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Preface 

The aim of this work is to give engineers and technicians not specialised 

in radio and allied techniques an impression of the construction and 

functioning of radio valves and their applications in receiving sets and 

other electronic apparatus. It is hoped, however, that those who have 

already considerable experience in electronic techniques may also find 

this book useful as a reference work. It constitutes, moreover, an 

introduction to subsequent volumes dealing with characteristics and 

circuits of numerous vajve types. 

Electronic valves have found a wide-spread application, not only for 

communication purposes, but also in industries of all kinds. A profound 

knowledge of these valves and their circuits will open new horizons for 

perfecting industrial processes and measurements. 

First the physical fundamentals of electronic valves are given, followed 

by a brief description of their construction and manufacture; valves of 

very recent design, the all-glass Rimlock valves, are included. These 

valves have particularly small dimensions and are manufactured by 

entirely new processes and they ynll not fail to arouse considerable 

interest. 

After these chapters the author deals with the valve properties, the 

action of the various grids and the types of valves designed for various 

functions as well as the conditions to which they must be adapted. The 

author explains such notions as valve noise, short-wave properties, low- 

frequency inverse feed-back, but he always emphasizes the more im¬ 

portant aspects. 

The sequence of the chapters has been so chosen that a logical develop¬ 

ment of ideas is built up. Where the clarity of the text made it neces¬ 

sary, the author has not refrained from repeating himself. 

It was judged necessary to deal in some detail with the physical funda¬ 

mentals, because a profound knowledge of certain facts, as, for instance, 

potential distribution within the valve, influence of space charge, 

thermal emission, secondary emission, contact potential, etc., is in¬ 

dispensable for acquiring a complete picture of the mode of operation 

of electronic valves, their properties and possibilities of application. 

The author, however, had to restrain himself considerably because 

much more could be told of these interesting physical topics. 

A chapter has been devoted to valve capacities and several others 
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PREFACE 

to interfering effects which may occur. This latter topic has been 

treated in greater detail in this English edition, at the request of 

several design engineers, and the same applies to the subject of Chapter 

XVI, namely the mathematical analysis of transfer characteristics of 

valves. 
Not only the conventional electrostatic and electromagnetic units have 

been used, but also the units of the excellent rationalized system of 

Giorgi, a short explanation of which with formulae and a table for 

converting units of the electrostatic, electromagnetic and practical 

systems into units of the rationalized Giorgi system are provided. 

At the end the reader will find an appendix which gives a rather 

important collection of definitions, formulae, tables and graphs which 

may be helpful in designing electronic apparatus. Attention is also 

drawn to the list of Philips publications on radio and allied subjects. 

A great number of them have been printed in “Philips Technical 

Review”. 
This work is dedicated to all those who are designing and manufacturing 

equipment based on electronic valves, those who are concerned with 

repairs and maintenance and those who are studying and experi¬ 

menting. The author used in part publications and articles of the 

Physical Laboratories of the N.V. Philips’ Gloeilampenfabrieken and 

of the Design Departments of the Philips Valve Works. He wants to 

mention particularly the publications of C. F. Veenemans, M. J. O. 

Strutt, J. L. H. Jonker, H. van Suchtelen, B. D. H. Tellegen, A. J. 

Heins van der Ven, B. G. Dammers, J. M. van Hofweegen, P. H. J. A. 

Kleynen and others. 

The author wishes to acknowledge gratefully the encouragement and 

assistance, the ever-ready advice and counsel of Dr. E. Oosterhuis, Dr. 

W. de Groot, Dr. C. F. Veenemans, Prof. Dr. M. J. 0. Strutt, Prof. 

Ir. B. D. H. Tellegen, Dr. J. L. H. Jonker, Ir. H. van Suchtelen, Ir. 

P. H. J. A. Klejrnen, Ir. G. van Beusekom, Ir. J. M. van Hofweegen, 

Ir J. D. Veegens and many others. He is furthermore indebted to 

Mr. Harley Carter of the MuUard Electronic Products Ltd. in London 

and Dr. E. J. B. Willey, Consulting Physicist, London, for checking the 

English translation and their numerous linguistical and technical ob¬ 
servations. 

December 1948. J, Deketh 
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Introduction 

Radio valves are at once the most vital and the most interesting components 
of a radio receiver, not only on account of the functions they perform, but 
also because their successful design, manufacture and application depend 
upon intimate knowledge of a large number of physical phenomena, com¬ 
bined with technological processes adjusted to the highest standards of 
precision. 
The importance of radio valves in a receiving set will be realized when it 
is stated that, in addition to other no less essential functions, valves perform 
the task of amplifying the very small voltages induced in the receiving 
aerial until they are powerful enough to reprodtice the programme with 
sufficient volume of sound. 
The voltages induced in the receiving aerial by the programme from a 
transmitter of average power are of the order of a few thousandths of a volt 
only; and in order to reproduce the programme at normal volume for 
domestic listening the voltage at the loudspeaker transformer must be 
some 20 to 40 volts, representing a magnification of some ten thousand-fold. 
In terms of porter, the comparison is still more striking, for the minute 
amount of energy, of the order of 4 x 10~^^ watts, intercepted by the aerial, 
must be amplified to a total of some 4 watts to provide full volume in 
the domestic loudspeaker—an amplification of thousand billion-fold! 
Wi^ these facts in mind, it is easy to realize that, but for the development 
of the electronic valve, radio communication would never have been possible 
in all its present-day perfection, but would have remained a most primitive 
process, possibly of interest only as a scientific curiosity. 
But great as has been the influence of the eUctronic valve already, progress 
and development are not at a standstill. New achievements in radio 
broadcasting, in communications and, more recently, in television owe 
their success to further development and perfection of valve technique. 
In other fields, too, including scientific measuring apparatus and the 
automatic control of industrial machinery, the electronic valve is playing 
a znfori and ever-increaivng part. Let us not forget the important part the 
electromc valve is playing now in sea and air navigation, accomplished 
by the various radar systems. 
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A Modem Radio Valve, showing External Appearance and 
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CHAPTER I 

Basic Principles of the Action of a Radio Valve 

1. Electrodes 

A radio valve consists essentially of a gla^ or metal vessel, known as 

the envelope or bulb, from which, by pumping and other processes, 

almost all the air and other gases have been withdrawn, and containing 

two or more insulated metal parts termed electrodes. The electrodes 

are connected, by metallic conductors called the lead-in wires passing 
through the wall of the valve, to external contacts which may be the 
pins or side contacts of the base, or a contact cap at the top of the 

valve. By means of these contacts the electrodes are connected to the 
electric circuits outside the valve. 

The electrode system of a valve always comprises at least two electrodes, 

a eathode and an anode, which are normally connected respectively to 

the negative and positive poles of a source of direct voltage. 

If two metal plates, mounted in an evacuated vessel, are connected to 

a source of direct voltage, i.e. act as cathode and anode, no current 

will normally flow through the vacuous space between them ^). 
Current will flow, however, if the cathode is composed of one or other of 
a number of special materials and is 

heated to a temperature at which 

thermal electron emission occurs ^). 
In these circumstances, and given a 

sufficiently high voltage between ca¬ 

thode and anode, an electron current 

will flow from the cathode to the 

anode within the valve and is 
termed the anode current (see Fig. 1). 

The amount of power (anode input 

power) required to produce this cur¬ 

rent is equal to the product of the 

applied voltage and the cathode-to- 
anode current. 

This statement does not hold when the voltage between the electrodes is very high, 
or when one of the electrodes is photo-sensitive. 
*) The conceptions of electrons, electron currents and electron emission are explained 
more fUlly in later chapters. 
*) In this chapter the diction of the current Is considered to be the same as the direction 
of the election flow. 

Battery 

- 

Cathode Anode 

Hi 

Fig- 1 
Evacuated glass vessel containing an 
anode and an emitting cathode. A 
positive voltage between anode and 
cathode causes an electron current to 
flow from the cathode to the anode 
across the vacuous space. 
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BASIC PRINCIPLES OF THE ACTION OF A RADIO VALVE CH. 1 

2. Reetifyiiig Action 

Because the anode is not heated, and therefore does not emit electrons, 
no current will flow through the valve if the applied voltage is reversed, 
i.e. if the cathode is connected to the positive pole of the external 
^ource and the anode to the negative pole. 

If, therefore, an alternating voltage is applied between the cathode 

and anode, current will only flow at those times when the anode is 
positive with respect to the cathode, and no current will flow at those 

times when the anode is negative. 

This is known as the rectifying action of the valve, and is employed 
in the process known as detection, in which the incoming signal is 
rectified to render it suitable for reproduction in the loudspeaker. The 

rectifying action is also utilized for converting alternating current from 

the mains into direct current for operating the valves in a radio receiver. 

3. Amplification by Anode-current Control 

The amplifying action of a valve is obtained by varying the current 

(anode current) flowing from the cathode to the anode, and is effected 

by a third electrode, the control electrode, located between the 

cathode and anode. If a voltage is 
applied between the control elec¬ 

trode and the cathode the intensity 

of the electron current from cathode 

to anode is varied (see Fig. 2). The 

control electrode, on account of its 
form, is called the grid, or the con¬ 

trol grid to distinguish it from other 

similarly formed electrodes. It is 

also sometimes referred to as the 
input grid. 

If an alternating voltage is'applied to 
the control grid (see Fig. 8), the anode 

current will alternately increase and 

decrease, and the current in the anode 

circuit, i.e. between the anode and 
cathode outside the valve, wiU also 

increase and decrease periodically. 

Because of the uni-directional conduc¬ 
tivity (rectifying action) of the valve, 

the anode current can nev^ be reversed, 

Battery 

anode, a control electrode and an emit¬ 
ting cathode. By varying the negative 
voltage of the control electrode with re¬ 
spect to the cathode, the intensity of the 
eleoton current flowing from the ca¬ 
thode to the anode is similarly varied. If 
the control electrode is positive with 
respect to the cathode it will draw an 
electiode current In the same way as 
the anode^ 
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AMPLIFICATION BY ANODE-CURRENT CONTROL 

i.e. flow in a direction opposite to that 

of the arrow, so that the anode current 

is a pulsating one and can be considered 

as an alternating current superimposed 

upon a direct current. By inserting 

suitable elements, such as a resistance 
or impedance (A.C. resistance), in the 

anode circuit as indicated in Fig. |4, 

the alternating current component of 
the anode current may be manifested 

as an alternating voltage of much 

greater value than the alternating 

voltage applied to the control grid (the 

grid alternating voltage). The grid alter¬ 
nating voltage is thus reflected as an 

amplified voltage in the anode circuit 

of the valve. In other words, voltage 

amplification has been obtained, the 

voltage gain being equal to the anode 

alternating voltage divided by the grid 

alternating voltage. 

