150 (183)PT2C 5B4 20 0-26 150 (184)AC/PT 5B18/7B27 4-0 1-2 350 (185)AC/PTA 5B18/7B27 4-0 1-2 250 (186)AC/PT4VB 7B27 40 2-0 250 (187)PT/24M 5B4 4-0 1-1 250 (188)PT/24DA 7B27 240 0-2 200 (189)PT/24DAL 8S23 240 0-2 200 (190)PT/35DA 7B27 35-0 0-2 200 (191)
TRTOTRON P225 4B6/5B4 20 0-2 150 (192)P469 7B27 40 2-0 250 (193)P441N 7B27 40 1-35 250 (194)P440N 5B18/7B27 4-0 1-1 

__________
250 (195)

Noie.—The figures ir: parentheses are for quick reference and to facilitate reading across the pages.
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AND TETRODES—continued

Screen
Volts

Slope 
(mA/V)

Bias
Volts

Bias
Res.

(Ohms)

Anode and 
Screen 
Current 

(mA)

Output 
(mW)

Optimum 
Load 

(Ohms)

(147) 90 1-55 - _ _
(148) 90 2-0 — —' 1 ■ —— — —
(149) 150 2-5 -4-5 — 9-5 —— 17,000(150) 150 5-3 -2-5 ■ — 6-5 --- 19,000
(151) 150 3-2 -3-2 — 12-0 800 10,000(152) 150 — -—, —IW — 1,500 —
(153) 100 1-4 — — — — . —,

(154) 225 30 -110 300 370 8,000(155) 225 3 0 — — —
(156) 250 10-5 -4-4 90 50-0 — 5,400(157) 250 100 — — — ---
(158) 250 2-5 -16-5 420 39-5 — 7,000(159) 250 2-5 ■ ■ — — —
(160) 250 100 -4-5 —- 400 — 5,400
(161) 250 2-85 -160 400 40-0 2,500 7,500(162) 300 40 — —— — 80,000(163) 200 40 — — ■ ■' ——- —
(164) 250 — — —— — 20,000 ——

(165) 200 40 — — ■ "«1 —— —(166) 400 6-5 -160 240 75-0 10,000 4.000 1(167) 175 2-5 -12-5 300 39-0 2,000 6,000(168) 300 — — — 38,000(169) 250 10-5 -4-1 90 47-5 4,300 6,000(170) 250 2-5 -16-5 420 39-5 3,000 7,000(171) 300 6-3 -300 — — 50,000 2,800(172) 250 3-9 — — ■ ■■■ — —
(173) 250 3-9 — — — ——
(174) 250 3-9 -140 375 37-0 3.000 7,500(175) 175 2-5 -12-5 300 360 2,000 6,000(176) 175 2-5 — — ■—I.
(177) 200 3-0 — — —- ——. —

(178) 200 10-0 -4-4 90 500 2,500 5,500(179) 200 100 — — —
(180) 135 90 -7-6 95 800 3,500 1,300
(181) 200 100 — —
(182) 200 100 -13-2 188 700 5,000 3,000

(183) 150 30 -60 8-0 600 14,000(184) 150 20 -12-0 — 200 1,000 6,000(185) 250 3-5 -18-0 400 400 3,000 7,000(186) 250 3-5 -16-5 400 410 3,000 7'000(187) 250 100 -6-0 150 400 3,600 7'000(188) 250 4-0 -15-0 400 420 3,100 7'500(189) 100 80 -19-0 400 450 3,000 5,000(190) 100 80 -19-0 400 45-0 3,000 5,000(191) 200 8-5 -8-0 170 500 3,200 4'400
(192) 150 20 -4-5 —■ ■■ 100 500 15,000(193) 275 8-5 -14-0 — — —
(194) 250 40 -22-0 500 37-0 3,800 7,000(195) 250 3-5 -150 650 28-0 2^000 7,500

[Continued on next page
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TABLE XXXHU OUTPUT PENTODES
1

Make Type Base Fil.
Volts

Fil.
Amps

Anode 
Volts

TRIOTRON P496 7B27 4-0 1-5 250 (196)
—continued P425 5B4 40 0-25 300 (197)

P435 5E4 4-0 11 250 (198)
P358O 7B27 33 0 0-2 200 (199)
P2060 8S23 24-0 0-2 200 (200)
P2460 5B4 24-0 0-18 200 (201)
P2020N 5B4 200 018 200 (202)

TUNGSRAM PP2/S 5B5/8S8 2-0 0-14 135 (203)
PP222 4B6/5B4 2-0 0-22 150 (204)
PP225 5B4 20 0-26 135 (205)
PP4/S 5B4/8S8 40 11 250 (206)

1 APP4A/S 7B31/8S22 4-0 1-2 250 (207)
APP4B/S 7B27/8S23 4-0 1-95 250 (208)
APP4C 7B24 4-0 20 250 (209)
APP4E 7B27 4-0 2-1 375 (210)
APP4G 7B3O 4-0 20 250 (211)
PP6AS 8S23 6-3 0-2 250 (212)
PP6BS 8S23 6-3 1-2 250 (213)
PP6B 6UX9 6-3 1-2 250 (214)
PP6C 7B27 6-3 1-2 250 (215)
PP6E 7B27 6-3 1-2 375 (216)
EL2 8S22 6-3 0-2 250 (217)
EL3/33 8823,048 6-3 10 250 (218)

! EL5 8S23 63 1-35 250 (219)
EL6/36 8S23/048 6-3 1-4 250 (220)
6M6G 048 63 1-0 250 (221)

Double P ELEI 8S26 6-3 0-45 250 (222)
PP13A 7B27 13-0 0-3 250 (223)
PP24 7B29 240 0-2 200 (224)
CL6/PP37 8S22/7B29 35-0 0-2 200 (225)
PP34 7B29 35-0 0-2 200 (226)
PP35 7B27 35-0 0-2 200 (227)
PP36 7B24 35-0 0-2 200 (228)
CL33 048 35-0 0-2 200 (229)

TABLE XXXIV: DOUBLE

Make Type Circuit Base Fil. 
Volts

Fil.
Amps

COSSOR .. 220B Class B 7B2 2-0 0-2 (1)
240B Class B 7B2 20 0-4 (2)
2103 QPP 7UX5 20 0-26 (3)
240QP QPP 7B6 2-0 0-4 (4)

DARIO TB402 Class B 7B2 20 0-2 (5)
BLL32 QPP 9B1 20 0-45 (6)

EVER K33A Class B 7B2 2-0 0-2 (7)
READY K33B Class B 7B2 • 2-0 0-2 (8)

K77A QPP 9B1 2-0 0-45 (9)

Note.—-The figures in parentheses are for quick reference and to facilitate reading across the pages.
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AND TETRODES -continued

Screen
Volts

Slope 
(mA/V)

1
1

Bias 
Volts

(196) 250 9 5 -6-0
(197) 200 1-7 -250
(198) 250 3-5 -14-0
(199) 200 80 -23-0
(200) 100 3-1 -190
(201) 200 8-0 -190
(202) 200 2-5 -18’0
(203) 135 2-1 -5-0
(204) 150 3-0 -60
(205) 135 2-0 -12-0
(206) 250 40 -15-0
(207) 250 3-5 -16 5
(208) 250 100 -60
(209) 250 100 -60
(210) 275 8-5 13-5
(211) 250 100 -60
(212) 250 2-8 -18-0
(213) 250 100 -5-5
(214) 250 10-0 -5-5
(215) 250 100 -5-5
(216) 275 8-5 -17-0
(217) 250 2-8 -18-0
(218) 275 10-0 -70
(219) 275 8-5 -14-0
(220) 250 15-0 -7-0
(221) 250 10-0 „7-0
(222) 275 1-3 -21’5
(223) 250 2-5 -16-5
(224) 100 8 0 -19-0
(225) 100 8-5 -9-5
(226) 200 8-5 -80
(227) 200 8-5 -8-0
(228) 200 8-5 -80
(229) 200 8-5 -80

Bias
Res.

(Ohms)

Anode and 
Screen 
Current 

(mA)

Output 
(mW)

Optimum 
Load 

(Ohms)

— _ _
— — ———
— — — —

— — —
— — — ——
— — —

L000 190 1,350 9,000— 8-0 440 19,000— 90 600 14,000
-— 180 1,000 6,000
400 42-0 2,800 7,500
400 40-5 3,000 7,000
140 40-0 3,600 7,000
140 40-0 4,000 7,000
175 800 8,000 3,500
150 40-0 4,000 7,000
500 370 2,250 8,000
140 400 3,600 7,000
140 40-0 3,600 7,000
140 40-0 3,600 7,000
200 80-0 8,800 3,500
480 37-0 3,600 8,000
175 40-5 3,600 7,000
175 79-0 8,800 3,500

85 80-5 8,200 3,500
175 40-5 3,600 7,000
600 44-6 5,400 16,000
410 40-5 3,000 7,000
400 45-0 3,000 5,000
140 50-0 4,000 22,000
170 50-0 3,200 4,400
170 50-0 3,200 4,400
170 50-0 3,200 5,000
170 500 3,200 4,400

OUTPUT VALVES

Anode
Volts

Screen 
Volts

Quiescent 
Current 
(mA)

Peak 
Current 

(mA)
Bias

Volts
Output 
(mW)

Optimum 
Load 

(Ohms)

(1) 120 2-5 — 0 _ 12,000 1
(2) 120 — 4-0 — 0 — 8,000 }
(3) 150 150 40 — -10-5 — 35,000 |
(4) 120 120 3-5 — -9-0 — 24,000
(5) 150 — U"—- - — 0 —— —— _
(6) 135 135 — -10-5 1 ■■
(7) 120 —— 3-0 —— 0 1,250 14,000
(8) 120 — 3-0 — -4-5 1,450 14,000
(9) 150 150 4-0 — -13-5 2,000 16,000

----- ----- .... i
[Continued on next page
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TABLE XXXIV: DOUBLE

Make Type Circuit Base Fil.
Volts

Fil.
Amps

FERRANTI HP2 Class B 7B2 20 04 (10)

HIVAC B230 Class B 7B2 20 0-3 (ID
DB240 f Driver *1 

\ Class B J 7B12 20 0-4 (12)
QP240 ' QPP 7B6 20 04 (13)

LISSEN BB240 Class B 7B2 20 0-4 (14)

MARCONI .. QP21 QPP 7B6 20 0-4 (15)
B21 Class B 7B2 20 0-2 (16)
B30 Class B 7B2 130 03 (17)

MAZDA .. QP230 QPP 7B6 20 03 (18)
QP240 QPP 9B1 20 0-4 (19)
QP25 QPP 0M9 20 0-2 (20)
PD220 Class B 7B2 20 0-2 (21)
PD220A Class B 7B2 20 0-2 (22)

MULLARD PM2B Class B 7B2 20 0-2 (23)
PM2BA Class B 7B2 20 0-2 (24)
QP22A QPP 9B1 20 0-45 (25)
QP22B QPP 7B6 20 0-3 (26)
ECC31 Double

Triode
042 6-3 0-95 (27)

OSRAM .. QP21 QPP 7B6 20 0-4 (28)
B21 Class B 7B2 20 0-2 (29)
B30 Class B 7B2 130 0-3 (30)

RECORD .. BB2A Class B 7B6 2-0 0-25 (31)
BB2B Class B 7B6 20 0-25 (32)

TRIOTRON E220B Class B 7B2 20 0-2 (33)
TUNGSRAM CB215/S Class B 7B2/8S5 20 0-22 (34)

CB220 Class B 7B2 20 0-25 (35)

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.

TABLE XXXV: METAL RECTIFIERS—WESTECTORS

Make Type Class Max. safe input voltage Max. current 
output (mA)

WESTING- W.4 .. Half-wave 24 volts peak carrier 0-25
HOUSE W.6 .. Half-wave 36 „ peak carrier 0-28

WX.6 .. Half-wave 36 „ peak carrier 012
WM.142 Full-wave 

centre-tapped
24 „ each side of

C.T.
0-5

WM.162 Full-wave 
centre-tapped

36 volts each side of 
C.T.

0-5

(WM.142 and WM.162 are the new code numbers of the earlier WM.24 and 
WM.26 respectively.)
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OUTPUT VALVES—contici ned

Anode 
Volts

Screen 
Volts

Quiescent 
Current 

(mA)

Peak 
Current 

(mA)
Bias

Volts
Output 
(mW)

Optimum 
Load 

(Ohms)

(10) 150 — 30 — — — —

(11) 150 — 2-5 320 0 1,250 14,500
/I OA Ç 120 — 30 30 -4-5 ■ — —(12) \150 — 2-5 320 0 1,250 14,500
(13) 150 150 8 0 320 -18 1,400 14,500
(14) 150 — — — — 2,400 —

(15) 150 150 3-5 -— -9 1,200 30,000
(16) 150 — 2-2 — -6 1,500 12,000
(17) 180 — — •-- ’ 0 5,000 7,000

(18) 110 110 5-3 — -8-6 700 17,000
(19) 150 150 40 — -11-5 — 15,000
(20) 120 120 5-5 — -9-75 1-2 15,500
(21) 150 — 0-8 45-0 -115 — —
(22) 150 2-5 50-0 -60 — —
(23) 120 — 30 20-0 0 1,250 14,000
(24) 120 --  Ì 30 20-0 -4-5 1,450 14,000
(25) 135 135 — — -120 1,400 16,000
(26) 135 135 — -11-7 1,330 14,700
(27) 250 — — — -4-6 — —

(28) 150 150 3-5 —•— -90 1,200 24,000
(29) 150 — 2-2 -60 1,500 12,000
(30) 180 — — ■ 0 5,000 7,000
(31) 150 — 2-5 ■an. -3 0 2,000 10,000
(32) 135 ■ . - — — 0 1,700 10,000
(33) 150 — — — — — —
(34) 135 — 30 210 0 1,700 10,000
(35) 150 — 30 26-7 -3-35 2,000 10,000

TABLE XXXV: METAL RECTIFIERS—LT TYPES

Make Type
Output Nominal 

AC input 
(Volts)

Replaces
Volts Amps

WESTINGHOUSE LT.41 12 1 22 LT.5, LT.9, A.3
LT.42 6 1 11 LT.l, LT.2, LT.4, 

LT.7, LT.8
LT.44 12 2 22 LT. 10, A.4
LT.45 6 4 11 LT.ll, A.6
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TABLE XXXV: METAL RECTIFIERS

Make Type

Maximum 
smoothed 
DC output

Max. 
current 
output 
(mA)

Maximum AC 
input

Half-wave

Volts mA Volts mA

WESTINGHOUSE HT.14 130 20 30 135 30 (1)
HT.15 200 30 40 250 80 (2)
HT.16 300 60 60 400 90 (3)
HT.17 200 100 150 250 150 (4)

(For Class B) HT.17 150 25 — ■ •' ■ 150 40 (5)
(2 in series) HT. 17 500 120 150 — (6)
Used voltage f HT.41 250 60 100 300 90 (7)
doubler only \ HT.42 450 100 100 540 150 (8)

H.l 3-6 10 .10 35 20 (9)
H.10 36 10 10 35 20 (10)
H.50 180 10 10 175 20 (ID
H.75 270 10 10 260 20 (12)
H.100 360 10 10 350 20 (13)

> H.l 20 432 10 10 420 20 (14)
H.l 76 650 10 10 620 20 (15)
J.10 80 2 2 74—80 4 (16)
J.50 400 2 2 370—400 4 (17)
J.100 800 2 2 740—800 4 (18)
J.125 1,000 2 2 920—1,000 4 (19)
J.176 1,400 2 2 1,300—1,400 4 (20)

2 units in series H.l 20 870 10 10 — — (21)
2 „ „ H.176 1,300 10 10 — •— (22)
10 „ „ „ H.l 76 6,500 10 10 — — (23)
2 „ „ „ 3.10 170 2 2 — — (24)
2 „ „ „ J. 50 850 2 2 — (25)

1 2 „ „ „ J. 100 1,700 2 2 — (26)
4 „ „ „ J.125 4,000 2 2 — — (27)

| 2 „ „ „ J.176 3,000 2 2 ■ 11 ■ — (28)
10 „ „ „

:_________ __ _______
J.176 15,000 2

4
2 — (29)

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.

TABLE XXXVI: HT RECTIFYING VALVES

Make Type Base
Filament Anode Volts 

Max. (RMS)
Output 
(mA)

Volts Amps

BRIMAR .. 25Z4G — 25 0-3 250 75
5Z4G 50 2-0 350 -F 350 125
RI 4B17 40 10 250 + 250 60
R2 4B17 40 2-5 350 + 350 120
R3 4B17 4-0 2-5 500 + 500 120
1D5 5B10 400 0-2 250 75
(Mercury) 4B2 20 1-2 6,000 3

COSSOR .. 44SU 4B1 40 0-4 200 20
412SU 4B1 40 10 250 70

[Continued at foot of page 169
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—HIGH-TENSION TYPES
Maximum AC

_ input_____ Capacitors
' . .... .. ........

Remarks
1

Full-wave Capacity 
of each 
(V-D.) 
mFd

Working 
voltage 
(V.D.)Volts mA

(1) 80 60 6 200 Replaced by HT.41
(2) 140 120 4 200 Replaced by HT.41
(3) 240 200 4 400 Replaced by HT.42
(4) 150 300 S 250 Replaced by HT.41
(-) '■ — 8 350 Replaced by HT.4!
(6) 300 550 6 500 Replaced by HT.41
(7) 150 180 8 250
(8) 270 300 8 400 1
(9) —~ — 100 12 —

(10) — — 10 50 —
(H) —— 2 250 -—
(12) — 2 400 —
(13) — — 1 500 ---
(14) — — 0-85 600 —
(15) — — ■5 1,100 —
(16) — — 10 250 -—
(17) — — 2 650 —
(18) ■ ' 1 — 1 1,250 -—
(19) — -— 1 1,500 (—
(20) — — ■5 2,000
(21) 430 30 0-5 700
(22) 720 30 0-25 1,000 —
(23) 3,600 30 0-35 5,000
(24) 74—80 6 10 250 —
(25) 370—400 6 0 650 —
(26) 740—800 6 1 1,250 ■ I n.M
(27) 1,600—1,700 6 0-5 3,000 —
(28) 1,300—1,400 6 0-5 2,000 _—
(29) 6,500—7,000 6 01 12,000 ——

TABLE XXXVI: HT RECTIFYING VALVES -continued

Make Type Base
Filament Anode Volts 

Max. (RMS)
Output 
(mA)

_  _ 1Volts Amps

COSSOR— 506BU 4B3 4-0 10 250 + 250 60
continued 408 BU 4B3 4-0 10 250 + 250 30

412BU 4B3 4-0 10 250 4- 250 70
442BU 4B3 4-0 2-5 350 + 350 120
460BU 4B3 4-0 2-5 500 + 500 120
43IU 4B17 4-0 2-5 350 + 350 120
44IU 4B17 4-0 2-5 500 + 500 120
4/1 OOBU 4B3 4-0 2-5 500 + 500 200
45IU 4B17 40 3-5 5C0 + 500 250 1

.... ............ 1
[Continued on next page
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TABLE XXXVI: HT RECTIFYING VALVES—coni in tied

Make Type Base
Filament Anode Volts 

Max. (RMS)
Output 
(mA)Volts Amps

COSSOR— 405BU 4B3 40 0-5 1,500 + 1,500 20continued SU2150A 4B16 20 1-5 5,000 10SU215O 4B16 20 115 8,000 2612BU 4B3 60 0-4 250 + 250 50825BU 4B3 7-5 20 500 + 500 12040SUA 5B10 400 0-2 250 75
DARIO ..

225DU 7B1 2 + 2 •5 + -5 750 + 750 20TW1 SB10 200 0-2 250 80TW2 7B15 300 0-2 250 120TBY233 7B15 330 018 250 120SW1 4B3 4-0 10 400 60FW1 4B3 40 10 300 + 300 75FW2 4B3 40 20 350 + 350 120TZ34 4B17 40 20 350 + 350 120FW3 4B3 40 20 500 + 500 120
EKCO

1FW1 4B17 40 2-5 500 + 500 120R41 4B3 40 20 350 + 350 120EVER SHA 4B3 40 10 250 + 250 60READY AIIB 4B17 40 2-4 350 + 350 120S11D 4B3 40 20 350 + 350 120A11D 4B17 40 20 350 + 350 120A11C 4B17 40 2-4 500 + 500 120AZI/31 8S1 40 11 300 + 300 100CY31 035 200 02 250 75
FERRANTI

C10B 5B10 200 0-2 250 75R4 4B3 40 2-5 350 + 350 120
(Mercury)

R4A 4B3 40 2-5 500 + 500 120IR4 — 40 10 5,000 3
(Mercury) GR4 4B3 40 30 350 + 350 350RS 5B10 130 0-3 250 75RA 5BI2 130 0-3 250 + 250 50

invAC ..
RZ 5B10 200 0-2 250 75
UU60/250 4B3 40 1 25 300 + 300 75OU 120/350 4B3 40 2-5 350 + 350 120UU120/500 4B3 40 2-5 500 + 500 120U26 7B42 13or26 •6 or -3 250 120

LISSEN ..
MR1 4B1 40 30 1,000 250ÜU41 4B3 40 10 300 + 300 80

MARCONI
U65O 4B1 5-6 0-5 300 40MU12 4B17 40 2-5 350 + 350 120MLH4 4B17 40 2-5 500 + 500 120U5 4B3 50 1-6 400 + 400 45U8 4B3 7-5 2-4 500 + 500 120U9 4B3 40 10 250 + 250 75U10 4B3 40 10 250 + 250 75U12 4B3 40 2-5 350 + 350 120U14 4B3 40 2-5 500 + 500 120U16 4B2 2-0 10 5,000 5U17 4B2 4-0 10 2,500 30U18 4B3 40 3-75 500 + 500 250U20 4B3 4-0 3-75 850 + 850 125
U30 7B42 f 260 

1130
03 \ 
0-6/ 250 120

----- —---------------------- tm______ 035 26-0 0-3" 250 120
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TABLE XXXVI: HT RECTIFYING VALVES—continued

Make Type Base
Filament Anode Volts

Max. (RMS)
Output 
(mA)Volts Amps

MARCONI U50 02 50 2-0 350 + 350 125—continued U52 02 50 3-0 500 + 500 250
(Mercury) GUI 4B1 40 3-0 1,000 250(Mercury) GU5 4B2 40 30 1,500 250(Mercury) GU50 4B2 40 3-0 1,500 250A831 4B3 1-8 2-8 30 + 30 1-3 amp

MAZDA .. UU4 4B17 40 2-2 350 + 350 120 *
UU5 4B17 40 2-3 500 + 500 120
UU120/500 4B17 40 2-5 500 + 500 120UU6 OM17 40 1-4 350 -|- 350 120UU7 OMI 7 40 2-3 350 + 350 180
UU8 OM17 40 2-8 350 4- 350 250
U4020 5B10 400 0-2 250 120
U403 OM15 400 0-2 250 120
UD41 7B48 4-0 115 550 35U21 4B16 2 0 1 85 4,500 5U22 OM16 20 20 4,500 5

(Mercury) MU2 4B2 20 3-1 12,500 5
MULLARD DW2 4B3 40 1-0 250 + 250 60

DW3 4B3 40 2-0 350 + 350 120
DW4/350 4B3 4-0 2-0 350 + 350 120DW4 4B3 40 20 500 + 500 120
DW4/500 4B3 40 20 500 + 500 1201W2 4B17 40 1-2 250 + 250 60
IW3 4B17 40 2-4 350 + 350 120
IW4/350 4B17 40 20 350 + 350 120
IW4 4B17 40 2-4 500 + 500 120
IW4/5OO 4B17 40 2-4 500 + 500 120
FW4/500 4B3 40 3-0 500 4- 500 250
CY1/31 8S15/035 200 0-2 250 75URI 8S15 200 0-2 250 75URIC 5B10 20 0 0 2 250 75
CY/2/32 8S17/038 300 0-2 250 + 250 120
UR3 8S17 300 0-2 250 + 250 120
UR3C 7B15 300 0-2 250 + 250 120
UY31 035 500 01 250 125HVR1 4B2 2-0 0-3 6,000 5HVR2 4B2 40 0-65 6,000 3

OSRAM .. MU12/14 4B17 40 2-5 500 + 500 120MU14 4B13 4-0 2-5 500 + 500 120U5 4B3 50 1-6 400 + 400 45U8 4B3 7-5 2-5 500 + 500 120U10 4B13 4-0 1-0 250 + 250 601 U12/14 4B13 40 2-5 500 4- 500 120UI4 4B13 4-0 2-5 500 + 500 120U16 4B2 20 10 5,000 5
U17 4B2 4-0 10 2,500 30

i UI 8/20 4B3 4-0 3-75 f 500 + 500 250
\850 + 850 125U23 4B2 4-0 3-3 1,750 250

C 250 0-3 180 120
U30 7B42 ? 26-0 0-3 220 75

113’0 0-6 250 120
U31 035 26-0 0-3 250 120
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TABLE XXXVI: HT RECTIFYING VALVES—con tinned

Make Type Base
Filament Anode Volts 

Max. (RMS)
1

Output 
(mA)Volts

1
Amps_ i

I
| OSRAM - U50 02 50 , 20 400 4- 400 110

continued U52 02 50 1 30 i 500 4- 500 250
U71 035 300 1 017' 250 100
U74 035 300 0-16: 250 75

(Mercury) GUI 4B1 40 3-0 1,000 250
(Mercury) GU5 4B2 40 30 1,500 250

GU50 4B2 1 40 ! 30 1,500 250
PHILIPS . 373 4B1 4'0 1-0 220 40

i (Mini watt) 505 4B1 40 : 1-0 400 60
506 4B3 40 1-0 300 4- 300 Ii 75
506K 4B17 40 ' 1-2 250 4- 250 60
1560 4B3 i 5'0 ! 20 300 4- 300 1 125
1561 4B3 | 40 , 2-0 500 4- 500 ! 120

I 1801 4B3 40 06 250 4- 250 i 30
1 1802 4B3 40 ; 0-5 250 30
1 1803 4B1 40 — 500 30
i 1805 4B3 4'0 I 1-0 250 4- 250 60! । 1807 4B3 40 ' 2-0 350 4- 350 120। 1815 4B3 1 40 ! 2-3 500 4- 500 180

1817 4B3 i 40 4-0 350 4- 350 300
1821 4B3 40 10 250 4- 250 1 60
1831 4B3 4-0 Î 1-0 700 4- 700 j 60
1832 4B1 4-0 1 1-2 700 120

I 1861 4B17 40 2-4 500 4- 500 120
1867 4B17 40 2-4 350 4- 350 120
1876 8S12 40 0-3 850 5
1877 4B16 4-0 0-65 6,000 5

1 1881 4B17 4-0 1-0 250 4- 250 60
i 1881A 4B17 40 2-4 250 4- 250 601 AZ1/31 8S1/O2 4-0 11 300 4- 300 100

EZ2 8S16 6-3 0-4 350 4- 350 60
CY1/31/C 8S15/035/ 20-0 0-2 250 75

5B10
! CY2 5B10 30-0 0-2 250 4- 250 120

RECORD 1FW4A 4B17 4-0 2-0 400 4- 400 120
FW350 4B13 4-0 1-0 300 4- 300 ! 80
FW3 4B17 4-0 | 2-0 350 4- 350 120
FW5 4B13 40 2-0 500 4- 500 120
FW6 4B13 : 40 2-0 600 4- 600 180
UFW/30 5B10 | 30-0 0-2 275 120

i UFW/30L 8S17 | 30-0 0-2 275 120
HW/20 5B10 i 20-0 0'2 250 80
HW/20L 8S15 20-0 0-2 250 80
HW/30 5B10 30-0 0-2 275 120

TRIOTRON G429 431 4 0 0'3 250 30
G470 4B13 40 1-0 300 x 309 70
G4120 4B13 4-0 2-0 > 500 x 500 120
G4120N 4B17 4-0 2-0 1 500 x 500 120
G2080 5B10 20-0 0-2 250 80

; G3060 î 8S17 30-0 0-2 125 x 125 ! 12011 : G3120 7B15 300 0-2 250 120
TUNGSRAM PV4 4B3 4-0 2-0 350 4- 350 120

PV4200 4B3 40 2-0 ! 500 4- 500 120
I PV4201 4B3 40 2-0 1 600 4- 600 180
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TAELE XXXVÏ: HT RECTIFYING VALVES—continued

Make Type Base
Filament Anode Volts 

Max. (RMS)
Output 
(mA)Volts Amps

TUNGSRAM AP4V 4B17 40 20 350 4- 350 120
—continued RV12O/35O/S 4B3/8S1 4-0 2-4 350 4- 350 120

RV120/500/S 4B3/8S1 4'0 2-4 500 4- 500 120
RV200/60O 4B3 4-0 2-8 600 4~ 600 200

; PV75/1000 4B3 2-2 40 1,0004-1,000 75
PV100/2000 4B3 40 2-2 2,0004-2,000 100
PVA6S 8S16 6-3 025 350 4- 350 60
PVB6S 8S16 6-3 0-65 350 4- 350 100

PVC6S 8S16 63 0-9 350 4- 350 175EZ2 8S16 6-3 0-4 350 4- 350 60
EZ3 8S16 6-3 0-65 400 4- 400 100i EZ4 8S16 6-3 0-9 400 4- 400 1751 V20/S 5B10/8S15 200 0-2 250 80

1 PV25 7B15 25-0 0-3 275 and 275 120
V3O 5B10 300 0-2 275 120
PV29/S 7815/8S17 300 02 125 and 125 60
PV30 7B15 30-0 0-2 275 120
PV30S 8S17 300 02 275 120
V2118 5B10 200 018 250 80
PV3O18 7C1 30-0 0-18 250 100

TABLE XXXVÎI: BARRETTERS

Make 

—

Type Base Current 
(amps)

Voltage 
range

ATLAS 150A/4 4B20 0-2 100—200
150A/C 8S27 0-2 100—200
150B/UX4 4-pin US 0-3 i 00—200
130B 6-pin US 0-3 85—170
110B 6-pin ÙS 0-3 75—145
150C 4B20 0-18 100—2001 DARIO T1 ES cap 0-2 100—2001 MARCONI .. 171 ES cap 016 100—200
202 ES cap 0-2 120—200
251 ES cap 0-25 100—180
301 ES cap 0-3 138—221
302 ES cap 0-3 112—195
303 ES cap 0-3 86—129
304 ES cap 03 95—165

OSRAM .. 301 ES cap 0-3 138—221
302 ES cap 0-3 112—195
303 ES cap 03 86—129
304 ES cap 0-3 95—165
251 4B20 0-25 100—180
202 4B20 02 120—200

PHILIPS .. Cl/C 8S33/4B20 0-2 90—230
(Miniwatt) C2 8S33 0-2 60—120

C3 8S33 0-2 100—200
C9 8S33 0-2 35—IGO
Cl 3 8S33 Special low -voltage

---------------------------------------------------— --- -- ---------- ------------ -- ■ ,, ... resistance lamp.______
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TABLE XXXVII: BARRETTERS—continued

Make Type Base Current 
(amps)

Voltage 
range

PHILIPS— 1941 4B20/ES 0-3 100—240
continued 1933 4B20 01 50—160

1934 4B20 0-25 85—195
1927 4B20 018 60—120
1928 4B20 018 100—210
1920 4B20 0-25 40—70
1904 4B20/and 01 40—70

bayonet cap
TUNGSRAM BR201 4B20 0-2 100—200

BR201/S 8S33 0-2 100—200

TABLE XXXVIII: GAS-FILLED RELAYS

Make Type Base
Filament Anode 

Volts
Anode 

Current
Volts Amps

BRIMAR . 4039A 5B13 4-0 10

_________

500 100 mA

COSSOR .. GDT4B 5B13 40 1-75 350 100 „
GDT4 5B13 40 1-5 500 20 „

MARCONI GT1 5B15 4-0 1-3 1,000 10 amp
GT1A 5B15 40 1-3 300 0-6 „
GT1B 5B15 4-0 1-35 120 2 0 mA
GT1C 5B15 4-0 1-3 500 1 0 amp

MAZDA .. Til 5B13 4-0 1-2 700 300 m/A
T21 5B13 4-0 1-2 200 300 „
T31 5B13 4-0 1-5 400 500 „
T41 OM19 4-0 1-5 400 500 „

OSRAM .. GT1 5B15 4-0 1-3 1,000 0-3 amp
GT1A 5B15 4-0 T3 300 0-2 amp
GT1B 5B15 4-0 1-35 120 20 mA
GT1C 5B15 4-0 1-3 500 0-3 amp

PILOT AND DIAL LAMPS

British Dial Lamps. Radio panel 
or dial lamps are made by E.L.M.A. 
firms in the following standard 
shapes and sizes. All have clear finish,

miniature screw cap and an objective 
life of 1,000 hours, except those 
marked * in Table XXXIX, which 
have an objective life of 10 hours.
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TABLE XXXIX

Rating
Bulb

Dimensions

Volts Amps Diameter 
(mm)

Overall length 
(mm)

6 0-04 Round 11 _
6 006 Round 11 —
6 0-5 Round 15 —

*6-2 0-3 Round 15 —
6-3 0-64 Round 15 —
6-5 0-3 Round 11 —

10 02 Round 18 —
4 0-3 Tubular 10 30

*6-2 03 Tubular 10 30
*6-3 0 15 Tubular 10 30

6-5 0-3 Tubular 10 30

Standard Flashlamps given in I finish and miniature Edison Screw 
Table XL with round bulbs, clear j (MES) caps are:

TABLE XL

Rating Diameter 
nun

Rating Diameter 
(mm)Volts Amps Volts Amps

2 0-3 11 3-5 0-3 11
2 0-6 15 4 0-3 11
2-5 0-2 11 4-5 0-3 15
2-5 0-3 11 6-2 0-3 15
3-5 0-15 11 6-5 03 11

Recommended lamps and uses are shown in Table XLI.

TABLE XLI

Description Type of receiver for which suitable

2 volts 0-6 amp, 15 mm flat 
3-5 volts 015 amp, 15 mm flat 
2-5 volts 0-3 amp, 12 mm round . . 
3-5 volts 0-15 amp, 12 mm round. . 
3-5 volts 0-3 amp, 12 mm round .. 
6-2 volts 0-3 amp, 15 mm round ..

6-5 volts 016 amp, 12 mm round.. 
6-5 volts 0-3 amp, 12 mm round ..

8 volts 1-6 watt, MES Indicator ..

2-volt battery
Fuse
2-volt battery
2-volt battery
AC, 2 in series across 4-volt transformer
AC, 4-volt transformer. AC-DC with

0-2-amp valves
AC-DC with 016-amp valves
AC-DC with 0-3-amp valves. AC with

6-3-volt transformer
AC
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American Pilot Lamps. Current 
ratings of American Pilot Lamps are 
indicated on their bases by code 
numbers which are given in the first 
column of Table XLIL Caps are 
standard Miniature Edison Screw 
(MES) and Miniature Bayonet Cap 
(MBC). Types 40, 44, and 46 are

sometimes marked 6-3 volts; when 
marked 6-8 volts they are usually of 
7‘5-volt rating and are produced for 
use in certain AC-DC sets where they 
are temporarily overrun while the 
valves are warming up. MOL means 
maximum overall length; other 
features are shown in Fig. 163.

10 MM 
MES

10 MM 
MBC

11i MM 
MBC

15 MM 
MBC

LAMPS
Fig. 163. Types and dimensions of the common pilot lamps in use in the U.S.A.

AMERICAN PILOT

TABLE XL1I __________
Code 
No. Volts Amps CP Bulb 

(mm) Base Bead
Colour__

LCL 
(in.)

MOL 
(in.)

40
41
42
43
44
45
46
47
48
49 
49-A
50
51
55 

292 
292-A 
631 
713 
714

6-8
2-5
3-2
2-5
6-8
3-2
6-8
6-8
20
20
21
6-8 
6-8
6-8
29
2-9
6-8
38 
2-5

015 
0-5
0-5
0-5

: 0-25i
0-5
0-25
0-15 
006
006 
012 
0-2
0-2
0-4
017 
0-17
0-1
0-3
0-3

0 5
0-5
0-75
0-5
0-8
0-75
0 8
0-5
003
003
007
10

i 10
1-5
0-3
0-3

1 —

10 
10
10 
10
10 
10
10 
10
10 
10
10 
Hi 
11} 
15
10 
10
10 
Hi 
H}

MES
MES 
MES 
MBC 
MBC 
MBC 
MES
MBC 
MES 
MBC 
MBC 
MES
MBC 
MBC 
MES 
MBC 
MES 
MES 
MES

Brown 
White 
Green 
White 
Blue 
Green 
Blue
Brown 
Pink
Pink 
White 
White 
White 
White 
White 
White 
Black 
Green 
Blue

29
32
29
32
29
32
23
32
23
32
23
32
29
32
23
32
29
32
23
32
23
32
23 
32

i

A
29
51
23
31
29
32
23
32
23

_____32_____

u 

H 

U 

Ü 

n 

H 

u 

H

H 
IS 
16

»

1A 

U 

H 

u 
15 
16 
15 
16

American Equivalents. Certain 573 and 5Z4 = U50; 6AG6 = 
valves in the Marconi and Osram KT61; 6A8 = X63; 6F5 = H63; 
International ranges are equivalent 6F6 = KT63; 6H6 = D63; 6J5 — 
to standard American types. These L63; 6J7 = 263 and KTZ63;
are given below, the American type 6U7 and 6K7 = KTW63 and W63; 
being shown first in each case: 6K8 = X65; 6L6 — KT66; 6L7 = 
1A7 = X14; 1N5 = Z14; 1H5 = X64; 6N7 - B63; 6Q7 = DH63; 
HD14; 1C5 = N14; 5X4 = U52; 6R7 = DL63; and 25L6 = KT32.
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TABLE XLIII: TUNING INDICATORS

Make Name Base Type Operation 
Characteristics

BRIMAR .. 6G5/6U5 — Cathode Ray Fil. 6-3 volts, 0-3 amps; 
max. anode 250 voits

COSSOR .. 3180 NEI Neon 145—160 volts
3184 NE2 Neon 145—160 volts
41ME 8S31 Cathode Ray Fil. 4 0 volts, 0 3 amps; 

max. anode 250 volts
DARIO TM14 8S31 Cathode Ray Fil. 4 0 volts, 0-3 amps; 

max. anode 250 volts
EVER 

READY
A39A 8S31 •— Fil. 4 volts, 0-3 amps;

max. anode 250 volts
MARCONI .. ÎY61/62 

\ Y63/64
059 Cathode Ray Fil. 6-3 volts, 0-3 amps; 

max. anode 250 volts
MAZDA .. AC/ME 7B40 Cathode Ray Fil. 4 0 volts, 0-5 amps; 

max. anode 250 volts
ME41 OM27 Fil. 4 0 volts, 0-5 amps;

max. anode 250 volts
ME91 OM27 »5 Fil. 9 0 volts, 0-2 amps; 

max. anode 200 volts
ME920 7B40 Fil. 90 volts, 0-2 amps; 

max. anode 250 volts
MULLARD TV4 8S31 Cathode Ray Fil. 4 0 volts, 03 amps; 

max. anode 250 volts
TV4A 8S31 »? Fil. 4 0 volts, 0-3 amps; 

max. anode 250 volts
*TV6 8S31 Fil. 6-3 volts, 0-2 amps; 

max. anode 250 volts
EMI 8S31 ♦ » Fil. 6-3 volts, 0-2 amps; 

max. anode 250 volts
EM3 8S31 Fil. 6-3 volts, 0-2 amps; 

max. anode 250 volts
EM4 8S32 i » Fil. 6-3 volts, 0-2 amps; 

max. anode 250 volts
EFM1 8S3O Fil. 6 3 volts, 0-2 amps; 

max. anode 250 volts
OSRAM Y61/62/

63/64
059
059

Cathode Ray Fil. 6-3 volts, 0 3 amps; 
max. anode 250 volts

Y73 059 1J Fil. 6 0 volts, 0-16 amps; 
max. anode 180 volts

TUNGSRAM ME4S 8S31 Cathode Ray Fil. 4 0 volts, 0-3 amps; 
max. anode 250 volts

VME4 7B40 i Fil. 4-0 volts, 0-5 amps;
1 max. anode 250 volts

ME6S ■ SS31 
i

>>i
: Fil. 6-3 volts, 0-2 amps; 

max. anode 250 volts
EMI 8S31 Fil. 6’3 voits, 0-2 amps;

j max. anode 250 volts
EM4 8S32 it ; Fil. 6-3 volts, 0 2 amps;

; max. anode 250 volts
EFM1 8S3O

i 1

Fil. 6-3 volts, 0 2 amps; 
max. anode 300 volts
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TABLE XLIV: VALVE EQUIVA-

Brimar Cossor Ever-Ready Ferranti Hivac

210DG 1 —— -—. (I)— — K50N — — (2)
■WWW T210PG J K80A /VHT2

to
(4)

\210SPG \K80B \VHT2A
— 210VPT K50M — VP215 (6)

— 210SPT — — HP215 (7)

(8)
— -- - — -- '

—
(9)

(10)
(H)

5B1 f 215SG K40B ' 11 TSG215 (12)
L220SG SG220

LSG210

— f 220VS K40N VS2 TVS215 (13)
\22OVSG \VS210

HLB1 210HL K30C — — (14)

_ _ .... — — (15)
——— /210HF

\210RC
K.30A — H210 (16)

— — K23B — DDT220
(17)
(18)

— — — -- - — (19)
— — K23A H2D DDT215 (20)
— — — — — (21)

/210LF /K30B — D210 (22)
\210DET LK30D

— K30E L2 L210 (23)
— — — — " 1 (24)

PB1 f 220P 
\220PA

K30G —— P220 (25)

1 ' ■ 215P — P215 (26)

— 23OXP -—. — CPP220 
\PX23O

(27)

PenBl f 220HPT 
\220OT

K70B PT2 Y220 (28)

_____ ■■■ ■ — —— (29)
— /220PT

\230PT
—■ —• Z220 (30)

— — — — — (31)
—— Ì240B K33A HP2 B230 (32)

\220B ■ - —. (33)
, -- — — — (34)

— — K33B -- - — (35)
Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.
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LENTS -2-VOLT RANGE
Marconi 
Osram Mazda Milliard Philips Tungsram

(1) DG2 PM IDG — DG210/0
(2) •-- — VP2B — VX2
(3) — — — KHI VX2s
(4) rx2i — ÍFC2 -- , VO2

\X22 \FC2A
(5) — —— — KK2 VO2s
(6) rvP2i f VP215 VP2 ■ HP211c

¿ W21 \VP2I0
1 KTW21

(7) JZ21 J SP215 SP2 — HP210nc
\KTZ21 \SP210 —

(8) — — — —— KF3 VP2Bs
(9) W22 — — VP2D

(10) — — KF4 SP2Bs
(H) Z22 — — — SP2D
(12) f S21 CSG215 CPM12 — SS210J S22 < S215 1PM12A

) S23 S215A
1 S24 S215B

(13) r VS24 S215VM JPM12M — SE211C
\ VS24K 1 PM12V

(14) J HL2 HL2 f PM1HL B228 HL2
\HL2K PM2HL

[PM2DX
(15) — — — KC4 HL2s
(16) fH2 CH2 rpMiA — HR210J H210 \HL210 1PM1HF

1 HL210
LDEH210

(17) — — — KC1 HR2s
(18) J HD22 HL21DD TDD2A — DDT2

t HD23
(19) HD21 -- - — — DDT2A
(20) — L21DD TDD2 — DDT2B
(21) .— — — KBC1 DDT2Bs
(22) /L210 — PM 1 LF B2J7 LD210

\ DEL210
(23) L21 L2 PM2DL LL2
(24) — — — KC3 LL2s
(25) LP2 P220 PM2A — LP220

(26) f P215 P2Í5 PM2 —R- P215
1DEP215

(27) J P2 P220A ÍPM202 — SP220
\P2B 1 PM252

(28) J PT2 Pen220 JPM22 C243N PP2
\ KT2 \PM22A

(29) ■ ■■ 1 ' 1 KL1 PP215S
(30) — Pen220A PM22C — PP225

(31) — — — KL2 PP225S
(32) ■ PD220 PM2B B240 CB215
(33)
(34) — — — KDD1 CB215S
(35) B21 PD220A PM2BA — CB220
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TABLE XLIV: VALVE EQUI VA-

Brimar Cossor Ekco Ever- 
Ready Ferranti Hivac

20 Al _
।

/ A36B
I 1

— 1 (1)
\A36C !

— 41 STH — A36A — . — (2)
— — — A80A ___  

1 — (3)— — — —
— _ (4)

15A2 41MPG — — VHT4 (5)
1

— — i

—
_ (6)

9A1 — — A50M VPT4A AC/VP (7)
— — — — — (8)

- MVS/Pen — A50N VPT4B — (9)
8A1 C MS/PenA — A50A SPT4A AC/HP i (10)i 41 MPT 1

1 MS/Pen 1
— MVS/PenB —

1
— (11)

— — — _ — — (12)— — — _ — — (13)! — — VP41 A50P _ — (14)
— MS/PenB — i — 1 — — (15)
— — — — — (16)— _ A50B — (17)— MVSG A40M — . AC/VS 1 (18)

—
«
f MSGHA 

MSGLA I

— — i f AC/SH 
1 VAC/SL

(19)
• 41MSG

/HLAl 41MH T41 / A30B D4 AC/HL (20)
\HLA2 41MHF \A30D |

41MHL 1

41MLF
41MRC

— — _— 1 — (21)
— — — (22)

— — —— — — _ (23)
— I DD4 — A20B

1
AC/DD (24)

——1 2D41 — — (25)
— — (26)

11A2 DDT DT41 : A23A i H4D AC/DDT (27)

« «V«» —
1

— (28)
PAI Ì41MP — — 11 ----- AC/L (29)

:\41MXP i

— — ——— — (30)
— — _ (31)

7A2 MP/Pen A70B — AC/Y (32)

!

;
i .

NOTE.—The figures in parentheses are for quick reference and to facilitate reading across the pages.
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LENTS—4-VOLT (AC) RANGE
Marconi 
Osram Mazda

1

Milliard Philips Tungsram

(1) .. AC/TH1 fTH4A — ÎTH4A
\TH4B \TH4B

(2) X41 _ TH4 TX4
(3) — — FC4 _ VO4
(4) — — AK2 VO4s
(5) /MX40 _ — MH4105/71 :

\X42
(6) — — —_ A Kl MH4105/73
(7) — — — E447 HP4106c
(8) fVMP4 — — — HP4105

\VMP4G
(9) « ■ ■■■■ VP4A AF2 HP4115c

(10) MSP4 / AC/SP1 SP4 E446 HP4101C
f

fAC/S2Pen

(11) W42 ... — — VP4
(12) — — — AF3 VP4s
(13) — — AHI VX4s
(14) 1 AC/VP2 VP4B — VP4B
(15) — — SP4
(16) — AF7 SP4s
(17) — ■ ■ ■ 1 ■ SP4B SP4B
(18) / VMS4 ÎACS1VM f VM4V r E445 AS4125

1 VMS4B \ACSGVM 1 MM4V \E455
(19) J MS4 J ACSG r s4v [ E452T AS4120

\MS4B \ACS2 S4VA E442
l S4VB 1 E442S

(20) f MH4 /AC/HL f 154 V [ E424N HL4 +
MH41 VAC2/HL 164 V E438

LMHL4 244V LE499
354V
484V
904V
994V

(21) H42 ■■ " 1 - — HL4g
(22) ———’ — AC2 HL4gs
(23) - — 2D4 AB1 DD465
(24) D41 ÎV914 2D4A — DD4

LAC/DD
(25) - ■■ 2D4B DD4D
(26) ■ » - « ■ ■ ■ ■ ■ AB2 DD4s
(27) f MHD4 ACHLDD TDD4 - DDT4

\DH42
(28) — ABC1 DDT4s
(29) ML4 / AC/P J 104V TT4 E409 LL4

\AC/P1 5 054V
(30) -.1'1" ' AC/P4 LL4C
(31) " - U — AL2 APP4As
(32) TMKT4 AC/Pen fPen4V — APP4A

J N42 \Peu4VA
1 MPT4 1 1
l KT42 1

1 1
[Continued on next page
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TABLE XLIV: VALVE EQUIVA-

Brimar Cossor Ekco Ever-
Ready Ferranti Hivac

7A3 f 42OT OP42 CA70C PT4 AC/Z (33)
\42MP/Pen \A70D

-— ——- — — (34)

— 42OTDD — — PT4D AC/ZDD (35)

_ — DO42 A27D — (36)
— ■-1 — OP41 A70E — AC/YY (37)

_ _ — — — (38)
Pen Al f 425PT — — — FY (39)

J PT41
] 415PT
[410PT

. 1 ■ ■ — - — — ■ I- 1 ' ■ (40)
-— 4XP — S30C TLP4 PX41 (41)

\P4
— — — — — — (42)

riA7 431U — f AIIB ——“ /UU60/250 (43)
s R1 \A11D \UU120/350
I R2

—— .—— — — - T — (44)
UI J ■ C442BU — fSUA R4 ■II ' (45)

X506BU \S11D

__ _ __ _ _ 1-- - (46)
R3 — R41 — R4A — (47)

— ■ ..... ■ 1 I L ■ — — — (48)
— 4/1 OOBU — — — — (49)

— — — — — — (50)
— (51)

TABLE XLIV: VALVE EQUIVA-

Cossor Ekco Ever-Ready Ferranti Marconi 
Osram

202STH C36A —« _ (1)
— — JC36B 

\C36C
— — (2)

—— — ; -- - —- (3)

Note.—The figures in parentheses are for quick, reference and to facilitate reading across the pages.
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LENTS—4-VOLT (AC) RANGE—con tin tied

Marconi
Osram Mazda Mallard Philips Tungsram

(33) 6KT41 6AC2/Pen 6Pen4VB __ APP4B
LN41 \AC5/Pen L Pen A4

(34) — — — 6AL3 APPB43
1AL4

(35) DN41 6AC2/PenDD — — DDPP4B
\AC5/PenDD

(36) ■ Pen4DD — DDPP4M
(37) — — fPenB4 — APP4E*

\Pen428
(38) N43 — — — APP4G*
(39) PT4 Pcn425 6PM24M 6E443H PP4

PM24 \E443N
LPM24A

(40) . N — — AL1 PP4s
(41) PX4 PP3/250 6 AC044 E406N P12/250

\AC064
(42) — — — ADI P15/250S
(43) MU12 ruu4 riW2 6 1881 APV4

UU60/250 4 1W3 4 1867
LUU 120/350 L1W4/350 L1881A

(44) —— — AZ3 — IRV120/350s
(45) ruio UU120/350 6DW2 6506 RV120/350

\U12 DW3 1805
LDW4/350 1807

1821
(46) — ... . AZI AZI RV120/350s
(47) U14 UU120/500 r DW4 1561 RV 120/500

LDW4/500
(48) — AZ2 AZ2 RV120/500s
(49) U18 — FW4/500 61560 RV200/600

1815
L1831

(50) AC/ME — — VME4
(51) — — 6TV4 — ME4s

LTV4A

LENTS—UNIVERSAL (AC-DC) RANGE

Mazda Mallard Philips Tungsram

(1) _ TH21C ,--- TX21
(2) 6TH232O 6TH22C — 6TH29

\TH2620 \TH30C LTH30
(3) — 1-- CHI VX13s

[Continued on next page

183



TABLE XLIV: VALVE EQUIVALENTS—

Cossor Ekco Ever-Ready Ferranti Marconi 
Osram

13PGA C80B VHTA — (4)
___— — — (5)

■ —— — VPTA — (6)
13VPA — — — .. (7)

-- - — — (8)
_— VPU1 C50N — — (9)
_ — — — (10)

13 SPA .—— — — — (ID
— -- _ — — (12)

_ C50B -- - — (13)
_ C30B DA — (14)—- - (15)

C20C —— — 06)
_ __ ■m.in-u — (17)

_ — > 1 ■ ZD — (18)
13DHA DTU1 C23B HAD — (19)
202DDT _ — -_ — (20)

..._ — — — (21)
—1 PTA r N30

N30G
L KT30

(22)

... — — (23)
'402Pen — 1 — —- — (24)
402OT ■ ■ —— — — (25)

C70D PTZ (26)
_ — — (27)

_ — «— _ (28)
—1-__ —— — _ (29)

__ — Cl OB RZ (30)
_ — —. — (31)

_. — —— U30 (32)
- — — — (33)

40SUA -----— — (34)
_ _ — -— (35)
___ — — (36)
_ C39A — (37)

— — (38)

— (39)
_ — — — (40)
_ —... _ (41)

— —— —~ — (42)

-—— — — (43)

i'iOiE.—Ti c figures in parentheses are fur quick reference and to facilitate reading across the pages.
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UNIVERSAL (AC-DC) RANGE—continued

Mazda Milliard Philips Tungsram

(4) FC13C ■ ■ VO13
(5) -- - FC 13 CK1 VO13s
(5) ■ h 1 i»l — — VP13
(7) -- — — — VP13K
(8) — —— CF3 VP13s
(9) VP1322 VP13C — VP13B

(10) — VP13A CF2 HP13s
(U) — .-J* SP13A — - SP13
(12) — SP13 f CFI SP13s

\CF7
(13) — SP13C — SP13B
(14) HL1320 HL13C —— HL13
(15) HL13 CC2 HL13s
(16) — 2D13C — DD13
(17) -- - 2D13A CB2 DD13s
(18) DD620 — — DD6
(19) HLDD1320 TDD13C — DDT13

(20) — TDD 13 CBC1 DDT13s
(21) CL1 PP13s
(22) _

■
PP13A

(23) Pen26 CL2 PP24s
(24) —— — — . PP34

(25) —— CL4 PP34s
(26) Pen3520 Fen36C — PP35
(27) — CL6 CL6 CL6
(28) PenDD4020 — — DDPP39
(29) Pen40DD — DDPP39M I
(30) — URIC CY1C V20
(31) — UR1 CY1 V20s
(32) —— PV25
(33) —- UR2 CY2 PV29s
(34) U4020 — V30
(35) —— UR3C — PV30
(36) UR3 CY3 PV30s
(37) — TV6 ME6s
(38) — C VP20 f B2047 HP2118

4 MM20 \ B2045
[VM20

(39) — SP20 B2046 HP2O18
(40) — SG20A B2052T SS2018
(41) ■ SG 20 — S2018
(42) fH20 B2038 R2018

\HL20
(43) — Pen 20 B2043 PP2018
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TABLE XLV: CATHODE-

Type 
No. Description Base

Screen Heater

Diam. Colour V A

BAIRD
12MW1 Elec.-Magnetic — 12 in. W 2-2 2-5 (1)
15MW2 >> — 15 in. W 2-2 2-5 (2)

MARCON 
3/1

I (EMISCOPE) 
Magnetic _ _ 5 in. -_ _ 40 1-3 (3)

3/2 * ■ * ■ — 7 in. — 40 1-3 (4)
3/3 • • — 9 in. — 4-0 1-3 (5)
6/5 Electrostatically — 9 in. — 4-0 1-3 (6)

6/6
Focused Hexode

— 12 in. — 40 1-3 (7)
4/1 » — 3 j in. G — — (8)
MAZDA
CRM71 Double Magnetic .. — 180 mm W 20 1-4 (9)
CRM91 —. 228 mm w 2-0 1-4 (10)
CRM121 — 316 mm w 20 1-4 (11)
MULLAR 
MSI 1/1

D
Projection-Magnetic --- - —m __ 40 1-0 (12)

MW 18/2 Magnetic R 7 in. w 20 1-2 (13)
MW22/1 >> • • Q 9 in. w 4-0 1-0 (14)
MW22/3 ♦> * • R 9 in. w 20 1-2 (15)
MW22/5 M • • Q 9 in. w 6-3 0-65 (16)
MW31/3 >» * • Q 12 in. w 6-3 0-65 (17)
MW31/6 >> * * Q 12 in. w 6-3 0-6 (18)
MW39/3 >> • • Q 15 in. w 6-3 0-65 (19)

TABLE XLVI: CATHODE-RAY

Type 
No. Description Base

Screen Heater Anode Volts
No. of 
AnodesDiam. 

(in.) Colour V A 1st 2nd Final 
Max.

Final 
Nor
mal

COSSO R (V =F 
anode

inai
voies)

32 Standard Gas Fo
cused

B B 0-65 1-25 — — 1,600 1,000 1

37 Non-Origin Dis
tortion, Gas Fo
cused

A 4Ì B&
GD

0-6 1-25 — — 1,500 1,000 1

36 B B & 
GD

0-6 1-2 — — 1,500 500 1

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.
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RAY TUBES—MAGNETI C

Anode Volts
No. of
Anodes

Cathode 
Current 

(pA)

Overall Dimensions

1st 2nd Final 
Max.

Final 
Nor
mal

Diameter Length

(1) 5,300
(2) — — 7,000 — — — — —

(3) ... _ _ 2,500 _ — 13 in.
(4) — — 2,500 1 -—. *1 — 16-5 in.
(5) -- . — 3,500 — — — — 20 J in.
(6) 850 5,000 — — --- — — 24 in.

(7) 850 5,000 ■ III» — --- — —— 28-5 in.
(8) — — — 800 — — —

(9) —... 4,000 --- — — _
GO) -— — 6,000 — — — — —
(U) — — 6,000 ■ — — — —

(12) 500 25,000 ■ ■ 1 .. — — ... ■ 114 mm 341-354 mm
(13) 4,000 — — — 1 -43 185 mm 364-372 mm
(14) 250 5,000 —- — 2 0-100 226 mm 360 mm
(15) 4,000 — — — 1 0-55 217-223 mm 352-360 mm
(16) 125-250 5,000 — — 2 0-100 225-231 mm 368-376 mm
(17) 125-250 5,000 — — 2 0-100 310 mm 460 mm
(18) 125-250 5,000 — — 2 0-100 302-308 mm 455-465 mm
(19) 125-250 6,000 — — 2 0-1,000 395 mm 580 mm

TUBES—ELECTROSTATIC

Cathode 
Current 
([XA)

Negative Grid Volts Sensitivity Capacitances ([X[xD Overall Dimensions

Normal Cut-off Min. Y Axis 
(mm/V)

X Axis 
(mm/V)

Grid 
(To o

X Plate 
ther elec

Y Plate 
trodes)

Y or X to 
Opposites

Diameter 
(mm)

Length 
(mm)

70-150 AV — — 430/V 430/V 8 6 6 3'0 135 409

50-150 AV — — 300/V 275/V 9 5 5 1-5 114 345

50-150 AV — — 375/V 340/V 9 5 5 3-0 135 409

[Continued on next page
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TABLE XLVI: CATHODE-RAY
[— 

Typo Description Baso
Screen Heater

------------------------------------------ ■

Anode VoJts
No. of
AnodesDiam. 

(in.) Colour V A 1st 2nd Final 
Max.

Final 
Nor
mal

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.

!
COSSO R— continued

D H G

1
4*0 1’0 — IV

2,000 Ì
1,200

----------------------- 1 

1

t»
Ö 1 (4)09 Double Beam, Non

Trapezium, High!

39
Vacuum

E 6| n 4-0 11 _ V/5-V/6 5,000 3,000 (5)
59 F 9 BG 4-0 1-0 i V/5-V/G 5,000 3,000 3 (0)
26 Single Beam „ D 41 G 4-0 10 — i JV 2,000 1,200 3 (7)
21 E 8 W 4-0 11 — V/G 6,000 5,000 («)
79 F 9 B & 4 0 10 - ! V/5- 5,000 ' 3,500 3 (9)
41 F 11

GD 
W 4-0 J0

V/G 
V/6 5,000 3,000 3 (W)

22 ,, (High volt) G 5.1 B 4-0 1-0 1,000 V
V/5 

V/5- 10,000 5,000 3 (11)

23 ,, (Monitor) H 2| G 4-0 i-i _
V/6

V/G 2,000 800 ■> (12)
13 Magnetic C 131 W 4-0 i-i — —— 6,000 5,000 (13)
65 C 15 W 4-0 i-i — 6,000 5,000 1 (H)

MULLA

E40/G3

RD

Double Electro- N 3 G 4-U 10

■

140— 500- 2 (15)

A40/O3

static Oscillo
graph

O d c « 10

220

140-
220
110-

800

500
800
500-

— — 2 (16)

A40/N3 O 3 GD 4-0 10 — — 2 (17)

A4VG4 .. p 4 G 4-0 FU
220

400
800 

1,000 _ 1 — (18)
1 A41/Ü4 

A41/N4
p 4 ß 4-0 10 400 1,000 Vd.» 2 (19)
p 4 GD 4-0 1-0 400 1.000 J"» —— 2 (20)

E42/G« M G G 4U 1-0 200- 1,000- — 2 (21)

E42/B0 M 6 B 4-0 10
400

200-
2,000 

1,000- _ __ 2 (22)

: E46/G10 G 4-0 1-0
400

250
2,000 

1,400 5,000 — —b (23)
1 E46/BLU
1 E41/G4 Double Electro- P 4

n
G

4 4)
4-0

1-0
1-0

250
400

1,400 
1,000

5,000
bb. 2

(24)
(25)

E4HB4

static Oscillo
graph

P 4 B 4'0 10 400 1,000 2 (26)
ECR30 Electrostatic Oscil- S 3 G 4-0 F0 120- 1,000 —— 2 (27)

ECR35
lograph

T 3-5 G 1-0 10
150

130- 1,200 —- (28)

ECR60 T G 4 0 1-0
270

250- 2,000 — (29)

E46/10 Electrostatic __ 1 ------ 4-0 1-0
450

250 1,400 (30)
E46/12 *• —* 4-0 1-0 250 1,400 —- 1 — 

!
(31)

STAND

4050AB

ARD

Gas filled . .
i

1 B 0-75 0-7-1J 1,500
1

i 500 (32)
4050AD 1 BD 0’75 0-7-1-1 1 — — 1,500 500 (33)
4050AG 1 bd» G 0-75 0-7-1-J — -— 1,500 500 -- .. (34)
4050BB 1 — B 0-75 0-7-1-1 — - . 1,500 500 (35)
4050ED l ——— BD 0-75 0-7-1-1 — 1,500 500 — (36)

I 4050BG 1 — G 0-75 0-7-1-1 — --  . 1,500 500 — (37)
4063AB Vacuum J 5 J B 2-0 1-8-2 150 ■27V 5,000 — — (38)

' 4U63YB K 5+ B 2-0 1-8-2 150 •27V 5,000 — —- (39)
1 VLS492 L li G 2-0 1-8 G0-300 b— 250- 1 ' .11 __ (40)

AG

(Screen Colour : B, B1 ue; G, Green; W. Wh

1,000 

ite; D, Long Delay).
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TUBES—ELECTROSTATIC—continued
.. .. -1- . ., . ...

Cathode Negative Grid Volts Sensitivity Capacitances (tAuF) Overall Dimensions
Current

X Plate 
ther elec

(u.A) Normal Cut-off Min. Y Axis 
(mnt/V)

X Axis 
(mm/V )

Grid 
(To o

! Y Plate 
trodes)

Y or X to 
Opposites

Diameter 
(mm)

Length 
(mm)

1 1 1

(4) 0-500 V/80 V/40 0 400/V 400/V 8-5 14 14 1-0 114 375

(5) 0-400 V/360 V/180 0 650/V 700/V 7 11 12 10 160 455
(6) 0-350 V/360 V/180 0 650/V 750/V

350/V
7 11 12 1-0 228 525

(7) 0-50 V/80 V/40 0 390/V !l 14 11 1-0 114 375
(S) 0-350 V/3C0 V/180 0 966/V 735/V 8 16 13 5-0 205 507
(9) 0-350 V/360 V/180 0 600/V 600/V 7 11 12 1-0 228 525

(10) 0-350 V/360 V/180 0 600/V 600/V 11 17 15 10 295 580

(11) 0-250 V/360 V/180 0 980/V 780/V 6 14 10 30 135 490

(12) 0-150 6-5 V/70 0 170/V 170/V 20 15 15 1 U 70 200
(J 3) — — —- —— — — ■1 —• 350 605
(14) - — . — — — — — —— — ■ 382 675

(15) — O-SO — — — — — 75 150-165

(16) — 0-30 __ — __ — — 75 150-165

(17) — 0-30 — — — — — *—* — .— 75 150-165
(18) 0-40 —a — .«—A. —— — — 103 326-549
(19) —— 0-40 «MP—1 .... — — 103 326-349
(20) 0-40 *■ 1 "1 » —— —

— ■a. 103 326-349
(21) — 0-35 — — — — —- — 167 425-450

(22) — 0-35 — — —• — — — — — 167 425-450

(23) m — 0-60 —a. -- - —. — -—. — 258 570-595
(24) -- - 0-60 --- — 1 . —— — 258 570-695
(25) — 0-40 — ---- W —_ --- —* ™- — 103 326-349

(26) —- 0-40 __ — — — — _ 103 326-349
(27) — -1-15 —— — —» —— — — — — 7Ù 200

(28) _ -1-50 — — — — — 90 340

(29) — -1-100 — — — — —
_ —a. — 160 431

(30) —— — ■ --M — __ —— — -r - 258 570-595
(31) — — — — — — — 310 630-660

(in.) (in.)
(32) —» ' » 370/V 370/V —- —— 7-0 4) 131
(33) _ __ — — 370/V 370/V — — —— 7-0 41 131
(34) — — 370/V 370/V — — Ma— 7-0 41 134
(35) — — — — 680/V 580/V — — -- — 7-0 i 181
(36) _---- - - ---» 580/V 580/V — — 7-0 7 18i
(37) — — —■ ......... 580/V 580/V arm — —-- 7-0 7 181
(38) — ! 0-5 -30 w ■■ 1 600/V 700/V 18 16 10 — 61 21
(39) — 0-5 -30 — 600/V 700/V 18 16 3-5 — 61 21
(40) -- . 0-5 — —~ 110/V 120/V 8-5 6-6 6-0 —— 14 64

------------ -
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CATHODE RAY TUBE BASES
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BRITISH SEVEN-PIN (contd.)

7 Bl 2 7B15 7816 7B17 7318 7319

7BZ0 7821 7B22 7B23 7824 7825

7B26 7B27 7328 7B29 7B30 7331

7B32 7B33 7334 7B35 7836 7337

7B5O

BLANKS HAVE BEEN 
LEFT AT THE END OF
SOME GROUPS SO 
THAT THE READER 
MAY INSERT DETAILS 
OF FUTURE TYPES

OCTALS

01 02 03 04 05
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OCTALS (contd.)

071 072 073 07* 073

077 078

076

OL8

OL1 *

OM 5

OMI 4
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MAZDA OCTALS (contd.)

OM 1 7 OM 1 8 OMI 9 OM 20 OM 21 OM22

OM 2 3 OM 2 < OMÏ1 OM26 OM27

4UX2 4UX3 4UX4
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AMERICAN UX (contd.)® ® @ o o o
óU X1 3 ÓUX1 4 6UX1 5
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SIDE CONTACT (contd.)

CONTINENTAL
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TABLE XLVII: AMERICAN

Type Description Base
Fil. or 
Heater 
(Volts)

Fil. or 
Heater 
Current 
(Amps)

Anode 
Volts

Screen 
Volts

00A Triode (Gas) 4UX3 50 0-25 45 _ (1)
0Z4 Rectifier (Gas) 078 — -- r RMS 300 —- (2)
OLA Triode 4UX3 50 0-25 45 — (3)
1A4 HF Pentode 4UX5 20 006 180 67-5 (4)
1A5 LF Pentode.. 09 1-4 005 90 90 (5)
1A6 Heptode 6UX3 20 006 180 67-5 (6)
1A7 Pentagrid 010 1-4 0-05 90 45 (7)
1A7V VMu. Pentagrid 010 1-4 005 90 90 (8)
1B4 HF Pentode 4UX5 20 006 180 67 (9)

1B5/25S DD Triode .. 6UX2 20 0-06 135 — — » (10)
1C5 LF Pentode.. 09 1-4 01 90 90 (11)
1C6 Heptode 6UX3 2-0 012 180 67-5 (12)
1C7 Pentagrid .. 010 20 012 180 67-5 (13)
1D5 HF Pentode 07 20 006 180 67-5 (14)
1D7 Pentagrid .. 010 20 006 180 67-5 (15)
1E5 HF Pentode 07 20 006 180 67 (16)
1E7 Twin LF Pentode .. 014 20 024 135 135 (17)
1F4 LF Pentode.. 5UX1 2-0 012 180 180 (18)
1F5 LF Pentode.. 08 20 012 180 180 (19)
IF6 DD LF Pentode .. 6UX13 20 0-06 180 67-5 (20)
1F7 DD LF Pentode 015 2 0 0-06 180 67-5 (21)
1H4 T riode 03 20 006 180 — (22)
1H5 Diode Triode 04 1-4 005 90 — (23)
1H6 DD Triode .. 013 2-0 0-06 135 (24)
1J6 Class B 016 2-0 0-24 135 — (25)
IL A4 LF Pentode.. 0L2 1-4 005 90 90 (26)
1LA6 Frequency Changer 0L4 1-4 0-05 90 45 (27)
1LH4 Diode Triode 0L1 1-4 005 90 — (28)
1LN5 HF Pentode 0L3 1-4 005 90 90 (29)
1N5 HF Pentode 06 1-4 005 90 90 (30)
1N5V HF Pentode 06 1-4 005 90 90 (31)
1Q5 LF Pentode.. 060 1-4 01 90 90 (32)
1R5 Pentagrid BB1 1-4 005 90 67-5 (33)
1S4 LF Pentode.. BB2 1-4 0-1 67-5 67-5 (34)
1S5 LF Pentode.. BB3 1-4 0-05 90 90 (35)
1T4 HF Pentode BB4 1-4 005 90 67-5 (36)
LV Rectifier 4UX10 63 0-3 RMS 325 — (37)
2A3 Power Triode 4UX3 2-5 2-5 250 —- (38)
2A5 LF Pentode.. 6UX10 2-5 1-75 250 250 (39)
2A6 DD Triode .. 6UX6 2-5 0-8 250 — (40)
2A7 Pentagrid 7UX6 2-5 0-8 250 100 (41)
2B7 DD HF Pentode .. 7UX5 2-5 0-8 250 100 (42)
2E5 Tuning Indicator .. 6UX12 2-5 0-8 250 — (43)
2G5 Tuning Indicator .. — 2-5 08 250 — (44)
3Q5 LF Pentode.. Oil 2-8 005 90 90 (45)
5T4 Rectifier 02 5-0 2-0 RMS 450 — (46)
5U4 Rectifier 02 50 30 RMS 500 — (47)
5V4 Rectifier 036 5-0 2-0 RMS 400 — (48)
5X4 Rectifier 01 5-0 3-0 RMS 500 — (49)
5Y3 Rectifier 02 5-0 2-0 RMS 350

•
(50)

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.
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TYPES

Bias
Volts

Bias 
Res. 

(Ohms)

Anode 
Cur
rent 
(mA)

Screen 
Cur
rent 
(mA)

Slope 
mA/V 

(*=Conv. 
Condt. 
pA/V)

Imped
ance 

(Ohms)
Amp. 
Factor

Out
put 

(Watts)

Opti
mum 
Load 

(Ohms)

(1) — —- 1-5 — 0-666 30,000 20 _
(2) — — —— — --- ! — -- - 75mA ——

(3) — — 1-5 -— 0-666 30,000 20 ■ ■» ——

(4) -3-15 — 2-3 0-8 0-75 1 meg. 750 — —

(5) -4-5 — 4-0 0-8 0-85 300,000 255 0115 25,000
(6) -3-22-5 — 1-3 2-4 *300 500,000 _ _ __ -
(7) 0-3 — 1-2 0-6 *250 600,000 — ——

' ) 0 — 2-3 — *250 — — --- .
(9) -30 — 1-7 0-6 0-65 1-5 meg. ■ " ■ »1 — --- 1

(10) -3 0 — 0-8 — 0-575 35,000 20 — —
(H) -7-5 — 7-5 1-6 1-55 115,000 180 0-24 8,000
(12) -3-14 — 1-5 2-0 *325 750,000 _ —— -—

(13) -3-0 1-5 2-0 *325 750,000 -- 1 ■ II —----- !

(14) -3 0 —— 2-3 0-8 0-75 1 meg. -- - - —. —
(15) -3-0 — 1-3 2-4 0 3 500,000 —- —— —

(16) -3 0 — 1-7 0-6 0-65 1-5 meg. — — —

(17) -7-5 — 7-5 2-2 1-425 260,000 — 0-575 24,000
(18) -4-5 432 8-0 2-4 1-7 200,000 _ 0-31 16,000
(19) -4-5 432 8-0 2-4 1-7 200,000 — 0 31 16,000
(20) -1-5 —— 2-2 0-7 0-65 1 mcg. — —
(21) -1-5 — 2-2 0-7 0-65 1 meg. — -- ■■ —
(22) -13-5 — 3-1 - ■- 0-9 10,300 9-3 — —

(23) 0 --— 0-14 0-275 240,000 65 — , HI M
(24) -3-0 —. 0-8 — 0-575 35,000 20 — - --
(25) 0 -- * • 5-0 — 1 1 ~ 2-1 10,000
(26) -4-5 — 4-0 0-8 0-85 300,000 255 0-115 25,000
(27) 0-3 0 — 1-2 0-6 *250 600,000 — —— —---
(28) 0 — 0-14 — 0-275 240,000 65 --- in - »

(29) 0 — 1-6 0-35 0-8 11 meg. 880 — =—

(30) 0-4-0 — 1-2 0-3 0-75 1-5 meg. 1160 — ——

(31) 0 — 1-6 — 0-65 1 meg. — —
(32) -4-5 — 9-5 1-6 2-1 —— — 0-27 8,000
(33) — — 1-7 30 — — — _ - ■ —

(34) -70 — 7-2 1-5 — —— —— .—- __
(35) — 3-0 7-0 — — — —— - . -
(36) — 3-7 1-25 — — --- —
(37) — — -—. ——— — — 45 mA —

(38) -45-0 750 60-0 .— 5-25 800 4-2 3-5 2,000
(39) -16-5 410 34-0 6-5 2-65 30,000 190 3-0 7,000
(40) -20 5,000 0-8 -— 1-1 90,000 100 — ---
(41) -3-40 300 3-5 2-2 *520 360,000 -—— — —

(42) -3-0 — 10-0 2-3 1-2 600,000 —.— — —

(43) — —--- -- - — — — _
(44) —— — — — ■ — ■ — _
(45) -4-5 — 9-5 1-6 21 — — 0-27 8,000
(46) — — — — — — -- - 250mA —
(47) — —-- — “—- — — — 250mA ——

(48) — — — — — —«- — 200mA —

(49) — -—~ — — — — — 200mA —
(50) — — —- — — — 125mA —

[Continued on next page199



TABLE XLVII: AMERICAN

Type Description Base
Fil. or 
FI eater 
(Volts)

Fil. or 
Heater 
Current 
(Amps)

Anode 
Volts

Screen
Volts

5Y4 Rectifier 01 50 2'0 RMS35O __ (51)5Z3 Rectifier 4UX2 5-0 3-0 R MS 500 — (52)
5Z4 Rectifier 036 50 20 RMS35O — (53)
6A3 Power Triode 4UX3 6-3 1-0 250 ... (54)
6A4 LF Pentode.. 5UX1 6-3 0-3 180 180 (55)
6A6 Double Triode 042 6-3 0-8 300 (56)
6AG6 LF Pentode.. 049 63 1-2 250 250 (57)
6A7 Frequency Changer 7UX6 6-3 0 3 250 100 (58)6A8

6AB5

Frequency Changer

Tuning Indicator ..

054 6-3 0 3 250 100
I arget

(59)
6UX12 6'3 0-15 180 180 (60)6AD6 Tuning indicator .. 061 6-3 015 — Target

6AE6 Twin Anode Control
150 (61)

063 6-3 015 250 —— (62)
Target

6AF6 Tuning Indicator .. 061 6-3 0 15 — 135“ (63)
6B4 Power Triode 03 6-3 10 250 -_ (64)6B5 Double Triode 6UX8 6-3 08 300 (65)
6B6 DD Triode .. 041 6-3 0-3 250 _ (66)
6B7 DD HF Pentode .. 7UX5 6-3 0-3 250 125 (67)6B8 DD HF Pentode .. 053 6-3 03 250 125 (68)
6B8S DD HF Pentode 053 6-3 0-3 250 100 (69)

(70)6C5 Triode 034 6-3 0-3 250
6C6 HF Pentode 6ÜX11 6-3 0-3 250 100 (71)6C7 DD Triode .. ——- 63 0-3 250 (72)
6D6 HF Pentode 6UX11 6-3 0-3 250 100 (73)6D8 Pentagrid 054 6-3 0-15 250 100 (74)6E5 Tuning Indicator .. 6UX12 6-3 0-3 250 (75)6E6 Double Triode 7UX9 6-3 0-6 250 _ (76)6E7 HF Pentode 7UX11 6-3 0-3 250 100 (77)
6E8 Triode Hexode 058 6-3 0-3 250 100 (78)6F5 Triode 039 6-3 0-3 250 _ ■■ (79)
6F6 LF Pentode.. 049 63 0-7 250 250 (80)6F7 Triode Pentode 7UX8 6-3 0-3 250 100 ■ (81)6G5 Tuning Indicator .. 6UX12 63 0-3 250 (82)6G6 LF Pentode.. 048 6-3 015 180 180 (83)6H4 Diode 064 6-3 015 100 (84)6H6 Double Diode 037 6-3 0-3 _ (85)6J5 Triode 034 6-3 0-3 250 , (86)6J7 HF Pentode 050 6-3 03 250 125 (87)6K5 Triode 040 6-3 0-3 250 (88)6K6 LF Pentode.. 048 6-3 0-4 250 250 (89)6K7 HF Pentode 047 6-3 03 250 125 (90)6K8 Triode Hexode 057 6-3 0-3 250 100 (91)6L5 Triode 034 6-3 0 15 250 (92)6L6 LF Pentode.. 060 6-3 0-9 250 250 (93)6L7 Frequency Changer 055 6-3 0-3 250 150 (94)6M6 LF Pentode.. 048 6-3 F2 250 250 (95)

(96)6N5 Tuning Indicator .. 6UX12 6’3 0-15 180
6N6 Double Triode 044 6-3 0-8 300 — (97)

Note.—The figures in parentheses are for quick reference and to facilitate reading across the paves
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TYPES—continued

[Continued on next page 201

fa». ...

Bias 
Volts

Bias 
Res. 