Generally some resistance or impedance 

is present in the grid circuit. If this 

resistance is represented by Rg and the 

effective value of the grid alternating 

voltage by Vin, the energy absorbed 
by th6 grid circuit, apart from the 

additional factors described later, will, 

according to Ohm’s Law, amount to: 

V.n* R. 
Similarly, if the alternating current 

component of the anode current has 
an effective value of I, r.m.s., and 
the resistance in the anode circuit be 

represented by and if the peak 

value of the alternating current com- 

Fig. 3 
Evacuated glass vessel containing an 
anode, a control electrode and an 
emitting cathode. An alternating 
voltage is applied between the control 
electrode and the cathode and pro¬ 
duces in the anode circuit a pulsating 
direct current which can be resolved 
into a steady direct current with an 
alternating current superimposed. 

Fig, 4 
Evacuated glass vessel containing an 
anode, a control electrode and an 
emitting cathode. A resistance is inter¬ 
posed in the anode circuit. Between 
the control electrode and the cathode 
there is a resistance Rg, a source 
of negative grid bias voltage and a 
source of ^temating voltage Via. 

ponent is less than the direct-current component, the anode current 

will never fall to zero, but will vary similarly to the grid alternating 

eormit. As a rule the power (L*—^ X RJ in the anode circuit will be 
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BASIC PRINCIPLES OF THE ACTION OF A RADIO VALVE CH. I 

V * 
greater than the power supplied to the grid circuit. In other 

Rg 
words, power amplification has been obtained, and the power gain is 
equal to the anode power output divided by the grid power input, 

both terms being derived from the respective alternating currents and 

voltages present. 

4. Negative Grid Bias for Amplifying Valves 

V- ^ 
It was assumed in Section 3 above that power equal to was re- 

Rg 
quired to control the anode current by means of an alternating voltage 

applied to the grid. This is true only 
when the voltage at the grid is negative 

with respect to the cathode. If the 

control grid were to become positive 
during part of the grid-alternating- 

voltage cycle, the grid would function 
as an anode during this part of the 

cycle and current (grid current) would 

flow from the cathode to the grid, as 

indicated in Fig. 5. 
In order to supply this current con¬ 

siderably more power is needed as a 

rule than that represented by the grid 
V 2 

power mentioned above, and as 

a result the power amplification is considerably reduced. To avoid 
grid current, a negative direct voltage (negative grid bias) is applied 

to the grid as shown in Fig. 4. The negative grid bias is of such a 

value that when the alternating grid voltage is superimposed on it 
the resulting voltage can never become positive with respect to the 

cathode. 

If the control electrode is positive 
it will also draw current. Grid current 
then flows between grid and cathode. 
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CHAPTER II 

Physical Conceptions of Electrons and Electric Currents 

5. Electrons 

Investigation of the phenomena of electric conduction in liquids 

(electrolysis) and in rarefied gases indicates that an electric charge may 

be composed of a number of minute elemental charges of a definite 
magnitude. The existence of these elemental charges is revealed in 

the cathode rays as negatively charged particles called electrons, each 
carrying a charge of e = 4.8 x 10"^® electrostatic units, equivalent to 
1.60 X 10"^® coulombs (practical and nks units) or 1.60 x 10“®® 

electromagnetic units. 

The cathode ray is, in fact, simply a stream of electrons travelling at 
great velocity from the cathode to the anode in a valve. They can be 

rendered visible by causing them to impinge upon one of a series of 
substances, such as zinc silicate, which possess the property of emitting 

light when bombarded with electrons travelling at high velocity. The 

cathode-ray tube, used for television reproduction and also in many 
modern measuring devices (cathode-ray oscillographs), operates on this 

principle. 

By means of such a tube it has been possible to examine the deflection 

of an electron beam in a magnetic field, and from the extent of the 
deflection to calculate not only the velocity of the electrons but also 

0 
the relation-between the charge and the mass of an electron. This 

nie 

relation amounts to 5.27 x 10^^ electrostatic units per gramme, or 

1.76 X 10® coulombs per gramme and in mks units (rationalised 

(xiorgi system) ^) 1.76 x 10^^ coulombs per kilogramme, from which, by 

substituting the value (e = 1.60 x 10”^® coulombs) given above, the 

mass of an electron is shown to be 9.1 x 10"*® grammes (9.1 x 10“*^ 

kilogrammes), or approximately 1840 times lighter than the lightest 

chemical atom—^the atom of hydrogen. 

6, Structure of the Atom 

All matter is composed of atoms. Modern theory visualises an atom 

as an aggregation of smaller components, namely an atom nucleus in 
which is ccmcentrated the major part of the mass of the atom, and a 

number of electrons. The atom nucleus carries a positive charge which 

See Appendix IA2. 
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PHYSICAL CONCEPTIONS CH. II 

is a multiple of the elemental or electron charge e, and the number of 

electrons attached to each atom is such that their combined charges 

just neutralise the positive charge of the nucleus, so that the charge of 

a normal atom is zero. 
An atom is pictured with the positive nucleus at the centre with the 

electrons revolving around it at high velocity, much as the planets 

in the solar system revolve around the sun. The orbits on paths of the 

electrons are arranged in groupings known as shells; in the heaviest 

atoms there are seven such shells. 

If one or more electrons are removed from the outermost shell of an 

atom, the atom is left with a deficit of negative charge—in other words 

with a surplus of positive charge. It is then termed a positive ion. 

Generally speaking, energy has to be expended in order to remove an 

electron from an atom because, among other things, it is necessary to 

overcome the electrostatic attraction between the negative electron 

and the positively charged remainder of the atom. This energy is termed 

the ionisation energy* 

There are also negative ions, which are formed when an extra electron 

is added to a neutral atom. 

Under certain conditions two or more atoms or ions can combine to 

form a molecule. Thus, the gases hydrogen, oxygen and nitrogen 

consist of molecules Hg, Og and Ng, each composed of two identical 

atoms. An example of an ionic moleeule is the vapour of household 

salt (sodium chloride, NaCl), which is formed by the union of a posi¬ 

tive sodium ion (natrion), Na"^, with a negative chlorion, Cl”. 

©®.®©©0©© 
*. * . • *. I . • ®* <351 ^ ^ 

w U/ w w w w w 

• I*.*. 
^ * <35k l35t ^ w w, w w , w w w 

*• 
© * 0 *®‘ *® • © ’ ® * © 
•••• • •••*«• 
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• <35k *^35i <2^ ^ i35k <4/ <1/ ^ 'I/ \X7 
•••• 

vP 'X' U/ vj? M/ 
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Fig, 6 
Diagrammatic representation of 
the ion grid of tungsten metaJ. 
The circles with the positive sign 
represent metal ions. The 
represent the negative electrons of 
tlM electron gas (two electrons 
per Ion). 

7. Stnieture of Solid Matter 

Some solids can be pictured as aggre¬ 

gations of uniformly arranged molecules. 

In many cases, however, particularly with 

metals and certain simple compounds 

including metallic salts and oxides, the 

atoms themselves and not the m<decules 

constitute the structural elements, and 

these, too, are not in the neutral state 

but are ionized. In metals such as tungsten, 

for instance, the atoms are positive ions 

arranged in a regular patt»n(theiini grid), 
with “free” negative electrcms existiaK in 

the spaces between the ions. Fig. 6 is a 

pictorial representation ot the metal 
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8. HOW AN ELECTRIC CURRENT ORIGINATES 

tungsten, the dots representing the “free” electrons, which are able 

to move about in the metal—they are often referred to as an electron 
gas, contained between the ions of the metal. 

8. How an Electric Current Originates; Electric Resistance 

The free electrons in a metal can be set in motion under the influence 

of an electric field. This is the phenomenon which is known as an electric 

current. 

The electrons, being negatively charged, move towards the positive 

pole of the voltage source producing the electric field. This direction is 

the reverse of that which is conventionally termed the positive direction 

of the electric current. In order to avoid confusion, therefore, the con¬ 

ventional positive direction will be termed positive throughout the 

remainder of this book, and it must be remembered that this is the 

reverse of the direction of the electron flow as described in Chapter I. 

Electric resistance is the result of the obstruction of the electron 

movement by the positive ions, whereby kinetic energy, imparted to 

the electrons by the electric field, is transferred to the ions, which, in 

consequence, increases the thermal movement of the ion grid. This 

explains the heating of an electric conductor during the passage of an 

electric current. 

Just as the “free” electrons in a metal move through the spaces between 

the ions under the influence of an electric field, so, in the presence of 

an electric field, any electrons existing in a vacuous space will move in 

a direction opposed to that of the field force lines, i.e. from the nega¬ 

tive pole or cathode to the positive pole or anode; and this is the principle 

underlying the flow of electric current in a radio valve. 
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CHAPTER III 

Behaviour of Electrons in Electrostatic and Magnetic Fields; the 
Space Charge 

A radio valve contains, among other elements, a cathode, which when 
heated emits electrons. If the temperature of the cathode is sufficiently 

high a number of electrons leave the cathode material and arrive within 

the vacuous space in the valve. The nature of electron emission is 

discussed in the following chapter; it is first of all desirable to consider 
the behaviour of electrons under the influence of electrostatic or 

magnetic fields. 

9. Electrons in an Electrostatic Field 

Fig. 7 represents two plates mounted parallel to and at a distance d 

from each other in a vacuum. If a voltage V is applied between the 

plates an electric field is set up, the 
lines of force being parallel to each other 

except at the boundary regions of the 

plates. The field strength F at any point 

in that part of the field where the lines 
V 

are parallel is equal to 

If an electron carrying charge —e is 

present at some point in the field, it will 

be subjected to an electrostatic attraction 

by the positive electrode. The attraction 

is determined by the field strength F at 
the point at which the electron is located. 

The attractive force f is represented in 

Fig. 7 by an arrow, which represents the direction of the attraction, 
and is equal to: 

f = e X F .... dynes, (1) 

where e and F are expressed in electrostatic units, or: 

f = e X F X 10^. •.. dynes, (2) 

where e = 1.60 x 10“coulombs and F is expressed in volts/cm, or: 

f = e X F .. •. newtons, (2a) 

where e = 1.60 x 10“^® coulombs, F is expressed in volts/metre and 

one newton — 10® dynes (Giorgi or mks units). 

rBeetPon r 

HI HI 

Fig, 7 
A free electron between two 
parallel plates mounted in a 
vacuum. A voltage V existing 
between the plates produces an 
electrostatic field, the lines of 
force of which are parallel. 
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9. ELECTRONS IN AN ELECTROSTATIC FIELD 

The effect of the attractive force upon the electron is to accelerate the 

electron in the direction of the force. Because force is equal to the 
product of mass and acceleration, the electron will be subjected to an 
acceleration of; 

e -F 
g =-m/sec*, (8) 

nie 

where = mass of the electron, and m^, e and F are expressed in 
mks units. 

If the electron was originally at rest at the negative plate and travels 

across a potential difference V, it will have attained a kinetic energy 

equal to i m^v^, where v is the velocity of the electron in m/sec. This 
kinetic energy is equal to the work (eV) done by the field on the electron. 
The two may thus be equated: 

whence: 

4 m,. V* = e . V. (4) 

1 / e 
V = 1/ 2 V .,.. m/sec 

V 
(5) 

when e, V and m^ are again expressed in mks units, 
e 

As- =1.76 X 10^1 coulombs/kg, the final velocity of the electron 

after travelling across a potential difference V is: 

V = 5.98 X 10* X \/V • • • • m/sec. (6) 

Thus, if the potential difference between the cathode and anode is 

200 volts, the final velocity of an electron will be 8.4 X 10® m/sec, or 

roughly 5,200 miles per second. If the electron had traversed a voltage 

difference of 1 volt only, its final velocity would be 598 km/sec, which 

is equivalent to a kinetic energy of: 

J m^v® = 1.60 X 10-^® .... joule. 

This quantity of energy is termed an electron 

volt (eV), and the term is often employed 

as a unit even in cases where no movement 
of electrically charged particles in an elec¬ 

trostatic field are involved. 
If there is a small opening in the positive 

electrode, permitting the electron to pass 

through to a region where no electric field 
exists, the electron, no longer influenced by 

a field, will continue to travel at uniform 

velocity in a straight line, its speed being 

determined by the difference of potential 

ABC 

Bftetroa 

+\ 
L 

-IjIiL— 

V 

Fig. 8 
An electron projected through 
an opening in the positive 
electr^e B, and entering a 
field-free space, moves at uni¬ 
form velocity. 
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BEHAVIOUR OF ELECTRONS CH. Ill 

between the negative and positive plates. This arrangement is illustrated 

in Fig. 8, where A is the negative plate, B the positive plate with 
aperture, and C a third plate located behind B and maintained at the 
same positive potential, so that no field of electrostatic force exists 

between B and C. 
As such an arrangement of plates “shoots” the electron through the 

aperture it is sometimes termed an eleetron gun. 

If an electron which has been projected by an electron gun arrives in 
a space where, instead of no electric field, there exists an electrostatic 
field of which the lines of force are at right angles to the direction of 

motion of the electroh, as shown in Fig. 9, the electron will again be 
accelerated, but this time in the direction of the positive plate of the 

When an electron, originally travelling in a straight line, enters a 
transverse field (i.e. a field at right angles to the original direction 
of travel) the electron is deflected and it leaves the field in a new 
direction. 

new field. As a result, the electron path becomes parabolic, in the same 

way that a projectile which has been fired horizontally describes a 
parabolic trajectory due to the attraction of the earth. The electron 

thus leaves the deflecting field with a new direction of travel. The 
electrostatic deflection of the beam in cathode-ray tubes is based upon 
this principle. 

The amount of the deflection a (see Fig. 9) at a distance L from the 
deflecting plates can be easily calculated and is approximately equal to: 

a = i X (7) 

It will thus be seen that the amount of the deflection depends upon 
the voltage Vj, on the distances L, 1 ^d d, and upon the deflecting 
voltage Vj. 
It is once more emphasized that the deflection of dectrons in an 
electrostatic f idd is in a direction opposed to that df the lines oS force. 
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10. ELECTRONS IN A MAGNETIC FIELb 

In amplifying valves conditions are not usually 

so simple, and the field distribution is so 
complex that exact calculation of the electron 

paths is difficult. Special apparatus has, how¬ 

ever, been devised by means of which it is 
possible to determine the paths followed by 
the electrons in the valve ^). 

10. Electrons in a Magnetic Field 

An electron in motion can be considered as an 

electric current. A current of 1 A flows in a 
wire if 6.25 X 10^® electrons per second pass 
each cross-section of the conductor in the 

direction of the positive pole. 

An electron moving through the vacuous space 
in a valve also constitutes an electric current, 

albeit a very small one. If the electron moves 

through a magnetic field a force is exerted on it in the same way that 
a force acts on a current-carrying conductor in a magnetic field. This 

force is at right angles to the direction of travel of the electron and 

to the direction of the field. 
The force f exerted on an electron travelling with a velocity v in a 
magnetic field of flux density B, the direction of which is at right angles 

to the direction of travel of the electron, is given by the formula: 

Fig. 10 
The force f acting upon an 
electron moving in a mag¬ 
netic field is at right angles 
both to V and to B, and 
is in a direction away from 
the reader. 

f = B . e • V .,.. newtons, (8) 

where v, e and B are expressed in mks units. 
This continuously acting deflecting force causes the electron to change 

its direction of travel continuously and to follow a circular path. This 
path cannot be shown in Fig. 10 as it is directed away from the reader. 

Its radius can be calculated, since the centripetal force must be equal 

to the (magnetic) force f: 

whence: 

me X V® 

r 
= B . e • V, 

where v, e, m^ and B are expressed in mks units. 

(9) 

(10) 

*) See FbiI4« Teohnical Review: 2 (1B87) p. 888; 4 (1M«) p. 288; mmI 5 (IMO) p. 181. 
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BEHAVIOUR OF ELECTRONS CH. Ill 

As an example, if the kinetic ener¬ 

gy of an electron is equivalent to 

100 e V, or 1.6 X 10”“^’ watt-seconds 
(joules), when it enters a magnetic 

field the lines of force of which are 

at right angles to the direction of 
travel of the electron, and the field 
strength is 100 gauss or Vsec/m^ 
the radius of the path followed by 

the electron will be: 

9.1 X 10-91 X 5.98 X 10* X 

1.60 X 1^1* X 10-9 

= 0.0034 metre or 0.34 cm approxi- 

Fig. 11 
Diagram of potential distribution 
in the space between the cathode 
and the anode of a valve having 
two parallel flat electrodes (two- 
electrode valve or diode). 

matcly. 

If, on the other hand, the initial direction of travel of the electron were 

parallel to the magnetic field instead of across it, it would not be 
deflected at all. If, however, the electron enters the magnetic field at 

an angle to the direction of the lines of force, it will follow a helical 

path, the component of the velocity nor¬ 
mal to the lines of force providing the 
circular component of the helix and the 

component parallel to the lines of force 

providing the axial component of the helix. 
Even very weak magnetic fields are suf¬ 

ficient to produce considerable deflection 
of the electron path, so that the sensi¬ 

tivity to magnetic influence is very great. 

Fig. 12 
Di^am of potential distribution 
over a cross-section between two 
grid wires in a valve having a 
negatively charged grid. 

11. Potential Diagrams 

Electrostatic fields and their distribution 
play a predominant part in radio valve 
technique, in addition to which inter¬ 

ference is often caused by external 
magnetic and electric fields. It is there¬ 

fore very necessary to form a correct pic¬ 

ture of the electrostatic distribution of 
potential. 

Fig. 11 represents a flat cathode and an 

anode mounted parallel to it at a dis- 
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11, POTENTIAL DIAGRAMS 

tance a. The cathode is at a low potential 

Pi and the anode at a high potential Pg; 

the voltage difference between them is 

therefore V = Pg — Pi- 
In Fig. 11 distances from the cathode are 
plotted horizontally on the x-axis and 

potential differences are plotted vertically 
on the y-axis. In the diagram the potential 
of the cathode is assumed to be zero in 

I conformity with the usual convention in 

which all voltages in a valve are referred 

i to the cathode as zero. The potential of 

^he anode is_thus_ e.qi4ar to 
Bec^se the potential at points between 
the cathode and anode increases linearly 

with the distance from the cathode, the 

sloping line from the cathode to the 
anode represents graphically the increasing 

potential as a function of the distance 

from the cathode. Therefore the field 

strength F in the space between the 
V 

cathode, which, by definition is—, is 
a 

equal to the tangent of the angle a 
between the potential line and the ho¬ 
rizontal axis. If an electron is present in 

the space between the anode and the 

cathode, a force f will be exerted upon 

its negative charge in a direction opposed 
to the field strength, i.e. towards the 

anode. 

Control of the electron current from the 

cathode to the anode can be exercised by 
a grid consisting, for example, of parallel 

inter-connected wires of small diameter, 
represented in cross-section in Fig. 12. 

The potential difference between a grid 
wire and the cathode is equal to Pg — P^ 

= Vg, the grid bias, and the potential 

difference between the anode and a grid 
wire is P, -P, = V. -V, = V. + |V,|. 

Fig. 13 
Diagram of potential distribution 
over a cross-section intersecting a 
grid wire in a valve having a 
negatively-charged grid. 

Fig, 14 
Diagram of potential distribution 
in a three-electrode valve when 
a very large negative bias is applied 
to the grid. 
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If Vg is negative with respect to 

the cathode, it would be expected 

that the potential curve would 
be of the shape shown by the 

dotted line in Fig. 12. In practice 
this is not the case because the 
potential in the space between the 

grid wires is greater than Po, due 
to the penetration of the anode- 

cathode field. The potential dis¬ 

tribution is therefore of the form 
indicated by the full line in Fig. 12. 
This curve, however, only holds 

for the potential distribution in a 
plane midway between two grid wires. In a plane which intersects a 

negative grid wire the potential distribution is approximately of the 

form indicated in Fig. 13. 
The field strength at any point within a valve is indicated by the slope 

of the potential curve at that point. Fig. If is thie^otential curve in a 

valve where the negative voltage at the grid with respect to the cathode 
is high, and for a plane midway between two grid wires, and it is 

seen that in the region between the cathode and the grid the potential 

line runs below the x-axis, and the angle a is therefore negative. This 

means that in this region the field strength is in the direction of the 
anode, and an^^electron present in this region will travel towards the 

cafhbde instead of towards the anode—in other words, the negative 
grid bias blocks the path of the electrons through the grid. In these 

circumstances no electron current can flow to the anode. This state¬ 
ment is not strictly true for small negative values of the angle a, as 
explained in Chapter IV, Sections 16 and 17. 

The tangent of the angle a between the potential curve and the hori¬ 

zontal axis at the surface of the cathode is a measure of the field 
strength F^ acting at the cathode surface (see Fig. 15), and this field 
strength determines the force acting in the direction of the anode and 

exerted on an electron leaving the cathode. 

The average field strength at the cathode surface of a valve having 
three electrodes, one of which is a control grid, is given by the f<Rinula; 

Ftg, 15 
The tangent of the angle a between the 
potential curve and the x-axis at the 
surface of the cathode is a measure of 
the field strength at the cathode and 
of the force f acting upon the electron. 