(Ohms)

Anode 
Cur
rent 
(mA)

Screen 
Cur
rent 
(mA)

Slope 
mA/V 

(*“Conv. 
Coudt. 
pA/V)

Imped
ance 

(Ohms)
Amp.
Factor

Out
put 

(Watts)

Opti
mum 
Load 

(Ohms)

(51) — — — ’ 1 ■ — __ ..... 125mA _
(52) — — — -— ‘—— - 1 ■ ■ — 250mA —
(53) ■-- — — — — — -—. 125mA —
(54) -4-5 " ■ ' 600 — 5-25 800 4-2 3-2 2,500(55) -120 465 220 3-9 2-2 45,500 1:4 8,000(55) 0 0 — — — — 35 100(57) -6-0 150 32-0 60 10-0 60,000 600 3-75 8,500(58) -3-40 300 3-5 2-2 *550 360,000
(59) -3-40 300 3-5 2-2 *550 360,000 — — ——
(60) — — — - — — — — —

(61) — — —— — — — . . — -_
(62) — — 65 ---* — — —— ' -

(63) — — — — — —— —__ _
(64) -450 —• 600 •-- 5-25 800 4-2 3-2 2,500(65) — — 43-0 — 2-25 24,000 54 5 0 7,000(66) -2-0 5,000 0-4 — 11 90,000 100(67) -30 250 7-5 2-1 l-l 650,000 700 .. . —
(68) -3 0 — 90 2-3 11 600,000 800(69) -3-30 — 6-5 1-4 1-0 800,000 800 _ —_
(70) -8-0 1,000 80 2-0 10,000 20 . n. -_
(71) -3-0 600 2-0 0-5 1-25 T5 meg. 1,900 _ —
(72) -9 0 — 5-5 — 1-25 16,000 20 _ _
( /3) -3-40 300 8-2 2-0 1-6 800,000 1,280 _ _
(74) -30 — 3-5 2-6 *550 400,000 _ ■ -
(75) — — — — —. — .-- . -. I .11
(76) -27-5 — 360 — 3-4 7,000 6-0 1-6 14,000(77) -3-0 — 7-5 1-75 1-5 770,000 20(78) — — 3-3 — *650 — — __
(79) -2-0 2,000 0-9 — 1-5 66,000 100 _ _
(80) -16-5 410 340 6-5 325 80,003 ' 190 3-5 7,000(81) -3-35 500 6-5 1-5 1-1 850,000 900(82) 0-22 — — — — — „—.
(83) -9-0 — 15-0 2-5 2-3 — — ■ ■. _
(84) — — 40 — — — — —
(85) — — — — — — — —— _ -
(86) -8-0 — 90 — 2-6 7,700 ■ 20 _ ■ _ _
(87) -3-0 600 20 0-5 1-25 1-5 meg. 1,900(88) -3-0 3,000 11 -------- - 1-4 50,000 70 _ _
(89) -180 — 320 — 2-2 68,000 — 3-4 7,600(90) -3-0 200 10 5 2-6 1-65 600,000 1,000
(91) -3-30 300 . 2-5 4-5 *350 1 meg. _ . —_
(92) -9-0 •— 8-0 — 1-9 9,000 17 — __
(93) -14-0 170 72-0 5-0 60 22,500 135 6-5 2.500(94) -3-0 260 3-3 8-3 *350 1 meg.
(95) —- 140 360 4'0 10-0 — — 4-4 7,000(96) — — — — — —... —
(97) 0 —— 43-0 8-0 8-0 24,000 54 5-0 7,000

. —Jl. ■■■_ 1______ -—— —________
i
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Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.
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Type Description Base
Fil. or 
Heater 
(Volts)

Fil. or 
Heater 
Current 
(Amps)

Anode 
Volts

Screen 
Volts

6N7 Double Triode 042 6-3 0-8 300 --- - (98)
6P8 Triode Hexode 058 6-3 0-8 250 80 (99)
6Q6 Diode Triode 065 6-3 0 15 250 — (IGO)
6Q7 DD Triode .. 041 6-3 0-3 250 — (101)
6R7 DD Triode .. 041 63 03 250 — (102)
6S7 HF Pentode 047 6-3 015 300 100 (103)
6T7 DD Triode ,. 041 6-3 015 250 —— (104)
6U5 Tuning Indicator .. 6UX12 6-3 03 250 — — (105)
6U7 HF Pentode 047 6-3 0-3 250 103 (106)
6V6 LF Pentode.. 060 6-3 0'45 250 250 (107)
6W7 HF Pentode 047 6-3 015 300 100 (108)
6X5 Rectifier 037 6-3 06 RMS35O — (109)
6Y5 Rectifier — 6-3 0'8 RMS 350 —■ * (HOI
6Z4 Rectifier —- 6-3 05 R MS 350 — (111)
6ZY5 Rectifier 037 6-3 0-3 RMS 350 ——H (112)
7A6 Double Diode 0L9 6-3 045 150 1 (113)
7A7 HF Pentode — 6-3 03 250 100 (114)
7A8 Frequency Changer 0L17 6-3 0-15 250 100 (115)
7H5 LF Pentode.. 0L12 6-3 0-4 250 250 (116)
7B6 DD Triode OLII 6-3 0-3 250 ■ ■ (117)
7B7 HF Pentode OLI 2 6-3 0-15 250 100 (118)
7B8 Frequency Changer 0L13 6-3 0-3 250 109 (119)
7C5 LF Pentode.. 0L16 6-3 0'45 250 250 (120)
7C6 DD Triode.. OLII 6-3 015 250 — (121)
7C7 HF Pentode OLI 2 6-3 03 250 100 (122)
7Y4 Rectifier OLIO 6-3 0-5 RMS 350 * (123)
10 Power Triode 4UX3 7-5 1-25 450 (124)
12 Triode 4UX3 Fl 0-25 135 — (125)
12A6 Beam Power Output 048 12-6 0-15 250 250 (126)
12A7 Diode Pentode 7UX7 12-6 03 135 135 (127)
12A8 Pentagrid .. 054 12-6 015 300 100 (128)
12B6 Diode Triode 065 12-6 '0-15 250 (129)
12B7 HF Pentode 0L12 12-6 015 250 —- (130)
12C8 DD HF Pentode .. 053 12-6 015 300 125 (131)
12E5 Triode 034 12-6 015 250 (132)
12F5 Triode 039 12-6 0 15 250 — (133)
12G7 DD Triode .. 041 12-6 0 15 250 —— ■« ■ (134
12J5 Triode 034 12-6 015 250 — (135
12J7 HF Pentode 047 12-6 0 15 250 100 (136;
12K7 HF Pentode 047 12-6 015 300 125 (137)
12K8 Triode Hexode 057 12-6 0'15 250 100 (138)
12Q7 DD Triode .. 041 12-6 0-15 250 — (139)
12SA7 Pentagrid 066 12>6 0-15 300 100 (140)
12SC7 Double Triode 067 12-6 015 250 (141)
12SF5 Triode 068 12-6 015 250 — (142)
12SG7 HF Pentode 069 12-6 0'15 250 150 (143)
12SJ7 HF Pentode 070 12-6 0-15 250 100 (144)
12SK7 HF Pentode 070 12-6 015 250 100 (145:
12SQ7 DD Triode .. 071 12-6 015 250 — (146;
12SR7 DD Triode .. 071 12-6 0 15 250 — (147)



TYPES—continued

[Continued on next page

Bias
Volts

Bias
Res.

(Ohms)

A node 
Cur
rent 
(mA)

Screen 
Cur
rent 
(mA)

Slope 
mA/V 

^^Conv. 
Condì. 
pA/V)

Imped
ance 

(Ohms)
Amp. 

Factor
Out
put 

(Watts)

Opti
mum 
Load 

(Ohms)

(98) 0 -------- — — _ .-- . 35 10-0 -
(99) -1-5-30 300 2-2 30 *650 750,000 --

(100) -30 — 1-2 — 105 — -— — —
(101) -20 4,000 1-1 — 1-2 58,000 70 __ _______
(102) -90 1,000 9-5 — 1-9 8,500 16 — —
(103) -3-0 — 8-5 20 1-75 1 meg. *— — —

004) -30 —— 1-2 — 1-05 62,000 65 — ' — ■■ —
(105) 0-22 ■ 1 1 ■ — — — --- — —
(106) -3-40 300 8-2 20 1-6 800,000 1,280 — —
(107) -12-5 240 45-0 4-5 4-1 52,000 218 4-25 5,000
(108) -30 — 2-0 0-5 1-225 1-5 meg. — — —
(109) — - " ' 11 -- — - ■" • --- —— 75mA —
(HO) •— — --- ■ ■“—- — — 50mA —
(111) —— —. — — — •—— 60mA
(112) — — --- * -—. * — — 35mA *— -b

(113) — — S O (e ach ano de) — — — — —

(114) -3-35 300 8-6 20 2-0 800,000 1,600 — —

(115) -3-35 300 3-0 2-8 *600 700,000 — — —
(H6) -180 500 32-0 5-5 2-2 68,000 150 3-4 7,600
(117) -2-0 2,000 10 •b— 1-1 91,000 100 — b — -

(H8) -30 300 8-5 20 1-7 700,000 1,200 --- - ---
(119) -3-0 300 35 2-7 *550 360,000 — — —
(120) -12-5 240 45 0 4-5 4-1 52,000 218 4-25 5,000
(121) -1-0 — 1-3 — 10 100,000 100 --- -- -
(122) -3 0 1,200 2-0 0-5 1-2 1-5 meg. 1,850 —bb

(123) ’-- --- — — — — — 60mA —
(124) -320 — 180 — 1-6 5,000 ■' ■' ■ 1-6 10,000
(125) -10-5 — 30 — 0'44 15,000 6-6 -- - —

(126) -12-5 300 3-5 3-0 50,000 — — <■ i — m

(127) -13-5 1,250 9-0 2-5 0-975 102,000 100 055 13,500
(128) -3-0 ■—— 3-5 2-7 *550 360,000 — — —bb

(129) -2-0 — 09 — 1-1 91,000 — ' *' 1 -—
(130) -3 0 — 9-2 ———- 2-0 800,000 bbb — —

(131) -3-0 — 100 2-3 1-325 600,000 — — —
(132) -13-5 —*— 50 '--- 1-45 9,500 —bm. — —
(133) -2-0 — 09 — 1-5 66,000 — — —

(134) -3 0 — — — 1-2 58,000 — — b —

(135) -8-0 — 90 — 2-6 7,700 — — —
(136) -3 0 2-0 0-5 — 1-225 2 meg. — । 1 - ——
(137) -3-0 — 10-5 2-6 1-65 600,000 --- — —
(138) -3 0 -—- 2-5 6-0 0-35 600,000 — — —

(139) -3 0 — 11 _—. 1-2 58,000 -- - —■ ■! —
(140) — — 3-5 8-5 *450 1 meg. — — —
(141) -2-0 -—- 2-0 — 1-325 each 53,000 — _ —
(142) -2-0 — 0-9 —-- 1-5 66,000 - — —
(143) -2-5 — 9-2 3-4 4-0 1 meg. — —

(144) -3-0 — 30 0-8 1-65 1-5 meg. — —* -b- —

(145) -3-0 — 9-2 3-4 1-65 1-5 meg. — — —
(146) -2-0 — 0-8 — 1-1 91,000 — b . U

(147) -9-0 — 9-5 —— 1-9 8,500 --- —
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TABLE XLVII: AMERICAN

Type Description Base
Fil. or 
Heater 
(Volts)

Fib or 
Heater 
Current 
(Amps)

Anode 
Volts

Screen 
Volts

12Z3 
14 A4
14A5 •

14A7/12B7 
14B8 
14C7 
14F7
15
18
19
20 
22
24 
24A 
25A6 
25A7
25 B5 
25B8
25D8
25L6 
25 N6 
25R 
25X6 
25Y4

25Y5/25Z5 
25Z6 
26 
27
30
31
32 
33
34 
35 
35A5 
35L6 
35R 
35Z3 
35Z4 
35Z5 
36
37
38 
39/44 
40 
40Z5
41
42
43

Rectifier 
Triode
Beam Power Output 
HF Pentode 
Pentagrid
HF Pentode 
Double Triode 
HF Pentode 
LF Pentode.. 
Class B 
Power Triode 
Screen Grid 
Screen Grid 
Screened Tetrode .. 
LF Pentode.. 
Diode Pentode 
Double Triode 
Triode Pentode 
Diode-Triode-

Pentode 
LF Pentode..
Double Triode 
Rectifier
Rectifier 
Rectifier 
Rectifier 
Rectifier 
Triode 
Triode 
Triode 
Triode 
HF Tetrode 
LF Pentode.. 
F1F Pentode 
HF Tetrode
Beam Power Output 
Beam Power Output 
Rectifier
Rectifier 
Rectifier 
Rectifier
Screened Tetrode ..
Triode 
LF Pentode.. 
HF Pentode 
Triode 
Rectifier 
LF Pentode.. 
LF Pentode.. 
LF Pentode..

4UX10 
OLI9 
OL16 
OL12
OL13 
OL12 
OL18 
5UX8 
6UX10 
6UX1 
4UX3 
4UX6 
5UX8 
5UX8 
049 
062 
6UX15 
072
073 
060

6UX5

035 
6UX5 
037 
4UX3 
5UX6 
4UX3 
4UX3 
4UX5 
5UX1 
4UX5 
5UX9 
OL16 
048 
6UX5
0L8 
015 
075 
5UX8 
5UX6 
5UX7 
5UX8 
4UX3 
075 
6UX10 
6UX10 
6UX10

12-6 
12 6
12-6 
12-6 
12-6
12 6 
12 6
2 0 

140
2 0 
3-3 
3-3
2-5
2-5 

25-0 
25-0 
25 0 
250
25 0
250 
250
25 0 
250 
250 
250 
250

1-5 
2-5
20 
20
20 
20 
2-0 
2-5

32-0 
35-0 
35-0 
350 
350 
350

6-3 
6-3 
6-3 
6-3
50

45 0 
63 
6-3

250

0-3
0 15 
015
0 15 
015
0-15 
0-15 
0-22
0-3 
0-26 
0132 
0132 
1-75 
1-75 
0-3
0-3 
0-3
015
0 15
0-3 
03 
0-3
015 
0 15
0-3 
0-3
1 05 
1-75 
006
0 13 
006
0-26 
006
1 75 
0-15 
0-15 
0-3 
015
0 15
0 15
0-3 
0-3 
0-3 
0-3 
0-25
045 
04
0-7 
0-3

RMS 250
250
250
250
250
250
250
135
250
135
135
135
250
250
180
100
180
100

110
180

RMS 250
RMS 125
RMS 125
RMS 250
RMS 250

180
250
180
180
180
135
180
250
110
110

RMS 250
RMS 170
RMS 125
RMS 125

250
250
250
250
180

RMS 125
250
250
180

250 
100
100
100

67-5 
250

67-5 
90 
90

135
100
100
100

110
110

67-5 
135
67-5 
90

lit) 
110

90

250
90

250 
250 
135

(148) 
(149) 
(150) 
(151)
(152) 
(153) 
(154) 
(155) 
(156) 
(157) 
(158) 
(159) 
(160) 
(161) 
(162) 
(¡63) 
(164) 
(165)
(166)
(167) 
(168) 
(169) 
(170) 
(171) 
(172) 
(173) 
(174) 
(175) 
(176) 
(177) 
(178) 
(179) 
(180) 
(181) 
(182) 
(183) 
(184) 
(185) 
(186) 
(187) 
(188) 
(189) 
(190) 
(191) 
(192) 
(193) 
(194) 
(195) 
(196)



TYPES—continued

(Continued on next page

Bias
Volts

Bias 
Res. 

(Ohms)

Anode 
Cur
rent 
(mA)

Screen 
Cur
rent 
(mA)

Slope 
mA/V 

(*=Conv. 
Condt. 
P-A/V)

Imped
ance 

(Ohms)
Amp.

Factor
Out
put 

(Watts)

Opti
mum 
Load 

(Ohms)

(148) --- : — — --r- - w*—— 60mA ■.. a
(149) -8-0 — — 1 2-6 7,700 -- - -— 1 ■------„

(150) -12 5 ■ — * 30-0 3-5 30 50,000 _— — —
(151) -3-0 — 9-2 2-6 2-0 800,000 -- - — —

(152) -3-0 — 3-5 2-7 *550 360,000 — — —
(153) -30 — 2-2 0-7 1-575 1 meg. — ---
(154) -2-0 ■ 1 ' — 2-3 — 1-6 44,000 — — —

(155) -1-5 — 1-85 0-3 0-75 800,000 600 — ---
(156) -16-5 410 34-0 6-5 2-35 80,000 190 3-5 7,000
(157) 0 — — -—M — — • »1 2-1 —

(158) -22-5 — 6-5 — 0-525 6,300 3-3 0 11 6,500
(159) -1-5 — 3-7 1-3 0-5 325,000 --- — —•
(160) -30 500 4-0 1-7 1-0 400,000 400 — a— a—
(161) -3-0 500 4-0 1-7 1 05 600,000 630 — —
(162) -200 440 38-0 7-5 2-5 40,000 100 2-75 5,500
(163) -15-0 — 20-5 40 1-8 50,000 — 0-77 4,500
(164) 0 460 5-8 2-3 15,200 35 3-8 3 800
(165) -3 0 — 76 20 *2,000 75,000 — — —

f 1-9 200,000 Pentode(loo)
X 1-1 91,000 Triode ——“

(167) -7-5 140 49-0 4-0 8-2 10,000 82 2-2 2,000
(168) 0 — 45-0 7-0 11-4 11,400 25 2-0 2,000
(169) — ■ 1 " — — — ——. 80mA —
(170) -- - — — — —. —— •-- 60mA —

(171) — - ‘ 1 '■ ■ ■■ — — — 75 mA —
(172) —- — — — —, *——— — 85mA —

(173) — ■ ' ■ ■ — ■■ 1 ■ — — 85 mA —

(174) -14-5 — 6-2 — 1-15 7,300 8-3 — —
(175) -21-0 — 5-2 — 0-97 9,250 9-0 — —

(176) -13-5 — 3-1 — 09 10,300 9-3 — —
(177) -30-0 — 12-3 — 1'05 3,600 3-8 0-375 5,700
(178) -3-0 1-7 0-4 0-65 1-2 meg. 780 — ■a » — —

(179) -12-0 —. — — 20 — — 10 6,000
(180) -3-22-5 2-8 10 0-62 1-2 meg. 620 — --- -
(181) -30 — 6-5 2-5 105 400,000 — —— — —
(182) -7-5 — 41-0 7-0 5-8 14,000 —•— — ■ a. »1 ■

(183) -7-5 — 410 70 5-8 13,800 — —
(184) — — — — — — 120mA —
(185) — — — — — — 100mA —
(186) — — — —. — — 100mA
(187) — — _ — — --- — 100mA —
(188) -3-0 850 3-2 1-0 1-08 550,000 595 — —

(189) -18-0 — 7-5 — 1-1 8,400 9-2 — —
(190) -25-0 970 22-0 3-8 1-2 100,000 1-2 2-5 10,000
(191) -3-0 400 5-8 1-4 1-05 1 meg. 1,050 _ ---
(192) -3 0 — 0-2 — 0-2 150,000 30 — —

(193) — — — — — — 100mA —

(194) -18-0 480 32-0 5-5 2-2 68,000 150 3-4 7,600
(195) -16-5 410 34-0 6-5 2-35 80,000 190 3-5 7,000
(196) -20 0 440 380 7-5 2-5 40,000 100 2-75 5,000
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TABLE XLVII: AMERICAN

Type Description Base
Fil. or 
Heater 
(Volts)

Fil. or 
Heater 
Current 
(Amps)

Anode 
Volts

Screen 
Volts

45 LF Triode .. 4UX3 2-5 1-5 250 _ (197)
45Z5 Rectifier 075 45-0 015 RMS 125 — (198)
46 Dual Grid LF 5UX4 2-5 1-75 250 — (199)
47 LF Pentode.. 5UX1 2-5 1-75 250 250 (200)
48 LF Tetrode 6UX14 300 0-4 125 100 (201)
49 Dual Grid LF 5UX4 2-0 0 12 135 (202)
50 Power Triode 4UX3 7-5 1-25 450 — (203)
50C6 Beam Power Output 048 500 0 15 200 135 (204)
50L6 Beam Power Output 048 500 0 15 110 110 (205)
50Y6 Rectifier 038 500 0-15 RMS 117 — (206)
50Z7 Rectifier

HF Tetrode
074 500 0 15 RMS 117 — (207)

51 5UX9 2-5 1-75 250 90 (208)
53 Class B 7UX9 2-5 20 300 — (209)
55 DD Triode .. 6UX6 2-5 1-0 250 — (210)
56 Triode 5UX6 2-5 1-0 250 — (211)
57 HF Pentode 6UX11 2-5 1-0 250 100 (212)
58 HF Pentode 6UX11 2-5 10 250 100 (213)
59 Triple Grid Output 7UX4 2-5 2-0 250 250 (214)
70A7 Rectifier and Beam 

Power Output 062 700 015 * RMS 117
110 __.

(215)
(216)

70L7 Rectifier and Beam 
Power Output 076 700 015 < RMS 117

110 110
(217)
(218)

71A Power Triode 4UX3 50 0-25 180 — (219)
75 DD Triode .. 6UX6 6-3 0-3 250 — (220)
76 Triode 5UX6 6-3 0-3 250 — (221)
77 H F Pentode 6UX11 6-3 0-3 250 100 (222)
78 HF Pentode 6UX11 6-3 0-3 250 125 (223)
79 Class B 6UX7 6-3 0-6 250 — (224)
80 Rectifier 4UX11 50 2-0 RMS 350 — (225)
80A Rectifier 4UX10 7-5 1-25 RMS 700 (226)
81 Rectifier 4UX10 7-5 1 25 RMS 700 — (227)
82 Rectifier (mercury).. 4UX7 2-5 3-0 RMS 450 — (228)
83 Rectifier (mercury) 4UX7 50 3-0 RMS 450 — (229)
83V Rectifier 4UX8 50 2-0 RMS 400 — (230)
84 Rectifier 5UX5 6-3 0-5 RMS 350 --- (23!)
85 DD Triode .. 6UX6 6-3 0-3 250 —— (232)
89 Triple Grid Output 6UX11 6-3 0-4 250 — ■ ■ ™ (233)
V99 Triode 4UX9 30-3-3 006- 90 ■-- (234)

0-063
X99 Triode 4UX3 3 0-3-3 006- 90 — (235)

0-063
112A Triode 4UX3 5-0 0-25 180 .......... (236)
117Z6 Rectifier 077 117 0 0 15 RMS 117 (237)
183 Triode 4UX3 50 1-25 250 — (238)
484 Triode — 3 0 1-3 180 — (239)
950 LF Pentode.. 5UX2 20 012 135 135 (240)
2101 LF Pentode.. 5UX1 20 0-12 135 135 (241)
2102 DD Triode .. 6UX2 2-0 0-12 135 — (242)
2103 Double LF Pentode 7UX1 2-0 0-26 135 135 (243)
2151 LF Pentode.. 6UX10 140 0-3 250 250 (244)

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.
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TYPES—continued

Bias
Volts

Bias 
Res. 

(Ohms)

Anode 
Cur
rent 
(mA)

Screen 
Cur
rent 
(mA)

Slope 
mA/V 

(*—Conv. 
Condt. 
pA/V)

Imped
ance 

(Ohms)
Amp. 

Factor
Out
put 

(Watts)

Opti
mum 
Load 

(Ohms)

(197) 500 _ . 340 ___ 2-17 1,600 3-5 1-6 3,900
(198) —■ — — — — — -— 100mA —
(199) -330 -—. 22-0 — 2-35 2,380 5-6 1-25 6,400
(200) -16-5 450 310 60 2-5 60,000 150 2-7 7,000
(201) -20-0 310 560 9-5 39 —— — 2-5 1,500
(202) -200 60 —-— 1125 4,175 4-7 017 11,000
(203) -84-0 1,530 55-0 —— 2-1 1,800 3-8 4-6 4,350
(204) -140 — 160 2-2 71 18,300 — — —
(205) -7-5 — 49-0 40 8-2 10,000 — — —
(206) 1 1 — -- - — — 75mA —
(207) — — — — — — — 65mA -- —
(208) -30 6-5 2-5 105 400,000 — — —
(209) 0 0 — — — 35 100 —
(210) -200 2,500 80 — 11 7,500 8-3 0-35 20,000
(211) -13-5 2,500 50 ■■ Wl 1-45 9,500 13-8 — —
(212) -3-0 600 20 0-5 1-22 1 meg. — — —
(213) -3-40 300 8-2 2-0 1-6 800,000 1,280 — —
(214) -180 410 35-0 90 2-5 40,000 — 30 6,009
(215) — — — — — •--- — 60mA —
(216) -7-5 — 400 — 5-8 — — — —
(217) — — — — — — — 70mA —
(218) -7-5 430 60 7-5 15,000 — — —■
(219) -40-5 — 20-0 --- 1-7 1,750 3 0-79 4,800
(220) -2-0 5,000 0-4 — 11 90,000 100 — —
(221) -13-5 2,509 50 — 1-45 9,500 13-8 — —
(222) -3 0 1,000 2-3 0-5 1 25 1-5 meg. 1,500 — —
(223) -3-40 200 10 5 26 1-65 600,000 1,000 — —
(224) 0 — — — ——— — — 8-0 14,000
(225) — — — — — 125mA “-
(226) " 111 — — — — — 85mA —
(227) — — — — — — ■—■ 85mA —
(228) — — — — — — — 115mA —
(229) — — — — — — — 225mA
(230) *---— — ■--- — — — —• 200mA —
(231) — — — — — — — 50mA —
(232) -200 2,500 80 -- . 11 7,500 8-3 0-35 20,000
(233) -310 970 32-0 — 1-8 2,600 4-7 0-9 5,500
(234) -4-5 — — ■ — — — — "■ ■

(235) -4-5 — — — — — — — —

(236) -13-5 _ _ » --- I -------- — — 0-285 10,650
(237) — I«K — — ---- ■....... — 60mA —.
(238) -600 — 25-0 — 1-8 1,800 3-2 2-0 4,500
(239) -90 — 6 0 1-35 9,300 12-5 — —
(240) -16-5 — 70 20 0-95 105,300 100 0-45 13,500
(241) -4-5 —1 1 ■ 8-0 2-6 1-7 200,000 340 0-45 16,000
(242) -1-5 — 2-1 — 1-3 23,000 30 —
(243) -7-5 — 40 1-2 1-6 — 350 0-6 —
(244) -31-0 — 47-0 116 2.4 50,000 120 60 —
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AMERICAN BARRETTERS 
OR BALLAST TUBES

American sets fitted with barret
ters or ballast tubes for voltage 
regulation do not need a line cord 
resistor unless used on mains of a 
higher voltage than those for which 
they were designed.

Octal-based barretters are listed 
under a standard code consisting of 
prefix letters, a number, and suffix 
letters such as K55B. The central 
number denotes the volts dropped 
by the tube when it is correctly run. 
The letter prefixes denote the current 
rating and the type of pilot lamp to 
be used with the barretter: K, 6-3 
volts, 0-15 amp and type 40 pilot 
lamps. L, 6-3 volts, 0-25 amp and 
type 46 pilot lamps. M, 6-8 volts, 
0-2 amp and type 50 or 51 pilot 
lamps. B, when in front of either of 
the above, denotes a ballast tube, and 
can be ignored.

The suffixes indicate the base 
wiring diagrams: A, Plain resistance. 
B, 1 tap for 1 pilot lamp. C, 1 tap for 
2 pilot lamps. D, 2 taps for I pilot 
lamp. F, 1 tap for 1 pilot lamp (tap 
isolated from body). G, 1 tap for 2 
pilot lamps (tap isolated from body).

H, 2 taps for 1 pilot lamp (tap 
isolated from body). Final letters Q 
or MG, in addition to the above, 
indicate glass or metal-glass en
velopes. G also denoted at one time 
that an octal base was fitted.

UX-based barretters, introduced 
before the above types, are also 
coded, but this was not adhered to 
strictly. It consists of a number 
indicating the resistance of the tube, 
followed by a letter, or combination 
of letters, denoting the basing 
arrangement. The suffixes usually 
used are: R, Plain resistor. R4, 
1 tap for 1 0-15-amp lamp. R8, 1 tap 
for 2 0-15-amp lamps. R44, 2 taps 
for 1 0-15-amp lamp. L4, 1 tap for 
I O-25-amp lamp. L8, 1 tap for 2 
0-25-amp lamps. L44, 2 taps for 1 
0-25-amp lamp.

Tubes generally in use are listed 
in Table XLVIII, together with 
recommended alternatives. The code 
letters in the base column refer to 
the Standard American RMA ballast 
tube connection diagram, which is 
also reproduced. (See Fig. 164.)

TABLE XLVIII: AMERICAN BALLAST TUBES

Type
Volts 

Dropped 
at 

117 5 V

No. of 
Pilot 

Lamps

Rating 
of 

Lamps 
(Amps)

Base 
Code

Rase 
Type Equivalents

Equivalent 
with Base 
Changed

42A 42-3 0 _ A Octal K42A, 42AG, K42AG, K.43A 140R
42A1 42'3 0 — AY Octal KY12A 140R
42A2 42-3 1 0-15 BY Octal KY42B 140R4
42B2 42-3 2 0-15 CY Octal K.Y42C 140R8
K42A 42-3 0 — A Octal 42 A 140R
K42B 42-3 I 0-15 B Octal K42BG, K13B, 135K1 140R4
K42C 42-3 2 0-15 C Octal K42CG, BK42C, 95K2, K40C, 

5516, 5530
140R8

K42D 42-3 2 0-15 D Octal K12DG, BK42D, K40D, 3326 140R44
KX12B 42-3 1 0-15 BX 4-pin 140R4 K42B
KX42C. 42-3 2 ' 0-15 CX 4-pin 140R8 K42C
KY42D 42-3 2 0-15 DY Octal 2LR212 --- 1
L42B 42-3 1 0-25 B Octal BL42B, L42BG. 5547 104L4
L42BX 42-3 1 0-25 BX 4-pin 140L4, LX42B L42B
L42C 42-3 2 0-25 C Octal BL42C, L42CG, L40C, 69-2037, 

5548, 16035
140L8

L12D 42-3 2 0-25 D Octal BL42D, L42DG, 5549 104L44
L42DX 42-3 2 0-25 DX 4-pin 140L44 L42D
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TABLE XLVIII: AMERICAN BALLAST TUBES—continued

Type
Volts 

Dropped 
at 

117 5 V

No. of
Pilot

Lamps

Rating 
of

Lamps 
(Amps)

Base 
Code

Base 
Type Equivalents

Equivalent 
with Base 
Changed

L42F 42-3 1 0-25 F Octal
L42S1 42-3 1 0-25 SI Octal L40S1 __
L42S2 42-3 2 0-24 S2 Octal L40S2 __
M42C 42-3 2 0-2 C Octal K42C or L42C and alter pilot 

lamps
—

49A 48’6 0 — A Octal K49A, 49KA, K50A 165R
49A1 48-6 0 — AY Octal KY49A 165R
49A2 48-6 1 0-15 BY Octal KY49B 165R.449B2 48'6 2 0-15 CY Octal KY49C 165R8
K49A 48’6 0 — A Octal 49A 165R
K49B 48'6 1 0-15 B Octal BK49B,49KB,K43B2, W43357, 

115-41, 5533, 8593, 5623
165R4

K49C 48-6 2 0-15 C Octal 49KC, BK49C, K50C, K49CB, 
Al 6040, 81966-2, 5534

1G5R8
K49D 48-6 o 0-15 D Octal 49KD, BK49D, BK49D-10, 

5633, 5518, 69116, 115-28, 
3334, 3334A

1G5R44

KX49A 48-6 0 — AX 4-pin 165R, 340 49AKX49C 480 2 0-15 ex 4-pin 165R8, 50A2 K40CKZ49B 48-6 1 015 B2 Octal 50B2MG 165R4KZ49C 48-6 2 0-15 cz Octal 50A2MG 165R8L49B 48-6 1 0.25 B Octal 49LB, BL49B, 2UR224, 
69-2033, 5511, 5550

165L4
L49C 486 2 0-25 C Octal 49LC, L49-5-5C, BL49C, 2905, 

5552, 16036
165L8

L49D 48-6 2 0-25 D Octal 49LD, BL49D, 3CR-241, 5567 165L44L49F 486 1 0-25 F Octal
M49B 48-6 1 0-2 B Octal BM49B, 38710
M49C 48'6 2 0-2 C Octal BM49C
M49H 48-6 2 0-2 H Octal M49HG
55A 54-9 0 — A Octal K55A 185R55 Al 54-9 0 — AY Octal KY55A 185R55A2 54-9 1 0-15 BY Octal KY55B 185R455B2 54-9 2 0-15 CY Octal KY55C 185R8K55A 54-9 0 ---- A Octal 55A 185RK55B 54-9 1 0-15 B Octal 55KB, K55BG, K54B, BK55B, 

3613, 5519, 7-TU-9, 5535, 
16039

185R4

K55C 54-9 2 0-15 C Octal BK55C, 553G 185R8K55D 54-9 2 0-15 D Octal BK55D, 115-22 185R44K55H 54-9 2 0-15 H Octal K52H
L55B 54-9 1 0-25 B Octal 2V4215, 2903, 555ft, 8598

2VR215
185L4

L55C 54-9 2 0-25 C Octal 85LC, L55-5-5C, 2904 185L8L55D 54-9 2 0-25 D Octal 85LD 185L44L55F 54-9 1 0-25 F Octal BL55F
M55F 54-9 1 0-2 F Octal
M55H 54-9 2 0-2 H Octal M55HG, M52HC9266 54-9 — — L Octal —
1O0R8 29-7 2 0-15 CX 4-pin KX30C K30C120R8 36-0 2 0-15 ex 4-pin KX36C K36C140L4 42-3 1 0-25 BX 4-pin L42BX, LX42B L42B140L8 42-3 2 0-25 CX 4-pin L42CX, LX42C L42C140L44 42-3 2 0-25 DX 4-pin L42DX, LX42D L4 2D140R 42-3 0 — AX 4-pin —_ 42 A140R4 42-3 1 0-15 BX 4-pin 40B2, KX42B K42B140R8 42-3 2 0-15 CX 4-pin 40A2, KX42C K42C165L4 48-6 1 0-25 BX 4-pin L49BX, LX49B L49B166L8 48-6 2 0-25 CX 4-pin LX49C L49C165R 48-6 0 — AX 4-pin _ 49 A165R4 48-6 1 0-15 BX 4-pin 50B2, KX49B K49B165R8 48-6 2 0-15 CX 4-pin 50A2, KX49C K49C185L4 54-9 1 0-25 BX 4-pin LX55B L55B185L8 54-9 2 0-25 CX 4-pin __ L55C185R 54-9 0 — AX 4-pin 50X3, KX55A K55A185R4 54-9 1 015 BX 4-pin KX55B K55B185R8 54-9 2 0-15 CX 4-pin 50X3T, KX55C K55C200R 60-0 0 —— AX 4-pin290L4 — 1 0-25 BX 4-pin Special Type __
300R4 1 0-15 BX 4-pin KX80B K80B
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-OCTAL BASE-

-UX BASE -

-OCTAL BASE Y SERIES —

A/WWV

(OCTAL BASE)

(el>

REPRESENTS
PILOT LAMP

BASES OF U.S.A. BALLAST ‘TUBES’
Fig. 164. These are the diagrams issued by the American R.M.A. and in which are 
shown the base connections of the common plug-in resistor or ballast ‘tubes’.
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SECTION 12

INTERMEDIATE FREQUENCIES
This list covers models going back to the first commercial superhets and has been 
submitted, where possible, to the makers for checking. Frequencies thus: 
465, 473, are alternatives, but 123-127 indicates the circuits should be staggered 
over the band indicated. Sometimes the frequencies for each circuit in a ‘staggered ’ 

set are shown thus : 127-123-123-127.
ACE Kc/s Kc/s Kc/s
RG3 .. 470 5V Bat. SH, 1934 473 798 . 365
RG5 .. 427 Clipper .. 470 805 465
RG6 .. 427 35 .. .. 470 810 . 470
S6 .. .. 125 40 Universal .. 370 815 117-5
SH6 .. 125 57 AC and Uni- 820 117-5
RG7 .. 427 versai 117-5 825 117-5
RG8 .. 470 67 .. .. 473 830 . 470
RG9 .. 427 68 AC and Uni- 117 5 835 460
AW35 .. 470 versai 845 470
AW53 .. 427 78 .. .. 473 850 117-5
AW53B .. .. 427 79 AC and Uni- 855 470
AW73 .. 427 versai 117 6 870 AC and Uni-
AC85 .. 470 90 .. .. 465 versai 117-5
AW94 .. 427 98 .. . . 365 880 AC and Uni-
AW115 .. .. 470 230 117-5 versai 117-5
AW563 .. .. 427 315 117-5 890 AC and Uni
AC939 .. 450 320 .. 460 versai 117-5
A50 .. 465 330 117-5 905 465
AERODYNE
Aerogram 
Aeromagic 
Cardinal ..
Falcon
Silver Wing 
Swallow

.. 125

.. 125

.. 125

.. 125

.. 125

.. 125

335
340
450
455
461 AC ..
462 AC/DC
510

.. 460

.. 470
117-5

.. 460

.. 460

.. 460

.. 470

910
920
930
970
990 and Universal

ALLWAVE

117-5 
117-5

460 
117-5 
117-5

42 ..
47 ..

.. 125

.. 125
540
550 AC and

117-5 
Uni- Standard Superhet, 

1935 .. .. 465
50 ..
53 ..

..125

.. 125
versa!

605
117-5

.. 465 Standard Superhet 
RG .. ..465

54 .. .. 465 610FIT .. 470 Tallboy RG, 1935 465
56 ..
58 ..
63 ..

.. 125

.. 125

.. 465

615
620
625
635

117-5
117-5
117-5

460

Ambassador 6778

AMPLION

465

73 .. .. 125 640 117-5 Radiolux Superhet 110
100
105
110
115

117-5
.. 465 

117-5
.. 465
.. 465

465

650
660 AC and 

versai
670

117-5 
Uni-

117-5
117 5

Radiolux Superhei 
RG ..

ARMSTRONG

110

1 jj

790 698 .. 365 5V 7 stage 110
791

• • ‘tv »z
465 710 .. 470 5V 8 stage 110

795 465 725 117 5 RF/PP 465/ • •
300
301 AC ..
302 AC/DC
305

• • *1 XZ-Z
117-5 

.. 460 

.. 460
117-5

730
740
745
755

.. 470
117 5

.. 470

.. 470

RF/PR ..
2B/PR
2B/T
3NBP/8 ..

465
118
118
457

770 AC and Uni- 3NBP/8 Late mode 470
ALBA versai 117-5 3NBP/10 .. 427
AC superhet .. 473 790 .. 465 3WT/PB .. 427

211



ARMSTRONG- -coni. '566 .. 465 39TGM .. .. 465
AW3/PB .. .. 427 570P .. 465 40 .. .. .. 465
AW 133 .. .. 465 600 .. 465 40U .. ..465
4B/PR .. 118 625 .. 465 42 .. ..380
4B/T .. 118 650 .. 465 42D .. ..380
AW 136 .. 465 700 .. 465 43D .. ..380
AW/59 .. 470 720 .. 465 45 .......................... 380
AW93PP .. .. 427 721 .. 465 47 .. ..380
RF94PP .. .. 427 746 .. 465 47U .. ..380
AW125PP .. 470 755 .. 465 50 .......................... 465
SS1O .. 465 760P .. 465 51 .. ..465
3NWT .. 450 770 .. 465 54 .......................... 465
3NBP/T .. .. 427 780 .. 465 56 .......................... 465
U3NBP/T .. 427 781 .. 465

800 .. 465
820 .. 465 BTS

ATLAS 821 .. 465 Trophy 5 .. .. 465
758 117-5 845 .. 465
A13 .. 126 856 .. 465
A17 .. 126 860P .. 465 BURGOYNE
A24 .. 126 900 .. 465 AW47 .. ..473

1100 .. 465 AWS • .. ..473
1150 .. 465 AWS/G .. ..473

BEETHOVEN BSH .. 117-5
Baby Grand 450-5 DTG .. -.473
Little Prodigy AC 450-5 BENSON Dragon .. .. 437
Little Prodigv, Bat. 450-5 AWP Midget Port- Dragon AC Recorda-
Twin Speaker, All- able .. .. 470 graph .. 473

electric Superhet 118 Dragonette .. 473
AC40 450-5 Superhet 5, B5 117-5
AC42 450-5 BLUE SPOT
B43 450-5 Aristocrat .. 465
AC77 .. 118 A67 .. 465 BURNDEPT
B88 .. 118 A68 .. 465 Ethodyne 209 .. 473
PBA201 .. 450-5 A69 .. 465 Universal Trans. .. 130
AD3O3 450-5 AC5 .. 110 Universal Superhet 473
AD404 450-5 201 .. .. 130
RG717 .. 118 203 .. .. 473
AC720 450-5 BRUNSWICK 209 .. .. 473
B730 450-5 BCA/01 .. .. 456 210 .. .. 473
AC740 450-5 BCA/1 .. 456 211 .. ..473
PBB750 .. 450-5 BCW/01 .. .. 456 218 .. .. 130
AD770 .. 450-5 BGA/01 .. .. 456 225 .. .. 130
PBA780 .. 450-5 BGA/1 .. 456 226 .. .. 130
RG827 .. 118 BGA/1E .. .. 456 229 .. .. 130
PBA820 .. 450-5 BGA/2 .. .. 456 231 .. .. 130
B848 450-5 BGA/3 .. .. 465 233 .. .. 450
AC852 450-5 BGCA/01 .. .. 456 257 .. .. 130
909 450-5 BGCA/1 .. .. 456 259 .. .. 473
909AC 450-5 BGCA/3 .. .. 465 266 .. .. 473
RG938 450'5 ■ BGU/01 .. .. 456 267 .. .. 473

• BPU/1 .. 465 276 .. .. 473
BTA/01 .. .. 456 281 .. .. 473

BELMONT BTA/1 .. 456 285 .. .. 473
520 .. 465 BTA/1E .. .. 456 290 .. .. 473
525 .. 465 BTA/2 .. 456 292 .. .. 450
53OAC-DC Midget 456 BTA/3 .. 465 298 .. .. 473
541 .. 456 BTB/1 .. 456 299 .. .. 473
544 .. 465 BTU/01 .. .. 456 303 .. .. 473
545 .. 465 39CGM .. .. 465 309 .. .. 450
555 .. 465 39EH ... 120 312 .. .. 473
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BURNDEPT—coni. BA53 .. 465 CLIMAX
313 .. 473 DAC53 .. . - 465 AC5 .. 115
314 ... 473 PÖ53 - . 465 AC-DC5 .. 115
315 .. 473 RG53 - - 465 S4AC .. 121
316 .. 473 PB55 465 S5 .. .. 115
317 .. 473 SUG55 .. 465 534 .. Ill
318 .. 473 PB60 . » 465
319 .. 473 BA61 465
323 .. 465 PB61

SUG61 .. •
DUG62 ..

• • 465
465
465

COLUMBIA
356 128-125-125-125

BURRELL BA 63 465 35/
358
380
621
631 12
640 and 6Z
1006

• • . . JZj 
.. 125 
.. 125 
.. 125 

5-125-125
125-2 

.. 125

4Y Superhet

BUSH
DAC1

.. 110

.. 123

DAC63 ..
PB63
RG63
RG63 Auto
RG64

• *

465
465
465
465
465

.8-12 
10A

SAC! .. 123 RG64G .. * . 465 • •
SUGI .. 123 SUG64 .. 465
SB1 .. 123 PB65 » . 465
TGI .. 123 SUG65 .. 465 COSSOR
SB3 .. 123 BP70 465 31 .. .. 465
SAC4 .. 123 BA71 . - 465 32 .. .. 465
SB4 .. 123 DAC71 .. 465 33 .. .. 465
BP5 .. 123 DAC73 .. 465 34 .. .. 465
SAC5 .. 123 DUG73 .. . - 465 35 .. .. 465
SAC6 .. 123 PB73 465 37 .. .. 465
SAC7 .. 123 SUG73 .. 465 AD41 .. 465
DAC21 .. 123 RG64 Auto. 465 46 .. .. 465
DUG21 .. 123 AC81 465 47 .. .. 465
SAC21 .. 123 PB83 465 53 .. .. 465
SB21 .. 123 DAC81 .. • « 465 55 .. .. 465
SAC25 .. 123 BA81 465 56 .. .. 465
SAC31 .. 123 57 .. .. 465
SAC35 .. 123 61 .. s'w 1363 465
SUG31 .. 123 CAC 62, 62 B .. 465
RG33 .. 465 Austin Superhet AC 110 63 .. .. 465
SSW33 .. 465 Austin Bat. 5 • • 110 64, 64 B .. 465
SUG33 .. 465 66, 66A .. 465
RG37 
SSW37 
SUG37 
RG41 
SW41 
BA43
DAC43 
DUG43 
RG43 
SUG43 
SUG43G 
SW43
SB44

.. 465 

.. 465 

.. 465 

.. 465 

.. 465 

.. 465 

.. 465 

.. 465 

.. 465 

.. 465 

.. 465 

.. 465

.. 123

CAMEO
AC Cameo 
All Wave .. 
Atom 
Bookcase RG 
Cameo 
Cameogram 
Emergency 
Super'Midget 4 
ABX 
ARP 
AWP p

♦ •

430
430
430
430
430
430
430
430
430
430
430
430
430
430
430

67 ..
67A
70 ..
71, 71B'
72 ..
73 ..
74 ..
77, 77B
81 ..
82 ..
85
338 ’ and 

only
348

.. 465

.. 465

.. 465

.. 465

.. 465

.. 465

.. 465

.. 465

.. 465

.. 465

.. 465
SW

1563
SW45 .. 465 Jr * • 364 .. 128
PB50
BA51

.. 465

.. 465
Kr 
RP9 'TW

• • 365
366

.. 128

.. 128
DAC51 .. 465 1 w 366A .. 128
DUG51 .. 465 374 .. 128
PB51 .. 465 CIVILIAN WAR-TIME 375 .. 465
RG52 .. 465 RECEIVERS 375U • • .. 465
RG52G .. 465 Battery model » a 460 376B * ■ .. 128
SUG52 » • .. 465 AC model • * 460 385 » * .. 4ü5
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COSSOR—com. AW3 380 540 .. 456
394 .. 465 AW3P ■ ■ 380 550 .. 130
395 .. 465 AW4 341 .. - . 465 919 .. 13*3
396 ..465 AW6 465 1010 .. 130
397 .. 465 AW6V 465 1111 .. 130
398 ..465 Decca-Brunswick 6V 1616 .. 130
438 (SW 1363) 465 RG (Med W only) 183 4040 .. 130
438U (SW 1363) 465 AW7 - . 465 4141 .. 130
439 ..465 AW8 - - 465 4242 .. 130
456AC ..465 AW9 465 4343 .. 130
455B .. 465 AW10 465
464AC .. 465 AWD47 .. 380
483 (SW 1363) 465 AWG16 .. ■ . 465 DRUMMER
484 (SW 1363) 465 ML 465 M45 117-5
484 U (SW 1363) 465 MLB 465
485 ..465 ML4 - . 380
535 ..128 ML5 and 42 380 EKCO
538 .. 465 ML6 - . 465 C25 .. 110
583 ..465 ML6U - . 465 RG25 .. 110
584 ..465 MLD/3 .. 380 SH25 .. 110
584 U ..465 MLD/5 .. - . 380 AC64 .. 110
598 .. 465 PC/AW .. 465 DC64 .. 110
634 .. I28orl34 PC/ML .. 465 AD65 .. 110
635 .. 128 or 134 PG/AC .. 465 B67 126-5
736 ..128 PG/AW .. 465 BV67 126 5
737 ..128 PG/ML .. 465 AW69 126-5
836 ..128 PG/U 450 465 BAW69 126-5
837 .. 465 PT/AC5 .. 456 C69 126 5
3733 SW only ..1563 PT/AW .. 465 CU69 126-5
3764 .. 465 PT/BS .. . 465 UAW69 126-5
3774 .. 465 PT/M 125 465 AW70 126-5
3783 SW only ..1563 PT/ML .. 465 UAW70 126-5
3864 ..465 PT/ML/B .. 465 BAW71 126-5
3884 .. 465 PT/ML/U 450 465 AC74 ..110
3952 .. 465 PT/U 465 B74 .. 110
3974 ..465 PAW5 465 DC74 110
3974A .. 465 UAW78 .. 465 AD75 .. 480
6864 ..465 Double Dccca MB5 380 AC76 .. 130
6874 ..465 Portrola .. * - 130 AD76 .. 130

Portrola AC/DC AC77 126-5
1939 465 AD77 126-5

CROSLEY
Roamio .. .. 455AKO A C <

44 ..
55 ..
56 ..

’ »
465
465
465

CT77
CTU77
BAW78

126-5
126-5

.. 460
5C2 
538BT 
638T 
848C 
848CU 
848 R 
848 RU 
848T 
848TU 
1O58AR 
1O58T

181-5 
..450 
..450 
.. 450 
.. 450 
..450 
.. 450 
..450 
..450 
..450 
.. 450

Prestomatic 
66 .. 
77 .. 
88 ..
88U 
99 ..
110
120
180
190 
350 
400

• •

465
465
465
465
465
456
456
456
130
130
130
130

BV78 
C78 
UAW78 
RG84 
AC85 
B86 
AC86 
AD86 
B86 
RG86
AW87 
CTA87

.. 460 

.. 460 

.. 460 

.. 110 

.. 110 

.. 130 

.. 130 

.. 130

.. no 

.. 130 

.. 460 

.. 460
405 130 AW88 126-5
500 » - 130 C88 126-5

DECCA 510 . - 130 UAW88 126-5
Twin S/het R/GAC6 520 456 ADT95 .. 110

183 530 456 BT95 .. 110
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EKCO—coni. 5034 455 366 .. 465
ACT96 . .. 130 5036 455 378 465
AC97 126-5 5038 455 378U 465
RG97 126-5 5040 455 454 470
AW98 126-5 5101 452 501 465
BAW98 . 126-5 5103 452 502 465
ARG 107 . 126-5 5104 452 502C . - 465
AW108 . .. 460 5105 473 502 RG ■ A 465
RG109 . 126-5 5117 452 503 465
AW119 . 126-5 5118 452 503C ■ . 465
UAW119 . 126-5 5122 473 503CT 465
P150 .. 465 5132 473 503RG 465
PB179 465, 480 5203 452 503RGT ■ ■ 465
PBU179 . 465, 480 5214 452 503T 465
PB189 126-5 5215 452 601 465
PBU189 . 126-5 5216 452 602 465
PB199 .. 480 5218 452 602C 465
PB279 465, 480 5219 452 602RG 465
PB289 126-5 5221 455 603 465
C389 126-5 5247 452 603C 465
ARG399 . .. 480 5263 452 603CT 465
RG489 126-5 5347 452 603 RG 465
C501 126-5 5380 452 603 RGT ■ ■ 465
TRG502 .
PB505
PBU505 .

126 5
.. 477
.. 477

5381 452 6O3T
701
702

• «

465
465
465

PB506 .. 477 EMERSON 704 465
PBU506 . .. 477 301 455 705 465
PB507, 508 .. 477 330 455 715 « 465

(If red ser al No. 465) 331 455 771 465
C509 .. 465 332 455 772 465
CU509 .. 465 336 455 773 ■ . 465
PB510 126-5 351 455 774 465
C511 126-5 453 455 775 465
PB515 126-5 376 455 777 ’ ■ . 465
RG516 . 126-5 400 455 801 465
EX401 126-5 414 455 802 465
EXU401 . 126-5 415 455 804 465
EX402 .. 480 419 455 805 * . 465
A21 .. 477 421 455 815 465
B25 .. 477 422

425
439

455
455
455

881
882
884

' «

465
465
465

EVER READY 441 455 885 465
5001 .. 127 461 455 901 470
5002
5003
5004

.. 127

.. 127

.. 127

463 455 901U
902
902U

« «

470
470
470

5005 .. 127 FERGUSON 903B • » 470
5006 .. 127 Fergusonic 470 904 • . 470
5007 .. 127 Fergusonic AC-DC 904 U 470
5008 .. 127 Batt. .. 470 905 • ■ 470
5011
5014

.. 465

.. 465
101, 101U, 101UX
Fergusonic Mains

470 906
907 Fergusonic

« * 470

5019 .. 127 Minor .. 470 AC-DC • • 470
5025 .. 465 103B 470 908 . * 470
5029
5030
5031
5032

.. 455

.. 455

.. 455

.. 455

104
104 AC6 ..
106
350

470
470
470
465

909

FERRANTI

• • 470

5033 .. 455 365 465 1933/4 Gloria • • 125
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FERRANTI—cont. 539 450 3651 • • 125
1933/4 Lancastria 125 617PB a a 450 T658 * • 125
1933/4 Arcadia 125 837 450 3659 « • 125
1933/4 Battery S/het 1037 450 3740 125

125 1037U . a 125 3745 a a 125
1934/5 Arcadia AC 1137 450 3746 a . 125

S/het 125 1137B a . 125 3748 « a 125
1934/5 Gloria 125 1I37U 125 3750 a a 445
1934/5 Gloria 1237B • - 125 3754 a a 125

Arcadia 125 1737 a «1 125 3758 445
1934/5 Lancastria 125 1737 Gram 125 3760 445

„ Lancastria 2037 125 3762 445
Portable .. 125 2337 a . 450 3766 a a 445

„ Lancastria 145 450 3780 a a 445
Reflex 125 3781 a . 445

„ Universal .. 125 GAROD 3782 a a 445
1936/7 Magna AC 125 930 456 3788 • • 445
1935/6 Gloria Auto 931 Consoles 456 3789 • • 445

gram 125 930D 456 3846 • • 456
1935/6 Nova AC .. 125 931D 456 3850 a a 456
1935/6 Nova AC- 930 KC 456 3855 • - 456

DC 125 931 KC Gram 456 3856 • • 456
1935/6 Lancastria 1240 456 3857 ■ , 456

AC 125 1240E Gram 456 3860 • - 456
1935/6 Lancastria 1240LC .. 456 3862 • • 456

AC-DC 125 1650 456 3865 . a 456
1935/6 Arcadia 1650H Console 456 3866 • • 445

Cons and R/G 125 1650LC Gram 456 3867 • • 456
1935/6 Arcadia AC 125 3868 a ♦ 456
1935/6 Nova Batt. 125 3880 a a 445
1936 All Wave S/het 125 GEC 3882 445
1936/7 Nova 2-wavc 3358 a . 110 3888 445

AC 125 3440 . a 107 3889 445
1936/7 Nova All- 3441 107 3890 - . 456

wave 125 3442 107 3892 a a 456
1936/7 Nova All 3443 107 3910 a . 456

wave Batt. 125 3444 107 3918 456
1936/7 Nova All 3445 107 3940 456

wave AC-DC .. 125 3446 125 3942 . a 445
1936/7 Magna All- 3448 107 3946 a a 456

wave AC 125 3449 107 3950 a a 456
1936/7 Magna AC- 3460 125 3955 a . 456

DC 125 3466 125 3956 • , 456
1936/7 Arcadia All- 3480 • a 125 3957 . a 445

wave AC 125 3484 125 3960 a • 456
1936/7 Arcadia Con 3488 a a 125 3964 456

sole 125 3540 125 3965 a . 456
1936/7 Arcadia R/G 125 3541 125 3966 a . 445
Al.......................... 135 3542 125 3967 456
48B 125 3544 125 3968 456
49B 125 3545 107 3969 a a 456
139 450 3548 ■ . 125 3970 . a 456
141 450 3550 125 3972 445
239 450 3551 125 3978 a . 445
241 and 341 450 3558 125 3977 445
512AM .. 450 3558R 125 3979 445
513 450 3566 125 4010 . a 445
513 AM .. 450 3640 a . 125 4018 ■ . 445
514 450 3645 125 4040 a . 456
514PB ... .. 450 3646 125 4045 , a 456
515PB 450 3650 • a 125 4046 * a 456
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GEC—com. 442 123-127-123-127 653 .. 465
4050 .. .. 456 443 123-127-123-127 654 .. 465
4051 .. .. 456 444 ..125 655 .. 465
4054 .. ..456 445 123-127-125-125 656 .. 465
4055 .. ..456 446 123-127-125-125 657 .. 465
4056 .. ..456 456 .. 465 658 .. 465
4058 .. ..456 457 ..465 -659 .. 465
4059 .. ..456 458 ..465 660 .. 465
4060 .. ..456 459 ..125 661 .. 465
4065 .. ..456 462 ..125 663 .. 465
4066 . . .. 456 463 127-123-123-127 664 .. 465
4070 .. ..456 464 126-5-121-5-121-5- 665 .. 465
4135 .. ..456
4141 .. ..456 467

126-5
120-114-117-117

666
668

.. 465

.. 465
4157 .. ..445 469 ..465 670 .. 465
4166 .. ..445 470 128-125-125-125 671 .. 465
4172 .. ..445 479 ..465 682 .. 465
4173 .. ..445 480 ..460 800 Auto RG .. 125
4177 .. .. 445 481 ..460 801 Auto RG 460
4177U .. ..445 482 ..465 1100 .. 465
4178 .. ..445 485 .. 460 HOI .. 465
4178R .. ..445 485A ..460 1102 .. 465
4179R .. ..445 486 .. 465 1103 .. 465
4227 .. ..430 487 ..465 1104 .. 465
4237 .. ..445 48 8 RG ..460 1105 .. 465
4247 .. ..445 489 ..465 1106 .. 465
4242 .. ..445 490 .. 465 1107 .. 465
4262 .. ..445 491 .. 465 1111 .. 485
4267 .. ..445 492 ..465 1112 .. 485
4337 .. ..445 493 .. 465 1113 .. 465
4342 .. ..445 494 .. 465 1200 .. 465
4347 .. ..445 495 ..465 1300 .. 465
4362 .. ..445 496 ..460 1301 .. 465
4367 .. ..445 497 ..460 1350 .. 465
4641 .. .. 456 498 ..460 1351 .. 465
4650 .. ..456 499 .. 465 1351A .. 465
4652 .. .. 456 505 128-123-128-125-5 1354 .. 485
4655 .. ..456 512 128 123-128-125-5 1355 .. 485

GILBERT
Kumfe 2 .. 122-5

523 128-125 125-125
524 and 524A

120-114-117-117
531 .. 125-2

1400
1403
1404
1406

.. 465

.. 465

.. 465

.. 465
A50 .. ..110 532 125-2 1500 .. 465
A63 .. 122 5 532C 125-2 1501 .. 465
C64 .. 122-5 540 128-123-128-125-5 1504 .. 465
Gordon Elf .. 430 540A ..125 1600 .. 465
Cameo AC, DC5 430 541 ..125 1601 .. 465

HMV

542 1
545 R G
546

28-123-128-125-5
123-127-125-125
123-127-125-125

1750
5211
5212

.. 465

.. 485

.. 485
146 .. .. 456 570 123-127-123-127 5311 .. 485
147 .. .. 456 580 122-112-117-117- 5312 .. 485
166 .. .. 465
340 .. .. 456
341 .. .. 456
381 123-127-125-125

581RG
582
622RG

117-117 
.. 460 
..460

123-127-125-125
HALCYON
Briton 130-5

404 128-123-128-125-5 632 123-127-125-125 Briton Radiogram 130-5
425 123-127-125-125 642 .. 465 Nine-Stage AC .. 110
438 128-123H28-125-5 645 123-127-125-125 Royal County 130-5
440 128-123-128-125-5 650 ..465 Seven-Stage Uni-
441 .. .. 125 651 ..465 versai .. .. 110
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HALCYON— conf.
Royal Gram and

AW99C ..
AW99G ..

.. 450

.. 450
460
461

..465

..465
Auto .. I3O-5 BW49PR .. .. 450 500 ..465

A57 .. 130-5 BW49R .. .. 450 502 .. 465
A581 .. 130-5 UW57R (and G) 465 503 ..465
A582O .. 130-5 UW58R (and G) 465 510 ..465
AC5 .. ..110 UW59C .. .. 450 520 ..465
AC6 .. ..110 UW59R .. .. 450 570 ..465
AC7 .. ..110 UW69B .. .. 450 580 ..465
AC7G .. ..110 UW69G .. .. 450 635 ..110
B691 .. 130-5 UW69PB .. .. 450 635 (D) ..110
GA33 .. 130 5 UW69PG .. .. 450 635/RG ..110
GR37 .. 130-5
MS6 .. ..465
RGA58I .. 130-5
RGCA581.. 130-5
RGCU68O1 130 5
RGU6801 130 5

INVICTA
Multi Mains
SF ..
SHB

.. 110

.. 119

.. 127

650/NJ .. ..465
800 .. .. 469
820 .. .. 465

KOLSTER-BRANDES
U57 .. 130 5 UP2 .. 467 285 ..114
U537 .. 130-5 A29 .. 465 286 .. 114
U571 .. 130-5 B29P .. 465 339 ..130
U573 .. 130 5 A40RG .. .. 465 345 .. 130
U5820 .. 130-5 A40 .. 465 346 ..130
U6801 .. 130-5 A40C .. 465 365 ..130
701 .. ..110 B39 .. 465 365A .. 130
4501 .. ..110 B40 .. 465' 378KB ..130
4501G .. ..110 U40 .. 465 381 .. 130
4501 GA .. ..110 AC/45 .. 127 383 ..130
4701 .. ..110 AC/45D .. ..127 398 ..130
4701G .. ..110 AC/45 RG .. 127 405 ..130
4701 GA .. ..110 45U .. 127 405 A ..130
6701 .. ..110 45U/RG .. .. 127 422 ..130

HARTLEY-TURNER

A46PB
AC47 
47B

.. 465

.. 127

.. 127

425
426
427

..130

..130

..130
MA .. ..130 47U .. 127 427A ..130
MA7 .. ..130 47U/RG .. .. 127 428 ..130
MA12 .. .. 130 AC48/RG .. 127 428A ..130
MA25 .. .. 130 A49 .. 465 444 ..130
RF41 .. .. 465 A49C .. 465 444A ..130
RGMA12 ..130 A49PB .. 465 540 ..130
RGNA25 .. ..130 A49RG .. .. 465 550 ..130

HAYNES

AR49
B29P
B39

.. 465

.. 465

.. 465

560
580
590

.. 464 

..130 

.. 464
All Superhet Models 110 B49 .. 465 592 '.. 464

HIGGS

U49
AW56
AW57

.. 465

.. 465

.. 465

610
630
632

..130

..464

..464
A48R (and G) .. 465 AW57/RG .. 465 640 ..464
A49R .. .. 450 300 .. 465 642 ..464
AW49C .. .. 450 310 .. 465 650 .. 464
AW49R .. ..450 310/RG .. .. 465 652 .. 464
AW57R (and G) .. 465 330 .. 465 660 .. 464
AW58R (and G) .. 465 360 .. 465 666 ..130
AW59C .. ..450 390 .. 465 666A ..130
AW59R .. ..450 400 .. 465 666B .. 130
AW69B .. ..450 430 .. 465 666C ..130
AW69G .. ..450 431 .. 465 670 ..464
AW69PB .. ..450 440 .. 465 720 ..130
AW69PG .. ..450 450 .. 465 730 .. 464
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KOLSTER-BRANDES 8304
8317

.. 455

.. 455
MARCONIPHONE

—cont. 209 123-127-125-125
735 .. 464 8318 .. 455 219 123-127-125-125
740 .. 464 8319 .. 455 222 ..465
740P .. 464 8321 .. 455 223 ..456
750 .. 464 8322 .. 455 224 .. 456
760 .. 464 8329 .. 455 234 ..456
770 .. 464 8401 .. 452 236 ..456
800 .. 464 8402 .. 473 239 123-127-125-125
808 .. 464 8414, 8415.. .. 452 249 123-127-125-125
817 .. 464 8417 .. 452 255 ..125
820 .. 464 8418 .. 452 256 128-125-125-125
830 and OA1 .. 464 8421 .. 473 257 .. 456
831 .. 464 8422 .. 473 258 128-125-125-125
835 and OA1 .. 464 8424 .. 455 262 128-123-128-125-5
840 .. 464 8432 .. 473 264 ..125
850 .. 472 8458 .. 452 269 ..125
860 .. 464 8468 .. 452 272 128-123-128-125-5
865 .. 464 8480 .. 452 273 ..125
870 .. 464 8481 .. 452 274 128-123-128-125-5
875 .. 464 8482 .. 452 276 120-114-117-117
880 .. 464 8485 .. 452 278DC 128-123-128-
885 and OA1 .. 464 8503 .. 452 125-5
888 A, B, C .. 130 8514 .. 452 279 127-123-123-127
890 .. 472 8515 .. 452 280DC 128-123-128-
935 .. 130 8518 .. 452 125-5

8521 .. 455 286 128-123-128-125-5
LTSSEN 8529 .. 452 Q286 ..125
All Purpose .. 452 8533 .. 452 287 ..125
Arundel .. 452 8539 .. 452 288 128-123-128-125-5
Balmoral .. .. 452 8547 .. 452 289 123-127
Caernarvon .. 473 8563 .. 452 290 120-114-117-117
Carisbrooke .. 452 8647 .. 452 291 120-114-117-117
Conway .. 452 292 122-112-117-117-
Dover .. 455 117-117
Edinburgh.. .. 473 MAJESTIC 296 123-127
Glamis .. 452 4V Midget Superhet 465 297 ..125
Kenilworth .. 452 15/15B .. 175 298 123-127
Lancaster .. .. 452 20 .. .. 175 336 125-125-122-128
Marquis .. .. 455 21 .. .. 175 345 ..460
Richmond .. 452 22 .. .. 175 346 .. 460
Salisbury .. .. 452 23 .. .. 175 347 .. 460
Skyscraper 7 (Fixed) 126 25 .. .. 175 363 .. 460
Winchester .. 452 44 .. .. 465 365 .. 460
York .. 452 49 .. .. 465 366 .. 460
8060 .. 126 52 .. .. 175 367 .. 460
8108 .. 127 60 .. .. 175 382 ..465
8109 .. 127 61A .. 175 392 ..465
8110 .. 127 120 .. 175 395 ..465
8111 .. 127 150 ..175 534 ..465
8114 .. 465 151 .. 175 535 128-8-122-8-126-5-
8116 .. 127 153 .. 175 122-5
8117 .. 127 154 .. 175 536 128-8-122-8-126-5-
8121 .. 127 155 .. 175 122-5
8125 .. 127 156 .. 175 537 .. 465
8128 .. 127 163 .. 175 538 .. 465
8129 .. 127 194 .. 465 539 .. 465
8169 .. 127 261A .. 125 549 ..465
8214 .. 465 261B .. 125 556 .. 465
8301 .. 455 264 .. 125 557 .. 465
8302 .. 455 265 .. 125 559 .. 465
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MARCONIPHONE PP8/AW ..
PP9/AW ..

. 465

. 473
396RC .. ..465

—coni. 396RG .. ..465
561 .. 465 PP9/AW De Luxe 473 398 .. ..465
562 126-5-121-5-121-5-

126-5
RF6/AW ..
RF6/AW/AC-DC

. 465
465

399 .. .. 465
401 .. 128-5

563 .. 465 RF7/AW .. . 465 401U .. 128-5
564 .. 465 RF7/AW/AC-DC 465 435 .. 128-5
566 .. 465 RGS6 . 465 535 .. 128-5
567 .. 465 S5/AW/AC-DC . . 465 802 .. .. 465
571 .. 465 S5/AW/AC . 465 803 .. .. 465
572 .. 465 S6/AW .. . 465 808 .. .. 465
573 .. 465 S6/AW/AC-DC . . 465 903 .. .. 465
575 .. 465 S8/AW . 465
576 .. 465 S6/AW/AC-DC De McMUR DO-SILVER
851
852

.. 465

.. 465
Luxe . 110 Masterpiece VI .. 465

Masterpiece Chip
853 .. 465 McMichael pendale .. .. 465
855 .. 465 AC Mains Superhet Masterpiece Olympic465
857 .. 465 428-5 Masterpiece Shera
857T .. 465 Superhet Trans . . 110 ton .. .. 465
858 .. 465 Twin Spker S/H 15-17 Chassis .. 465
859 .. 465 (Early Models 15-17 Georgie .. 465
861 .. 465 406/410) . 428 15-17 Homeric . . 465
864 .. 465 135 128-5 15-17 Olympic .. 465
865 .. 465 135U 128-5
866 .. 465 137 . 465 MILNES
868 .. 465 137U . 465 Diamond (SW 3-1
869 .. 465 138 . 465 Mes.) .. .. 465
870 .. 465 235 128-5 Emerald (SW 3-1
871 .. 465 235 128-5 Mes.) .. ..465
872 .. 465 361 128-5 Mercury .. .. 450
873 .. 465 362 . 465 Onyx .. .. 450
874 .. 465 363 128-5 Pearl (SW 3-1 Mc/s) 465
878 .. 465 364 128-5 Ruby (SW 31
879 .. 465 365 128-5 Mc/s) .. ..465
880 .. 465 366 128-5 Saturn .. .. 450
881 .. 465 368 128-5 Venus .. .. 450
882 .. 465 369 128-5 466 (SW 3-1 Mc/s) 465
883 .. 465 371 128-5 466 B (SW 31 Mc/s) 465
884 .. 465 371U 128-5 589 (SW 3-1 Mc/s) 465
885 .. 465 372 128-5
888 .. 465 373 128-5 MULLARD
890 .. 465 374 128-5 MAS2 .. ..128
891 .. 465 375 . 465 MAS3 .. ..128
892 .. 465 378 128-5 MBS3 .. ..128
893, 893A .. 465 380 . 460 MUS3 .. ..128
895 .. 465 38OU . 460 MAS4 .. ..128
911 .. 465 381 . 465 MBS4 .. ..128
918 .. 485 382 . 465 MUS4 .. ..128
919 .. 485 385 .. 460-465 MAS5 .. ..128
920 .. 485 386 . 460 MUS5 .. ..128
921 .. 485 386RC . 460 MAS6 ..128
922 .. 465 386RG . 460 MBS6 .. ..128
950 .. 465 386U

388
. 460
. 465

MUS6 .. ..128
MAS7 .. ..128

McCarthy 389 . 465 MBS7 .. .. 470
BPS6 .. 127 390 . 465 MAS8 .. ..128
BS4 .. 127 391 . 465 MAS12 .. ..128
BS4/AW .. .. 465 393 . 465 MUS12 .. ..128
BS6/AW .. .. 465 394 . 465 MAS15 .. .. 470
PP6/AW .. .. 125 396 . 465 MUSI5 ... .. 470
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MULL ARD—con t. A34RG ..
D34

- • 119
119

AD94
SAD94S ..

465
465MAS17 .. .. 470

MUS17 .. .. 470 D34RG a . 119 SAD94L .. a a 465
MAS18 .. .. 128 A36 - . 119 A96 a . 465
MUS18 .. .. 128 D36 - . 119 A98 a - 465
MAS20 .. 128 A38C . a 119
MUS20 .. .. 128 D38C a a 119 ORR 

Multimains c r?
MBS23 ..
MAS24 ..

.. 128

.. 470
A40
A40C

• • 119
119 ‘ • 110

119
127
127

MUS24 .. .. 470 A40RG * . 119 □r . . 
SHB 
AC/45 
45/U 
AC/47 
47/U 
AW/56 
AW/57 AC! s

MU35
MAS82 ..

.. 115

.. 470
A46
A46C

465
465 • *

MUS82 ..
MAS90 ..

.. 470

.. 128
A46RG
D46

465
465

1 2 /
1271 O'?

MUS90 .. .. 128 D46C * . 465 * * 12/A AC
MAS94 ..
MAS97 ..

.. 128

.. 128
D46RG
B47

• • 465
465 465

110
110MUS97 .. .. 128 B47A a a 465 UJ 3 . .

63 5 DMAS103 .. .. 470 B47C 465 " *
MAS104 .. .. 128 A48 . a 465
MAS137 .. .. 128 A48RG 465 PETO SCOTT
MUS137 .. .. 128 D48 465 Trophy 5 .. 465
MASI 39 .. .. 470 D48A • a 465 Trophy 6 .. 465
MXS139 .. .. 470 D48RG

A 50 a -

465
465 Trophy 8 .. 

S51
* a 465

465
A50C - a 465 H51 465

MURPHY D50 465
A4 117-120 D50C ‘a a 465
D4 .. 117-120 A52 (SW "1st 3-1 PHILCO
B5 .. .. 117 Mc/s, 2nd 465 Kc/s) Empire 5 .. • . 451
A8 .. .. 120 465 Empire 7 .. 451
A24 .. 117 B69 465 Empire 20 a a 470
A24C .. 117 A 70 465 4 Star BG 125
A24RG .. .. 117 A70C . a 465 5 Star BG a . 125
B24 ..117 A70RG . a 465 5 Star CG a . 125
D24 .. 117 D70 a a 465 Al . . 470
D24C .. 117 D70C a a 465 A1RG . a 470
D24RG .. .. 117 D70RG .a a 465 Bl 465-468
B25 117-119 B71 a a 465 BEF1 and BEF2 a . 465
A26 117-119 B71A 465 UI .. a . 465
A26C 117-119 A72 a a 465 A2 .. a . 465
A26RG .. 117-119 A72RG a a 465 B2, B29 .. . a 451
D26 117-119 D72 a a 465 U2.. 465
D26C 117-119 D72A a a 465 A3 .. a a 451
D26RG .. 117-119 A74 a a 465 A4 .. 451
B27 .. 119 A74C 465 BP4 a a 465
A28 .. 119 A76 465 C4 .. 125
A28C .. 119 A78C a a 465 C4T, C4S .. a a 125
A28RG .. .. 119 A78RG a a 465 A5 .. 451
D28 .. 119 B81 a a 465 C5 .. 470
D28C .. 119 B81 . a 465 A7 .. 451
D28RG .. .. 119 A90 a a 465 A9 .. 451
A30 ‘ . .. 119 A90RG a a 465 A9RG a . 451
A30C ..119 D90 465 16 .. a . 460
A30RG .. ..119 D90RG 465 16B a a 460
D30 .. 119 B91 a a 465 34B . a 460
D30C .. 119 A92 a . 465 A52BG .. a a 451
D30RG .. ..119 B89 . . 465 A53BG .. a a 451
AD32 .. 119 B93 a . 465 U53BG .. • « 451
B33 ..119 B95 a a 465 54 .. a . 460
A34 .. 119 B97 a a 465 56 .. * - 125
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P HILCO—coni. D531RG .. .. 475 A2258 .. 470
70 .......................... 260 D531W .. .. 475 A2258ARG .. 470
70A .. .. 260 A537BG .. .. 451 2620 .. 460
71.............................125 A537CG .. .. 451 2620A .. 460
98/1 .. ..460
98/2 .. ..451

A537RG ..
B537

.. 451

.. 451
2620E .. 460

99 .......................... 451 C537BG . . .. 451 PHILCO CAR RADIO
116N .. ..460 U537BG .. .. 451 806 + 806T .. 260
116Q .. ..460 V537 .. 451 801T .. 260
116RX .. ..470 V537BG .. .. 451 8O3T .. 125
116S .. ..460 W537 .. 451 M522T .. .. 475
116X .. ..460 P538BG .. .. 470 M522S .. 475
200X .. ..175
237 .. .. 125

A539BG ..
A539PB5 ..

.. 475
... 475

Transitone 10 + 10T
260

238 .. .. 125 A539RG .. .. 475 Transitone 5 . . 460
247E .. ..125
248 .. .. 125

580
581

.. 451

.. 451
Transitone 11 4- UT

260
248E .. ..125 582BG .. 451 C4T .. 125
255 .. .. 451 582CG ..451 C4S .. 125
256 .. .. 125 582RG .. 451 K728T .. 125
260 .. .. 125 583BG .. 451 K728S .. 125
261 .. .. 125 583CG .. 451 L728T .. 125
263 .. .. 125 583RG .. 451 L728S .. 125
264 .. .. 125 584BG .. 451 K628T .. 125
265 .. .. 125 584CG . . 451 K628S .. 125
269BG .. ..451 584RG .. 451 L628T .. 125
269CG .. ..451 620 .. 125 L628S .. 125
269 RG .. ..451 A637BG .. .. 451 K628TC .. .. 125
271 .. .. 125 A637CG .. .. 451 K627TS .. .. 125
280 .. 460-451 A637RG .. .. 451 6 .. 260
282 .. .. 451 A638ARG .. 470 9 .. .. 260
281A .. ..125
281F .. .. 125
281G .. ..125

A638BG ..
C638
C638BG ..

.. 451

.. 470

.. 470

12 ..