(U) 
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12. THE SPACE CHARGE 

where /a is a. factor called the amplification 
factor and depends upon the dimensions 
of the valve (distances between anode 

and cathode and between grid and 
cathode; diameter of grid wires; and 
number of grid wires per centimetre of 
grid length) and d is the distance between 

grid and cathode. 
The magnitude of p is usually only a 

little less than unity. The voltage 

p ^j may be considered as the 

voltage between the anode and the ca¬ 

thode of an imaginary valve having two 

electrodes spaced at a distance d and 
producing the same field strength at 

the cathode surface as the three-electrode 

Catfiode Anode 

Fig. 16 
The cathode is surrounded by 
a cloud of electrons (elemental 
negative charges), called the space 
charge. 

valve with control grid mentioned above. 

For the sake of simplicity this section has dealt only with valves having 
flat electrodes, and it must be mentioned that most modern valves do 

not possess flat electrodes but concentrically mounted electrodes. 

12. The Space Charge 

Section 11 above deals with the conditions in the region between the 

cathode and the anode when no electrons or only a small number of 
electrons are present in this space. 
If, however, the cathode emits a large number of electrons the con¬ 
ditions have to be reviewed. 

Considering first the case of a two-electrode valve, the cathode of which 
emits a large number of electrons into the vacuous space surrounding 
the cathode, it has already been shown that, under the influence of 

the field existing at the cathode due to a positive anode voltage, the 
electrons will move in the direction of the anode. 
At first sight it would be expected that in these circumstances all the 

electrons leaving the cathode would reach the anode and, further, it 

is reasonable to expect that if a negative voltage is applied to the anode' 
the electron current will be entirely blocked. 
In practice however, the potential distribution is quite different from 
that based only on the geometry of the electrodes and the voltages at 

the electrodes. The reason is that the electrons leaving the cathode 

eonstitute a negatively charged cloud in the space between the cathode 

17 
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Fig. 17 
Potential (vertical axis) as a function 
of the distance from the cathode 
(horizontal axis) for a valve with two 
parallel flat electrodes. 
Full line —with space charge present. 
Broken line —no space charge present. 

and the anode. As indicated in Fig. 16, 
this cloud of electrons is very dense in 

the neighbourhood of the cathode. It 
has a very considerable influence on 

the electron current. 

The charge of the electron cloud, He 
space charge, is negative because the 

individual electrons are negatively 

charged, and this results in some of 
the electrons being forced back to the 

cathode, since the negative space charge 

repels the negatively charged electrons 

leaving the cathode. This action limits 
Jthe electron current to the anode. 

The anode current thus has a definite 
value for every value of anode voltage, and is equal to that current 

which maintains a negative space charge exactly neutralising the 

field produced at the cathode by the positive anode voltage. This 

statement is not strictly true because, as explained in Chapter IV, the 

majority of the electrons do not leave the cathode with zero velocity. 

If the anode voltage is increased the velocity of the electrons in the 
electron cloud increases, and a greater number of electrons are able to 

leave the cathode. As a result the anode current also increases, and 

at the same time the density of the electrons (i.e. the space charge) 
also becomes greater. 

In the neighbourhood of the cathode the velocity of the electrons is 

small, but it increases very rapidly as the electrons approach the 

anode. Electric-current density is simply the amount of charge which 

is displaced in unit time through a given cross-section. If it is assumed 
that the current in the valve for a constant cross-section is the same 

at all points, it is clear that the density of the charge at any point will 

be greater if the charge moves sloifrly than it would be if the charge 

moves quickly. For this reason the density of the space charge is high 

in the neighbourhood of the cathodes Bnd decreases with the increasing 
velocity of the electrons as the anode is approached. 

As the result of the space charge, the potential curve between the anode 

and the cathode is not a straight line but curved. This is represented 

in Fig. 17, where the negative space charge causes the potential at a 
distance a from the cathode to be lower (on the full line) than it would 
be if there were no space charge (broken line). 

Because both the full and the broken lines in Fig. 17 must terminate 
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at the same point at the anode, the potential distribution under 

negative-space-charge conditions will be represented by a line bent 

downwards. The shape of the curve is determined by the space-charge 

distribution between the cathode and the anode, and the curvature 

of the potential line at any point on the graph is a measure of the 

space-charge density at that point, this density being expressible in 
coulombs per cubic metre. 

Now, let it be assumed that the cathode is capable of emitting an 

unlimited number of electrons. A given anode voltage will result in 

the formation of a negative space charge between the cathode and 

anode and the potential distribution will be bent downwards. If the 

angle (see Fig. 17), the tangent of which is a measure of the field 

strength at the surface of the cathode, is positive, the number of 

electrons leaving the cathode will increase — always provided that the 

cathode is able to emit an unlimited number of electrons. As a result 

the density of the space charge will increase imtil the angle becomes 

gero, and it is only when this occurs that a stiTte of equilibrium is 

attained, resulting in a definite density of the space charge and a 

definite value of the anode current depending upon it. This means that 

for a given area and spacing of the electrodes there is for every value 

of anode voltage a definite value of the electron current, determined 

by the space charge. This current is said to be space-charge limited. 

At the state of equilibrium the potential curve has a characteristic 

shape; once the dimensions of the electrodes and their spacing have 

been fixed7 the characteristic shape of the curve is the same for any 

ftnqde voltage; if the voltage is altered only the voltage scale of the 

diagram is affected. This means that the density of the space charge 

is proportional to the anode voltage. As, however, the velocity of the 

electrons also changes with change of anode voltage, and this change 

is proportional to the square root of the voltage [see Equation (5)], 

the current will be proportional both to the voltage and to the square 

root of the voltage, and hence proportional to the ®/2 power of the 

voltage. A current which is limited by the space charge is expressed by: 

I = k.V*/i, (12) 

where k is a factor depending upon the dimensions of the valve. 

For two flat parallel electrodes 

V 2 1 / e S ^ ^ 

81 • 10* • 3* f me d* * 
•(A/VA), (18) 

where d is the distance in metres between the electrodes, 

S is the area of the electrodes in square metres. 
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Substituting the numerical value of 76 • 10*1 and intro¬ 

ducing the value of k thus obtained in Equation (12) we obtain; 

I = 2.88 • lO-*-^- V’/f-(A). (14) 

For a valve with a control grid as shown in Fig. 12 the anode current is; 

, = .[p(v. + ^)f = .[y. + ^f, a„ 

where Vg == control-grid voltage, 

Va = anode voltage, 
k' is a factor depending upon the dimensions of the valve 

and fx is the ‘‘amplification factor” of the valve. 

Thus, in a three-electrode valve the space-charge-limited anode current 

is proportional to the power of the potential j^Vg -f The po¬ 

tential p ^Vg + — j is the mean potential in the plane of the control 

grid, and will be referred to as the effective potential of the valve. 

Equation (15) indicates that the anode current limited by space charge 
depends upon the value of the grid bias Vg. In normal valves even a 

small variation of the voltage on the grid causes a relatively large change 
in the anode current. It is upon this fact that the control action of the 

grid is based. 



CHAPTER IV 

Electron Emission 

In order that an electron current can flow through an evacuated 

valve it is necessary that the valve contains a surface of metal or of 

some other material which will give off “free” electrons. Such a surface 

has already been referred to as a cathode. The release of free electrons 

from a surface is called electron emission. 

Electrons may be made to leave the surface of a metal or other suitable 

material in any of the following ways: 

1. By heating a metal or a metal coated with a suitable material to 

a high temperature ccaresponding to red to yellow-white heat. This 

is known as thermal emission. 

2. By the action of light rays upon the surface, known as the photo- 

electrie effect. 

3. By bombarding the surface with electrons—secondary emission. 

4. Hy bombarding the surface with positive ions. 

5. By applying an extremely high field strength, of the order of ten 

million V/cm, to the surface—cold emission. 

Of these only (1), thermal emission, and (8), secondary emission, fall 

within the scope of this book. 

13. Electrons *‘Bound” within the Metal 

The electrons of the “electron gas” move about within the metal at 

widely varying but usually very high velocities. Notwithstanding their 

high velocities, however, the electrons are not able to leave the metal 

at ordinary room temperature. Even when they are not bound to 

specific atom nuclei the electrons are attracted by the positive ions 

in whose vicinity they happen to be at the moment. 

Inside the metal an electron is in the electrostatic field produced by 

the positive ions and by all the other electrons, (renerally speaking, 

the forces created in this manner and acting upon an individual electron 

neutralise each other within the metal, since the electron is surrounded 

on all sides by approximately equal numbers of ions and electrons. 

This, however, is no longer the case when an electron is at, or has 

penetrated, the surface of the metal, for the attractive forces exerted by 

the ions upon the electron are then not entirely neutralized by the 

remaining electrons and therefore tend to draw the electron back 

into the metal. 
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Those electrons having the highest velocities will occasionally penetrate 

the surface layer of ions and remain outside the metal for a short time, 

that is, until their velocity has been checked by the attractive force of the 

ions forming the surface layer, and the electrons return to the metaL 

During the time that they are outside the metal the electrons form 

part of the negatively charged cloud consisting of all the electrons 

which have similarly escaped from the metal. The negative charge 

existing at any instant outside the metal has thus been drawn from 

the outer layers of the metal surface, leaving a positive charge on these 

layers. There is thus formed the so-called “double layer” consisting 

of the surface of the metal and the negative electron cloud at the 

surface, and in the double layer there exists a potential gradient. 

In order that a stationary electron can be released from the metal, 

a definite quantity of energy, E^, must be imparted to it to enable 

it to pass through the double layer. 

14. Velocity or Energy Distribution of the Electrons, and the Work 

Function 

The free electrons move through the ion grid within the metal. In 

the course of its movement through the space between the ions the 

velocity of a particular electron will not remain constant because the 

electron will be accelerated and retarded and will undergo changes of 

direction. At a given instant, therefore, all the free electrons will be 

moving in different directions at different velocities, and they will 

have, therefore, different kinetic energies. 

At a temperature of 0 °K the most rapid electrons will possess a kinetic 

energy Eq, and to enable them to leave the metal additional energy 

equal to at least E^ — Eq must be supplied. This additional energy is 

termed the work function and is somewhat analogous to the ionization 

energy of an atom: the work function is usually expressed in electron 

volts (eV, see Chapter III, Section 9), and is represented by the symbol tp. 
The work function for metals with densely arranged ions is greater than 

for metals with wider spacing between the ions. For tungsten, for 

example, it is 4.54 eV, for caesium 1.96 eV, and for barium 2.70 eV. 

The magnitude tp is sometimes called the work potential. 

15. Electron Emission and Saturation Currmt 

At a temperature T a certain number of electrons in the metal will 

possess a kinetic en^^ greater than Eq, and some of these may have 

sufEicient kinetic energy to perform the quantity of work and thus 

be able to leave the metal. 