PHILIPS

.. 260

282 .. .. 451 CA638 .. 470 V5A .. 128
290 .. .. 451 U638BG .. .. 470 V7A .. 128
295 .. .. 451 U647BG .. .. 451 V7U .. 128
322 .. .. 470 U647CG .. .. 451 206 H, 206A .. 470
A421 .. .. 451 680 .. 460 212B .. 128
U427 .. ..451 D732 .. 475 218B .. 128
P429 .. ..470 D732BG .. .. 475 219B .. 128
U429BG .. ..475 D732CG .. .. 475 225B .. 470
444 .. .. 451 A847BG .. .. 470 228B .. 470
450 .. .. 451 A938CG .. .. 470 229B .. 470
471CG .. ..451 1237 .. 125 241 .. 115
471RG .. ..451 1260 .. 125 243 .. 115
D521 .. ..475 1263 .. 125 245 .. 115
D521B .. ..475 1280 460-451 246 .. 115
D521W .. ..475 1280X 460-451 247 .. 128
S521 .. ..475 1281 .. 125 248 .. 128
S521B .. ..475 1281A .. 125 249 .. 128
S521W .. ..475 1281F .. 125 250 .. 128
X521 .. ..475 1281G .. 125 258 .. 470
X521B .. ..475 1281Q .. 125 259 .. 470
X521W .. ..475 1282X .. 451 260 .. 470
A527 .. ..451 1582ARG .. 451 261 .. 470
C527 .. ..451 1583ARG .. 451 262 .. 470
P527 .. ..451 1584ARG .. 451 263 .. 470
U527 .. ..451 U1647 .. 451 264 .. 470
D531 .. .. 475 U1647RG .. 451 265, 265D .. .. 470
D531B .. ..475 A1847RG .. 470 268 .. 470



PHILIPS—coni. 791A .. 128 T405 451
269 .. 470 791U .. 128 EX405 451
361A .. 475 792A .. 128 T455 451
361U .. 475 792U .. 128 RGAU475 456
362A .. 475 794A .. 128 RGU475 .. 456
362U .. 475 794U .. 128 U475 456
470A .. 128 795A .. 128 530 451
470U .. 128 795U .. 128 BT530 451
480A .. 128 ’797A .. 128 BTC30 451
480L .. 128 797U .. 128 BT532 451
520A .. 115 805A .. 470 BTC32 451
522A .. 115 805X .. 470 C533 451
539A .. 115 855X .. 470 RG530 .. 451
555A .. 128 T533 451
555U .. 128 CU535 456
575A .. 115 LM535 .. 456
58OA .. 115 PILOT RGAU535 456
5 84A .. 115 Armchair Console 456 RGU535 .. 456
585HU .. .. 115 Little Maestro .. 451 U535 456
587HU .. 115 Major .. 451 BL550 456
588A .. 115 Twin Miracle .. 451 RG583 456
588U .. 115 B34 .. 451 RGA583 .. 456
597A .. 128 C35 .. 451 C633 456
597U .. 128 RG35 .. 451 T633 456
599A .. 128 T35 .. 451 CU650 456
617L, 617A ..128 PT36 .. 451 RGAU650 456
65OA .. 470 PTC36 .. 451 RGU650 .. 456
65OU .. 470 B43 .. 451 U650 466
660A .. 470 53 .. .. 451 CU690 456
660U .. 470 C53 .. 451 RGAU690 456
680A .. 128 RG53 .. 451 RGU690 .. 456
691A .. 128 C63 .. 451 U690 456
691U .. 128 T63 .. 451
698A .. 128 U106 .. 456
698U .. 128 CU225 .. 456 PORTADYNE
699A .. 128 RGAU225 456 Jubilee Superhet .. 112
699U .. 128 RGU225 .. .. 456 Jubilee 5v Battery
701AX .. 128 RU225 .. .. 456 Superhet 112
702A .. 128 U225 .. 456 A36 112
702U .. 128 C335 .. 451 A37 112
711A .. 128 RG335 .. 451 A38 456
714B .. 128 T335 .. 451 A39 450
716B .. 128 B344 .. 456 A52 112
727A .. 128 CB344 .. 456 A53 456
727U .. 128 C350 .. 451 A58 450
735A .. 128 T35O .. 451 A59 112
735L .. 128 U353 .. 456 A64 456
745A .. 128 CU355 .. 456 A72 112
745U .. 128 RU355 . .. 456 AC55 112
747A .. 128 U355 .. 456 B36 112
747AX .. 128 CU357 .. .. 456 B37 112
748A .. 128 LM357 .. .. 456 B42 112
748U .. 128 RGAU357 .. 456 B48 112
753A .. 470 RGU357 .. .. 456 B49 450
753U .. 470 U357 .. 456 B72 112
771A .. 475 CU385 .. 456 J/AC 112
771U .. 475 LM385 .. .. 456 J/AC-DC .. 112
785AX .. 128 RGAU385 .. 456 J/RG 112
787AX .. 128 RGU385 .. .. 456 MS5 450
790A .. 128 U385 .. 456 PA6 112
790U .. 128 T404 .. 451 PB6 112
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PORTADYNE—coni.
PB/AC .. .. 450
PB39AC .. .. 450
PB39U .. 450
PBC/AC .. .. 450
PBC/U .. .. 450
PBS/AC .. .. 450
PBS/U .. 450
PB/U .. 450
RG2/AC .. .. 450
RG2/U .. .. 450
RG3/AC .. .. 450
RG3/U .. .. 450
RG6/AC .. .. 450
RG6/U .. .. 450
RG7/AC .. .. 450
RG7/U .. .. 450
RG/AC .. .. 112
RG/PB/AC .. 450
RG/PB/U .. 450
RG/S .. 450
RGS/U .. .. 450
S/AC .. 112
S/B .. 112
SB4 .. 450
SP/U5 .. 450
SW5 .. 450
SU/5 .. 456
TA38 .. 450
TU38 .. 450
U38 .. 456
U39 .. 450
U53 .. 456
U58 .. 450

PYE
Empire AW (1936) 465
International 5V .. 462
International

Console.. .. 462
New Baby Q .. 469
New Baby (all dry) 469
Nipper .. 467
BS6 .. 462
CAW .. 465
CR/AC .. .. 114
CR/DC .. .. 114
CR/RG/AG .. 114
E/AC ..114
E/B ..114
E/DC .. 114
MP.. .. 462
MP/B .. 462
MP/C .. 462
MP/RG .. .. 462
MP/U .. 465
MP/UC .. .. 465
P .. .. 462
P/AC .. 114
P/B.. .. 114 «

PP/AC • . 465
PP/B a . 467
PP/U . a 465
PS a . 465
PS/B 467
PS/C * a 465
PS/RG .. - a 465
PU 465
QAC2 ■ ■ 127
QAC3 465
QAC5 . a 465
QAC38 .. * a 465
QB 467
QB3 - - 465
QPAC • a 465
QPB • a 465
QPU 465
QU.. • - 467
QU3 465
Q43C (Model with

AFC) a . 465
Q43RG (Mode! with

AFC) .. 465
Q49C 465
Q49RG .. • • 465
Q49FC .. a a 465
RS4 . a 462
S .. - . 114
SE/AC .. a . 127
SE/AC/RG a a 127
SE/B 127
SE/DC .. a . 127
SE/U • a 127
SE/U/RG .. . a 127
SP/AC - » 127
SP/B . . 127
S/RG a « 114
S/RG/Auto • « 114
TC/RG .. 114
TP/AC a a 127
TP/B • a 127
T4 .. - a 127
T6 .. a a 127
T7 .. a . 127
T9 .. a . 127
T9C 127
T9RG 127
T10 465
T10A 465
T12 127
T17 a . 127
T17RG .. 127
T18 a . 127
T18C a a 127
T18RG .. a a 127
T20 a . 127
T21 a a 127
T37 a a 127
T37RG .. 127
T60 a a 127
T61 . a 127

26E .. .. 465
26ERG .. ..465
26ERG Auto .. 465 
62E .. .. 465
62EV .. ..465
802 .. .. 465
803 .. .. 465
805 .. .. 465
805RG .. ..465
805RG/Auto .. 465 
806 .. .. 465
806RG .. ..465
809 .. .. 465
810 .. .. 465
811 .. ..465
812 .. .. 465
812RG .. ..465
823 .. .. 127
824 127-131-123
826 .. .. 465
830 .. .. 465
834 .. ..465
834C .. ..465
834RG .. ..465
835 .. ..465
841RG .. .. 465
842 .. ..465
901 .. .. 462
906 ‘International’ 462 
93OE .. ..462
931U .. ..462
946 .. .. 462
951 .. .. 462
952 .. .. 462
Baby Q Senior (all

dry) .. .. 469
Baby Q Senior (acc.

model) .. .. 467
BS6B .. .. 462
BS6V .. ..462
RS4 First Model
(Serial Nos. MBH, 
MCH, MDH, 
MEH) .. ..465

E40RF .. 465
E42 .. .. 465
E140RF .. ..465
V41RF .. .. 465
G10 .. ..463
G10C .. ..463
G10RG .. ..463
15A .. .. 465

REGENTONE 
AC-DC Trans

portable.. .. 465 
Bennet Bantam .. 456 
Bennet Trans. .. 456 
Dickson All Dry .. 450 
Permeability .. 456 
Transportable 5 .. 465
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REGENTONE—coni. 705 * « 460 P6 .. .. .. 126
Transportable 6 .. 465 718AC .. • « 460 M4D .. • • 465
World Wide 5 .. 456 718 AC-DC 465 1946
5V S/Het with round 722 • « 465 P5A • • 465

cans .. 110 723AC • « 465 P4D • • 465
—Otherwise .. 123 723AC-DC • • 465
AC/47 110-123 727 • • 465 ROGERS MAJESTIC
AC/56 110-123 739AC .. • • 465 11/6 456
AC/56U .. 110-123 739AC-DC 465 11/8 * • 456
AC/57 110-123 A739AC .. - - 465 11/8X • • 456
AC/57U .. 110-123 A739AC-DC 465 11/9 ♦ • 456
AW/S .. 465 743 465 11/9DX .. • • 456
RG66 110-123 748 465 11/11 • • 456
RG66U .. 110-123 878 460 11/11X .. 456
USP59 .. 465 880 • • 460 12/6 456
R55 .. 465 901 AC • • 110 12/7 - 456
R55A .. 465 901 DC « • 110 12/9 • • 456
AW44 .. 465 925 • • 465 13/8 • • 456
AW66 .. 465 930 ♦ • 465 13/8C • • 456
U33 .. 465 948 • • 465 13/10 - - 456
U33X .. 465 955 • • 465 13/15 456

1015 • • 465 14/8C • * 456
REMCO 1129 • • 465 14/8R 456
All Models .. 465 1135 465 14/8T .. - 456

1153 465
RGD 1155 - . 465
166 465 1175 465 SELMER
166U .. 465 1201 110 Truvoice 5 • • 450
196 .. 465 1202 110 139 • • 450
196U .. 465 1203 460 140 • ■ 450
296 .. 465 1204 110 1239 - - 450
296U .. 465 1220 460
356 ..465 1 1221 465
356U .. 465 * 1295 - - 465 SPARTAN
516AC .. 460 3611 - - 465 401 465
522 .. 460 5311 - - 465 501 • • 465
535 ..460 ¡ 5511 - . 465 510 • • 465
623AC .. 460 7511 465 511 • • 465
623DC .. 460 1046G « - 465 519 • • 465
625AC .. 460 1046 465 520 • • 465
625DC . : 460 521 • ♦ 465
628AC .. 460 530 • • 465
628DC .. 460 RI 531 465
63OAC .. 460 4V Batt. Superhet 118 540 • • 465
63ODC .. 460 Superhet RG ■ - 118 541 465
643DC .. 460 Airflo 118 548RG 345
645AC .. 460 Duotone .. * - 118 548T - - 345
645DC .. 460 Moderne .. 118 559 465
658 .. 460 Ritz 118 610 * * 465
660 .. 460 Ritz AC S/Het 118 611 - * 465
700AC .. 110 Ritz Micrion Batt 5 118 619 • • 465
700DC .. 110 Ritz Twin Speaker 118 620 • • 465
70IAC .. 110 621 • • 465
70ÍDC .. 110 629 • • 465
702AC .. 110 ROBERTS 630 • • 465
702DC .. 110 Up to 1939 : 631 • • 465
703AC .. 110 M5A .. • 4 430 639 • • 465
704AC .. 110 P6 * • 126 640 • • 465
704C .. 110 M4D .. 430 641 • • 465
704DC .. 110 From 1939 onwards • 648AG .. • • 345
704RG .. .. 110 M5A .. 465 648C • * 345
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SPARTAN coni. MA5RG ■ * a ■ 465 101 ... 456
648RG .. 345 MA5T a a a a 465 102 .. 456
649 .. 465 MU5 .a a a 465 103 .. 456
650 .. 465 MU5RG a a a a 465 105 .. 470
651 .. 465 MU5T a a a . 465 106 .. 470
719 .. 345 MA6 ■ a . . 465 115 .. 456
748AG .. 345 MA7 ■ a a . 465 116 .. 456
748C .. 345 MA8 . a a a 465 12Í .. 456
748T .. 345 MA8RG a . a a 465 122 .. 456
1268AG .. .. 456 MU5 • • • • 465 123 .. 456

MU5RG a a a a 465 125 .. 456
MU5T 465 133 .. 456

SPENCER NA5 127 134 .. 456
All Models .. 430 NAC5 a a a a 127 140 .. 456

NAW5 a a a .a 127 150 .. 456
NU5 a a - - 127 201 .. 470

STANDARD
S40
S60

..130

.. 130

NUWS
PA5

* • 127
465

202
203

.. 470

.. 470
PAT5 a a a a 127 204 .. 470
PU5 . . - . 465 205 .. 470
PUT5 . a a . 127 206 .. 470
RGAW5C 127 207 .. 470

SUNBEAM
.. 456

RGA6 127 208 .. 470
22 .. RGUW5 . . a a 127 209 .. 470

RGU5C . . a a 127 210 .. 470
RGU6 a a a a 127 301 .. 470

SUNRAY UT5 • a « « 127 302 .. 470
55 .. .. 110 UW5 a a a a 127 303 .. 470
99 .. .. 465 UW5B a a a a 127 304 .. 470

UW5C a a . . 127 305 a . .. 470
NW5T a a ma 127 306 .. 470

TELSEN U6 .. . a m a 127 307 .. 470
6V Superhet 117-5 UW6 • • • • 127 308 .. 470
3435/BH .. 117 5 309 .. 470
3435/BV .. 117-5 310 .. 470
3435/MH .. 117-5 ULTRA 315 .. 470
3435/MV .. 117-5 1934 Panther AC 456 316 a . .. 470

Tiger M AC-DC .. 456 320 .. 470
M22 a a . . 470 330 .. 470

TEMPOREX 22AC a a ma 456 400 .. 456
R3 .. .. .. 465 22 Batt ■ • • • 456 500 .. 470
R3G .. 465 22DC * • « • 456 401 .. 470
R3U .. 465 M23 ■ • « • 470 402 .. 470
R3UG .. 465 25AC am a a 456 405 .. 470

25DC a a a a 456
26AC and AC-DC 456

TRUPHONIC 44 .. a a a . 456 VARLEY
AT5 .. 127 47 .. a a a a 456 AC Superhet 4 .. 110
AW5 .. 127 48 .. a a a a 456 AP46 a . .. 110
AW5A .. 127 49 .. a a a . 456 AP48 . a .. 110
AW5B .. 127 50 .. a a a a 456 Square Peak Mains
AW5C .. 127 P60.. a a a a 510 Superhet .. 110
AW5T .. 127 P61.. ma « ■ 510
AW6 .. 456 P62.. * • • • 510
B4 .. .. 127 P63.. • • • » 460 VIDOR
BB4 .. 127 P70.. • • «a 510 220 « « .. 473
BW5 .. 127 88 .. * • • * 456 221 O • .. 473
BW5B .. 127 95 .. ma a a 456 227 * • .. 130
CA6 .. 127 96 .. • • • • 456 237 • • .. 130
CU6 .. 127 97 .. • * • * 456 258 « ■ .. 130
MA5 .. 465 99 .. a a • a 456 275 • * .. 473
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VIDOR—coni. 332
277 .. 473 336
280 .. 473 343
284 .. 473 349
288 .. 450 350
291 .. 473 351
300 .. 473 353
301 .. 473 363
302 .. 473 376
308 .. 450 389
322 .. 465 400
323 .. 465 402
351 .. 456 413

414
WAR-TIME CIVILIAN 415

RECEIVER 418
(See Civilian War- 419

time Receivers. 421
page 213). 422

424
WB 425
4VA/wave Superhet 128 426

A

5VA/wave Superhet 128 427
394B .. 128 428
395 .. 128 433

439
440

ZENITH 441
5S29 252-5 461

463
ZETAVOX 465
ST/AC ... .. 125 465A

467

USA Receivers Imported FADA
115by Board of Trade 148

ADMIRAL 200
20367M5 .. 455 20576P5 .. 455 20977P5 .. 455 X-X2-7

21578P6 .. 455 X-A J

22079P6 .. 455 X~X_x2

252P6XP6 .. 455 PD414202B6 .. .. 455 Pl 234203B6 .. .. 455 X J—/X».2

PT 414204B6 .. .. 455 X JL—, i 1

169W4220 D5 .. .. 455 215T
ANDREA
35H5 .. 455 GE

HJ612
EMERSON J54W
301 .. 455 L513
310 .. 455 L541
311 .. 455 L543
318 455 L570
320 .. 455 L571
330 .. 455 L572
331 .. 455 L574

.. 455

.. 455
L600
L604

• • .. 455
.. 455

.. 455 L613 • • .. 455

.. 455 L621 • • .. 455

.. 455 L643 • • .. 455

.. 455 L651 • • .. 455

.. 455 LB673 MM ■ .. 455

.. 455 LB700 • • .. 455

.. 455 LB702 M - .. 455

.. 455

.. 455 MOTOROLA

.. 455 51X16 - - .. 455

.. 455 51X19 - - .. 455

.. 455 61X17 .. 455

.. 455 61L11 .. 455

.. 455

.. 455
455 PHILCO
455 PT3 - . .. 455
262 PY87 .. 455
455 PT88 .. 455
455 PT95 . .. .. 455
262 321T « • .. 455
262 42-327T « . .. 455

.. 455 42-842T .. 455

.. 455

.. 455 RCA

.. 455 IX .. .. 455

.. 455 6X2 .. 455

.. 455 14X .. 455

.. 455 34X .. 455

.. 455 35X .. 455

.. 455 36X .. 455
45X12 .. 455
15X .. 455

455 55X .. 455• « “ *2 *2
455 16X2 .. 455
455 16X3 .. 455
455 16X11 .. 455
455 16X13 .. 455
455 26X1 .. 455
456 26X3 .. 455
455 26X4 .. 455
455 26BP .. 455• • J »2 «2

.. 456 26X21 .. 455

.. 456

.. 456 STROMBERG-

.. 456 CARLSON

.. 456 500H • • .. 455

WESTINGHOUSE
455 12X4 .. 455
455 13X8 .. 455
455 WRI 3X8 .. 455
455 WR62K1 .. 455• • ■ »2 -2

.. 455 WR62K2 .. 455

.. 455

.. 455 ZENITH

.. 455 5G6O3M • • .. 455

.. 455 6G601 • • .. 455
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SECTION 13

COLOUR CODES
BRITISH

Resistors. Small moulded and 
wire-wound resistors usually have 
their ohmic values indicated by the 
same three-colour code as the 
American (Table L).

In past years, tolerance was seldom 
indicated. Where it was, gold 
denoted 5 per cent tolerance, and 
silver 20 per cent. Most unmarked 
resistors had a tolerance of 10 per 
cent.

Recently, preference has been 
given to a four-band coding, identical 
with the American code, including 
tolerance indication. With these 
band-marked resistors, therefore, a 
fourth band of gold indicates 5 per 
cent tolerance, and silver indicates 
10 per cent, while the standard no
colour, or unmarked, resistor has a 
tolerance of 20 per cent.

Moulded Mica Capacitors. The 
latest proposal is that the American 
code (Table L) should be adopted, 
giving the capacitance in micro
microfarads.

Colour coding for small capacitors 
has not been widely employed in 
Britain. A five-dot system was at one 
time recommended, the first three 
dots indicating the value in micro
microfarads, in the same way as for 
resistors. Fourth and fifth dots 
indicated tolerance and voltage as 
shown in Table XLIX.

Where there were only three dots, 
or bands, the capacitance was indi
cated; two dots showed tolerance 
and voltage; one dot showed toler
ance.

In another system, tolerances are 
indicated as follows: White, 1 per 
cent ; orange, 2 per cent; green, 3 per 
cent; red, 10 per cent; brown, 15 per 
cent; blue, 20 per cent; yellow, 25 per 
cent. (No colour shows standard 
tolerance of - 0-|-100.) Test voltages 
are shown by: 1,000 V, no colour; 
2,200 V, green; 5,000 V, brown.

TABLE XLIX

Colour
Tolerance 
per cent

Voltage 
Rating

Brown 1 100
Red .. 2 200
Orange 3 300
Yellow 4 400
Green 5 500
Blue 6 600
Violet .. 7 700
Grey .. 8 800
White .. 10 1,000

In a third system, tolerances are 
indicated as follows: Green, 1 per 
cent; violet, 2 per cent; yellow, 3 per 
cent; white, 5 per cent; red, 10 per 
cent. Up to and including 1,000 V 
DC test, there is no voltage marking; 
a light blue star indicates 1,500 V 
DC test.

Electrolytic Capacitors. These are 
not coded for voltage or capacitance.

An agreement was made some 
years ago, regarding the following 
wiring code, but was never universal
ly adopted, while, during the war, the 
wire supply position made any coding 
impracticable. Single capacitor with 
two leads: positive, red; negative, 
black. Multiple capacitor, case 
insulated; lead connected to capaci
tor of highest voltage and/or capaci
tance, red; lower voltage and/or 
capacitances in descending order, 
yellow, green, blue; negative, black; 
other negative leads, brown; any 
special connections, white.

AMERICAN
Capacitors. When the ratings of a 

moulded mica capacitor are not 
stamped on the case, a colour code 
may be employed to indicate the 
values (Table L).

The colours are applied as dots on 
the trade-mark side of the case. The 

228



dots are read from left to right. An 
arrow or the trade name is provided 
to indicate which way up the 
component must be held, to read the 
dots in the right sequence.

The first three dots indicate the 
capacitance in micro-microfarads: 
(1) The colour of the first dot (A in 

the diagrams) gives the first figure.
(2) The colour of the second dot (B) 

indicates the second figure.
(3) The colour of the third dot (C) 

indicates the number of noughts 
following the first two figures.

Example: If the sequence of 
colours is red, green, black, the 
capacitance is 25 mmFd, or 
■000,000,000,025 F. Usually, ca
pacitances are stated in microfarads, 
hence the value is -000025 mFd.

If the colours were green, black, 
red, the value would be 5,000 mmFd, 
or -005 mFd.

Note: To convert mmFd to mFd, 
move decimal point six places to left.

Where only three dots are given, 
the capacitor is rated at a working 
voltage of 500 DC, and the capaci
tance tolerance is plus or minus 20 
per cent.
(4) A fourth dot (D) indicates the

DC working voltage rating, and 
this is shown in Table LI.

(5) A fifth dot (E) indicates the 
percentage tolerance in the ac
curacy of the capacitance rating.

Six-dot Code. When there are

TABLE L

Colour
First or 
second 
figure

Noughts 
after 

second 
figure

Black 0 None
Brown 1 0
Red . . 2 00
Orange 3 000
Y ellow 4 0,000
Green 5 00,000
Blue .. 6 000,000
Violet.. 7 0,000,000
Grey .. 8 00,000.000
White.. 9 000,000,000

TABLE LI

Colour DC voltage 
rating

Tolerance 
per cent

Brown .. 100 + 1
Red 200 + 2
Orange 300 ± 3
Yellow 400 + 4
Green .. 500 + 5
Blue 600 + 6
Violet .. 700 + 7
Grey .. 800 + 8
White .. 900 + 9
Gold .. 1,000 —
Silver .. ---- + 10

three significant figures in the 
capacitance value, six dots are 
necessary if voltage and tolerance are 
also indicated. In this case, the first 
three dots give the three significant 
figures, and the lower right-hand dot 
the number of noughts. Remaining 
two dots show working voltage and 
tolerance.

Resistors. Carbon-type moulded 
resistors and small wire-wound types 
are given a protective paint covering 
which is coloured in dots, or bands, 
to provide indication of the resistance 
value (Table L) and, in some cases, 
the tolerance in accuracy of rating. 
(1) The first figure of the value is 

indicated by the colour of the 
body of the resistor (A in Fig. 165). 

(2) The second figure is indicated by 
the colour of one end (B).

(3) The number of noughts following 
these two figures is indicated by a 
dot or band (C).

(4) When given, the tolerance is 
indicated by the colouring of 
the other end of the resistor (D).

The colour code for the value is 
the same as for capacitors.

The code for tolerance is: Gold, 
+ 5 per cent; silver, + 10 per cent; 
no colour, + 20 per cent.

As gold and silver are not used for 
values, there is no question as to the 
sequence in which colours are read.

Examples: A resistor has a red 
body, green end and black dot. The 
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value is 25 ohms with a tolerance 
of + 20 per cent.

A resistor is coloured yellow with 
violet and gold ends, and a green dot. 
Value is 4,700,000 ohms accurate, 
within ± 5 per cent.

Note: If a dot or end colour is 
missing, it is same as the body.

Coding by Bands. An alternative 
coding employs three- or four- 
coloured bands and dispenses with 
the body colour and dot. The se
quence from left to right is :

(1) First figure.
(2) Second figure.
(3) Number of noughts.
(4) Tolerance.
Flexible Resistors. Flexible wire

wound fabric-covered resistors are 
also coded. The body colour gives 
the first figure, the thicker thread the 
second figure, and the thinner thread 
the number of noughts. If either of 
the threads is missing, it is taken as 
being the body colour.

Line Cord Resistors. American 

line cords have three wires, two 
directly from the line plug and one 
from the resistor. The two line wires 
are red and blue or red and black.

The colour of the third wire 
indicates the resistance value as 
shown in Table LIL

Power Transformer. The standard 
code to identify leads is:

Primary: If the primary winding 
is not tapped, both primary leads are 
black. If the primary winding is 
tapped, the leads are as follows: 
Common, black; tap, black/yellow; 
finish, black/red.

Rectifier HT winding'. Outside 
leads, red; centre tap, red/yellow.

Rectifier LT winding'. Outside 
leads, yellow; centre tap, yellow/blue.

Heater winding 1: Outside leads, 
green; centre tap, green/yellow.

Heater winding 2: Outside le^ds, 
brown; centre tap, brown/yellow.

Heater winding 3: Outside leads, 
slate; centre tap, slate/yellow.

It should be appreciated that as

CAPACITOR COLOUR CODING 
(American)

RESISTOR COLOUR CODING 
(American)

AMERICAN COLOUR CODINGS
Fig. 165. Showing the different ways that capacitors and resistors may be marked 

with the standard American value codes.
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TABLE LH

Colour Resistance 
(ohms)

Yellow 135
Blue.................. 160
White 180
Green 200
Light brown .. 220
Orange 260
Maroon .. 315-320
Dark brown .. 350-360

TABLE FIV
Filament positive Red
Filament negative Black
HT positive maxi

mum
Blue

HT positive inter
mediate

White

HT negative Yellow
GB positive Brown
GB negative maxi

mum
Green

GB negative inter
mediate

Orange

TABLE LUI

Input and Interstage Transformers Output Transformers

Anode lead .. .. Blue
HT lead .. .. Red
Control-grid lead .. Green
AVC lead .. .. Black

Anode lead .. .. Blue
HT lead .. .. Red
Diode or control grid Green 
Grid or diode return Black 
Full-wave diode .. Green and 

black

late as 1940 many makers were using 
their own codes and not the above 
RMA standard.

Audio Transformers. The standard 
American RMA colour code em
ployed on the leads of AF trans
formers is shown in Fig. 166.

For push-pull interstage and out
put transformers, the colour coding 
is also indicated. In the case of 
single primary and/or single secon
dary transformers, only the upper 
portion of the diagram (above the 
dotted line) is used.

When the polarity of the primary

Fig. I6Ó. Colour coding for output and intervalve 
transformers.

(and/or secondary) is not a factor, 
both outside leads may be the same 
colour as indicated. Where polarity 
must be indicated, the brown and 
yellow leads indicate the start of 
primary and secondary winding 
respectively. In the case of an 
output transformer, the black lead 
shall be the start of the secondary.

IF Transformers. The American 
RMA colour code employed on the 
leads of intermediate-frequency trans
formers is indicated in Table LITI.

Battery Leads. Code employed by 
members of the American National

Electrical Manufacturers’ 
Association appears in 
Table LIV.

Gramophone Motors. A 
code used on many Ameri
can gramophone motors is : 
No mark, 60 cycles; green 
spot, 50 cycles ; white spot, 
25 cycles.

STANDARD
RESISTANCE VALUES

To simplify production 
and stocking, the manufac
turers of composition rc-
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TABLE LV
Ohms Ohms Ohms 1 

+ 20% ± 10% ± 5%
10 10 10

11
12 12

13
15 15 15

16
18 18

20
22 22 22

24
27 27

30
33 33 33

36
39 39

43
47 47 47

51
56 56

62
68 68 68

75
82 82

91

Ohms Ohms Ohms 
± 20% ± 10% + 5%_ 

1,000 1,000 1,000 
1,100 

1,200 1,200 
1,300 

1,500 1,500 1,500
1,600 

1,800 1,800 
2,000 

2,200 2,200 2,200 
2,400 

2,700 2,700 
3,000 

3,300 3,300 3,300 
3,600 

3,900 3,900 
4,300 

4,700 4,700 4,700 
5,100 

5,600 5,600 
6,200 

6,800 6,800 6,800 
7,500 

8,200 8,200 
9,100

Ohms Ohms Ohms 
+ 20% + 10% +5%
100,000 100,000 100,000 

11,000 1 
120,000 120,000 1 

130,000 
150,000 150,000 150,000

160,000 
180,000 180,000

200,000 
220,000 220,000 220,000 

240,000 
270,000 270,000 

300,000 
330,000 330,000 330,000 

360,000 
390,000 390,000 

430,000 
470,000 470,000 470,000 

510,000 
560,000 560,000 

620,000 
680,000 680,000 680,000 

750,000 
820,000 820,000 

910,000
100 100 100

110
120 120

130
150 150 150

160
180 180

200
220 220 220

240
270 270

300
330 330 330

360
390 390

430
470 470 470

510
560 560

620
680 680 680

750
820 820

910

10,000 10,000 10,000
11,000

12,000 12,000
13,000

15,000 15,000 15,000
16,000

18,000 18,000
20,000

22,000 22,000 22,000
24,000

27,000 27,000
30,000

33,000 33,000 33,000
36,000

39,000 39,000
43,000

47,000 47,000 47,000
51,000

56,000 36,000
62,000

68,000 68,000 68,000
75,000

82,000 82,000
91,000

1-0 meg 10 meg 1-0 meg
1 • 1 meg

1-2 meg 1-2 meg
1-3 meg

1-5 meg 1-5 meg 1-5 meg
1 -6 meg

1-8 meg 1-8 mcg
20 meg

2-2 meg 2-2 meg 2-2 meg
2-4 meg

2-7 meg 2-7 meg
3 0 meg

3-3 meg 3-3 meg 3-3 meg
3 6 meg

3-9 meg 3-9 meg
4-3 meg

4-7 meg 4-7 meg 4-7 meg
5-1 meg

5'6 meg 5-6 meg
6 2 meg

6-8 meg 6-8 meg 6-8 nieg
7-5 meg

8-2 meg 8-2 meg
9-1 meg

10 0 meg 10 0 meg 10 0 meg

sistors have standardized three-toler
ance ranges of ± 20 per cent, ± 10 
per cent and + 5 per cent.

Examples: A ‘100-ohm’ resistor in 
the + 20 per cent range may have a 
value between 80 and 120 ohms. In 

the + 5 per cent range, the value will 
be accurate between 95 and 105 ohms.

The standardization given in 
Table LV reduces the total of re
sistors necessary to cover 10 ohms- 
10 meg from well over 800 to 255.
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SECTION 14

INTERFERENCE SUPPRESSION

THE principle of the suppression 
of interference at the source is 
illustrated in Fig. 167. 5 is the 

source, usually an interrupted contact 
such as a switch or a commutator. An
high-frequency potential appears 
across the impedance of the gap; un
less suppressed, it drives HF currents 
back through the machine into the 

mains. The in

Fig. 167. Principle 
of mains filter.

terference may 
thus be conduc
ted to radio sets, 
or electromag
netic waves may 
be radiated and 
picked up by 
receiver aerials.

Suppression is 
applied by con

necting a capacitor Ci across the
source. Ci must be of sufficient size 
to present a low impedance in com
parison to the impedance of the gap 
and of the machine and mains.
Average impedance of mains is about 

Fig. 169. Filter compo
nents for a four-wire

mains system.

150 ohms. 
Various ex
amples of 
the applica
tion of sup
pression at 
source are 
given in 
Figs. 168- 
174.

Where Q 
alone is not 
adequate, 
reductionof 
theHF volt
age applied 
to the mains can be obtained by the 
filter structure Lx, Cz, Lz- The FIF 
potential is across the capacitor Ci, 
but little appears across Cz since it is 
of low impedance, while the chokes 
Li, Lz, are of high impedance.

Exact values of capacitance and 
inductance are best determined by 
trial, but will be within the ranges 
set out in Tables LVI and LVII.

SUPPRESSION CAPACITORS

Suppression Capacitors are classi
fied in three types:

Type X, employed across AC or 
DC mains up to 250 volts working.

Type Y, employed from any main 
to earth or frame where voltage to 
earth does not exceed 500 volts

Fig. 168. Suppression applied to motor 
and starter.

working, or employed across 500 
volts DC mains.

Type XX, employed across mains 
up to 500 volts AC.

Other requirements of capacitors 
are set out in BSS613.

Post Office Recommendation
With unearthed appliances, the 

G.P.O. recommends that the capaci
tor connected between main and 
frame should not exceed -005 mFd, 
or any person' touching the frame 
may receive a shock from the 
charging current.

Suitable standard inductance 
values as given by Belling & Lee, 
Ltd., are shown in Table LVII.
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TABLE LVI

Designation 
of Capacitor

Voltage Tests Insulation— 
Resistance Tests

Between 
Terminals of 

Capacitor 
(Volts)

Between
Terminals and
Metal Casing 

(Volts)

Between
Terminals of 

Capacitor 
(Megohms)

Between 
Terminals and 
Metal Casing 

(Megohms)

X0-005 to X0 1
X0-5
XI
X2

1,500 (DC) 1,500 (AC)
r 1,000
1 600
I 300
L 150

100

Y0005 to Y01
Y0-5
Y1
Y2

2,250 (DC)
> or

1,500 (AC)
1,500 (AC) -<

r 1,000 
600 
300 
150

100

XX0-005 to
XX01

XX0-5
XXI
XX2

-<
'3,000 (DC) 

or
^2,000 (AC)

2,000 (AC) ■<
r 1,000 

600 
300 
150

ICO

APPLIANCE

->-------- --------------------—
X».

SUPPLY .
Z’Oi FRAME

•005 
FRAMESUPPLY X

005

FRAME

---- TW—r
2.000 uH Y 

^SUPPLY 

N
APPLIANCE

APPLIANCF

“ 2.000 mH
----------

SUPPLY

APPLIANCE

Fig. 170. Suppression filter circuits for 
mains leads to portable appliances.

APPLIANCE

TABLE LVIl

Circuit
Current (amps)

Inductance 
(microhenries)

•5
1
5

15
30
60 

100-300

10,000 
5,000 
2,000 
1,000

500 
250 
100

Fig. 171. Suppressor for a thermostat 
as fitted to a refrigerator or cooker. It 
consists of two 2,000-microhenry chokes 
in series with the appliance and a 
parallel capacitor of -005 mFd or more.
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Limits of Interference. According 
to BSS800, 1939, a signal-to-noise 
ratio of 100-1 is desirable.

Between 200-1,500 Kc/s, inter
ferencelevel at the machine terminals, 
or from terminals to frame, should 
not exceed 500 microvolts, whether 
the frame is earthed or not.

Over the same frequency range, 
the field intensity at 10 yards or less 
should not exceed 100 mV per M.

Fig. 172. Comprehensive suppression applied to an 
automobile.

Fig. 177. 
Screened 
anti-static 
lead-in 
system for 
aerial con
nection to 
receiver.

Suppression at Re
ceiver. Where adequate 
suppression at source is 
notpossible, the follow
ing steps may be taken 
at the receiver to pre
vent the entry of inter
ference: (a) By con
duction over the 
mains; (b) by direct

Fig. 174. HF fil
ter capacitors 
and inductors 
added to a full
wave rectifier 

circuit.

ROD AERIAL

Fig. 17 3. 
Windscreen
wiper sup

pression.

Fig. 175. HF filter in mains lead to a 
receiver.

! I SCREENED

K Í DOWN LEAD

L.MW

Fig. 176. 
Mains filter 
for AC-DC 
receiver.

CHASSIS

Fig. 178. Anti-static lead-in system used 
with Belling Lee ‘Skyrod’ aerial.

pick-up in the receiver; (c) by pick-up 
on the aerial.

For (a) there are set-lead filters 
(Fig. 175). Screening of the receiver 
cabinet is necessitated by (b), and 
(c) is secured by the use of a screened 
aerial system. In the latter, the open 
signal collector is erected outside the 
interference field, and the lead-in is 
fully screened.

To prevent undue signal loss in 
the screened cable, the impedance is 
reduced by transformer.

Reference to Figs. 176-178 will 
make clear the methods adopted.
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SECTION 15

SOUND RELATED TO ITS 
AMPLIFICATION BY ELECTRICAL

APPARATUS
Absorption Co-efficient. This is the 

fraction of sound energy absorbed by 
a surface. Theoretically, the ab
sorption of an open window is taken 
as unity. (See Table LVIII.)

Audio Frequency is a frequency 
occurring at a rate between approxi
mately 20 and 20,000 cycles per 
second. Air waves of these fre
quencies are heard as sound. Fre
quencies of the musical scale, and of 
instruments, are shown in Figs. 179 
and 180 and Tables LIX and LX.

Intelligence can be communicated 
within a limited frequency range. 
It has been internationally agreed 
that minimum bands desirable are: 
for commercial telephony, 300- 
3,400 cycles; for music over wires, 
50-6,400 cycles; for radio, 30-8,000 
cycles.

Bar. Unit of sound pressure, equal 
to one dyne per sq. cm, and one
millionth of the bar in meteorology.

Bel. Logarithmic unit for com
parison of powers. Where Pi and 
P> are two powers, and N is the 
number of bels expressing their 

Piratio : N = logio p .

Decibel is a tenth of a bel, and is 
the unit commonly used to express 
ratios of power, voltage or current. 
If /V is the number of decibels, 
N= 10 log,op1.

Where two powers are dissipated 
in equal resistances, the ratio of 
voltage to voltage, or current to 
current, may be expressed in decibels 
(or bels). For a given resistance, 
the power is proportional to the 
square of the voltage or current, and 
since, in logarithms, to square a 
quantity the logarithm is multiplied 
by two, then,
N bels = 2 logio fl , or 2 logio , ;

V, Ii
TV decibels = 20 login or 20 logio

V 2 12
where V is voltage and I is current.

Advantage of the decibel is that it 
provides a unit of ratio which 
corresponds in some degree to the 
average person’s perception of 
change in loudness.

To produce an apparent doubling 
of loudness, the actual intensity must 
be increased about ten times. A 
difference in loudness of one decibel 
is about the smallest change that can 
be discerned by the ear.

A second advantage is, that when 
the decibel gain or loss of the

MIDDLE 
C■n»c3 C1 C2

3! 64 ¡2b 256 51 2 1.024 2.048
CYCLES' PER SECOND

FREQUENCIES OF PIANO NOTES
Fig. 179. Showing a piano keyboard and frequency limits of octaves of C.
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TABLE LVIII:
ABSORPTION COEFFICIENTS OF COMMON MATERIALS

Material
Absorption Coefficient for Frequency

64 128 256 512 1,024 2,048 4,096

Brick wall .. •021 •024 •025 •03 •042 •049 •07
Plaster on brick .. — ■013 — •025 — — •045
Lime on wood lath with ■036 •012 •013 •018 •045 •028 •055

finishing coat
Cork (coarse, 1 in.) — •14 •25 •4 •25 •34 •21
Hair felt (1 in.) .. ■09 -1 •7 •52 •7 •66 •44
Rock wool (1 in.) — •35 ■49 •63 •80 •83 —
Carpet '■ ■ •09 08 •21 •26 •27 •37
Wood flooring — •05 •03 •06 •09 •1 •22
Cushions, canvas and •86 •99 11 1-8 1-7 1-4 •91

plush
Curtains, heavy .. _—. •1 _ •5 _ _ _ ■9
Fibreboard (-5 in.) — •05 •54 — — ■6

E ASS VIOL
BASS DRUM

BASS SAXOPHONE

BASSOON
CElLO
PIANO

SNARE DRUM

TROMBONE

FRENCH HORN

MALE SPEECH

FEMALE SPEECH

CLARINET

TRUMPET

VIOLIN

SOPRANO SAXOPHONE

OBOE

FLUTE

CYMBALS

PICCOLO

FREQUENCY RANGES COVERED BY INSTRUMENTS AND VOICES 
Fig. 180. These ranges include harmonics; the range of fundamental frequencies is 

much less and can be discovered from the musical notation.

component parts of a system 
is known, the overall gain or loss can 
be found by simple addition and 
subtraction of the individual decibel 

ratings. To say an amplifier has a 
gain of so many decibels is correct, 
but the information is more complete 
if the input power is stated. An
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TABLE LIX:

MUSICAL INTERVALS

Equal 
Tempera

ment 
Frequency 

Ratios

True 
Diatonic 

Frequency 
Ratios

C2 2(x/c0 2

B 1-888 1-875
AS 1-782 —
A 1-682 1-667
Gi 1-587 —

G 1-489 1-500
Fi 1-414 —
F 1-335 1-333

E 1-260 1-250

Di 1-189 —
D 1-122 1-125

Ci 1059 —

C 1 1

arbitrary zero level may be used and, 
in sound engineering, this is fre
quently accepted as 6 mW, or -006 
watt. Zero level in telecommunica
tions technology is defined as 1 mW.

Examples: If an amplifier gives an 
output of 50 watts with an input of 
•1 watt, the decibel gain is calculated 
as follows:

The power ratio is = 500.

The log of 500 is 2-699, or about 
2-7; therefore, the gain is 2-7 bels, 
or 27 decibels. (See Fig. 181.)

The output power from, for 
instance, a transformer will be less 
than the input power. This loss of 

power is called the insertion loss of 
the transformer.

If there is an input of 20 watts and 
an output of 17, then

= -85, logio -85 = 1-9294.
As one part of the log is negative 

and the other positive, the actual log 
is -1 + '9294 = -0706. The loss is 
•706 dB.

Suppose an amplifier is stated to 
have a gain of 40 dB, the reference 
level being 6 mW, the output will be 
104 the power of the input, i.e. 60 
watts.

If the gain of an amplifier is given 
as 64 dB, we know that 60 dB is 106 
and 4 dB is 2-512. The power gain, 
therefore, is 2-512 X 106 = 2,512,000.

Gains and losses are readily 
ascertainable from the accompanying 
conversion chart (Fig. 181).

Distortion is the change of wave 
form which occurs between two 
points in a transmission system.

TABLE LX:
PEAK POWER

OF INSTRUMENTS
(As stated by C. W. Horn)

Instrument Peak Power 
(watts)-

Heavy orchestra .. 70

Large bass drum .. 25

Pipe organ 13

Cymbals .. 10

Trombone .. 6

Piano •4

Trumpet .. •3

Bass viol .. •16

Clarinet ■05

Triangle •05
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Attenuation distortion, 
sometimes called fre
quency distortion, is due 
to gain or loss with fre
quency of a transmission 
system. Variation of group 
velocity with frequency 
causes phase distortion. 
Harmonic distortion con
sists in the production of 
harmonic frequencies at 
an output by the non
linear response of a net
work or system when a 
sinusoidal voltage is ap
plied at the input. Varia
tion of the time of 
propagation (measured in 
milliseconds with refer
ence to a wave of specified 
frequency, usually 800 
cycles) and variation of 
gain or loss with ampli
tude of input are further 
causes of distortion.

j
Echo. A reflected wave 

received with such magni
tude and delay that it is 
perceived as distinct from 
the direct wave.

Doppler Effect. Change 
of pitch due to motion 
between sound source and 
hearer. This velocity being 
vectorially added to, or
subtracted from, that of sound, alters 
the wavelength and frequency.

Harmonic or Overtone is a sinu
soidal oscillation, acoustic, electric or 
otherwise, at a frequency which is a 
whole multiple of the fundamental 
frequency. The second harmonic is 
twice the fundamental, the third is 
three times the fundamental, and so 
on (Fig. 182). In some countries, but 
not in Britain or America, the 
fundamental is called the first har
monic.

Any wave, however complex, may 
be analysed into a fundamental and 
harmonics.

Fig. 18!. Power ratio to decibel conversion chart. 
Ratios of current or voltage can be converted to 
decibels if the ratio of currents flowing in or voltages 
acting across the same value of resistance be substi
tuted for the power ratio, when the decibel scale 

must be multiplied by two.

In sound, the fundamental sets the 
pitch of the note, and the numbers 
and relative strengths of the har
monics determine the characteristic 
quality of the sound.

Hearing. The human ear can 
appreciate sounds represented by 
changes of air pressure having 
frequencies lying between approxi
mately 20 to 20,000 cycles in fre
quency and -004 to 3,000 bars. Very 
few ears can detect frequencies much 
higher than 15,000 cycles, unless the 
intensity is very great. The lowest 
sound pressure which gives a sensa
tion of tone is the threshold of
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HARMONICS WITH CORRESPONDING VIBRATIONS
Fig. 182. Fundamental vibration of a cord and its harmonics. If the length of the 
cord is such that the fundamental is C, the harmonics have the notation shown.

audibility, and the lowest pressure 
which gives a sensation of feeling is 
the threshold of feeling. Both vary 
with the frequency (Fig. 183).

Loudness is the psychological effect 
of a sound, and intensity is measured 
in physical units.

Appreciation of pitch varies slight
ly with loudness.

Interference between sound waves 
may result in ‘beats’ and in zones of 
silence.

Logatom. An isolated syllable.

Neper. A unit of comparison 
giving the natural logarithm of the 
ratio of two currents independently 
of the resistance of the circuit.

N = loge 7, where N is the 
number of nepers and I is current.

This unit is used in some conti
nental countries, but the decibel is 
commonly employed in Great Britain 
and America.

The decineper is ^th of a neper.

Phon. British standard unit for 
the measurement of sound intensity. 
The sound under measurement and 
a standard tone are heard alternately, 
and the standard tone adjusted until 
judged by a normal hearer to be of 
equal loudness. The intensity level 
of the standard tone with reference 
to an R.M.S. sound pressure of 
•0002 dyne per sq. cm (10-16 watts 
per sq. cm) stated in decibels, is the 
equivalent loudness of the original 
sound in phons.

The standard tone is a plane 
sinusoidal 1,000-cycle wave from a 
position directly in front of the 
hearer. The reference level, with 
exactness, is an R.M.S. pressure of 
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-000204 dyne per sq. cm at 20° C. 
and 76 cm of mercury, and corres
ponds to the threshold of hearing for 
the average person.

Power for Sound Distribution. An 
approximate indication of the 
acoustic watts necessary in a hall is: 

Volume in cubic feet
100,000

The necessary electrical output of 
the amplifier will be: Acoustic 
watts X Loudspeaker efficiency.

For speech, only a third or quarter 
of this power may be necessary.

Example-. For a hall 150 ft. long, 
50 ft. wide and 30 ft. high, acoustic 
watts needed are : 150 X 50 X 30 = 
225,000 ? _
100,000

An average figure for loudspeaker 
efficiency is 10 per cent. Amplifier 
output necessary, therefore, is 20-25 
watts for music and 8 watts for 
speech. (See also page 247.)

Outdoor power requirements vary 
considerably. For open-air concerts 
with an audience of 5,000 people, 
40 watts may be needed for music 
and 10 watts for speech (Fig. 184).

Refraction. Sound, like light, 
changes direction on passing from 
one medium to another, the media 
having different characteristics.

Reverberation is a succession of 
reflected sounds, following each other 
too rapidly to be heard as echoes.

Fig. 184. Approximate power required 
for public-address installations which 

cater for an open-air audience.

For practical purposes, reverbera
tion time is given by the Sabine

■05 Vformula, T — —j—, where T is time
in seconds, V volume of hall in cubic 
feet and A is the product of the area 
of absorbent and the co-efficient of 
absorption in sq. ft. units.

Sensation Level is the logarithm of 
the ratio of the physical intensity of 
a sound to the intensity at the 
threshold of audibility :

S dB = 20 logic p, 
where Po is the threshold pressure.

Singing. Self-sustained oscillation 
in a sound-amplifying system.

Fig. ¡83. How the average norma! human ear 
responds to sound waves of different intensities 

and frequencies.

Sound is sensation caused 
by pressure waves travelling 
through a gas, or a liquid ora 
solid. It cannot travel through 
a vacuum. In air, sound is a 
series of ‘waves’, comprising 
regions of compressed and 
rarefied air (Fig. 185). The 
passage of these pressure waves 
causes to-and-fro motion of 
particles of the medium, but 
no displacement of the particles 
from a mean position.

Relations between ampli
tude of motion of air particles, 
velocity of motion of ■ the
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LOUDSPEAKER 
blAPHRAGM 
MOVES TO AND FRO

PIRECTIOM
OF WAVE

Fig. 185. Sound is caused by a pressure wave and can be 
represented, as shown in this diagram, by a sine wave.

particles and pressure in a plane wave 
are:

2 IT
u = U cos (ct - x), 

A
\U . .

a=2KCSin X

p = Cpo U cos -- (ct - x),
A

where u is the instantaneous 
velocity of a particle; U the maxi
mum velocity; ct, velocity of the 
sound wave; x, a co-ordinate taken 
in the direction of propagation; 
X, the wavelength; a, the displace
ment of the particles; p, the pressure; 
and p0 the density of air.

For a spherical wave, where A is 
the strength of a source at the centre 
of the sphere and r the radius:

A 2k . . . A . 2k

"=2vcosx ("-<•) +4^2Sln x
(ct - r),

A . 2k , x \A 2k
a — -v' (ct-r) - s-vv cos —Anr2 X 8kV2c X

(d - r),
P = ^cosT(c‘-r)-

A sound wave is a form of energy. 
The transfer of energy through a 
sq. cm of surface is called the energy 
flux density (J). The kinetic or 
potential energy in any small region 
of the path of the wave is called the

energy density (E) :

PoC PoC2
Wavelength of a 

sound wave X is: X = 
y
y, where V is the vel
ocity and f the fre
quency.

Sound Intensity. 
Rate of flow of sound 
energy per unit area 
in the normal direc
tion of propagation. 
The unit is an erg per 
second per sq. cm.

Sound Pressure.
The alternating com

ponent of the total pressure in a 
sound field. It is stated in dynes per 
sq. cm.

Speed of Sound varies with the 
medium and the temperature. For 
most purposes, the velocity in air can 
be taken as 1,140 ft. per second, or 
approximately one mile in 5 seconds. 
Where 0 is the air temperature in 
degrees centigrade, the velocity in 
metres per second is given by: 
330-6 V1-PÔO37O70' - 1-2560Ü0

Velocity in air is independent of 
pressure, but is proportional to the

TABLE LXI

Material
Metres 

per 
second

Material
Metres 

per 
second

Brick .. 3,600 Woods: 1,250
Cork .. 500 Ash 4,700
Ebonite 1,500 (across
Glass .. 5,000 grain)
Marble 3,800 Ash 5,250
Nitrogen 340 (parallel to
Oxygen 315 grain)
Slate .. 4,500 Fir 4,150
Steel 5,000 Mahogany 3,380
Water .. 1,433 Oak 3,320

Pine 4,780
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square root of the absolute tempera
ture:
To ITVt = V 273’ w^ere *s ve^city ar 
0° C.

Approximate velocities in other 
media are given in Table LXI.

Stationary waves occur when waves 
of equal frequency and amplitude 
are originated at different sources. 
A wave reflected from a surface may 
be considered to originate in a 
different source from that creating 

the direct wave. The medium at the 
nodes is stationary but at maximum 
pressure; at the antinodes, the 
particle velocity is at maximum but 
the mean pressure is normal.

Transient. Sudden change or 
irregularity of wave form, as when 
an oscillation is started by bowing or 
striking a string or when an electrical 
circuit is switched on.

A transient contains a number of 
sinusoids, some of extremely high 
frequency if the wave front is steep.

MICROPHONES

A microphone converts variations 
of pressure in the medium by which 
it is surrounded into corresponding 
variations of electrical potential.

Variations of air pressure repre
senting sound may be converted into 
corresponding potentials, and these, 
amplified if necessary, may be used 
to energize loudspeakers in Public 
Address systems or to modulate some 
characteristic of a carrier in a carrier 
telephony system, or to make gramo
phone and cinema recordings, or, 
of course, the microphone output 
may be applied, as in domestic and 
business telephone systems, to line 
wires.

In order to convert variations of 
mechanical pressure into variations 
of electrical potential, a microphone 
embodies some part which is free to 
move and which, in its movement, 
generates potentials proportional 
either to the displacement or the 
velocity of the moving part.

Obviously, this ‘armature’ or 
moving part may exhibit mechanical 
resonance, thus making the electrical 
output from the microphone greater 
for pressure variations having certain 
frequencies than for pressure varia
tions of other frequencies.

When mechanical resonance of 
the armature takes place, the micro
phone characteristic, that is, a graph 

plotting electrical output against 
frequency of the periodic pressure 
stimulus, exhibits peaks correspond
ing to one or more frequency bands.

A high-fidelity microphone is one 
having, among a number of other 
qualities, a ‘flat’ response character
istic, that is to say, one in which 
little or no mechanical resonance of 
the armature exists.

When an armature resonates, the 
apparent sensitivity of the micro
phone is much higher at the reson
ance frequencies than at frequencies 
where no resonance takes place. 
The high-fidelity microphone, there
fore, tends to have a sensitivity equal 
to the lowest sensitivity of the type 
which relies upon resonance.

This leads to the conclusion that 
high-fidelity microphones are re
latively insensitive and 'that the 
apparent high sensitivity of a micro
phone exhibiting armature resonance 
is offset by a poorer frequency 
characteristic.

Fig. 186 deals with microphone 
sensitivity.

The interpretative powers of the 
human ear are so great that for 
ordinary communication purposes 
the sensitivity of the resonant type of 
microphone (provided the resonance 
frequencies lie in and around a mid
speech band) justifies its use; for
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broadcasting, cinema and P.A. work 
the demands for fidelity make the use 
of microphones with flatter response 
characteristics essential.

There is a large number of methods 
by which armature movement is used 
to create electrical potential. A 
moving-coil microphone is one in 
which the armature carries a coil of 
wire which moves in a constant 
magnetic field and so has EMF’s 
induced in it. A moving-iron micro
phone is one in which the ferro
magnetic armature moves in a 
magnetic field to vary the intensity of 
the field and so induce EMF’s in a 
coil embraced by the lines of force 
due to the field.

A capacitive microphone embodies 
an armature which forms one mov
able electrode of a capacitor, the 
other being fixed so that, a steady

+40 60

+30 6

► WATTS

+10 ■ • 06

LOSS OR 
GAIN IN 
DECIBELS
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------------------- CARBON MICROPHONES 

potential being applied to the capaci
tor so formed, varying currents flow 
into the capacitor as its capacitance 
varies by the mechanical displace
ment of one of its electrodes.

A carbon microphone contains 
powdered carbon and the moving 
armature exerts varying pressures on 
the carbon, so sympathetically vary
ing its conductance. Or the move
ment of a capsule attached to the 
moving armature may also produce 
a varying conductivity.

The variation of conductance of 
the carbon causes a variation of 
current in a circuit containing a 
DC source and the carbon, and 
so varying potentials may be de
rived from the circuit, commonly 
by the use of a transformer, the 
primary of which carries both the 
steady current and its variations, the 
secondary producing only varying 
potentials.

Certain types of crystal generate 
EMF’s proportional to a mechanical 
pressure correctly applied, and in 
the crystal microphone the armature 
exerts varying pressures upon the 
crystal to produce corresponding 
EMF’s at the electrodes.

A ribbon microphone is a type of 
moving-coil microphone inasmuch as 
it embodies an armature which is 
essentially a conductive strip free to 
move in a magnetic field.

---------- M3 MICROPHONES

VELOCITY MICROPHONES
-CRYSTAL (SOUND CELL) 

MICROPHONES
--------------- CAPACITIVE

MICROPHONES

CRYSTAL (DIAPHRAGM)
MICROPHONES

Fig. 186. 
phones.

Relative sensitivity of micro- 
This diagram facilitates the

estimation of the gain of an amplifier 
required to produce a certain output. 
For example, if an output of 6 watts 
( + 30 dB) is desired when using a moving
coil microphone (-70 dB), the amplifier 
must have a gain of I00 dB (30 dB+70dB).

Avoiding Mechanical Resonance
Common to all devices which aim 

at producing high-fidelity results 
are means to avoid mechanical 
resonance. One basic method is to 
produce extreme rigidity so that 
resonance takes place at a supersonic 
frequency, or at an audio frequency 
above the range considered sufficient
ly wide for sufficiently good results; 
another to make the armature reson
ate at a sub-audio frequency; another 
to make the structure so flabby that 
all resonances are damped out.

The sensitivity of a microphone is 
stated in terms of the ratio of powers 
required to produce a measured 
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open-circuit voltage to that required 
to give an open-circuit voltage of 
1 volt when the pressure stimulus 
is 1 dyne per sq. cm (called 1 bar). 
This ratio is commonly stated in 
decibels. In a high-fidelity micro
phone, the sensitivity may be con
sidered as being constant over a wide 
range of frequencies; in a resonant 
type, the frequency should be stated 
or the sensitivity expressed as a 
maximum or a mean, etc.

The impedance of a microphone is 
its internal impedance measured as 
that resistance which, connected 
across the microphone terminals of a 
microphone acted upon by a periodic 
stimulus, reduces the open-circuit 
voltage by half.

This impedance should be related 
to sensitivity, because if the imped
ance is lower than a certain amount 
the voltages may be stepped up and 
applied to the grid cathode circuit of 
a valve, thus making the effective 
sensitivity of the microphone the 
greater.

If the microphone impedance is 
very high, transformers cannot be 
used, since the inductance of the 
windings would have to have an 
impractically high value. As a very 
rough guide, and supposing that it 
is impractical to use transformers 
having a secondary impedance 
greater than 50,000 ohms, trans
former gain in decibels is, Gt — 
20 logio I where Zm is the

-V Zm
microphone impedance. It is doubt
ful if, Zm being very small, the value 
of Gt could exceed 30 decibels.

Background noise in a microphone 
is due to some inherent quality of 
the device which causes it, when 
quiescent, to generate small EMF’s; 
typically, the variations of conduc
tivity of carbon granules in a carbon 
microphone generate hiss and this is 
a form of background noise.

It must also be realized that if a 
microphone is very insensitive, re
quiring, therefore, the use of high- 

gain amplifiers, these may generate 
amplifier noise, and it should be 
counted a criticism of the microphone 
that it is so insensitive as to demand 
the use of amplifiers of such high 
gain that they generate background 
noise.

On the other hand, if an amplifier, 
considered as part of the microphone 
system, can be designed to give very 
high gain with substantially no 
amplifier noise, then the microphone 
associated with it, and having great 
fidelity but low sensitivity, should be 
classed as a superior type for high- 
fidelity results.

Certain microphones exhibit di
rectional qualities, that is to say, 
their response characteristics are 
different according to the direction of 
incidence of the wave front by which 
they are stimulated. A non-direction- 
al microphone is one which has the 
same response characteristic what
ever the angle of incidence of the 
sound waves acting upon it.

The term wind flutter is used to 
describe the effects of wind or 
draughts upon a microphone in 
which the armature is not so rigid as 
to remain stationary when the air 
around exhibits pressure variations 
of very low frequency; a microphone 
prone to exhibit wind flutter is not 
suitable for out-of-doors work.

A comparison of microphones is 
almost impossible without stating 
requirements. As these vary enor
mously, a comprehensive analysis 
would be impossible. Any of the 
principles may be used, and while it 
may be said that the carbon type is 
prone to create hiss, certain types 
have been made in which this has 
been minimized and high-fidelity 
results obtained.

In some cases, the high-impedance 
types may seem to have the dis
advantage that long leads from them 
cause falling off at the top frequen
cies, but this trouble may be 
minimized by embodying a single
valve amplifier in the microphone 
housing; types of microphone with 
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resonant diaphragms may give a 
poor frequency characteristic, but as 
the diaphragms are more stretched, 
so sensitivity reduces but fidelity 
increases.

Table LXII compares the sensitivi
ties, direct and with transformer gain, 
of different types of microphone and 
broadly specifies the typical per
formance of typical designs.

TABLE LXII:
MICROPHONE CHARACTERISTICS

Type

Sensitivity (1,000-2,000 c/s) Impedance

Without 
Transformer 

Gain

With 
Transformer 

Gain

General descriplion and performance Decibels below I volt/bar Ohms

Carbon, Post Office type.
Poor frequency characteristic.

Suitable commercial uses.
Background hiss.

- 30 - 10 200 - 400

Carbon.
Better fidelity than Post Office type. 

Used in simple P.A. systems. 
Prone to background hiss.

- 50 - 30 200 - 400

Capacitive.
High fidelity. Disadvantage of high 

impedance overcome by ampli
fier in housing. May require 
electrostatic shielding.

- 90
•

- 90 500,000 
to

1,000,000

Crystal.
Pligh fidelity. May require electro

static shielding.
- 60
- 100

- 60
- 100

50,000

Moving Iron.
Sound power. Sometimes used in 

aeroplanes. Poor frequency 
characteristic, but good intel
ligibility, high sensitivity at 
maximum.

- 10 - 10 100 - 600

Moving Coil.
A ubiquitous type for fidelity and 

high-fidelity work. Subject wind 
flutter. May require magnetic 
shielding.

- 60
- 80

- 30
- 50

25

Ribbon.
Much used in broadcasting and 

cinema work. Liable wind 
flutter. May require magnetic 
shielding.

- 70
- 80

- 40
- 50

0-5 to 1
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LOUDSPEAKERS AND PUBLIC ADDRESS SYSTEMS
The loudspeaker acts, oppositely 

to the microphone, to convert 
variations of electrical intensity into 
corresponding variations of pressure 
in the surrounding medium. The 
basic principles concerning response 
as a function of frequency apply 
equally to microphones as to loud
speakers; the loudspeaker has a 
moving part and this is 
prone to resonate and 
give selective response ac
cording to the frequency 
of stimulus.

There is, however, this 
difference, that a loud
speaker movement or arm
ature is attached to a 
diaphragm and it is the 
mode of vibration of this 
which determines, in large 
measure, the resulting 
characteristic.

At very low frequen
cies, the diaphragm may 
move as a whole, like a 
piston, and in so moving 
moves an air column with 
it; at higher frequencies, 
the diaphragm, not being 
rigid, breaks up and ex
hibits different motions at 
different positions on it.

These nodes and anti
nodes of motion arefound 
in cone-shaped diaph
ragms to lie in circles 
centred upon the central 
point of attachment of the diaphragm 
and a vibrating armature, the posi
tion and numbers of the circles vary
ing with the frequency of stimulus.

In horn loudspeakers, the dia
phragm is small and is placed at the 
narrow end of the horn; the horn 
opens out (in logarithmic horns 
according to a logarithmic law) as 
the distance from the diaphragm 
increases.

In order to increase the apparent 
response at low frequencies of 
diaphragm loudspeakers not using 
horns, a ¿izjfe-board may be used.

This baffle-board constitutes a 
plane surface at right angles to the 
axis of movement of the diaphragm, 
which is mounted in a hole cut in the 
board; its effect is, like a horn, to 
increase the coupling between mov
ing diaphragm and air column at low 
frequencies by preventing an equal
ization of pressure from the front to 

VOLUME OF HALL IN CU. FT.

Fig. 187. Chart giving the approximate acoustical 
watts needed for halls of various sizes.

back of the diaphragm which would 
occur were no separating means 
provided. Table LXIII compares 
the performance of various types of 
loudspeakers.

Loudspeaker Efficiency. Most 
loudspeakers have a poor efficiency 
with regard to the conversion of 
electrical energy into acoustical 
energy. Table LXIII gives relative 
figures for the different types, but it 
must be appreciated that the design 
and manufacture of individual speak
ers of any one type vary considerably. 
Most manufacturers will give the
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TABLE LXHI:
TYPICAL MOVING-COIL LOUDSPEAKER CHARACTERISTICS

Type
Power

handling 
capacity 
(watts)

Efficiency 
(per cent)

Angle of 
distri
bution 
(deg.)

Average 
frequency 

range 
(c/s)

Baffle and Cabinet:
Small permanent magnet H to 2 5 - 10 90 120- 8,000
Large permanent magnet .. 5 5 - 10 90 80 - 8,000
Very large energized (auditor

ium type)
15 5 - 10 90 80 - 8,000

Directional Baffle 
Projector:

5 10-20 60- 100 150- 8,000

45 in. air column 7 10-35 35 - 60 200 - 7,000
72 in. to 96 in. air column .. 8 10-35 35-60 200 - 8,000

TABLE LXIV:
ELECTRICAL POWER OUTPUT REQUIRED FOR CERTAIN 

COVERAGES

Power 
Output 
(watts)

Coverages

Indoors Outdoors

Cu. ft. No. of people
Sound 

dispersal 
(radius in ft.)

Distance along 
speaker axis 

(ft.)

1 2,000
(Small domestic 

rooms)

—

2 5,000
(L.arge domestic 

rooms)

— '——

5 50.000 
(Halls)

500 — —

10 130,000
(Halls)

1,000 300 450

15 300,000 2,000 400 650

30 to 40 1,000,000 5,000 600 1,000

90 — — 1,500
(Audience beiwe 

and 100,000 p

2,500 
en 75,000 
eople)

efficiency of their loudspeakers upon 
request.

Upon the efficiency of any par
ticular loudspeaker will depend the 
watts output from an amplifier 
necessary to provide the required 

acoustical wattage to cover a certain 
area or cubic volume. Fig. 187 gives 
a curve of acoustic watts against 
cubic volume, but this is only ap
proximate for average conditions. 
Furnishings, material of walls. 
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ceilings, etc., will effect 
the power required.

As an example of 
the use of this chart, 
if it is required to 
know how much am
plifier output is re
quired for a cubic 
volume of 100,000 cu. 
ft., the chart gives ac
oustic watts as -7 watt 
approximately. If the 
speakers have an effi
ciency of lOper cent, the 
electrical watts re
quired will be 7. Or,
Electrical watts — —1 —' -----Speaker efficiency
X Acoustic watts = X -7 = 7.

Table LXIV gives approximate 
coverage data for electrical watts 
output based on 10 per cent loud
speaker efficiency, but here again 
abnormal conditions call for a 
reserve of power to meet sudden 
demands. For example, three times 
the power output may be necessary 
for a hall filled with an audience 
having wet clothes, as compared with 
a half-empty hall of people wearing

Fig. 188. Distribution angle of a speaker assists in pre
venting reflections. Note how the maximum sound 
from the upper speaker is kept parallel to the ceiling.

SPEAKER 
AXIS

I
0’

Fig. 189. Polar curves of typical projector loudspeaker.

dry clothes. Therefore, if 5 watts will 
just about meet a certain estimation, 
a 15-watt amplifier and speaker 
network should be used.

Distribution Angle. Fig. 188 shows 
how the distribution angle of a 
loudspeaker (LSi) may be employed 
to prevent reflections, in this case 
from a ceiling, which could cause 
‘echo’ perhaps to the point of 
unintelligibility in the rear seats of 
the circle. This is due to the re
ception of two waves, one direct 
from the speaker, and the second, the 
reflected wave, which will arrive later.

The lower speakers 
(LSff, situated at the 
sides of the stage, direct 
the sound to the pit 
and stalls.

It should be appre
ciated that all frequen
cies are not ‘beamed’ 
to the same extent. 
The lower frequencies 
have a wide spread, but 
highly directional 
effects are associated 
with the upper frequen
cies. The polar dia
gram, Fig. 189, illus
trates this. For speech 
reinforcement, there
fore, where high fre
quencies are necessary, 
it is wise to work on a 
maximum distribution 
angle of about 60°.
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SECTION 16

INSTRUMENTS AND MEASUREMENTS

THERE is a large variety of 
instruments for measuring elec
trical quantities and the majority 

of them embody means to convert 
electrical into mechanical force, the 
mechanical force being used to 
deflect a pointer over a calibrated 
scale.

Moving-coil Instruments. In a 
moving-coil instrument, the current 
to be measured is passed through a 
coil of wire, thus producing a 
magnetic field external to the coil.

The coil is so placed in relation to 
a steady magnetic field that the field 
due to the coil, reacting with the 
steady field, causes the coil to turn 
upon its axis of rotation and move a 
pointer over a circular scale, the 
pointer being attached to the coil.

The torque experienced by the coil 
is determined as to its sense by the 
direction of the flow of current in the 
coil, and as to intensity by the 
amount of current flowing.

A moving-coil instrument meas
ures direct currents. If alternating 
current passes in the coil it merely 
tends to turn first this way, then that, 
mechanical inertia preventing any 
considerable angular movement.

Moving-coil instruments can be 
made so sensitive as to be capable of 
measuring even microamperes and, 
with quite simple arrangements, 
milliamperes. This means that if a 
sensitive moving-coil instrument be 
connected in series with a resistance, 
the voltage between the two terminals 
of a source may be measured, pro
vided the internal resistance of the 
source producing the voltage is 
negligibly small compared with the 
resistance of the voltmeter.

Ranges of Instruments. Given an 
instrument capable of measuring a 
given maximum current, it is possible, 
by connecting a shunt circuit across 
it (i.e., a conductor in parallel with 

the instrument), to use it to measure 
currents greater than this maximum, 
because a part of the total current 
flows in the shunt and a part in the 
instrument.

Table LXV gives useful meter 
ranges with their applications.

In order to calculate the required 
resistance of a shunt, the expression n
Ri = "। may be used, where 7?i 
is the shunt resistance, R% the 
resistance of the instrument and n is 
the number by which the scale 
reading must be multiplied to give 
the total current flowing in the 
circuit (i.e., the sum of the currents 
in the meter and in the shunt).

If the resistance of an instrument 
reading 1 mA for full-scale de
flection is 36 ohms and this instru
ment is required to measure 10 mA 
at full-scale deflection, then Rz = 36, 
n = 10, so that the shunt resistance 

. 36 , . ,necessary is -Q- ohms — 4 ohms.

Measuring Resistance of Instru
ments. Provided a known variable 
resistor is available, the unknown 
resistance of a meter may be deter
mined by connecting the variable 
resistance in shunt with the meter 
and reducing the meter reading by 
half. The resistance necessary to 
reduce the instrument reading by 
half is then the resistance of the 
meter.

Making Shunts by Trial and 
Error. When the resistance of a 
meter is not known, and no known 
variable resistor is available, a shunt 
may be made up by trial and error, 
the circuit shown in Fig. 190 being 
used. Here, a single dry cell is in 
series with a variable resistor of 
about 250 ohms, both being in series 
with the meter across which a shunt 
is connected. The variable resistor 
should at first be set so as to present
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TABLE LXV:
USEFUL METER RANGES AND THEIR APPLICATIONS

(Continued on page 252

Measurement Range Application

Current (DC) 0 - 100 p.A Grid current; diodes.
0 -2-5 mA Resistance-capacitance-coupling anode cir

cuits.
0 - 10 mA HF, osc., IF, LF, valves and battery output 

valve anode feeds.
0 - 50 mA Majority of power valves in domestic 

receivers; total HT feed through field 
windings of medium-sized receivers.

0 - 500 mA PA power valves; total HT feeds in large 
domestic receivers; heater current of 
valves on DC up to -5 amp.

Current (AC) 0 - 500 mA Heater current of AC valves up to -5 amp.
0 - 1 amp Heater current of AC valves up to 1 amp; 

mains transformer primary current of 
equipment taking up to 250 watts on 
250-volt mains.

Volts (DC) 0 - 2-5 volts Grid bias of general-purpose valves; single 
dry cells; accummulator cells if not on 
charge.

0 - 10 volts Grid bias of small power valves; grid-bias 
batteries; valve heaters up to 10 volts 
on DC supplies.

0 - 50 volts Grid bias of large power valves; heaters of 
most AC/DC type valves on DC; 
sections of HT batteries; screen-grid 
and detector anode voltages in battery 
sets.

0 - 250 volts HT batteries; anode and screen circuit 
voltages of battery receivers and most 
4-5-valve mains receivers; check up of 
DC mains voltages.

Volts (AC)

0 - 1,000 volts HT circuits of large domestic receivers and 
PA equipment.

0 - 10 volts Heater circuit of AC receivers; LT second
aries of mains transformers; as an 
output meter across loudspeaker speech 
coils.

0 - 50 volts Heater voltages of AC/DC valves on AC; 
low-voltage turntable motors fed 
through a dropping resistance; voltage 
applied to tuning motors (generally 
about 20 volts).

0 - 250 volts AC mains voltage check; AC volts on 
anodes of rectifying valves up to 
250 volts-0-250 volts; as an output 
meter with blocking capacitor be
tween anode and chassis of output 
valves.

0 - 1,000 volts AC mains voltage on ‘high’ mains which 
may go up to 265 volts; AC volts on 
rectifier anodes up to 1,000 volts-0- 
1,000 volts.
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TABLE LXV: USEFUL METER RANGES AND THEIR
APPLICATIONS- continued

Measurement Range Application
I

Resistance 0-100 ohms

0 - 1,000 ohms

0 - 100,000 ohms

0-10 megohms

Tuning coils; wavechange switch contact 
efficiency; speech coils; primary and 
LT secondaries of mains transformers; 
LF chokes; motor windings; low 
impedance pick-ups; valve heaters and 
filaments; resistances up to 100 ohms.

Some of the above when over 100 ohms; 
field windings; intervalve transformer 
windings; mains transformer second
aries; line cords, voltage droppers and 
other forms of resistances up to 
1,000 ohms.

Resistances up to 100,000 ohms; high 
impedance pick-ups; continuity checks 
(lower ranges often take heavy current 
from internal dry cells, and should be 
used only sparingly for measurements).

Resistances up to 10 meg; indication of 
low insulation if a fairly high battery 
voltage is used.

its maximum resistance, ensuring 
that the minimum current flows 
through the meter.

Assume that a meter has a 0-10- 
mA range and it is desired to increase 
this to 0-50 mA. First adjust the 
variable resistor until the meter reads 
exactly 10 mA without the shunt. 
Then connect the shunt and alter its 
resistance until the meter reads 
exactly 2 mA. This means that the 
10 mA flowing through the circuit 
now registers only as 2 mA on the 
meter scale, and that the full-scale 
deflection of the meter will be five 
times its original value, i.e., 50 mA.

The maximum value of the variable 
resistor should be such that, with the 
applied voltage, the current flowing

Fig. 190. Cir
cuit for making 
a shunt by trial 

and error.

is less than that taken by the meter 
for full-scale deflection. For ex
ample, a 10-mA meter with a 3-volt 
dry cell would require a resistor of 
resistance at least 300 ohms, because, 
from Ohm’s Law, R — =
300 ohms.

A suitable practical value for the 
resistor would be 500 ohms, but too 
high a value should not be used, 
otherwise difficulty will be found in 
getting a fine control at low readings.

Shunting Shunts. If a meter 
already incorporates shunts but it is 
required to provide a lower range, it 
is quite in order to add an external 
shunt if it is not desired to open up 
the meter and interfere with its 
internal shunts and switching ar
rangements. The extra shunt may be 
made by the trial-and-error method 
described above, or the total re
sistance of meter and its shunts 
measured by well-known methods.
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CURRENT
TO BE MEASURED

Hg. 19!. Num
ber of separate 
shunts made 
available by 

switch S|.

Physical Characteristics of Shunts. 
Shunts should be designed so that 
the temperature rise in the wire shall 
be as small as possible, otherwise 
their resistance values may increase 
with rising temperature. Shunts 
should, therefore, be made from 
wires which have a very low tempera
ture coefficient and which are affected 
very little by ambient temperature 
changes.

When a shunt of a very low value 
is required, it is advisable to start 
with a length of wire giving a slightly 
lower value than is needed and then 
gradually to increase the resistance 
of the piece of wire by carefully 
scraping it with a knife, at the same 
time watching the meter reading.

Figs, 191 and 192 show how 
shunts can be arranged to give 
several ranges by means of switches. 
It must be arranged that the switch 
can never give an open-circuit 
condition between stops, otherwise 
no shunt would be connected across 
the meter, which might, in conse
quence, be burnt out if the meter 
were in circuit when the switch was 
in a position to open-circuit the 
shunt.

Voltmeters. When using sensitive 
moving-coil instruments to measure

Fig. 192. Single 
shunt tapped at 
the required 
points to give 
two additional 
current ranges.

o o-
CURRENT 

TO BE MEASURED 

voltage, series resistors are necessary 
to limit the current flowing in the 
circuit to the maximum that can be 
handled by the instrument. These 
resistors are often termed multipliers. 
In Fig. 193 the multiplier is shown 
as R, and if the meter is a 0-1 mA, 
then the resistor R must have a value 
of 1,000 ohms when a voltage of

Fig. 193. Multi
plier resistance 
R limits the cur
rent to the 
maximum that 
meter can carry.

VOLTAGE 
TO BE MEASURED

1 volt is applied to the test terminals.
The sensitivity of the meter would 

then be 1,000 ohms per volt. To 
measure 100 volts, R would have to 
be 100,000 ohms, and so on.

Fig. 194 shows how several re
sistors may be connected with a 
rotary switch to give a multi-range 
instrument. For extreme accuracy on 
lower voltage ranges, the resistance

VOLTAGE 
TO BE MEASURED

Fig. 194. Three 
multiplier resis
tances arranged 
with a switch to 
give a triple
range v 

meter.

of the meter must be taken into 
account. For example, if the 
resistance of the meter is 50 ohms, 
then the multiplier should have a 
resistance of 950 ohms on the 1-volt 
range, and 9,950 ohms on the 10-volt 
range.

Extending Range of Voltmeters. 
If a low-range voltmeter is available 
and it is required to extend its range 
so that higher voltages may be used, 
the following formula can be em
ployed : Ri — Rz X Range x (w-1),
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(a)
VOLTAGE DISTRIBUTION 

BEFORE APPLICATION OF 
METER

10.000 OHMS (100 O.P.V) 
ON 0-100 V RANGE

(b)
METER CONNECTED TO 

MEASURE VOLTAGE 
ACROSS Rl

5.000 OHMS < 67 V

10.000 OHMS^ 133 V

_____

(c)

EFFECTIVE RESISTANCE 
NETWORK AND REDISTRIBUTION 

OF VOLTAGE.GIVING APPARENTLY 
FALSE READING

Fig. 195. indicating in detail the effect of 
meter resistance on voltage readings.

under test) give rise to a rearrange
ment of the potentials across the 
various portions of the resistance net
work. Fig. 195a shows a simple 
network of two resistances of equal 
value across a supply of 200 volts; 
this can represent an HT potential 
divider for the screening grids of the 
valves in a radio receiver.

Figs. 195 b and 195c show how the 
voltage across the two resistances is 
altered by the application of a 
voltmeter to Ri. It will be ap
preciated from this simple example 
how important it is to have a meter 
with as high a sensitivity as possible, 
i.e., with a high value of ohms-per- 
volt; 1,000 ohms-per-volt is a general 
figure, but many good-class volt
meters have sensitivity figures ex
ceeding 20,000 ohms-per-volt.

AC Measurements. To measure 
AC, moving-coil meters may be

where Rj = multiplier re
sistance in ohms, Rz = 
ohms-per-volt sensitivity 
figure of the meter, range 
= original range of meter 
in volts, n = multiplication 
ratio.

Example: A meter having 
a sensitivity of 200 ohms- 
per-volt and a range of 
0-150 volts is required to 
measure 0-750 volts; what 
is the value of the multiplier 
resistance required?

The multiplication ratio 
is 150 : 750, or 1 :5, and 
from the above formula we 
have, Ri = 200 X 150 x 
(5 - 1) = 30,000 X (4) = 
120,000 ohms.

Effect of Voltmeter on 
Circuits being Tested. When 
a voltmeter is applied to a 
resistance network in order 
to measure the voltage 
across any part of that net
work, the resistance of the 
voltmeter and the current 
required to operate it (which 
is drawn from the circuit

Fig. 196. Circuit for a triple-range AC-DC voltmeter. 
Note the lower values of AC multipliers to compensate 

for voltage drop across rectifier unit.
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fitted with small rectifier units which 
are switched into circuit when it is 
desired to measure alternating cur
rent. Moving-iron meters which 
measure AC directly are very seldom 
used for the measurement of small 
alternating currents, owing to their 
low sensitivity. Fig. 196 shows a 
typical arrangement for an AC-DC 
voltmeter. For various current 
ranges, a small transformer with a 
tapped primary winding is used so as 
to keep the current flowing through 
the meter and rectifier to the maxi
mum for which the rectifier is 
designed.

Ohmmeters. Fig. 197 shows the 
evolution of a typical ohmmeter 
circuit. At (a) of this figure, the 
resistor R is of a value which would 
draw the maximum current required 
by the meter for full-scale deflection. 
At (b) two test terminals have been 
provided and, when these are shorted, 
we have the (a) circuit again, so that 
full-scale deflection is the zero-ohms 
end of the resistance scale. If the 
test terminals are opened and a 
resistor of unknown value con
nected to them, as shown at (b), then 
less current will flow due to the 
additional resistance, and the meter 
needle will read some value less than 
full-scale deflection.

Fig. 197. (a) and (b) Fundamental 
circuit of an ohmmeter, (c), (d) and (e) 
Methods of battery voltage control.

Fig. 198. Bridge 
circuit for find
ing value of X 
and using ear
phones to find 

balance.

For example, if R is 10,000 ohms 
and gives a full-scale deflection when 
the test terminals are shorted, a 
resistance of 10,000 ohms applied 
across the test terminals will halve 
the current flowing so that the meter 
will read -5 mA, and this point on the 
scale represents 10,000 ohms. By a 
similar calculation, other points can 
be plotted for the scale.

Ohmmeters incorporate one or 
more batteries for driving the current 
through the unknown resistance and 
through the limiting resistance in the 
ohmmeter. To provide for the 
deterioration of the battery during 
its useful life, various methods of 
battery-voltage control are employed, 
as shown in Fig. 197c, d and e.

The Wheatstone or Resistance 
Bridge. Another method of measur
ing resistance, and one which is more 
accurate and causes very little current 
to flow through the component under 
test, is the bridge method shown in 
Fig. 198. The resistor having an 
unknown resistance is at X and the 
standard resistor of known value is 
at R. VRi is a variable resistor, the 
slider of which is connected through 
an indicating device to point S at the 
junction of X and R.

When a voltage is applied to Y 
and Z, the current will divide, some 
of it flowing through X and R and 
some of it through the variable 
resistor. By adjusting the slider on 
the variable resistor, a point will be 
reached where the voltage drop 
across the variable resistor at the 
slider contact equals the voltage at 5 
(the junction of X and R). When this 
occurs, no current will flow through
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O AC 0-

Fig. 199. Bridge 
circuit for find
ing reactance of 
X when C and 
ratio a/b are 

known.

the indicating device, and the bridge 
is said to be balanced.

The value of the unknown re-
. , ... v R X asistance is then: X —
The variable resistor must have a 

linear law element so that a certain 
amount of slider travel will give the 
same change of resistance along any 
part of the element.

Dividing the length, in inches, of 
the element into the ohmic value of 
the element will give an approxima
tion of the ohms per fraction of an 
inch, and a rough calibration chart 
can be made up using the above 
formula. This can then be corrected, 
as and when resistances of known 
value become available for more 
accurate calibration.

In most manufactured bridges, the 
arms of the bridge are altered in steps 
by plugs which when in position 
short-circuit and when disconnected 
open-circuit resistors. The steps are 
so fine that accuracies of measure-

C4 ; 01 mFd R4 ; 100.000 OHMS

VRl 10,000 OHMS

Fig. 7.00. Capacitance bridge shown using 
the ‘Magic Eye’ as a balance indicator.

ment to four significant figures are 
possible.

Capacitance Bridges. The bridge 
principle can also be applied to the 
measurement of capacitance as 
shown in Fig. 199, when X (unknown 

. C x b capacitance) = —.

Balance Indicator for Bridges. 
Where an audio-frequency note, 
from an LF oscillator or a mains 
transformer, is applied as a source of 
voltage to a bridge, a pair of head
phones may be used for finding the

■»►HT-

Fig. 201. This sketch shows how a ‘Magic 
Eye’ indicator can be used to measure 
electrolytic capacitor leakage current.

position of the balance, which will be 
indicated by a cessation of signals in 
the phones.