15. ELECTRON EMISSION AND SATURATION CURRENT 

The energy distribution of the electrons can be determined statistic¬ 

ally, and from this can be calculated the number of electrons which 
will leave'the metal per second. The formula is: 

_4 7remek* 

hi-^ ^ 
(A/m*), 

where: 

nie = mass of an electron = 9.1x10“®^ kg, 

k = Boltzmann’s constant = 1.38x10""®* joules per °K, 
h = Planck’s constant = 6.6x10”*^ joules sec, 

T = absolute temperature in °K, 

e == base of natural logarithms = 2.72 . ..., 
e = charge of one electron in coulombs and 

q) = the work function in volts. 
4i ^ e m k^ 

Substituting for -— amperes per m® per °K® in (16): 

e 

I, = AoT®£' 

The theoretical value of A® for all metals is 120.4 

The current Ig is termed the saturation current. It means that, at a 

given temperature, only that number of electrons can leave the surface 
of the metal per second which repre¬ 

sents the value of the saturation current 

as calculated from Formula (17), which 

gives the relation between temperature 

and saturation current. 

In order to measure the saturation 

current the valve must contain a 

positive anode to collect the electrons 

emitted by the cathode, and the posi- 

>tive voltageat the anode must be so 

^great that no space 

In other words, the potential difference 

between the anode and cathode must 
be such that the saturation current 

as measured does not increase if the 

potential difference is increased. 

Curves can be plotted showing the 
current passing through a two-electrode 

valve IW5 a function of the voltage 
at varkma values of the cathode tern- 

Fig. 18 
Ct^es showing the relation hetweeii 
the current through the valve and 
the voltage between anode and cathode 
at various cathode temperatures T. 
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perature T. Such a series of curves is reproduced in Fig. 18. At a 
cathode temperature Tj and with increasing anode voltage, the 
current first increases as the */2 power of the voltage in accordance 
with the law of space-charge-limited current. At a certain value of the 
anode voltage, however, the curve becomes horizontal, that is to say 
the current remains practically constant for a further increase in anode 
voltage, and this constant value is the value of the saturation current 
Ig at temperature Tj. At lower temperatures, Tg, T3 etc., the value of 
the saturation current is smaller. 

16. Influence of Electron Emission upon the Potential Diagram 

When discussing potential diagrams in Chapter III it was assumed 
that the cathode was capable of emitting a large number of electrons 
and that these electrons had no initial velocity. 
The known velocity distribution of electrons in metals shows, however, 
that if the cathode temperature is sufficiently high the electrons after 
leaving the cathode will have a residual velocity. When the saturation 
current of the cathode at a given temperature is greater than the 
space-charge-limited current for the prevailing voltage difference 
between anode and cathode it is because, in consequence of their 
initial velocity, more electrons are able to enter the space between 
cathode and anode than those corresponding to the normal space- 
charge-limited current. The potential as a function of the distance 
from the cathode must therefore be lower than the values corres¬ 
ponding to the potential distribution for space-charge-limited current 

(when the electrons possess no initial 
velocity). 
The broken line in Fig. 19 shows 
the potential distribution when the 
electrons have no initial velocity, and 
it will be observed that the curve 
starts in a horizontal direction from 
the cathode. It is clear, therefore, 
that when the space charge becomes 
denser as the result of the initial 
velocity of the electrons, the poten¬ 
tial in the vicinity of the cathode 
must become negative, and the po¬ 
tential-distribution curve will be of 
the form shown in full line in Fig. 19. 
It will be seen from this curve that at 

gram when electrons have no initial 
velocity. 
Full line: Potential-distribution diagram 
for a given cathode temperature when 
electrons have initial velocity. At a 
distance du fiK>m the cathode a potential 
minimum Vm occurs. 
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17. THE POTENTIAL-BARRIER CURRENT 

a distance dj^ from the cathode the potential reaches a minimum value 
This value is known as Epstein’s minimum. 

All the electrons emitted are thus subjected to a negative potential 

gradient V^j, and the field between the potential minimum and the 

cathode tends to force the electrons back to the cathode. Only those 

electrons will reach the anode which (a) have overcome the “binding” 

forces of the metal and (b) possess sufficient kinetic energy, corres¬ 

ponding to their velocity components perpendicular to the surface of 

the cathode, to overcome the potential minimum. 

A state of equilibrium will be reached when the potential minimum, 

which is dependent upon the geometry of the valve and upon the 

anode voltage, reaches a value at which all surplus electrons are 

forced back to the cathode. 

17. The Potential-barrier Current 

It will now be obvious that, due to the initial velocity of the electrons, 

some electron current must flow even when the potential of the anode 

is zero or slightly negative with 

respect to the cathode. If the anode 

potential were zero aU the electrons 

emitted would reach the anode were 

it not for the space charge, and the 

value of the electron current would 

be the same as the saturation cur¬ 

rent at the prevailing cathode tem¬ 

perature. However, because the 

cloud of electrons emitted sets up 

a space charge, a potential minimum 

is formed. 

If, in Fig. 19, the anode voltage is 

reduced, first to zero and then to 

a negative value, as shown in Fig. 20, 

it is found that with increasing 

negative anode voltage the value 

of the potential minimum also 

increases, and its distance from 

the cathode is increased. This is 

seen by comparing the dot-and- 

dash curve with the full curve in 

Fig. 20. With further reduction of 

the anode voltage a condition is 

Fig, 20 
Full line: Potential distribution in the 
space between cathode and anode when 
the anode voltage is zero. 
Broken line: Potential distribution when 
the anode voltage has a negative value 
such that the potential minimum occurs 
at the anode. 
Dot-dash line: Potential distribution 
when the anode voltage has a less 
negative value than that corresponding 
to the broken line. 
Small circles: Potential distribution 
when the anode voltage has a more 
negative value than that corresponding 
to the broken line. 
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reached at which the potential minimum occurs at the anode, that 

is to say == V^. This is shown in the broken-line curve in Fig. 20, 

when V^3 == V^a. (In Fig. 19 the potential minimum would have occurred 

at the anode if the anode were at the position AA',) Under this condition 

the curvature of the potential-distribution graph is extremely small, 

indicating that the space charge is of very low density. 

At a still greater negative anode voltage the curvature and the density 

of the space charge have further diminished. 

The current obtaining with negative values of thus overcomes a 

rather considerable potential barrier. The current which flows when 

the absolute value of is equal to or greater than the value of the 

potential minimum Vm8 (located at the anode) will hereafter be referred 

to as the potential-barrier current. Where a potential-barrier current 

flows the space charge is practically non-existent. 

The formula expressing the potential-barrier current as a function 

of the anode voltage is: 

= (18) 

where I, is the saturation current in amperes per m^ at the prevailing 

absolute temperature T of the cathode, as in Equations (16) and (17), 

and e, and k are expressed in mks units. 

From the form of Equation (18) it is clear that the potential-barrier 

current can never become zero. It will, however, be very small when 

reaches a sufficiently high negative value. 

It can easily be established experimentally that an anode current 

Potential-barrier ourrent and saturation 
current, both plotted to a logarithmic scale, 
as function of the anode voltage plotted to 
a linear scale. If the straight line portions 
of the curves are extended through the 
transitional region, as in the broken lines, 
they must intersect on the vertical axis^ 

flows in a two-electrode valve 

when the anode voltage is slightly 

negative. Similarly it is possible 

to measure the current to the 

control grid of a multi-electrode 

valve when the control grid is 

at a small negative potential. 

It is thus clear that in a valve 

containing a control grid it is 

possible that a relatively large 

number of electrons may reach 

the grid during that portion of 

the grid-altemating-voltage cycle 
when the grid is only lightly 

negative, unless the direct nega¬ 

tive grid voltage ^grid bias) is 
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sufficiently great. As a result grid current will 

flow and will have a deleterious effect upon 

amplification. In order to avoid this the grid 

should never be allowed to become less than 1.3 V 

negative. In most valves the grid current at this 

voltage is less than 0.8 fiA. and this value is usually 

innocuous. 
®V^ ^r99 

"iTf Fi&» 22 
EiCiuation (IB), Ij^ = Ig f , can be plotted as when two metals, A 

a graph to show as a function of V„. It is having different 
, ^ ^ ^ 1 1 • . values of work function, 

usual to plot the potential-barrier current on a are brought into contact 

logarithmic scale and the voltage on a linear scale, (voinu 

giving a curve of the form shown in Fig. 21. difference is set up in 

The curve first rises in a straight line, but at outside the 

smaU negative values of the anode vollage it 2 ands)! Thi. 

turns over and becomes a horizontal line. Once potential difference is 
... , j equal to the difference 

the horizontal part has been reached the anode between the work func- 

current remains constant and is equal to the metals, 
. X/. .^1 1 • 1 . .. the metal with the lower 

saturation current. If the two straight portions work function beingposi- 

of the graph are extended, the extensions intersect '''‘*^** respect to the 

on the I,j-axis, that is to say at — 0. The fact work function, 

that the potential-barrier current when plotted 

on a logarithmic scale as a function of must be a straight line 

follows from Equation (18), for: 

Log I, = log I, -f (]|^log e) V» = Ki -f K,V,- (19) 

Ki = log Ig == a constant, 
e 

Kj = log 6 == a constant. 

Therefore log 1^ depends linearly upon V^- 
0 

The slope of the potential-barrier-current line is log c, and thus 

is inversely proportional to the cathode temperature. The extension 
of this line must cut the I, axis (where V, = 0) at I, = I,. 

18. The Confaet Potential between Metals (the Volta Effect) 

A. phenomenon which has an important bearing upon the behaviour 
of radio valves is the electric field existing between two electrodes 
as a result of the eonta^ potential or the so-called Volta effect. This 
potmtial difference is superimposed upon the externally applied po- 
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tentials (anode or grid voltages), and its magnitude depends upon 

the metals used and upon the nature of their surfaces. 

When two metals, A and B (see Fig. 22), are mutually contacted 

(theoretically before they actually come into contact, thus already 

when their surfaces are brought into close proximity) free electrons 

begin to pass from the metal with the smaller work function (p^ (e.g. 

the metal A in Fig. 22) to that with the larger work function (p^, (metal 

B). In this way the metal B receives a negative charge, whilst A loses 

negative charge and thus, as it were, receives a positive charge. These 

charges are distributed over the surfaces of the metals. If A and B are 

shaped as in Fig. 22, for instance forming a ring with an air gap, then 

mainly the surface 1 of A that is facing B has a positive charge and 

the surface 4 of B facing A has a negative charge. This gives rise to 

an electric field between point 2 just outside A and a point 8 just out¬ 

side B. The potential at 2 is positive compared with the potential at 8, 

while the potential difference between 2 and 8 equals the difference 

between the work functions and This phenomenon is called 

the Volta effect and the potential difference the contact potential 

(V^p). Hence: 
Vcp = — q>t. (20) 

We have purposely confined our statement to saying that a charge 

passes from A to B, and, in so far as mention was made of a potential 

difference, we only considered the potentials outside the metal. Nothing 

is said about the electrons inside the metal (see also Sections 15 and 

16), for it would lead us too far to go into that more closely. Suffice 

it to say that the condition inside the metal is such that an electron 

can pass through the plane between 5 and 6 without any opposition. 