In commercial bridges, as often 
used for radio-service work, the 
cathode-ray type of indicator, or 
‘Magic Eye’, is often used. Fig. 200 
shows a typical circuit for a bridge 
for the measurement of capacitance.

The three ‘standard’ capacitors. 
Ci, Cz, C3, will give three ranges of 
approximately *00001 mFd, -01 mFd, 
•001 mFd; 1 mFd and *1 mFd; 
80 mFd.

‘Magic Eye’ Insulation Tester. 
Fig. 201 shows the fundamental 
circuit by which the ‘Magic Eye’ 
indicator can be made to indicate a 
flow of current. The amount of flow 
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of current through an insulator 
indicates the insulation resistance of 
that insulator, and the ‘Magic Eye’ 
indicator, being very sensitive, meas
ures the very high resistances exhibi
ted by insulators.

To indicate current, it must be 
made to develop a voltage which can 
affect the grid of the ‘Magic Eye’ 
and, in Fig. 201, /£ performs this 
function. If a capacitor with high 
insulation resistance be connected to 
the ‘test’ terminals, no current will 
flow through Ri, and the ‘Magic 
Eye’ segment will remain closed by 
virtue of a negative bias adjusted 
previously by VRi, and VR2.

If a capacitor be leaky, appreciable 
direct current will flow through it, 
causing a voltage drop across Ri and 
a positive potential on the grid, so 
counteracting the negative bias. The 
shadow segment will then open, 
indicating a faulty capacitor.

Measuring the Leakage Current in 
an Electrolytic Capacitor. The circuit 

of Fig. 201 will measure the current 
flowing through a component con
nected to the terminals if the VRi 
control is calibrated.

VRi is first adjusted to minimum 
resistance and VR2 is adjusted so that 
the shadow segment of the ‘Magic 
Eye’ is just closed.

If no current flows between the 
‘test’ terminals (good paper capaci
tor), the segment will remain closed. 
VRi is thus at the 0-mA position.

If current flows, as it would 
through an electrolytic capacitor, 
the shadow segment will open, but 
by adjusting PTC it can be made to 
close again. The position of the 
VRi control at this point can then be 
calibrated in milliamps, if the current 
is measured by a meter in series with 
the capacitor. Several checking 
points can be obtained by using- 
different capacitors.

The various tappings on the HT 
potential divider provide suitable 
potentials for testing capacitors of 
different working voltages.

OSCILLATORS AND SIGNAL GENERATORS

Testing and calibration of radio 
apparatus is greatly assisted by the 
use of oscillators producing a pure 
wave form and an accurately de
termined frequency.

Unless the circuit of the oscillator 
is designed to fulfil these require
ments, changes of supply voltages to 
it, or a change of valve, albeit the 
type is the same as the one sub
stituted, will cause substantial de
partures from an original calibra
tion. The dynatron oscillator, in 
which there is only one inductor and 
capacitor, is often used, and the 
Hartley circuit, in which positive 
feed-back is obtained from the tank 
circuit inductor, therefore eliminat
ing the effects of variable coupling 
when two inductors are coupled, is 
also used.

A battery-operated service oscil

lator employing this type of circuit 
is shown in Fig. 202. The tuning coil 
may be regarded as a single coil with 
a tap, so that for the medium range 
Li and £2 are brought into circuit 
across the tuning capacitor VC. 
The other tappings on the coil bring 
in further windings for extending the 
frequency range.

Concerning ourselves only with Li 
and £2, it will be seen that £1 is fed 
from the anode circuit of Vi, the HF 
oscillator valve, via the blocking 
capacitor C4, the radio-frequency 
choke £9 assisting in this feed-back. 
£2 is the grid coil connected between 
the grid capacitor and HT negative.

The HF output is taken from the 
oscillator circuit via coupling coil: 
£7 and £s across a variable resistor 

acting as a variable attenuator. 
For maximum output, a direct
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CIRCUIT FOR A BATTERY-DRIVEN SERVICE OSCILLATOR
Fig. 202. V| with its associated tuning circuit generates high-frequency oscillations 
which are modulated at audio-frequency by oscillations generated by V2 stage. 

Radio-frequency output can be calibrated against known frequencies.
i

MAINS-DRIVEN OSCILLATOR
Fig. 203. Illustrated above is the circuit of an alternating-current mains operated all- 
wave oscillator for realignment of domestic radio sets. (It is published with 
acknowledgements to E.M.I. Service, Ltd.) It will be seen that again stage is the
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connection is made to the oscillator 
coil via the blocking capacitor Ci.

For LF modulation of the HF 
output, a separate LF oscillator valve 
is employed, arranged so that the 
anode feed to Pi has to pass through 
a portion of the winding of the LF 
choke £10, so that the output of Pi 
is LF modulated.

This simple circuit Is quite effective 
for service work, but the load 
imposed on the output leads reflects 
on the tuned circuit, thus producing 
small departures from a given 
calibration.

The circuit of a mains-driven 
oscillator is shown in Fig. 203. In 
this it will be seen that the output 
leads are connected via Cy to a 
resistance network which is 
fed from the anode circuit of the HF 
oscillator valve Fi; thus there is very 
little, if any, disturbance of the grid 
circuit by the output load. The LF 
modulation circuit is similar to that 

CIRCUIT
RF oscillator, and Vi, with associated com
ponents, generates audio-frequency mod
ulation. V3 is the full-wave mains rectifier.

previously mentioned, and switches 
have been incorporated to enable 
the output from the instrument to be 
connected to the LF modulator 
valve, so as to obtain an audio
frequency output. This is arranged 
by feeding the switch S4 (contact 6) 
from the anode circuit of Vz via Cg.

The HF oscillator valve may be 
modulated from an external source 
when the switch is in the EXT 
position. The external source of 
modulation is fed into a jack which 
feeds the grid of Vz across Rs, while 
other contacts on the switch break 
the LF oscillator circuit so that it 
does not function. Vz then acts 
simply as an amplifier of the external 
modulation and modulates the anode 
circuit, of Vi in the usual way.

Signal generators in which ex
treme stability is required have 
additional features, such as voltage 
stabilizers across the HT feed, and 
the best possible quality components 
designed to remain constant in value 
over a wide range of temperatures.

Wavemeters. A wavemeter con
sists essentially of a tuned circuit 
which, when set into oscillation, 
gives an output of known frequency, 
or when coupled to an oscillating 
circuit and brought into resonance 
with the oscillations indicates the 
resonant condition.

Since wavelength and frequency 
are related to one another, an 
instrument measuring frequency also 
measures wavelength; usage is such 
that what might be more legitimately 
called a frequency meter is, in fact, 
called a wavemeter.

A wavemeter consists in most 
examples of a fixed inductor and a 
variable capacitor, the dial showing 
the capacitor settings being calibrated 
in either frequency or wavelength.

The more accurate the instrument, 
the more care is taken to make the 
construction rigid and to avoid 
errors due to ambient temperature 
changes, and to ensure that any 
valve circuit associated with the 
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tuned circuit shall not cause varia
tions in the calibration due to supply 
voltage variations, changes of valves, 
and so forth.

If an oscillating circuit, the fre
quency of oscillation of which is to 
be measured, has an anode-feed 
meter measuring the HT current to 
the oscillation valve, then when an 
external tuned circuit, coupled to 
the oscillating circuit, is brought into 
resonance, the feed meter will show 
a change of reading indicating the 
resonant condition.

If, therefore, a wavemeter be 
coupled to the oscillator, it absorbs 
power at resonance and this is 
indicated by the anode-feed meter. 
In this case, the wavemeter is called 
an absorption wavemeter.

The method is not very accurate; 
if accurate measurements are re
quired, it is essential that the wave
meter be very loosely coupled to the 
source of oscillation (the frequency 
of which is to be measured) and that 
the wavemeter itself be equipped 
with some indicator showing the 
increase of voltage across the wave
meter circuit when resonance takes 
place. This indicator must not affect 
the calibration of the wavemeter; 
a valve voltmeter circuit having a 
very large input impedance is, 
therefore, suitable.

REACTION 1.000

Fig. 204. Simple single-valve, mains- 
operated oscillator with crystal control 

and modulated at mains frequency.
Crystal Calibrators. Fig. 204 gives 

the circuit of a simple crystal cali
brator which may be used for 
calibrating oscillators and receivers 
by means of harmonics from a 
crystal-controlled oscillator valve. 
The crystals employed in these 
calibrators have a dual frequency 
and will oscillate on 100 Kc/s along 
the length, and at 1,000 Kc/s through 
the thickness. The 100-Kc/s fre
quency range and harmonics is the 
more accurate, and the 1,000-Kc/s 
output is convenient for identifying 
the 100-Kc/s points.

Precautions should be taken to 
ensure that ambient temperature 
variations are the less as the demands 
for consistency of performance of 

| the crystals are the greater.

AUDIO-FREQUENCY OSCILLATORS
An audio-frequency oscillator 

suitable for testing audio-amplifiers 
and so forth should be capable of 
giving any frequency between about 
20 and 20,000 c/s at a constant output 
and good wave form.

The very large ratio of maximum 
to minimum frequency makes it 
difficult to design oscillators em
bodying tuned circuits, tuned to the 
audio-frequency required, and set 
into oscillation by valve circuits. 
Certain resistance-capacitance net
works can be designed to fulfil the 

requirements, but here again the very 
wide range of frequencies introduces 
difficulties.

The most practical solution to the 
problems introduced by the wide 
range of frequencies required is to 
produce audio-frequencies the values 
of which are given as the difference 
between two much higher fre
quencies.

In the beat-frequency oscillator, 
two oscillating circuits are provided, 
one having a fixed, the other a 
variable frequency, so that the 
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difference frequency varies over wide 
ranges by small alterations of the 
variable frequency.

If the fixed frequency be 300 Kc/s, 
then, to cover a range of difference 
(audio) frequencies from 0 to 30,000 
c/s, the frequency of one oscillator 
need only be changed by 10 per cent.

Fig. 205 shows the circuit of a 
typical BFO.

Ki is the fixed oscillator, with its 
tuning inductor Ly and trimmer 
capacitor Ti. The output from the 
oscillator is coupled by a transformer 

output from V3 is passed through a 
filter network and blocking ca
pacitor to the attenuator VRi, which 
feeds the grid of the amplifier output 
valve Kt. The filter network is 
designed to suppress all radio fre
quencies greater than the difference 
frequency which is produced by the 
two oscillators. The output from the 
instrument is taken via a coupling 
transformer from the output valve 
Va.

All circuits are very carefully 
screened from each other, especially

ht +

ANOTHER AUDIO-FREQUENCY OSCILLATOR CIRCUIT
Fig. 205. Vj and V2 are two high-frequency oscillators. Their outputs are combined, 

forming in V3 an audio-frequency beat signal which is amplified by V4.

Lz and £3 to V3, the detector valve, 
the secondary, L3, being in the 
cathode circuit of that valve.

The variable oscillator is Vz, with 
its tuning inductor Lo and primary 
trimmer Tz. Ti and Tz are used 
initially to set up the two oscillators 
to the same frequency (zero beat). 
Across Tz is the main control of the 
instrument, VCi, with a subsidiary 
trimmer T3 for resetting calibration 
when required.

The output of V2 is resistance
capacitance coupled to the grid of 
V3, which acts to produce the required 
difference frequency, since it is also 
energized from both oscillators. The 

the Pi and Vz circuits, and it will be 
seen that electron coupling to the 
anodes of Pi and Vo is employed, the 
screening grids being the actual 
oscillator anodes. This arrangement 
minimizes interaction between cir
cuits, particularly when the difference 
frequency is small and the oscillators, 
therefore, tend to ‘cog’.

Another much-used circuit is that 
of Fig. 206. Vi is the fixed oscillator 
and V2 the variable oscillator. VCi 
is the variable capacitor altering the 
frequency of one oscillator. The 
output of V\ is resistance-capacitance 
coupled to the coupling coils £5 and 
£o, a portion of the anode signal 
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being fed to the tuning coil whose 
reaction coil is £2. From the 
signal is fed to the grid of the detector 
valve F3.

The variable oscillator F2 circuit is 
similar to that of Ki, £3 being the 
tuning coil and £4 the grid reaction 
coil. The output of F2 is resistance
capacitance coupled to the grid 
circuit of F3, via a centre-tapped 
resistance network. The output from 
K3 is resistance-capacitance coupled 
to a filter circuit for suppressing 
radio frequencies, so that the inter
mediate frequency of AF is passed to 
the attenuator VR\ and, in this 
particular circuit, passed straight out 
to the test leads without further 
amplification.

Other Sources of AF. Where good 
turntable equipment is available, 
with, preferably, a hysteresis motor 
operating from controlled mains, 

special gramophone records may be 
employed as a source of AF.

For fault-finding and simple tests, 
a constant-freouency audio output, 
produced from a simple audio
frequency oscillator such as the 
modulator circuit of a signal genera
tor, suffices.

Calibration. If the equipment is 
available, a BFO may be calibrated 
by means of Lissajous figures on an 
oscillograph, using a known single 
frequency input to one set of plates, 
and feeding the output from the BFO 
across the second pair of plates. 
Quite a number of calibration points 
can be obtained using a 50-cycle or 
100-cycle input.

Having got up to 1,000 cycles in 
this way, a simple LF oscillator
valve circuit may be connected up 
and tuned to 1,000 cycles by the aid 
of the BFO. The oscillator can then 

Fig. 205. In this simple circuit 
of an audio-frequency oscillator, 
Vj and V2 are two high-frequen
cy oscillators. As the tuning of 
one is varied, a changing beat 
signal, of audio frequency, is 

amplified by V3.
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be used as the source of known 
frequency, and the remainder of the 
BFO scale calibrated.

Although not so accurate, an 
organ or piano can be used to 
calibrate a BFO used principally for 
service or comparative work, taking 
care not to be confused with octave 
differences. Also, the lower notes are 
very strong in harmonics, which can 

easily be confused with the weaker 
fundamental. Fig. 179 gives the piano 
keyboard with frequencies of the 
notes. The accuracy of this method 
of calibration will depend upon 
whether the piano is properly tuned 
and is ‘pitched’ correctly, but, even 
so, results wil! be satisfactory for 
most work where great accuracy is 
not a paramount consideration.

THE CATHODE-RAY OSCILLOGRAPH

The principles of the cathode-ray 
tube may be appreciated from 
Fig. 207 which shows the main 
features of a normal type tube, while 
Fig. 208 gives a circuit diagram of a 

ments, etc., a time base is not used; 
instead one voltage is applied to the 
vertical plates, either direct or 
through an amplifier, and the other 
voltage to the horizontal plates. One

Fig. 207. Simplified 
sectional diagram of a 
cathode-ray tube em
ploying electrostatic 

deflection.

typical commercial oscillograph. 
Average component values are given 
in Tables LXVI and LXVII.

Saw-tooth Time Base. For most 
kinds of investigations, the internal 
time base is used to swing the spot 
across the screen in a certain time 
and then to return it to its starting 
point, as rapidly as possible. This 
rapid return period is called the 
fly-back period. The wave form to be 
examined is applied to the vertical 
plates and, by adjusting the time base 
frequency, one or more cycles of the 
wave form can be made to appear on 
the screen of the tube.

The resultant trace on the screen 
is thus due to the application of a 
saw-tooth wave form across the 
horizontal plates, and a sine-wave 
(simple or complex) voltage across 
the vertical plates (Fig. 209).

Lissajous Figures. For frequency 
comparisons, phase-shift measure- 

of the voltages will require investiga
tion, while the other will be one the 
characteristics of which are known 
and will be derived from an oscillator 
(HF or LF, according to require
ments) or from a standard con
trolled mains supply. Some examples 
of Lissajous figures are given on 
page 267.

Some Applications in Radio Work:

Tracing faults in receivers.
Checking cause of distortion in 

amplifiers.
Observation of ripple and filter 

efficiency in power circuits.
Valve characteristics.
Phase shift test.
Wave-form examination of os

cillator output.
Frequency comparison (Lissa

jous figures).
Modulation tests.

[Continued on page 267
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TABLE LXVI: CONTROLS AND FUNCTIONS
Control Designations Operational Function

Brilliance, Intensity, 
Brightness

Focus

Range, Capacitor, Fre
quency Coarse

Frequency, Frequency 
Fine, Velocity

Sync., Syn., Hold

Tnt-50^-Ext’ Switch ..

Ampl. A, Ampl. Y, Vert 
Ampl. Switch

Ampl.B., Ampi.X, Horiz.- 
Ampl. Switch

Gain, Height, Vert. Gain

Gain, Width, Base, Horiz.- 
Gain

F Shift, Vert. Shift, Beam 
Centring

X Shift, Horizontal Shift, 
Beam Centring

Adjusts brightness of spot and image.

Controls definition or clarity of -the trace by 
altering the size of the spot and, therefore, the 
thickness of trace.

Governs approximate frequency range of internal 
time base.

Fine control of time base frequency.

Stops movement of trace across the screen so that 
one or more cycles may be examined stationary.

Selects sync, signal to time base circuits from either 
applied signal, mains supply, or external fre
quency source.

Applies input either direct or through an amplifier 
to vertically deflecting (F) plates.

Applies input either direct or through an amplifier 
to horizontally deflecting (T) plates.

Controls amplitude of trace in a vertical direction. 
(Top to bottom of screen.)

Controls amplitude of trace in a horizontal 
direction. (Across screen.)

Generally a pre-set control for centring spot in 
screen area in a vertical direction to counteract 
stray magnetic fields, etc.

As above but in a horizontal direction.

Fig. 208. Circuit diagram of a typical commercial oscillograph.
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OF A TYPICAL COMMERCIAL OSCILLOGRAPH
Fig. 208 Circuit 

Component Technical Function

VR Controls bias on grid of cathode-ray tube.

VR? Affects difference of potential between first and second anodes 
for electrostatic focusing of beam.

S3 Selects applicable time base capacitor for approximate
(Two-bank) frequency. Gives two ranges for each capacitor by means 

of Rb, R17.
VRi Alters frequency by Vi anode voltage adjustment.

VR) Applies part of ‘work’ or input to time base to keep its fre
quency in step, or synchronized, with frequency of input.

Si Switches VR) to ‘work’ input. Ext. Sync, terminals (to which
(Threc-bank) could be connected a standard source of frequency) or to 

secondary winding CD for 50~ synchronizing signal.
Cuts out amplification of V) in upper (OFF) position and

(Four-bank) connects signals across 7?h to vertical plates via Ch.
5) Connects horizontal plates via Cs either direct to input termi-

(Two-bank) nals or to output of V\. In third position feeds VR) with 
time base signals.

VR Controls input to grid of V).

VRi Controls input to grid of V\.

VRe Applies a standing ‘bias’ voltage across vertical plates.

VR. Applies a standing ‘bias’ voltage across horizontal plates.

TABLE LXVII:
COMPONENT VALUES OF TYPICAL COMMERCIAL 

OSCILLOGRAPH
R Purpose Ohms

1 Decoupler between Vi and Ki 1-5 mcg
2 Cathode bias Vi 750
3 Anode load V\ •1 meg
4 Cathode decoupler V\ •23 meg
5 Current limiter for 50~ input 2,000
6 Voltage dropper for V) anode (compensates for VR)) .. 1,000
7 Anode load Vi •25 meg
81 Voltage dropper to change frequency of time base to •75 meg

27 J give two ranges for C7, Cb, etc. 1 mcg
9 Anode suppressor Vi 100

10 Anode load V) •1 meg
11 Load resistance for direct input to vertical plates 1 meg
12 Residual grid-cathode resistance for V) .. 15,000
13 Cathode bias V) 750
14 Cathode decoupler V3 •23 meg
15 Decoupler for beam centring (horizontal plates) circuit •5 meg
16 Decoupler for beam centring (vertical plates) circuit .. •5 mcg
171 lot Potential divider network for cathode-ray tube, second p5 meg
1 O >
19 J anode and grid biasing < -j meg 

t'23 meg
[Continued on page 266
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TABLE LXVII: COMPONENT VALUES OF TYPICAL 
COMMERCIAL OSCILLOGRAPH -continued

R Purpose Ohms

203 
21
22 V 
23 
2425 J
26 
27

VRi 
VRi 
VRi 
VR^ 
VRs 
VRb 
vr7 
VRb

Potential divider network for Vi, V2

Vi, voltage supplies ..

Smoother for cathode-ray tube HT 
Compensating load for Vi screen .. 
See Re
Vi gain control
Fine control of time base frequency
Sync, control to time base
Vi gain control
Horizontal beam centring
Vertical beam centring 
Focus control ..
Brilliance control

r 40,000 
40,000 
35,000
15,000

J ,000
•23 meg
•1 meg

1 meg
2 meg 
1,000
2 meg
•375 meg
■375 meg
•375 meg
•1 meg

VALVES

Purpose Type

1
2
3
4
5 

CRi

Amplifier for horizontal plates
Time base oscillator
Amplifier for vertical plates
HT rectifier for V, fA, V3 ..
HT rectifier for cathode-ray tube ..
Cathode-ray tube. 1,500 volts max anode 1, 475 volts 

max anode 2

6J7G, Z63 
884, GT I B 
6J7G, Z63 
5Y3G, U50 
879, U17

3 in. hard 
vacuum

C Purpose mFd

1
2
3
4
5
6
73
8 L
9 r

10 J
11
12
13
14
15
16
17
18
19
20 3
21 J
22 \
23 J

HF by-pass for /?j ..
V\ cathode decoupler
V\ grid blocking capacitor ..
V\ suppressor decoupler
Horizontal plates feed from Vi
By-pass for oscillator transformer

Time base capacitors

Blocking capacitor for vertical input
V3 cathode decoupler
V3 suppressor decoupler
Vertical plates feed from V3
Horizontal centring decoupler
Vertical centring decoupler
Cathode-ray tube cathode decoupler
Vi cathode decoupler
Vt, V3, screens decoupler
HT smoothing .. ..................................................

EHT smoothing .. ..........................

23 mmFd 
■0035
•1
■1
■23
•005

r -15
J -023
1 005
L -00075

•1
■0035 
01 

■23 
•23 
•23
■23

20
8
4

•25
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Examination of speech and 
musical instrument’s wave-forms.

Detection of parasitic oscilla
tion.

Examination of effect of tone
control circuits.

Monitoring.
Observation of atmospherics.

With Frequency-Modulator:
Aligning band-pass circuits.
Adjusting AFC circuits.
Sensitivity and selectivity tests.
Band-width measurements.
Adjusting wave-trap circuits.

TIME

B
16

12 -

14 -

t ?
TIME

Fig. 209. Trace C is 
obtained when a sine 
wave voltage A is ap
plied to the vertical 
deflector plates and a 
saw-tooth wave-form 
B to the horizontal 
plates. Note fly-back 
on trace from finishing 
point to starting point. 
Frequency ratio is I : 2.

LISSAJOUS FIGURES
Figs. 210-213 show the graphical 

construction of four fundamental 
Lissajous figures. From these it will 
be seen that, if the frequency of one 

of the voltages is known, the fre
quency of the other voltage can be 
determined by knowledge of the 
resultant of combination.

Fig. 210. With a 
frequency ratio 
of I : I, and vol
tage X and Y in 
phase, / is the 

y image obtained.

Fig. 214a-e are for 1 : 1 frequency 
ratio, while below (f-j) will be seen 
the effect of making the frequency 
ratio 2 : 1 for the different phase 
relationships.

As the frequency ratio increases 
above about 10 : 1, the figures 
become more complex. They are 
then difficult to diagnose, and it is of 
assistance to separate the left-to- 
right movement of the spot from the 
right-to-left movement. This can be 
accomplished by vertically displacing 
the latter movement so that the 
figure appears as a slowly rotating
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240” 720” 1000’
24 16 0 8 It"24

illustrated in Fig. 217, where the 
peaks and loops have been num
bered to demonstrate the method. 
This method is only satisfactory

o

6

a 
ID- 
12

I * TIML 12 v W a ■ i A

TIME

Y

Fig. 213. 
quency

F re
ratio

14 

16 

I»
20
22
24

I : 3. Voltages 
X and Y 90° 

out of phase.
Fig. 215. Method of applying two wave 

forms with phase shift control.

HORIZONTAL TIMING AXIS—*- 
' VERTICAL TIMING AXIS ।

Fig. 214. Oscillograph traces indicate by 
shape and tilt the phase relations of waves 
having known frequency relationship.

when fairly well-defined end loops 
are visible.

An alternative method is, there
fore, often used. It consists of 
counting the number of complete 
peaks (two halves counting as one) 
for one frequency, and then noting 
the number of intersections; to this 
latter number, one is added, and the 
result gives the second frequency 
(Fig. 218). Stated another way, the 
frequency' ratio (fractional) is equal 
to the number of peaks on the 
circumference divided by the term

ring. This can be 
achieved by using the 
phase-splitting circuit 
given in Fig. 215.

When Rz is at maxi
mum resistance, the phase 
shift is nearly 90° and is 
decreased as Rz is de
creased. Figs. 216a and 
216b are of the same pat
tern but obtained with 
different settings of Rz 
and Rs. By this means 
such difficult patterns as 
that in Fig. 216c may be 
analyzed with more cer
tainty.

One method of deter
mination of frequency 
ratio is to count the 
number of peaks on 
the top of the figure, 
and the number of loops 
at one end. This is well

THREE 
END 
LOOPS

’6:3 5|:1 (c)

Fig. 216. (Left) Figure obtained with phase-splitting 
circuit. Fig. 217. (Right) Frequency ratio determination 
by examination of peaks and end loops. These are ‘flat* 
patterns obtained when not using phase-splitting circuit.

268



~— ONE LINE 
(PLUS ONE - TWO)

TWO LIMES 
(PLUS ONE=.THREE)

“ 5

7:S ìf:1

------- Three lines 
(PLUS ONE-FOUR)

0:6 lj:1

Fig. 2!8. Frequency ratio determination 
by peaks and lines of intersection.

‘one + number of horizontal lines of 
intersection’.

Fig. 217 gives three examples of 
this method. Note that where two 
half peaks occur at each end (or 
there may be, say, a quarter peak 
one end and three-quarters of a peak 
the other end), these are added 
together and counted as one peak.

It is important when examining 
‘fiat’ patterns (i.e., those not ob
tained with a phase-splitting circuit), 

that the front trace does not coincide 
with the back trace and so cause 
confusion and the incorrect calcula
tion of the frequency ratio. For 
example, in the Fig. 217a pattern, 
the front trace is shown in a thick 
line, and the back trace as a fine line 
to emphasize this point. If the traces 
do remain stationary and coincident, 
the unknown frequency should be 
altered very slightly to cause the 
figure to commence turning.

ATTENUATORS AND GAIN CONTROL SYSTEMS
The term attenuator is often used 

to describe a device producing the 
attenuation of power, or voltage, or 
current between its input and output 
terminals. (Note that an attenuator 
composed of reactances does not 
give a reduction of power.)

A more restricted use of the term 
describes an adjustable resistance 
network arranged so that the input 
and output resistance is constant at 
all settings of the attenuator and so 
that the ratio of output to input 
power is known from a calibration or 
labelling of the adjustment. The 
term attenuator will be used in this 
restricted sense here.

The term volume control is, in fact, 

a misnomer, unless it is taken to 
describe a device to maintain the 
mean volume of the reproduced 
sounds constant by increasing the 
loudness of the weaker and de
creasing the loudness of the stronger. 
The term gain control is more 
descriptive when it means a device 
changing the gain of an amplifier 
between input and output terminals.

A potential divider (potentiometer 
means a device for measuring 
potential, not altering it), is shown 
in Fig. 219, and is arranged to alter 
the power supplied to the loud
speaker as the slider is moved along 
the resistor. The load presented to 
the input is not constant, if the slider
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Fig. 219. Attenuator or volume control 
applied to a loudspeaker. Fig. 220. Three 
ganged potential dividers for attenuation 
with little effect on impedance matching. 
Fig. 221. Resistance network for attenu
ation with constant impedance. Fig. 222. 
Simple Tee attenuator. Fig. 223. Attenu
ator of two Tee units back to back.

is at A, it is of the total resistance of 
the potential divider in parallel with 
the loudspeaker; if at B, of the 
potential divider only.

The variation of load if the input 
is from a valve may cause distortion; 
if the total resistance of the potential 
divider is much less than the loud
speaker impedance, the load tends to 
remain constant but the arrangement 
is inefficient, the greater part of the 
input power being dissipated in the 
potential divider.

Fig. 220 shows three ganged 
potential dividers for attenuation 
with little effect on impedance 
matching.

The attenuator of Fig. 221 con
sists of a network with series and 
shunt arms, so arranged that as the 
slider contacts the different studs a 
different attenuation is produced, the 
input resistance remaining constant. 
This is achieved by choosing different 
resistance values for the different 
resistors.

‘T’ Attenuator. By correctly 
apportioning the values of Rs and 
Rl, the input resistance of the T 
network of Fig. 222 can be made 
constant and equal to R, the termina
ting resistance, and the total attenua
tion of the network varied by varying 
the resistance values of the three 
arms, the two series arms Rs always 
having equal values.

If a be the ratio < 1 of the input 
to the output voltage, then,

Rl = Ri q.1 - a-
‘H’ Attenuators. In circuits having 

systems balanced to earth, such as in 
push-pull circuits, two ‘T’ types 
inverted are used, as in Fig. 223. 
These are generally termed ‘H’ type 
attenuators. To obtain the same 
results with ‘H’ as in ‘T’ networks, 
the values of the resistances are half 
those in the ‘T’ type.

The table given in Fig. 181, p. 239,
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will be of assistance in calculating 
losses or gains in terms of decibels, 
and was compiled primarily for use 
with VHF field-strength measuring 
equipment.

This chart gives gain or loss ratio 
in voltage, current or power when 
the dB gain or loss is known; or it 
will give the dB gain or loss for any 
gain or loss ratio.

Example: 10-volt input is reduced 
to 1-volt output. What is the loss 
in dB? Loss ratio is -1. Find T in 
‘Loss Ratio’ column and trace 
horizontal line to where it intersects 
the diagonal. Then trace vertical 
line from this point to dB scale. 
Answer: 20 dB.

Example: A 2-volt input is 
amplified to a 10-volt output. What 
is the gain in dB? Gain ratio is 5. 
Find 5 in ‘Gain Ratio’ column and 
trace horizontal line to where it 
intersects the diagonal. Then trace 
vertical line from this point to dB 
scale. Answer. 14 dB.

Example: A loss of 12 dB is 
required. What does this represent 
in terms of volts in and out? Find 
12 dB in the dB scale and trace 
vertical line down to diagonal and 
then along to ‘Loss Ratio’ column. 
Answer. -25 = loss ratio, meaning 
that 4-volt input is reduced to 1-volt 
output or 40-volt input is reduced to 
10-volt output.

VALVE VOLTMETERS

The advantage of the valve volt
meter compared with many other 
types of voltmeters is that its input 
impedance may be made extremely 
high, so that the connection of the 
valve voltmeter to a high-impedance 
source of high-frequency voltage will 
not greatly disturb the conditions in 
the circuit producing the voltage to 
be measured.

A valve voltmeter may also be 
constructed to measure steady vol
tages (as contrasted with alternating 
voltages) and has the advantage of 
having so high an input resistance 
that its connection to the circuit is 
not liable to alter the value of the 
voltage to be measured, even though 
the resistance of the source from 
which the voltage is derived is very 
high.

Valve voltmeters for DC measure
ment may be designed having an 
input resistance of even megohms 
per volt.

DC Valve Voltmeters. Fig. 224 
shows a DC valve-voltmeter circuit 
which operates on the principle of 
the mutual conductance or ‘slope’ 
of a valve. For example, a valve 

having a ‘slope’ of 6-3 mA per volt 
would show a change of anode 
current of 6-3 mA for every one volt 
change of grid voltage.

This simple arrangement, how
ever, gives a very limited range and

Fig. 224. Basic arrangement of 
a valve voltmeter using batteries.

by employing cathode biasing, as 
shown in Fig. 225, the range is 
extended, because every increase in 
anode current will cause a rise in 
bias which will counteract the rise 
and make it less than in the circuit 
shown in Fig. 224. Thus, a greater
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Fig. 225. Mains-driven version of Fig. 224. 
R not only biases the valve, but extends 

the input volts range.

voltage range can be applied to the 
grid before the upper limit of the 
milliammeter scale or valve curve is 
reached.

Increasing Range. To increase the 
range still further, a potential
divider network may be connected 
across the input, but this, of course, 
will create a greater load upon the 
circuit being tested, but it can still 
be made very high, as shown in 
Fig. 226.

This is an American circuit, and 
an interesting feature 
biasing the valve up 
to the middle of 
its curve, a centre-zeroed 
milliammeter (calibrated 
in volts, of course) gives 
a positive or a negative 
reading, so that a correct 
reading is obtained no 
matter which way round 
the test leads are applied 
to the circuit under test.

The variable bias re
sistor (pre-set) is ad
justed with the partic
ular valve to give the 
necessary anode current 
to bring the meter needle 
to its centre position. 
A positive-grid potential 
will increase the reading, 

is that by

0 ME* 25 V
»25 V.

1-Û
MEG; 

©

\ 1 meg:
MEG

PROBE

5V

RANGE 
SWITCH

■001 Ma 
mFd

6,200 
OHMS

2,000
OHMS

CENTRE
ZEROED METER

so the right half of the scale is 
calibrated as positive volts 0-5, 50, 
etc., according to the ranges pro
vided.

A negative grid potential will 
decrease the meter reading, and the 
left half of the scale is calibrated with 
negative volts.

How to Zero the Meter
The meter is set to zero by shorting 

the input to the instrument and 
adjusting the variable resistance in 
the HT potential divider, thereby 
altering the anode current by ad
justing the anode volts.

In other types, the valVe is biased 
nearly back to the lower bend of its 
curve. This leaves a very small anode 
current flowing, and the meter needle 
may be set on zero by means of the 
usual mechanical adjustment so that 
the needle reads zero with the input 
shorted. The application of a 
positive voltage to the grid will then 
increase the anode current, and the 
whole meter scale is available for 
calibration in a forward direction. 
The test leads must be reversed to 
obtain the negative voltage readings.

r-...... HT-fc

£ 27.COO
>OHMS

10,000 
OHMS

ZERO (CENTOE) 
ADJUSTMENT

OHMS

-HT-

Fig. 226. Direct-current valve voltmeter. The meter is 
centre-zeroed and is not of the centre zero type, it does 
not register a change of current direction, only an 

increase or decrease in value.
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Anode-bend AC Valve Voltmeters. 
The last-mentioned type of valve 
voltmeter could be biased to give an 
indication of AC volts because, 

voltmeter is then that of the peak 
value of the AC input.

‘Magic Eye’ as an Indicator. As

Fig. 227. Left (a) 
Anode-bend valve volt
meter indicates, by the 
change in anode current, 
the effective value of the 
applied AC volts. (b) 
Peak valve voltmeter 
indicates (by a voltmeter 
across the bias supply) 
the volts necessary to 
shift the peaks from 
position A to position B.

being biased back to the lower bend, 
rectification will occur, the negative 
half cycles having little effect upon 
the anode current. The anode 
current is then a measure of the 
effective value of the positive half
cycles.

If the valve is biased back still 
further so that only the peaks of each 
cycle just give rise to a change of 
anode current, the reading will 
indicate peak volts. Fig. 227a shows 
how the valve curve is used for 
effective volts measurement, while 
Fig. 227b shows peak measurement.

Peak Valve Voltmeter. Fig. 228 is 
the circuit of a peak-valve voltmeter 
and is of the type often termed ‘slide 
back’, because of its operation, 
which is as follows. The valve is 
first biased to its cut-off point 
(zero anode current) by VRi with 
HRs at zero and the input shorted. 
The application of an AC voltage to 
the input will then cause the anode 
current to rise to a certain figure. 
VRs is then adjusted (thereby pro
viding more negative bias) until the 
anode milliammeter just reads zero 
again. The reading of the bias

Fig. 228. Peak valve voltmeter of the 
slide-back type. The bias voltmeter V 
should be accurate but need not be 
exceptionally sensitive; 500 or 1,000 

ohms-per-volt being suitable.

the milliammeter is used only to give 
an indication of zero anode current, 
it may be dispensed with and a 
‘Magic Eye’ tuning indicator used 
so that at zero or minimum anode 
current the shadow segment closes. 
The applied AC voltage being 
measured will then cause the segment 
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to open and the bias control is 
adjusted until the shadow closes 
again.

Diode Rectifier Valve Voltmeter. 
To obviate the need of the adjustment 
of controls every time a measurement 
is to be made, a separate diode 
rectifier may be used, as shown in 
Fig. 229. The diode load comprises 
a resistance network which forms a 
range-potential divider for the DC 
amplifier-triode valve, which is biased 
by an adjustable cathode resistance 

of a valve voltmeter must not be 
connected to the ‘earth’ side of the 
voltmeter circuit and must be earthed 
on its own.

Meters and HT-supply circuits 
must be thoroughly decoupled by 
high-quality capacitors.

Voltage stabilizers are advisable 
across the HT supply, to keep the 
voltage constant over the mains- 
voltage range of each particular 
tapping on the mains transformer.

It should be appreciated that for 
many applications, with an input

MAINS-DRIVEN VALVE VOLTMETER FOR AC AND DC READINGS 
Fig. 229. Showing a direct-voltage valve voltmeter with the addition of a diode and 

separate range resistance network for reading alternating voltages.

for setting to zero on DC. A second 
variable resistance is to give the 
diode a slight bias and it is used for 
setting to zero on AC.

The capacitor in the input, circuit 
exists to block off any DC that 
may be present, such as in the 
anode circuit of a valve stage.

In some commercial instruments, 
the diode is incorporated in the triode 
valve, a double-diode-triode being 
used with the diodes strapped.

In Fig. 229 a tetrode is connected 
as a triode.

General Notes. As both test leads 
may be at a high DC potential 
(e.g., across an anode coil), the case 

signal to a circuit under test that can 
be properly attenuated, a valve 
voltmeter need not be accurately 
calibrated, or may even not be 
calibrated at all. Taking a single 
stage gain measurement as an ex
ample, if when the valve voltmeter is 
connected to the input to the stage a 
certain measurement is obtained, say 
one division on the meter scale, and 
then when connection is made to the 
output of the stage a higher reading 
is obtained, the attenuator on the 
signal generator providing the signal 
source has only to be adjusted to give 
a lower output that will bring the 
meter needle back to the one division 
mark. The attenuator ratio between 
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its first and second readings will then 
be a measure of the stage gain.

AC Voltage Values. Fig. 230 shows 
the relationship between peak, effec
tive (RMS) and average values. The

Fig. 230. Relationship between peak, 
RMS, and average values of alternating 

current.
relationship is only as shown for pure 
sine waves.

A peak valve voltmeter may be 
calibrated (or its calibrations con
verted) for RMS values by multi
plying the peak values by -707.

‘Bucking’ Meter Current. In 
some types of valve voltmeters where 
a standing or residual current flows 
through the anode meter, this 
current is ‘bucked out’ by applying a 
reverse voltage across the meter. 
By means of a variable resistor, the 
‘bucking’ current is made exactly to 
cancel out the standing current, and 
so bring the meter needle to zero. 
Thus the whole length of the scale 
is available for voltage calibration. 
Fig. 231 shows two methods of 
applying this feature.

A way of obviating ‘bucking’ 
circuits is sometimes employed in 
valve voltmeters of the type shown 
in Fig. 229, and is accomplished by 
using a meter, the needle of which 
when at rest is at the right-hand end 
of the scale. When current is 
switched on, the needle moves to the 
left, which becomes a zero reading 
at a maximum anode-current reading. 
This point is calibrated as zero volts.

The input is arranged so that 
negative potentials are applied to 
the grid which reduce the anode 
current and bring the meter needle 

toward the right. The scale voltage 
calibrations increase, of course, from 
left to right.

This method not only does away 
with ‘bucking’ circuits, but also 
safeguards the meter against over
loads, because the higher the voltage 
applied to the grid of the valve, the 
lower is the current flowing through 
the meter.

Tools and Leads. It is not inap
propriate to conclude this section 
with a word on the importance, in 
workshop and laboratory, of having 
a proper set of tools and connecting 
leads. Too often people spend many 
pounds on oscillographs, oscillators 
and other instruments and baulk at 
the few extra pounds needed for 
the ‘bits and pieces’that go with them.