In principle electrons can also pass from 1 to 4 without any gain 

or loss in energy, since the difference between the work functions 

is set off by the energy resulting from the Volta potential difference. 

At room temperature, however, this will not take place of its own 
accord. 

Upon the ring being closed, bringing 1 and 4 together, the external 

field disappears and the condition becomes like that at 5 and 6. An 

electron can then travel through the whole of the ring without any 

gain or loss of energy. Thus no current is generated in the ring, at 

least not so long as the temperature is uniform throughout. If there 

is a difference in temperature between the points of contact then, as 

is known, thermal currents arise. The potential differences arising in 

the vacuum of an electronic valve due to the presence of different 

metals like the potential difference between 2 and 8 ■— and the 
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electric fields resulting from those differences all influence the move¬ 

ment of electrons in the system of electrodes. 

The practical result of the Volta effect is that, in a two-electrode valve 

for example, a Volta potential is set up between the anode and the 

cathode, its value being equal to the difference between the work 

functions of the metals used for the anode and cathode. The metal 

of the connecting leads between the electrodes, and also to the source 

of the externally applied voltage (e.g. the battery), play no other role 

than that of charge-carrier. 

If the work function of the cathode metal is lower than that of the 

metal used for the anode or for the grid, the contact potential of the 

cathode will be positive with respect to the anode or to the grid of the 

valve. As the value of the contact potential is constant, this means 

that the anode-current-anode-voltage curve of a two-electrode valve, as 

represented in Fig. 21, will be displaced to the right. 

In a three-electrode valve both the grid voltage and the anode voltage 

will be affected by the contact potentials used for the grid and for 

the anode; the grid, if negative, becomes more negative and the anode, 

if positive, becomes less positive. 

Because the grid-cathode and anode-cathode Volta potentials for a 

given three-electrode valve are constant, they may be combined in 

a single term, V^p: ^ , 

Vcp=v/+:^, (21) 

where Vg' is the contact potential of the grid with respect to the cathode, 

Vg' is the contact potential of the anode with respect to the cathode, 

and fi is the amplification factor of the valve. 

Because n is always much greater than unity, the influence of the 

contact potential of the anode with respect to the cathode will be 

extremely small and, in fact, negligible, so that only the contact 

potential of the grid with respect to the cathode need be taken into 

account. 

19. £3ectroii-eiiiisdon Efficiency 

The formula already given for the saturation current indicates that 

the temperature of the cathode is an important factor in the electron 

emission, the emission increasing with increasing temperature. It is 

clearly desirable, therefore, to operate the cathode at the highest 

possible temperature. A high working temperature confers a further 

advantage, namely, that because a certain amount of power (in watts) 

is requir^ to heat the cathode (the actual method of hating need 
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not be discussed for the moment), the higher the temperature the 

greater the number of electrons emitted per watt of heating power. The 

. electron emission in milliamperes , . , . 
quotient--- is termed the electron* 

heating power in watts 

emission efficiency of the cathode. 
As the temperature rises this efficiency increases rapidly, due to the 

fact that the increase in electron emission at higher temperatures is 

much greater than that of the heat lost by the cathode by radiation 

and conduction. (The heating power must cater for the heat losses and 

can be put equal to the total energy given off in the form of heat.) 

The various metals and special materials which might be considered 

suitable for use as cathodes have widely differing maximum permissible 

working temperatures, so that it may happen that certain metals with 

a low work function, and, therefore, on the face of it desirable, have, 

by reason of low melting point and high rate of evaporation, a much 

lower electron-emission efficiency than other materials with a higher 

work function, and for this reason may be of no practical use at all. 

Moreover, the choice of cathode material must always be greatly 

influenced by the extent to which the material is amenable to pro¬ 

cessing, by its durability, and by other properties. 

20. Eleetron Emission from the Surface of a Pure Metal 

The rate of electron emission by a pure metal is shown, by the formula 

previously given, to be exponential. The alkali metals sodium, potas¬ 

sium, rubidium and caesium, although having the lowest work functions 

of all metals, are of no practical value as cathode material for thermal 

emission because their melting points are too low and their rates of 

evaporation too high. Caesium, for example, melts at 26 ^C, and at 

that temperature gives a saturation current Ig of approximately 
5 X 10-2^ A/m* 1), 

This value is far too low, as the cathode current in normal amplifying 

valves is of the order of some milliamperes and in output valves of the 

order of 20 to 100 milliamperes, while the area of the cathode is only 

a few square centimetres. Again, metals such as zirconium and platinum 

have melting points which preclude their consideration as cathode 

material. Only metals having a very high melting point, such as 

tungsten, tantalum and molybdenum, can be considered suitable. 

Among other factors of importance when selecting cathode material 
is the behaviour of the metal in the presence of traces of gas remaining 

Value computed from A, » 162 A/cm* and 9 » 1.87 V (aee Reimann: **Ttieniiioiiie 
EuiMoii” — John Wiley A Smis, Inc., New York. 1286, page 20). 
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in the valve. In spite of most careful pumping and other processes 

applied with the object of achieving a perfect vacuum, there is always 

a certain quantity of residual gas left in the valve, and other gases 

are subsequently released from the various component parts of the 

valve. These residual gases, which include oxygen, nitrogen, carbon 

dioxide, water vapour and so on, may react with the cathode material 

to form chemical compounds which so change the emitting surface as 

seriously to reduce its power to emit electrons. Oxygen, for instance, 

may form a thin layer of oxide on the cathode, in consequence of 

which electron emission is almost entirely prevented. These effects of 

residual gases are termed ^‘poisoning” of the cathode. 

The life of the cathode may be adversely affected by the presence of 

rare gases such as argon, helium and neon, and also by mercury vapour, 

even though these gases do not directly affect the electron emission. 

Given a sufficiently high voltage between one of the other electrodes 

and the cathode, these gases become ionized and the positive ions 

strike against the cathode. This ion bombardment releases atoms 

from the cathode and speedily destroys it. Choice of cathode metal 

must therefore be governed by its behaviour in the presence of re¬ 

sidual gas. 

Of the three metals previously mentioned as suitable for use as cathodes, 

tungsten is the most important, for the following reasons: 

1. It has a high melting point (3655 °K), which ensures long life at a 

high working temperature (2500 °K). 

2, Its electron emission is not affected by residual gases because its 

compounds with these gases—e.g. tungsten oxide—are extremely 

volatile at high temperatures, so that the surface is kept clean. Even 

a layer one atom thick of oxygen, which would seriously impair the 

electron emission, cannot exist at this high working temperature. 

Molybdenum has, it is true, a higher specific electron emission than 

tungsten, but on account of its lower melting point (2895®K) it has a 

short life at the desired working temperature. Tantalum has a melting 

point of 8800^K, and in this respect is more suitable than molybdenum, 

but its electron emission is greatly affected by residual gases, as its 

compounds, such as tantalum pentoxide, are only slightly volatile at 

normal working temperature. 

The table below gives the electron emission of timgsten, in A/cm*, 
and t^ emission efficiency in milliamperes per watt of heat dissipa¬ 
tion, for various cathode temperatures in degrees absolute. 
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TABLE I 
Metal: Tungsten 

Temperature 
(°K) 

Electron emission 
(A/cm*) 

Emission efficiency 
(mA/W) 

1500 0.102 X 10-« 1.85 X 10-* 

1600 0.102 X 10-® 1.28 X 10-* 

iroo 0.812 X 10-* 7.58 X 10-« 

1800 0.490 X 10-‘ 8.47 X 10-» 

1900 0.257 X 10-» 1.88 X 10-* 

2000 0.112 X 10-* 4.67 X 10-* 

2100 0.427 X 10-* 0.140 

2200 1.41 X 10-* 0.869 

2300 4.37 X 10-* 0.920 

2400 12.8 X 10-* 2.18 

2500 80.2 X 10-* 4.27 
2600 0.776 8.92 

2700 1.74 19.6 

2800 8.74 27.5 
2900 7.75 48.7 
3000 14.9 65.0 

3100 28.1 89.2 
3200 50.5 112 

3300 87.7 185 
3400 149 155 

21. The Electronic Emission of Oxide Cathodes 

By applying a coating of suitable oxides to the metal of a cathode 
it is possible to produce a cathode which is far more efficient than 
those composed of pure metals. Cathodes composed of a metal or metal 
alloy covered with a thin layer of alkaline earth oxide are termed 
oxide cathodes. They give a much greater emission than those of pure 
metal, at a relatively low temperature of the order of 700 °C to 800 °C. 

(a) Aetivation of Oxide Cathodes 

Oxide cathodes for radio valves consist of a metid core of tungsten or 
nickel wire or a strip or small tube of nickel, coated with a mixture 
of barium oxide and strontium oxide from 20 to 80 microns thick 



21(a). ACTIVATION OF OXIDE CATHODES 

(1 micron = 10“ * cm). In the manufacture of these cathodes the wire 
or nickel tube is first coated with a mixture of barium carbonate 
(BaCOs) and strontium carbonate (SrCOg). The cathode prepared in 
this way is activated during the pumping and “buming-out” process 
after the assembly of the valve has been completed. By means of 
high-frequency eddy currents, induced by a coil of a few turns sur¬ 
rounding the valve, all the internal metal parts of the valve are raised 
to a red heat, and at the same time an electric current is passed through 
the tungsten or nickel wire (or through a heating element located in 
the nickel tube), thus raising the cathode temperature to approximately 
1000 T. 

At this high temperature the carbonates with which the cathode has 
been coated are decomposed, with the evolution of carbon dioxide (CO^), 
which is removed from the valve by pumping, leaving a coating of 
oxide on the metallic core. l\Tien the pumping, which is performed 
simultaneously with the heating, has been completed, the envelope 
is sealed off by fusion. But the cathode is not yet fully activated, for 
the electron emission has not reached its maximum and is not uniform 
over the whole area of the cathode. Activation is completed by the 
process known as “burning out”. After the valve has been sealed off 
the cathode filament (or the heater element of a tubular cathode) is 
raised to a high temperature by applying from one-and-a-half times 
to twice the normal working filament or heater voltage. Simultaneously 
electron emission is drawn from the cathode by applying, to both anode 
and grid, voltages which are positive with respect to the cathode. 
During this process the electron emission from the cathode steadily 
increases. After a certain time the “burning out” is continued for 
a final period with increased filament or heater voltage, but the control- 
grid voltage is reduced to zero, so that the emission during the final 
stage is relatively low. 
The activated oxide cathode contains a certain percentage of metallic 
barium and strontium. The number of free barium atoms has been 
found to be approximately 0.2% of the number of barium oxide 
molecules. Some of these barium atoms are adsorbed at the surface 
of the barium oxide crystals i), but it is presumed that the majority of 
them are contained within the oxide crystals. The free barium present 
in the activated cathode plays an important part in the emission, as 
is proved by the fact that if oxygen is admitted into the valve for a 

. I Ml I I T 

') By of metal atom at a siufaoe Is meant the ph^omenon of foreign metal 
mMm being to the suiface of a metal (or o3d4e). Foieigii metal atoms may often 

be as ions. 
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short time, thus oxidising the free barium, the emission is considerably 

reduced. When the barium is thus oxidised the cathode is said to be 

“poisoned*’ by the oxygen. Other gases which do not combine with 

barium do not poison the cathode. Water vapour, however, is extremely 

injurious to the cathode because it not only forms a compound with 

the barium but also converts the oxide to a hydroxide. 

Another proof of the importance of barium in the emission of electrons 

lies in the fact that an oxide cathode can be activated by distilling 

barium onto the cathode from other parts of the valve. In point of 

fact the activating process itself appears to consist exclusively in the 

formation, through various causes, of metallic barium during the 

period of pumping and burning out. 
Various explanations have been put forward to account for the manner 

in which electron emission takes place from an oxide cathode. The 

most recent conception, which seems to approach nearest to the facts 

of the case, is that expounded by J. H. de Boer in his “Electron 

Emission and Adsorption Phenomena”, pp 853 et seq., published by 

the University Press, Cambridge (1985), to which the reader is referred. 

(b) Saturation Current of the Oxide Cathode 

The saturation current per square metre can be expressed with sufficient 

accuracy by the formula: 

l3 = A'T*e . (22) 

It appears that the work function 9?' of a properly activated oxide 

cathode amounts to 1.0 — 1.8 volts. The factor A' is then from 

0.2 X 10^ to 10® A/(°K m)*. 

Compared with that of a tungsten cathode, the work function of an 

oxide cathode is remarkably low. As a result, the emission of the 

oxide cathode per watt dissipated in heating is relatively high, that 

is to say the electron-emission efficiency is high, amounting at the 

normal working temperature of 1050 to as much as 1,000 mA per 

watt. As already mentioned, the oxide cathodes used in practice 

usually consist of a mixture of barium oxide and strontium oxide, 

because such a mixture gives a much greater emission than either of 

the oxides alone. 

(c) Potential-barrier Current of Oxide Cathodes 

Equation (18) gives the formula for the potential-barrier current, and 

this formula applies equally for oxide cathodes. The value of I^TS^then 

kT 
given by Equation (22). In Equation (18) the term,-, the dimaasion 

e 
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of which corresponds to the dimension of a voltage, can be replaced by 

a magnitude Yx, which is called the voltage equivalent of the tempera¬ 
ture. 
Equation (18) then becomes: ^ 

(28) 

With most oxide cathodes the voltage equivalent of the tempera¬ 
ture, Vj, has a value of 0.1 volt. 

(d) Contact Potential with Oxide Cathodes 

A contact potential exists between an oxide cathode and the control 

grid, just as between a pure-metal cathode and the control grid. Be¬ 

cause, however, emission of electrons from an oxide cathode occurs in 

quite a different manner from that in the case of a pure-metal cathode, 

and the work function (f* has, in consequence, quite a different signifi¬ 

cance, it cannot be said that: 

^cp ^ 9^grld 9^cathode* 

Nevertheless, it may be conceived that here, too, the contact potential 

is due to the nature of the cathode and grid metals and to the presence 

of barium on their surfaces. It may also be that the contact potential 

is influenced by the barium ions which are always present in the oxide 

coating during emission. The contact potential between control grid 

and cathode results in a shifting of the grid bias and of the starting 

point of grid current. 

Generally the value of the cathode-to-control-grid contact potential 

lies between 0,5 and 1.0 volt, and is negative with respect to the 

cathode. Before the oxide cathode is activated, that is to say, before 

the burning-out process, the value of V^p is between 1.5 and 2.0 volts, 

because at that stage no barium has been deposited on the grid. 
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CHAPTER V 

Secfmdaiy Emission 

The impact of very swiftly moving electrons or ions upon the surface 

of a substance, either conducting or non-conducting, results in the 

release of electrons from the surface. This phenomenon is termed 

secondary emission. Thus, a substance which is bombarded with 

electrons emits electrons itself, and sometimes the number of secondary 

electrons emitted exceeds the number of primary or bombarding 

electrons. 

Secondary emission is an important phenomenon for many reasons. Its 

effect in radio valves may have very undesirable consequences. On the 

other hand, in the manufacture of certain valves having special charac¬ 

teristics the principle of secondary emission is turned to good account. 

This chapter deals with only some of the main features of secondary 

emission ^). 

22. The Suitability of Surfaces for Secondary Emission 

The term “secondary-emission factor” is used to express the average 

number of secondary electrons released from a surface by each primary 

electron with which the surface is bombarded. It is represented by the 
Greek letter 8. 

The secondary-emission factor depends upon the velocity of the primary 

electrons at the moment of impact at the surface, and the impact 

velocity of the primary electrons, as shown by Formula (6), Chapter 

III, is related to the voltage 

between the primary cathode 

and the secondary emitting sur¬ 

face: 

v = 5.98xl0®x VV- . m/secj 

where Vp is the voltage between 

the cathode and the secondary 

emitting surface. 

When the secondary-emission 

factor 8 is measured for different 

metals and plotted as a func- 

*) mor ftirther information see H. Bniining’s thesis, Leiden 1980; H. Bruhiing’s article 
in I%ilh» Xechnicid Review No. 8,1888, pp 80 et seq; and H. Bniiningf’s ‘‘Die SeknndAr- 
endsaion fostm KOtper”, publWied by Julios Spiinfer, Berifo 1941. 

8d 

Fig. 23 
Secondary-emission factor d as a function 
of the impact velocity of tiie primary electron 
expressed in terms of the voltage Vp. 
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tion of the impact velocity of 

the primary electrons (expressed 

in volts of potential difference 
traversed), all the curves thus 

obtained show a maximum value 

for the factor 5. Fig. 23 shows 
such a curve for nickel, and 

Fig. 24 gives curves for barium 
and for barium oxide. From Fig. 23 

it is seen that the maximum 

value of 5 for nickel occurs at 
about 500 volts and that the 

secondary electron current is then 

approximately 1.25 times the pri¬ 

mary electron current. 

With barium the secondary elec¬ 
tron current is smaller than the 
primary electron current, but barium oxide gives a secondary-emission 

current five times as great an the primary electron current. It is clear, 

therefore, that various substances differ greatly as regards the secondary 

emission of electrons. 
When determining 6 as a function of the impact velocity of the primary 

electrons by employing various values of Vp, the measurements are 

made with small currents so that practically no space charge is formed. 

23. Energy Distribution of Secondary Electrons; Reflection of Primary 
Electrons 

It is sometimes of importance to 
know the velocities or the kinetic 

energies of the secondary electrons, 

and particularly the most frequently 
occurring velocities, i.e. the velocities 

possessed by the majority of the 
secondary electrons. Velocities and 

their distribution can be determined 
by several methods, one of which 

is the counter-field method by 
which is determined what propor¬ 
tion of the secondary electrons can 

overcome a given potential differ¬ 

ence Vfl, and what proportion, there- 

The number of secondary electrons 
emitted by silver, determined by meas¬ 
uring the current, plotted as a function 
of tbe velodty of emergence, expressed 
in terms of the voltage Va* The impact 
vdbelty of the primary deetrons is that 
COira^lOtlli^ to Vp aa 160 V. 
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Fig. 24 
Secondary-emission factor 6 for barium and 
for barium oxide, as a function of the impact 
velocity of the primary electron expressed 
in terms of the voltage Vp. 
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fore, possesses a kinetic energy greater than eV^j. This method, therefore, 

gives an insight into the distribution of the kinetic energy of the 

secondary electrons although it does not give directly an energy- 

distribution curve. Other methods, such as the transverse-magnetic- 

field method i), give immediately a velocity-distribution curve which 

can be converted into an energy-distribution curve. 

Fig. 25, for example, shows the number of secondary electrons within 

a small energy range emitted by silver and plotted as a function of 

the energy. In this example the impact energy of the primary electrons 

is 160 V ^). This curve shows that most of the electrons have kinetic 

energies in the region 0 to 30 V, while the maximum M occurs between 

4 and 10 V. At the same time it will be seen that there is a very sharp 

maximum at Q (about 160 V). These are electrons which are emitted 

with a velocity equal to the impact velocity, and are apparently 

primary electrons which have been reflected without loss of energy. 

It has been ascertained that the velocity of the primary electrons does 

not appear to affect the situation of the maximum, that is to say, the 

most frequently occurring velocity of the secondary electrons is not 

dependent upon the velocity of the primary electrons. Further, it has 

been established that as the velocity of the primary electrons increases 

so does the number of elastically reflected electrons diminish. 

24. Some Practieal Values of the Seeondary-emission Factor 

iA tl^two preceding sections a brief explanation has been given of 

some of the characteristics of secondary emission. The figures now to 

be quoted are derived from practical experiments and give a quantitative 

impresssion of the secondary emission from metallic and other surfaces. 

Table II, for instance, gives the value of 5 for a number of metals and 

for carbon, at Vp = 150 V, and also the maximum values of 3 as well 

as the corresponding impact velocities of the primary electrons ex¬ 

pressed in terms of Vp. The same table also gives the impact velocity 

when 3 equals unity, and finally the work function 9?. 

Metals having a low value of work function <p might be expected to 

have a high 3 factor, but the contrary is the case. As a rule the 

secondary-emission power of metals with high values of work function q> 

is greater than that of metals with a low value of (p. This may be ex¬ 

plained by the fact that metals with a low value of 99 generally have a 

low ion density, so that the high-velocity primary electrons are able to 

R. KoUath, ^^Annalen der Physik*% Volume 27, 1286, pp. 781 et «eq. 
*) By this is meant the kinetic energy iniparted to an election while tmvemiiig a potential 
diilfinrenee of 160 V. 
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25. INFLUENCE OF THE NATURE OF THE SURFACE 

TABLE II 

Seeondaiy Emission of Pure Metals and of Carbon 

Material 
Form 

of test 
surface 

Impact 
velocity 

Vp, when 
<5 = 1 

(V) 

6 when 
Vp = 150 V 

Max. 
secondary- 

emission 
factor 

^max 

Impact 
velocity 

Vp, when 
^ ^ ^max 

(V) 

Work 
function 

9 

(V) 

Silver Sheet 165 0.05 1.47 800 4.61 
Aluminium Sheet ex¬ 

posed to air 50—30 1.65—2.1 2.1—2.6 400 
Gold Sheet 165 0.96 1.46 800 4.90 
Barium Precipitated 

in vacuo _ 0.63 0.83 400 2.70 
Caesium ditto — 0.55 0.72 400 1.91 
Copper Sheet 205 0.85 1.27 600 4.26 
Potassium Precipttted 

in vacuo _ 0.72—0.83 0.8—0.94 300 2.24 
Magnesium ditto — 0.9 0.95 300 2.74 
Molybdenum Sheet 150 1.0 1.25 400 4.15 
Nickel ditto 180—160 0.94—0.98 1.22—1.34 500 5.01 
Platinum ditto 150 1.0 1.78 750 5.29 
Tantalum ditto 275 0.76 1.29 600 4.12 
Titanium ditto — 0.75 0.90 275 3.95 
Tungsten ditto 250 0.75 1.33 650 4.5 
Zirconium ditto 180 0.96 1.09 350 4.1 
Carbon Paste 300 0.9 1.0 300 — 

penetrate deep into the surface, while the slow-moving, secondary 

electrons are absorbed in the relatively thick layer of metal they' navv 

to pass through before they can be emitted from the sTirface. It should 

also be mentioned that the secondary-emission factor d of metal surfaces 

is greatly influenced by inadequate degassing and by oxide coatings 

on the surface. 