For example, proper trimming 
tools permit trimmer adjustments to 
be done rapidly, without damage to 
the components, and ensure freedom 
from spurious magnetic or capacitive 
effects.

With the oscillograph in particular, 
it is necessary to employ correctly

HY-  HT-

Fig. 231. (a) Battery and (b) mains ver
sions of meter current bucking circuits, 
screened and terminated leads if 
spurious effects are to be avoided. 
As long as there is possibility of 
these, the results of tests are difficult 
to interpret or misleading, and to 
obviate them, by makeshift methods, 
is a long and wearisome job.

Work is much quicker using leads 
properly fitted with clips, plugs and 
so forth, and chances of accident 
much reduced owing to the tidier 
terminations and neat insulation.*
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SECTION 17

PROPAGATION

THE radiation from a trans
mitting aerial at ground level 
can be considered as made up of 

a ‘ground wave’, which is guided by 
the earth’s surface, and a ‘sky wave’, 
which is propagated upward at an 
angle to the surface, and travels in 
the atmosphere.

Causes of Attenuation
The ground wave is attenuated at 

a rate which depends on the distance, 
the frequency, and on the electrical 
properties (dielectric constant and 
electrical conductivity) of that part 
of the earth’s surface over which it 
is travelling.

The behaviour of the sky wave is 
governed by the presence of ionized 
layers of rarefied gas in the upper 
atmosphere, the F (or Heaviside) 
layer, at an average height of 60-70 
miles, and the E (or Appleton) layer 
at a height of about 140 miles. Such 
ionized layers reflect electromagnetic 
waves in much the same way as does 
a conductor and, subject to certain 
conditions connected with the angle 
of incidence, the sky wave is 
reflected.

The heights, and the states of 
ionization in the layers, depend upon 
the radiations from the sun, and 
therefore they vary between day and 
night, with the seasons, and with 
solar phenomena, such as sunspots, 
causing corresponding variations in 
the propagation of electromagnetic 
waves. There are strong fluctuations 
with sunspot activity which have to 
be reckoned with.

The general features of the propa
gation depend upon the frequency 
range considered.

(<z) Long wavelength (low-fre
quency, 20-600 Kc/s, waves). Over 
a range up to about 1,000 miles, 
most of the energy reaches thé

AND AERIALS
receiving station by way of the 
ground wave and, therefore, trans
mission is nearly independent of the 
time and the seasons.

At ranges of 2,000-4,000 miles, 
propagation is almost entirely due to 
the sky wave, and there are annual 
and seasonal variations in signal 
strength which follow changes in 
the E layer. In the intervening range, 
1,000-2,000 miles, both the sky wave 
and the ground wave are received 
and, as their paths are different, they 
arrive in different phases. With 
changes in the height of the E layer, 
the phase of the reflected wave 
varies, and there may be strong 
fluctuations in signal strength be
tween day and night.

Broadcasting Wavelengths
(b) Medium wavelength (medium 

frequency, 600-1,500 Kc/s, waves). 
The frequencies of the principal 
broadcasting stations lie within this 
band, and studies of the propagation 
have been chiefly concerned with the 
provision of good signal strength 
over a range of a few hundred miles 
by means of the ground waves, 
owing to the uncertainties of the 
sky wave.

Except over cities, the field strength 
can be predicted with reasonable 
accuracy from the known character
istics of the soil by means of standard 
formulae.

(c) Short wavelength (high-fre
quency, 1,500-30,000 Kc/s, waves). 
The ground wave is highly attenu
ated, and long-distance propagation 
takes place almost entirely by way of 
the sky wave. It depends, therefore, 
on the frequency, the condition and 
height of the ionized layers, and the 
angle at which the waves meet the 
layers.

For any frequency, there is a 
critical angle of incidence, beyond
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which the wave passes 
through and fails to re
turn. The angle be
comes smaller, as fre
quency rises. When 
reflection does occur, 
there is a region be
tween the ground wave 
area and the region 
where the reflected 
wave returns to earth, 
over which there is no 
reception (skip dis
tance). Therefore, the 
greater the distance, 
the lower is the per
missible frequency. 
The best frequency 
will depend upon the 
season and upon the 
time of day. (See 
Figs. 232 and 233.)
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Fig. 232. Showing usable frequency band 
for short-wave distance communication 

at noon and midnight in winter.

Fig. 233. In summer, the frequencies 
usable are more limited than in winter.

DISTANCE (KM)

Fig. 234. How fall of ground wave field strength 
with distance varies with transmission frequency.

With very short waves, in the 
decimetre region, propagation is 
possible only over optical distances.

Propagation Data and Formula;. 
The field strength in an electro
magnetic wave is defined as the 
potential difference between two 
points in the wave front, one metre 
apart, and is usually measured in 
millivolts or microvolts per metre. 
This means that the EMF induced in 
a receiving aerial by the wave is 
obtained by multiplying the field 
strength by the effective height of the 
aerial in metres.

Ground-wave Propagation. The 
field strength F due to the ground 
wave from a vertical quarter-wave 
aerial is given by:

„ 13,400 VWA (F — —-------- mv/metres,
where W is power radiated (kilo
watts), d is distance in kilometres, 
and A is an attenuation factor 
depending on the nature of the soil.

. 2 + 0-3 p ,A = A-where2 + p + 0-6 p2 
9-38+0-621X10-2’/’2i/ p - - p x io-r

p is the specific conductivity of the 
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soil (mhos per cm cube), and/is the 
frequency in Kc/s per sec.

P varies from about 10-4 to IO-5 
mhos per cm cube between soils of 
good and bad conductivity; its value 
for sea water is about 4 X 10-2.

Fig. 234 shows the field strength 
in the ground wave, per kilowatt of 
power radiated, for soil of conduc

tivity p — 10 4 mhos per cm cube.

Long-distance Propagation. The 
curves (Figs. 232 and 233) show the 
maximum usable frequency for 
various distances, at different times 
and at different seasons of the year, 
where the propagation is by reflec
tion from the ionized layers.

AERIALS

Half-wave Dipole. The funda
mental type of aerial is the half-wave 
dipole. !t is resonant to the trans
mitter frequency when its length is 

Fig. 235. Voltage and current distri
bution in a half-wave dipole.

about 95 per cent of the half wave
length (excluding the length of 
insulator at the middle), and the 
input impedance is then 70-80 ohms. 
The current is greatest at the centre, 
falling to zero at the ends, the 
distribution of current strength along 
the dipole following almost exactly 
a sine curve.

The voltage is lowest at the centre 
and has its greatest value at the ends 
(the curve in Fig. 235 represents the 
voltage at any point above the 
voltage where the feed is connected).

It is convenient for use at all wave
lengths below a few metres, where its 
length becomes manageable, and it 
may be used vertically or horizontal
ly. The intensity of radiation from 
it varies in the vertical plane in the 
first case and in both vertical and 
horizontal planes in the second case, 
in a manner which depends on its 
height above the ground and on the 
electrical characteristics of the soil.

In Fig. 236, the vertical (a) and 
horizontal (b) directivity curves for 
a vertical half-wave dipole in free 
space are shown.

Assuming a length equal to 95 
per cent of the half wavelength, the 
length can be calculated from the
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formula, L = ft., where f is fre
quency in Mc/s.

Simple Reflectors. The directivity 
in the horizontal and vertical planes 
of a vertical half-wave dipole can be 
much improved by using a reflector, 
both for transmission and reception. 
The simplest type of reflector is a

Fig. 236. Directivity curves of vertical 
dipole in free space, (a) Vertical direc
tivity curve ; length of the arrow 
indicates the intensity of radiation in 
that direction, (b) Horizontal directivity 
curve; the dipole radiates equally well 

in all horizontal directions.
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second dipole, in the form of a plain 
rod, mounted parallel to the ‘active’ 
dipole, and separated from it by 
one-quarter wavelength.

In the case of transmission, a 
current is induced in the reflector by 
the current in the excited dipole, and 
the reflector radiates. The effect of 
the spacing is that, on the line 
joining the dipoles, the two radiated 
waves are in phase on the side 
towards the excited dipole, and the 
total field strength is increased. On 
the side toward the reflector, the two 
radiated waves are in opposite phase, 
and annul each other. The polar 
diagrams for both vertical and 
horizontal directivity are shown in 
Figs. 237a and 237b respectively.

This system is used considerably 
in television reception. The line 
joining the two dipoles must point 
toward the transmitting station, the 
‘active’ dipole being nearer to it. 
Then the wave passing the system 
sets up a current in the reflector,

Fig. 238. Theoretic diagram showing L 
aerial with added curves representing 

current and voltage distribution.

which re-radiates, and produces a 
current in the active dipole in phase 
with that set up by the direct wave. 
The result is equivalent to an 
increase in signal strength.

Such dipoles are usually made with 
copper tube, of about | in. diameter, 
cadmium plated to prevent corrosion. 
They should be mounted as high 
above the earth’s surface as possible. 

of dipole with reflector, (b) Horizontal 
directivity curve of dipole with reflector.

The Marconi Aerial. At lower 
frequencies where the dipole is too 
cumbersome, the simplest type of 
aerial is the Marconi or X/4 aerial. 
This consists of a vertical wire (or a 
tower or mast in the case of trans
mitting aerials) one-quarter wave
length long, whose lower end is 
earthed, the feed being between two 
points close to the earthed end.

The radiated field is that which 
would be obtained from the aerial 
and an ‘image’ in the surface of the 
earth. The radiated field is greatest 
over a perfectly conducting earth and, 
to increase the conductivity in the 
neighbourhood of the aerial, a 
network of copper wires is usually 
buried below the aerial, radiating out 
•from it.

The distributions of current and 
voltage are similar to those in the 
upper half of a half-wave dipole, but 
in any actual case they will be 
influenced by the nature of the soil in 
the neighbourhood of the foot of the 
aerial. Marconi aerials of this or
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similar types, frequently in the form 
of self-supporting masts, are used for 
broadcasting at medium frequencies. 
The aerial, being vertical, radiates 
equally well in all horizontal direc
tions.

At lower frequencies, the wave
length becomes too great for the 
length of the aerial to be made a 
quarter wavelength, and it must be 
tuned by adding inductance or 
capacitance at the base. In transmit
ting aerials, tuning is necessary in 
order to obtain maximum current in 
the aerial, and at medium and low 
frequencies it is desirable that the 
current in the vertical part should be 
as large and as uniform as possible 
to obtain maximum radiation.

To obtain an approximately uni
form current, a horizontal top 
section or ‘roof’ is added to the 
aerial,'giving it the well-known T or 
L form (Fig. 238). The radiation 
takes place principally from the 
vertical portion, the top part pro
viding a large capacitance to earth.

Receiving Aerials. The aerial 
usually used for domestic reception 
of broadcasting is the L or the T 
aerial. The purpose of the vertical 
portion is to provide a conductor 
parallel to the electric lines of force 
in the electromagnetic wave, which 
induce an EMF in the vertical 
portion. The greater the height, up 
to a half-wave in length, the greater 
is the EMF, which may be calculated 
by multiplying the field strength, in 
volts per metre, by the ‘effective 
height’ of the aerial.

The effective height is less than the 
actual height by a factor which 
depends on the shape of the aerial 

and on its situation 
with respect to build
ings, and other factors 
altering the electrical 
characteristics of the 
aerial. The presence 
of the horizontal

Fig. 239. Components of 
standard artificial aerial. 

portion increases the effective height, 
and the greater its length, the more 
nearly does the effective height 
approach the actual height.

For an L aerial in a clear position, 
effective height — actual height X 
form factor.

Table LXVIII shows the form 
factor for various values of the 
ratio L/h.

TABLE LXVIII

L/h Form Factor

0-5 0-830
10 0-904
20 0-958
5-0 0-993

In the case of receiving aerials, it is 
permissible to use only a limited 
length of wire (100 ft.), and it is 
evident that the vertical height 
should be as great as possible. But 
where, as is usual, the vertical height 
is limited by the situation, it is 
advantageous to use the horizontal 
portion, although little is to be 
gained by making it more than about 
twice the vertical height.

Copper or phosphor-bronze wire 
should be used, and for preference it 
should be stranded.

The L aerial has slight directional 
properties, the best reception being 
obtained if the length of the aerial is 
directed toward the transmitting 
station, with the ‘elbow’ nearest to it.

The aerial-tuning circuits of re
ceivers, for use with domestic aerials, 
which may differ widely in their 
properties, are usually designed for 
an assumed standard aerial, which is 
equivalent to an average L aerial.

The equivalent circuit of this 
artificial aerial for medium and long 
waves is shown in Fig. 239. For short 
waves, the artificial aerial is taken as 
equivalent to a resistance of 400 
ohms. ‘Dummy aerials’, incorporat
ing components of these values, are
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Figs. 240-241. Maximum power is 
delivered to an aerial by using matching 

devices.

used with signal generators for 
aligning receivers.

Matching Devices for Trans
mission Lines. In order that a 
transmission line may deliver maxi
mum power to the aerial which it is 
feeding, the load on the line must be 
equal to its characteristic impedance. 
Thus if a half-wave dipole, whose 
input resistance is 75 ohms, is fed by 
a 600-ohm twin transmission line, 
some matching device is needed 
between the line and the dipole 
which will make the effective load on 
the former 600 ohms. Some match-
ing devices which are used are:

(1) Quarter-wave transformer.
If a length of feeder one-quarter

wavelength long is loaded by an 
impedance Z\ (Fig. 240), then the 
transferred impedance across the
other end is Zz = zë where Zo is the

Fig. 244 lOW

—4F—

characteristic impedance. To match 
a dipole to a feeder line of character
istic impedance Z2 (Fig. 241), a 
quarter wavelength of feeder of 
characteristic impedance Zo, calcu
lated from this formula, is interposed.

(2) Delta match.
The feeder may be fanned out. 

Dimensions arc given for a 600-ohm 
feeder (Fig. 242).

(3) Current-fed (centre-fed) half
wave dipole with half-wavelength 
tuned feeder (Fig. 243).

The capacitors are adjusted for 
maximum current.

Figs.242-245. Feeder circuits for coupling 
transmitter, or receiver, to aerial.

(4) Current-fed (centre-fed) half
wave dipole with quarter-wavelength 
tuned feeder (Fig. 244).

The arrangements in Figs. 242, 
243 and 244 are used where it is 
possible to place the aerial close to 
the transmitter.

(5) End-fed (voltage-fed) half
wave dipole, with quarter-wavelength 
tuned feeder (Zeppelin aerial) (Fig. 
245).

In this arrangement, only one wire 
of the feeder is actually transferring 
energy. The presence of the second 
keeps radiation from the feeder low.
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SECTION

PROPERTIES OF

Note.—The figures in parentheses are for quick reference and to facilitate reading across the pages.
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Material Dielectric
Constant

Power
Factor

Frequency 
(Mc/sec)

Dielectric 
Strength 
(k V /mm)

Amber .. 2-8 0002 1 (1)
Bakelite (mouldings) .. 5-11 0-02-0-06 3 — (2)

Bakelite laminated (paper base) 5 004 --- 10 (3)
Bakelite laminated (fabric base) 6 0-03 — 10 (4)
Beetle, Calan .. 6-5 0004 10 40 (5)
Calit...................................... 6-5 0-0004 — (6)
Cellulose acetate 4-4-8 0-06-0-08 3 — (7)
Conda N > .. 40-50 000055 — .— (8)
Conda S 80-100 0-00041 — — (9)
Cotton, varnished 3 High ——— — (10)
Diakon, Perspex 2-8 0-02 1 20 (H)
Ebonite, pure .. 30 0-009 1 150 (12)
Ebonite, mineral loaded 4-5 0-03 1 85 (13)
Ebonite, silica loaded .. 3-5. 0007 1 80 (14)
Empire cloth 4-6 — — — (15)
Frequentitc 6 00008 10 50 (16)
Frequelex 6 0-0006 3 — (17)
Faradex 80 00003 3 — (18)
Glass 3-4-5 High — — (19)
Guttapercha 8 — —- - — (20)
Isolantitc 6 0-0018 3 (21)
Kerafar 80 0-001 1 — (22)
Keramot .. ’ 36 0-010 1 (23)
Marble .. 8 High — — (24)
Mica 7 0-000-2 10 50 (25)
Micanite 7 Poor — (26)
Mycalex 6-5 0 011 1 14 (27)
Paper, dry 1-5-2-5 — — (28)
Paper, impregnated 2-5-4 0 — .... — (29)
Paraffin wax 2-2 00001 1 20 (30)
Paxolin .. 2 0-05 — (31)
Permalex 80 0-0013 — (32)
Permitel.. 5 0-01 — “ - I- (33)
Phenol fibre 6 Poor — —— (34)
Porcelain .. .. 5-5 0-008 1 — (35)
Polystyrene 2-5 0-0003 1 30 (36)
Polyethylene 2-2 00006 3 — (37)
Polyisobutylene 2-5 0-0005 3 (38)
Pyrex 4-5 0-00017 3 — (39)
Quartz, fused .. 3-8 0-0002 1 20 (40)
Rubber, pure .. 2-2-24 — ■ "■ —— (41)
Rubber, vulcanized 3-0-3-5 — —• (42)
Shellac .. 30-3-5 — ■ 1 (43)
Silvonite 3 0009 — (44)
Slate 6 High — — (45)
Steatite .. 61 0002 — 1 '■ I-»» (46)
Tempas 16 00005 3 — (47)
Transformer oil 2-2 00001 3 — (48)
Trolitul .. 2’2 00004 3 •— (49)
Tufnol .. 5 0-03 — (50)
Ultra-calan 7-1 00001 — — (51)
Vinyl chloride 4-5-Ó-5 0-04-0-1 3 — (52)
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INSULATING MATERIALS
Volume 

Resistivity 
j[Ohm/cm)

Surface 
Resistivity 

(Ohin/cm sq.)

Water 
Absorption 
(per cent)

Nature and Chief 
Constituent

(1) 1017 IO14 — Natural resin
(2) IO5 — 01-1-2 Phenol formaldehyde 

(synthetic resin)
(3) 10" IO12 — —
(4) 1012 IO12 — —

(5) — — — Finely divided mica
(6) — — -—

(7) 4-5 X1010 — — * —

(8) ■ ■ — — —
(9) — — ——— ■I-*.»*

(10) 4x10® — — —

(11) 10'® 1014 0-4 Methyl methacrylate
(12) IO16 109-1015 1 ' " Rubber and sulphur
(13) 1014 — — —

(14) — — — —

(15) — 4x10® — —

(16) 10l5-1017 — — Magnesium silicate
(17) 1O2o — —— —-

(18) — — -- - Ceramic (rutile)
(19) 1O7-1O9 IO13 — —

(20) 4x10® — — -— i

(21) 1017 — — —
(22) — — — Ceramic (rutile)
(23) — IO13 — —

(24) 10M08 —— -—- , -- -
(25) 10t7 10" — —
(26) 3xlO9 — — M ica
(27) IO13 4x 10° 0-0-2 Mica
(28) IO5 — — ■ ■ —■
(29) IO8 — — ---
(30) 1017 IO16 — —
(31) 1012 1 ' - — —

(32) — — — —

(33) — — — Chlorinated diphenyl
(34) — — 0-3-90 Phenol formaldehyde
(35) 10H — —

(36) 1Q20 1014 Nil Plastic
(37) IO17 3x1O16 Nil Plastic
(38) IO16 2xlO15 Nil Plastic
(39) IO14 — — MB
(40) IO17 IO13 — —

(41) IO16 — — —
(42) 5xlO9 — ■ ■■
(43) 5 x 109 — —-
(44) IO’6 ~— — —

(45) 2-5 X106 — — —
(46) 1OI4-1O15 — —

(47) — — ——> “- —
(48) — .......... — ----
(49) — — .. —
(50) IO12 — — —
(51) — — — “■ -
(52) 3x10'2 2x10" 0-2 Plastic



SECTION 19

TRIGONOMETRIC RATIOS

THE circle is divided into 360 
degrees and each degree is 
divided as follows:

1 degree = 60 minutes, 
1 minute — 60 seconds.

If two diameters divide a circle into 
four equal parts, the four angles at

+ +* 360° nno ,the intersection are —= 90 , and 
are known as right angles.

The circumference of a circle 
divided by its diameter is a fixed

Their reciprocals are:
| is the cosecant of the angle;

is the secant of the angle;

- is the cotangent of the angle. c
Angles may be measured in 

radians. A radian is an angle formed 
between lines drawn from the centre 
of a circle to points on its circum
ference which are separated by a

PICTORIAL DEFINITIONS OF ANGLES
Fig. 246. Self-explanatory diagrams showing geometrical terms in frequent use.
ratio known as k (‘pi’). is an 
indeterminable non-recurring decimal 
but, to five places of decimals, the 
value is 3-14159.

The area of a circle is —or w2, 
where r is the radius and d the 
diameter (r = ^d).

Any angle, 0 (‘theta’), in a right- 
angle triangle may be measured in 
terms of the ratio of one side to 
another. (See Fig. 246a.)

Ratio ~ is the sine of the angle ;

„ - is the cosine of the angle ;

„ is the tangent of the angle. 

circumferential length equal to the 
radius of the circle. (See Fig. 246b.)

Since circumference — 2k X 
radius, there are 2k radians in a 
circle, or

360° = 2k radians;
180° = k radians;

90° = a radians;
and one radian — 57-3° (approx.).

(c), (d), (e), (f), (g), and (h) in 
the diagram above give pictorial 
definitions of terms used in geometry 
as well as illustrating the fact that the 
sum of the squares of the lengths of 
the two shorter sides of a right-angle 
triangle is equal to the square of 
the length of the longest side.
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INDEX
Page numbers in italics refer to illustrations

AC (see alternating current)
Abacs, 32, 33-37.
Abbreviations, tables and diagrams, 21
Absolute units, 13
Admittance, circuit, 48
Aerials, 23, 278, 278
Air capacitor design, 67
Air-cored coil design, 65
— inductance curves, 72
Alternating current, 12, 15, 38
— angular measurement, 41
— angular velocity, 38
— back-e.m.f., 12, 17, 41
— calculations, 43
— cosine curve, 41, 41
— cycle, 12, 17, 39
— frequency, 12, 17, 19, 20, 39
— impedance, 42, 42
— impedance networks, 45, 46
— leading and lagging, 40
■—period, 12, r7
• — phase angle, 40, 40, 41
— power factor, 43
■ — reactance, 41
— R.M.S. value, 41
■— sine curve and tables, 38. 38, 39
— vector, 38, 43, 43
Alternator, 39, 40
American barretters, 208, 210
— colour codes, components, 228, 230
— dial lamp types, 176
-— valve-base connections, 192, 194, 195
— valve types, 123, 198
Ampere, 10, 14, 18
Amplifier noise, 245
— valve, 96, 96, 113, 116
Amplification factor, valve, 96
Angular frequency, AC, 20
— measurement, 41
— velocity, 38
Anode, 94, 95
— decoupling, 90
•— slope, valve, 95
Anode-bend detection, 101, 103
Anti-static lead-in systems, 235, 235
‘Appleton’ layer, 276
Atmospherics, 26
Attenuation, 53
— radio wave, 276, 277
Attenuators, 269, 270
Audio-frequency defined, 236, 236
■— oscillators, 260, 261
— transformer design, 8r
— transformer colour code, American, 231, 231
Automatic gain control, 99, 100
— volume control, 52, 52, 99, 100
Auto-transformer design, 79, 80
— circuit, 81, 81, 116, 117

Ballast tubes, American, 208, 210
— resistor, 87, 92
Band-pass and stop filters, 53, 55
Bar, sound unit, 236
Bare copper wire, 59
Barretters, 92, 173, 208, 210
Base connections, cathode-ray tubes, 190
— valves, 123, 191
Battery lead colour code, 231
Beam valves, 99
Beat frequency oscillator, 260
Bel, sound unit, 236
Bias, grid, 95, 96, 97
— resistors, 88
Bleeder cuircnt, 28
Button-type valve bases, 194

C.g.s. units, 13

Calculation aids, T3
— Abacs, 32, 33
Capacitance, 8, 15, 18, 20
•— bridge, 256, 256
— in ter-electrode, valve, 97
— measurement, 68, 68, 78, 256, 256
Capacitive microphone, 244, 246
— reactance, 13
Capacitor, 8, 15
— colour code, American, 228, 230
— colour code, British, 228
— design, 67
— networks, 31, 31
— reactance Abac, 35, 35
Car-radio suppression, 235
Carbon microphone, 244, 246
Cathode, 93
— cold, 100, 101
— connections, 88
•—follower stage, 68, 120, 121
— virtual, 113
Cathode-ray oscillograph, 263, 263
— Ijssajous figures, 263, 267. 267
Cathode-ray tube base connections. 190
— characteristics, 186
— symbol, 122
Centimctric waves, 26
Characteristics, valve, 123
Charge of electricity, 7, 15, 20
Choke, high-frequency, 107, 108
Circuit, aerial feeder, 281, 281
— amplifier, 113, 116
— AVC, 52, 52,'99, 100
— magnetic, 11, 16
— oscillator, 105
— output, 116, 117
— radio-frequency, 47
— symbols, 24
— tone control, 54, 56
— tuned, Abac, 32, 33
— valve, 93
Class A output, 116, 117
— AB output, 119, 120
— B output, 119, 120
Coil design, 65, 65
Cold cathode valves, 100, ror
Colour codes, components, 228, 230
Common couplings, 50
Component design, 65
— auto-transformers, 79, 80
— capacitors, 67
— coils, 65, 65
— colour codes, 228, 230
— electrolytic capacitors, 68
— I.F chokes, 66
— mains transformers, 80, 80
— power transformers, 69, 70
Condenser (see Capacitor)
Conductance, 9, 16, 18, 20
Control grid, valve, 95, 96
Cosine curve, AC, 41
Coupled circuits, RF, 50, 50
Coulomb, 17
Cross-modulation, 99
Crystal calibrators, 260, 260
— microphone, 244, 246
— oscillator, 107, 108
Current, 9, 16, 18, 20
— alternating, 12, 15, 38
— direct, 8, 15
— measurement, io, 25O
•— rating, wires, 61
— cycle, AC, 12, 17, 39

DC (see Direct Current) 
Decametric waves, 26
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INDEX
Decibel, sound unit, 236
Decimetric waves, 26
Decoupling capacitors, 88, 00
Detection, 101, 103, 112
Dial lamp types, table, 174
Dielectric, 8, r5
— qualities of materials, 67
Demodulation, 101, 103
Diode combination valves, ijS
Diode valves, 94, 138
Dipole aerials, 278, 278
Direct current, 8, 15
— calculations, 28
‘Doppler’ effect, sound, 230
‘Double humped' curve, 50, 51
Double output valves, 164
Dropper resistors, 92
Dynatron oscillator, 107

EMF, 9, 16, 17, 20
-----back, 12, 17, 41
— induced, 39
Echo, 239
Electric current, 9, 16, 18, 20
— field, 7, 15
— flux, 8, 15, 18
— force, 7, 15, 18
— power, 16, 18, 20
Electrical potential, 7, 20
— symbols, 15
— units, 13, 17
Electricity, charge of, 7, 15, 20
— quantity of, 10, 16, 17
— static, 7, 15
Electrolytic capacitor design, 68
— colour code, 228
— leakage measurement, 256, 257
Electromagnetic induction, n, 16
Electromagnetism, 10, 15
Electromotive force, 9, 16, 17, 20
Electrostatic units, 14
Emission, valve, 94
Energy, 19
Equalizers, 53, 55
Eureka resistance wire, 62

Farad, 14, 18
Feeder circuits, aerial, 281, 281
Field, electric, 7,
— magnetic, 10, 16
Filament, valve, 93
Filters, 53, 55
First detector, ri2
Flash test, transformer, 80, 81
Flexible resistor colour code, 230, 230
— wire table, 59
Flicker effect, valve, 95
Flux, electric, 8, 15, 18
— magnetic, ro, 16, 19, 20
Footless valve connections, 197
Force, electric, 7, 15, x8
— electromotive, 9
— magnetizing, 11, r6, 19, 20
Free electrons, valve, 94
Frequency, AC, 12, 17, 19, 20, 39
Frequency, radio, 23
— changer valves, 108, nr, 124
— groups, 26
— intermediate, in
— intermediate, table of, 208
— spectrum, 27
— wavelength conversion, 23, 33, 34
Frequency range, sound, 236, 237
Full-wave rectification, 102, 104
Fundamental principles, 7
■— units, 13
Fuse wire table, 64

Gain control systems, 269
Gas-filled valves and relays, 93, ico, 108, no, 174
Gauss, 19

Gilbert, unit, 19
Gramophone motor colour code, 231
Grid bias, 95, 96, 97
Grid leak, 96, 102, 103
Ground wave, 276

‘H’ attenuator, 270, 270
HF choke, 107, 108
—■ pentode valves, 126
Half-wave dipole aerial, 278, 278
— rectification, 102, 104
Hard valves, 93
Harmonic, 239, 240
Heater connections, valve, 88
‘Heaviside’ layer, 276
Hectometric waves, 26
Henry, 14, 19
Heptode valves, 109, 113
Heterodyne filters, 56, 58
Hexode valves, 109, 112
High-pass filters, 53, 55
Humdinger, 88

Image impedance, 53
Impedance, 13, 17, 20, 42, 42
— bridge, 68, 69
— dynamic, 49
— image, 53
--- matching, 82
— microphone, 24 3
— networks, 45, 46
Induced charge, 7
—EMF, 39
Inductance, rx, 17, ro
— curves, air-corcd coils, 72
— curves, EF chokes, 74
— measurement, 66, 66, 78
— tester conversion graph, 78
Induction, ir, 16
Inductive reactance, 13
Inductor, 11, 17
— networks, 30, 31, 31
— reactance Abac, 34, 34
Instruments, 250
— AC-DC voltmeter, 254, 255
—- attenuators, 269, 270
— audio-frequency oscillators, 260, 261
— beat-frequency oscillator, 260
— capacitance bridge, 256, 256
•— cathode-ray oscillograph, 263, 263 ■
— crystal calibrators, 260, 260
—• electrolytic condenser leakage, 256, 2¿J
— insulation tester, 256
— moving coil, 250
— ohmmeters, 255, 255
—• oscillators, 257, 258
— ranges and resistance, 250
— resistance bridge, 255, 255
— shunts, 250, 252
— signal generators, 257, 258
— valve voltmeters, 271, 271
—• voltmeters, 253
— wavemeters, 259
— ‘Wheatstone’ bridge, 255, 255
Insulating materials, 8, 15
— properties of, 282
Insulation tester, 256
Interference suppression, 233, 233
— car radio, 235
Intermediate frequency, 11 r
— of commercial receivers, 208
Internal resistance, 9, 16
Ionic-heated cathode, 100, 101
Ionosphere, 26
Iron dust cored coils, 65, 66

Joule, 14
Joule’s law, 10

Kanthal resistance wire, 62
Kilometric waves, 26
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‘L’ aerial, 279, 280
LF choke design, 66
— inductance curves, 74
Lead-in, anti-static, 235, 235
Length of radio wave, 23
Line cord resistor, 87, 88, 92
■ — calculations, 92
— colour code, 230
Lissajous figures, 263, 267, 267
Local oscillators, in
Loctal valve bases, 194
Logatom, 240
Loose coupling, 50
Loudspeakers, 247
■ — matching, 85
Low frequencies, radio, 26, 236, 241, 242
Low-pass filter, 53, 55

Magnetic circuit, 11, 16
• — flux, 10, 16, 19, 20
— force, 10, 16
Magnetism, ro, 15
Magnetron oscillator, 107, 108
Magnification, valve, 96
Mains rectification, 101, 104
— transformer design, 69, 70, 80, 80
Marconi aerial, 279
Matching, 84
Maxwell, unit, 19
Mazda Loctal valve bases, 19 4
Measurements, 250
Medium frequencies, radio, 26
Mercury vapour valves, 100
Metal rectifiers, HF, 166
— LT, 167
Metric waves, 26
Mho, unit, 18
Microphone, 243, 244
— characteristics, 246
— matching, 86
— transformer, 82
Midget-set voltage regulation, 92
Miller effect, valve, 97
Mixer valves, 112
Moving-coil instruments, 250
— microphones, 244, 246
Moving-iron microphone, 244, 246
Musical intervals, 238, 238
— instrument powers, 238
Mutual conductance, 96
Mutual inductance, 11,17
■ — coupling, 50, 50
M value, valve, 96
Myriametric waves, 26

Negative feed-back, 56, 57
Neper, sound unit, 240

Octode valves, 109, 113
Oersted, 19
Ohm, 10, 14, 18, 19
Ohm’s law, g, 16
• — Abac, 35, 36
• — calculations, 28
Ohmmeters, 255, 255
Oscillators, 257, 258
• — audio-frequency, 260, 261
— local, in
— saw-tooth, 100, 263
— valve, 105
Oscillograph, cathode-ray, 263, 263
Output stages, 116, 117
Overtone, 239, 240

Padder capacitor, 112
Parallel-fed transformer, 81, 82, 115, 116
— output valves, 119, 120
— tuned circuit, 48, 49
Paraphase connection, 120, 121
Peak valve voltmeter, 273, 273

INDEX
Pentagrid valves, 109, 113
Pentode valves, 98, 98, 102, 103, 126, 156
Period, AC, 12, 17
Permeability, 8, 11, 16, 19, 20
Permittivity, relative, 8, 15, 18
Phase angle, AC, 40, 40, 41
— inverter and splitter, 120, 121
Phon, sound unit, 240
Pick-up matching, 86
Pilot lamp types, 174
Positive drive output, 119
Positive feed-back, 101, 104
Potential, electrical, 7, 20
— difference, 15, 17, 20
Power, 10, 16, 18, 20
— Abac, 35, 37
—- amplifier, 113
— calculations, 29
— valves, 150
Power factor, AC, 43
— measurement, 68, 68
Power grid detection, 103
Power transformer design, AF, 82, 82
— colour code, American, 230
— mains, 69, 70, 80, 80
Practical units, 13, 17
Prefixes, 14, 20
Public address systems, 247, 249
Push-pull output, 119, 120
■— transformers, 83

Quantity of electricity, 10, 16

R.M.S. value, AC, 41
Radian, 38, 284
Radio frequencies, 23, 276
Radio-frequency circuits, 47
Reactance, 13, 17, 18, 19, 20, 41
— of capacitors, Abac, 35, 35
— of inductors, Abac, 34, 34
Reaction, 101, 104
Receiving aerials, 280
Reciprocals, chart of, 32, 32
Rectification, HF, 101, 103
- — LF, ioi, 104
Rectifiers, 9, 100, 104, 166
Reflectors, aerial, 278
Refraction of sound, 241
Relative permeability, 11, 19
— permittivity, 8, 15, 18
Relaxation oscillator, 108, no
Resistance, 9, 16, 20
— bridge, 255, 255
■ — capacitance transformercircuit,8i,<?7,ri5> lid
— internal, 9, 16
— measuring instruments, 250
■ — wire, 62
Resistor, 9
— colour code, American, 229, 230
■ — colour code, British, 228
— flexible, colour code, 230, 230
■ — line cord, 87, 88, 92, 230
■ — networks, 30, 30
— standard values, 231
Resonance, tuned circuit, 47, 50, 50
Reverberation, 241
Ribbon microphone, 244, 246

Saturation, valve, 94, 95
Saw-tooth time base, 100, 263
Schottky effect, valve, 95
Scratch filters, 56, 58
Screen-grid valves, 98, 98, 126
Second detector, 112
Secondary emission, valve, 95
Selectivity, 47
Self-inductance, 11, 16, 19
Shot effect, valve, 95
Shunts, instrument, 250, 252
Side-contact valve bases, 196
Signal generators, 257, 258
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Sine curve, AC, 38, 38
Sky wave, 276
Smoothing mains supplies, 101, 104
Soft valves, 93, 100 *
Sound defined, 236, 241, 242 
— speed of, 242
Space charge, valve, 94
Stage gain, valve, 96
Stationary waves, sound, 243
Stop filters, 53
Super-frequencies, radio, 26 
— heterodyne receiver, 111 
— regenerative reception, 108, no 
Suppression of interference, 233, 233 
-— car radio, 235
Susceptance, circuit, 49
Symbols, algebraic, 14
— circuit, 24
— electrical, 15, 20
— inter-relationship, 20
— valves, 93, 122

*T’ aerial, 280
‘T’ attenuator, 270, 270
Tetrode valves, 98, 156
Thyratrons, roo, 108, no
Time base, roo, 263
Tone-control circuits, 54, 56, 57, 86
Top-capacitance coupling, 50, 50
Tracking in super-hets, 112
Transconductance, valve, 96
Transformers, audio-frequency, 8r 
— auto types, 79, 80 
— colour code, American, 230, 231 
— couplings, 81 
— mains, 69, 70, 80, 80 
— power, AF, 82, 82 
— push-pull, 83 
— radio-frequency, 65, 65

Valve base connections, 123, 191
— American barretters, 208, 2h)
— American button types, 194
— British, 191
— British specials, 197
— Continental, 197
— footless, 197
— Loctals, 194
— Mazda octals, 194
— octals, 192
— side contact, 196
— UX American, 195
Valve characteristics tables, 123
— American, 123, 198
— barretters, 173
— diodes and diode combinations, 138
•— double output types, 164
— frequency changers, 124
— gas-filled relays, 174
— metal rectifiers, HF, r66
— metal rectifiers, LT, 167
— pentodes, HF, 126
— pentodes, LF, 156
— power output triodes, 150
— rectifiers, 168
— screen grids, 126
— tetrodes, LF, 156
— triodes, general-purpose, 144
— tuning indicators, 177
— ‘Westectors’, 166
Valve voltmeters, 271, 271
Valves, 87, 93
— AC and AC-DC types, 87
— American types, 123, 198
— amplification factor, 96
— anode slope, 95
— anode voltage and load, 89
— base connections, 123, 191
— battery types, 87
— beam types, 99
■— cathode, 93
— cathode connections, 88

INDEX
Valves, characteristics, tables, 123
— code of practice, 91
— cold cathode types, 100, 101
— control grid, 95, 96
— conversion conductance, 113
— cross-modulation, 99
— detection, 101, 103
— diode types, 94
• — emission table, 94
— equivalents tables, 178
— filament, 93
— Flicker effect, 95
— frequency changers, 108, nr
— gas-filled relays, 93, 100, 108, no
— hard types, 93
— heater connections, 88
— heptodes, 109, 113
— hexodes, 109, 112
— inter-electrode capacitance, 97
— letter symbols, 93
— magnification, 96
— mercury vapour types, 100
— Miller effect, 97
— mixers, 112
— mounting, 91
— mutual conductance, 96
— octodes, 109, 113
— operation precautions, 91
— oscillators, 105
— pentagrids, 113
— pentode detection, 102, 103
— pentode types, 98
— power grid detection, 103
— rectifiers, 100, 104
— saturation, 94, 95
— Schottky effect, 95
— screen-grid types, 98, 98
— screen voltages, 89
— secondary emission, 95
— shot effect, 95
■ —• soft types, 93, 100
— space charge, 94
— suppression grid, 98
— symbols, 122
— tetrode types, 98, 98
— thyratrons, 100, 108, no
— transconductance, 96
— triode-pentodes and hexodes, 109, IT3
— triodes, 95, 96
— variable-mu types, 89, 99, 99
Vector, AC, 38, 43, 43
Volt, 10, 14, 17, 18
Voltage, 9
— amplifier, 113
— doubling, rectification, 102, 104
— drop, 9, 16, 28
— dropping in midget sets, 92
— transformers, 81
Voltmeters, 253
— valve, 271, 271
Volume control, 56, 57, 89, 89, 269, 270

Watt, 10, 18
Wave propagation, radio, 23, 276
— attenuation, 276, 277
— spectrum, 27
Wavelength, 23
— frequency conversion, 23, 33, 34
— sound,236
Wavemeters, 259
Wheatstone bridge, 255, 255
Wire tables, 59
— bare copper, 59
— cotton covered, 60
— current ratings, 6r
- — enamelled, 61
— Eureka resistance, 62
— flexible cords, 59
— fuse elements, 64
— gauges, comparative, 63
— Kanthal resistance, 62
■ — silk-covered, 60
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