25. Influence of the Nature of the Surface upon the Secondary- 

emission Factor 

The suitability of a surface for emitting secondary electrons depends, 

to a large extent, upon the nature of that surface. If the surface of 

a conductor is rough, as, for example, carbon in the form of soot, or 

tungsten in the state known as “black tungsten”, which consists of 

very finely divided tungsten, the secondary emission will be lower 

than normal, on account of the so-called “labyrinth effect” which is 

represented diagrammatically in Fig. 26. Once a secondary electron 

has pyercome the work function at a smooth surface there are no further 
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Fig, 2G 
Diagrammatic representation of the labyrinth effect occurring 
with secondary emission from rough surfaces. 

obstacles to its emergence from the surface (see top portion of Fig. 26). 

Where, however, the surface is rough and labyrinthine it may happen 
that, after having emerged at the surface, the electrons are retained by 

the particles lying immediately in front of the surface (see lower 

portion of Fig. 26) and in consequence the number of secondary 

electrons actually emitted is considerably reduced. Moreover, the ex- 

wi**.*f electiicfiefe is unable to penetrate sufficiently into the interstices 
to attract the secondary electrons. 
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CHAPTER VI 

The Principal Components of a Radio Valve 

The Cathode 

The cathode is one of the most important components of a radio valve, 
because it has to supply the electrons necessary for the valve to 
function. As explained in Chapter IV, the cathode consists of a metallic 
wire or strip, or a wire, strip or tube coated with metallic oxide, and 
is heated to the temperature at which sufficient velocity is imparted 
to the electrons to permit them to be emitted from the cathode. Al¬ 
though, in principle, it is immaterial in what manner the cathode is 
heated, for practical reasons this is always done by means of an electric 
current termed the heating eurrent. 
A distinction must be made between directly-heated cathodes and 
indirectly-heated cathodes. A directly-heated cathode consists of 
a metallic filament, of suitable emitting properties, through which 
the heating current is passed. This cathode-filament is raised to the 
necessary temperature by virtue of its electrical resistance, according 
to Joule’s law. 
An indirectly-heated cathode, on the other hand, consists of a thin- 
walled oxide-coated metal tube, in the interior of which is an insulated 
heating filament. An electric current of sufficient strength to raise 
it to the required temperature is passed through the filament, and the 
heat so produced is transferred to the cathode proper through the 
insulation, which is capable of withstanding the high working tempera¬ 
ture. 

(a) Directly-heated Cathodes 

As mentioned above, a directly-heated cathode consists of a filament 
through which the heating current is passed. In small receiving valves 
the filament is extremely fine; in the most modem types the diameter 
may be as small as 10 n (0.01 mm). In large transmitting valves, 
however, the filament diameter is much greater and may be of the 
order of 1 mm. As it is desired to release as many electrons as possible 
for a given consumption of heater power (heater current x heater 
voltage), the choice of cathode material is very important (see Chapter 
IV), and for this reason the oxide cathode is now used almost ex- 
clurively for receiving valves. 
A directly-heated oxide cathode, therefore, consists of a core composed 
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THE PRINCIPAL COMPONENTS CH. VI ■ of a metallic filament, to which 

an oxide coating is applied. The 

core may be of tungsten or nickel, 

or a nickel alloy in the form of 

a wire; nickel is also often used 

in tape form. For valves with 

extremely low heater consump¬ 

tion, such as modern battery 

valves whose heater consumption 

IS only 0.035 watt, tungsten wire 

is used for the core because this 

metal can be easily drawn down 

to a diameter of 10 //. In less 

modern battery valves, and also 

in directly-heated rectifier valves, 

nickel wire or tape is often found 

as the core material. Whereas in 

the older types of receiving valves 

and in modem directly-heated 

rectifier valves, the oxide coating 

is from 20 to 80 thick, in the 

Directly-heated cathode consisting of an latest battery valves it is only 
oxide-coated tungsten filament held taut IQ fi thick, SO that the OVer-all 

w of the exhaust tube diameter of the cathode (core 
(2) Lower mica plate diameter plus twice the thick- 
(3) Mica plate pressed against the filament .. v . , 

to avoid lateral vibration of the wire "ess of the OXlde COatmg) IS only 
(microphony, see Chapter XXIX) 30 

(5) Te^L^s^n^** This may be compared with 
earlier t3f’pes of battery valves 

having similar characteristics, in which the overa^ diameter of the 

cathode is 85 /i. It is this reduction in cathode, diameter which has 

made possible the reduction of heater consumption to a minimum. 

The oxide cathode gives sufficient emission at a relatively low tempera¬ 

ture. Usually these cathodes are operated at a temperature between 700 

and 800 °C, corresponding to a cherry-red colour of the filament. 

The activation of oxide cathodes has already been described in Chapter 
IV, Section 21 (a), but it should be added that the working temperature 
of the cathode is usually so chosen that variations of that temperature 
due to normal voltage fluctuations of the heater current source, which 
produce over-heating, or under-heating, do not aj^reciably affect the 
performance of the valve. 
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DIRECTLY-HEATED CATHODES 

The filaments of directly-heated 

cathodes must be anchored very 

carefully, especially if the core is of 

very fine wire. Generally the filament 

is stretched in the form of an M or 

a V by means of tension springs 

(5 in Fig. 27), which prevent the 
limbs of the filament from sagging 

sideways as they would otherwise 

do as a result of expansion when 

heated. Held in this manner, the 

cathode filaments are maintained in 
their correct position relative to 

other parts of the electrode system 
in all circumstances. 

Figs 27 and 28 show typical directly- 

heated cathodes. Fig. 27 illustrates 

the cathode of a battery valve with 

a relatively low emission current, 

while in Fig. 28 is shown the cathode 

of a directly-heated rectifier valve, 

with nickel tape core, and designed 

to give a large emission current. In 

many instances the tension of the 

Fig, 28 
Cathode of a directly-heated rectifying 
valve, consisting of nickel tape coated 
with oxides (the white portion is the 
oxide coating). 

Fig. 29 
Filament formed by a fine wire which 
Is coiled and foldi^ to an M. It is 
covered by a coating of heat-resisting 
mataM. 

anchor springs is insufficient to pre¬ 
vent the filament from vibrating in 

response to mechanical vibration of 
the valve, and it is thpn necessary to 

fit a sheet of mica, shown au.. Fig. 27, 

so that it is pressed against the centre 
of the filament, thus damping the vi¬ 
brations. This construction has, how¬ 

ever, a disadvantage in that the fila¬ 

ment is cooled at the centre of each 

limb. 
Pure tungsten filaments, with no 
oxide coating, are no longer used 

as electron-emitters in radio-receiving 

valves. 
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In valves whose cathodes are heated from batteries dii-ect heating 

is almost exclusively employed on account of the low filament con¬ 

sumption. In valves to be heated by alternating current, however, direct 

heating is not so suitable, because of the introduction of hum. The 

periodic voltage variations at the ends of the filament produce variations 

in the elec*tron current from the cathode to the anode, with the result 

that an alternating current of frequency equal to the alternating-mains 

frequency is superimposed upon the anode current. Moreover, the fila¬ 

ment temperature and, therefore, the electron emission will also fluctu¬ 

ate at the mains frequency. 

One drawback with direct heating is that, on account of the 

voltage drop across the filament, the potential is not the same at 

all points in the cathode. To minimise the potential gradient along 

the cathode the heater voltage is kept as low as possible, and in 

modem battery valves it is 1.4 volts (in earlier valves 2.0 volts or 

4.0 volts). 

(b) Indirectly-heated Cathodes 

Indirectly-heated cathodes are invariably of the oxide-coated type, as 

the heater consumption of an indirectly-heated pure metal cathode 

would be excessive. The cathode consists of a small metal tube, usually 

of nickel or a nickel aUoy, and the oxide coating is applied to a portion 

of its exterior surface. Practically no electron emission takes place 

from those parts of the tube which are not so coated, and this fact is 

sometimes turned to account in order to limit the emission to a given 

area or in a certain direction. The filament of the indirectly-heated 

cathode is called the heater and is usually of tungsten wire, wound 

helically as illustrated in Fig. 29. 

The filaments actually used for heating the metal cathode tubes are 

formed either by a straight wire of tungsten folded as a reversed V or 

^ M or bj . v'ery thin wire wound as a coil of very small diameter. This 

coil is again folded at one or more places. Fig. 29 shows a coil f<dded 

as an M. 

For valves having a low heater-voltage rating (6.8 volts for instanoe) 

and a high heater current (power valves) a fcdded straight wire is 

used. Valves having a low heater-current rating are provided with a 

coiled and folded filament. 

Before sliding the heater in its cathode tube the filament is covered 

by a coating of heat-resisting material (aluminium oxide). This coating 

produces an electrical separation between the cathode and the,fila¬ 

ment. Fig. 80a shows a complete modem cathode of a high-fre^^ianaF 
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amplifying valve and also the cathode tube alone as well as the coiled 

and folded filament which is inserted in the cathode tube. Fig. 80b 

shows a complete cathode of less recent design and also the cathode 

tube alone and a coiled-coil filament. The extremely thin wire of this 

filament was wound to a coil and the coil thus obtained was again 

wound to a coil around a supporting rod of heat-resisting material. This 
type of heater is actually no more used. 

:.V' 

Pig. 30a 
Modern cathode designed for indirect heating. Above: The complete cathode 
which is formed by a small nickel tube in which the heater filament is 
inserted. Centre: The cathode tube alone. The active emissive layer is applied 
at a certain length. Below: Filament which is formed by a very thin coiled 
wire. This coiled wire is folded in two (reversed V) and covered by a 
coating of heat-resisting material. It is slid into the cathode tube. 

In earlier types of indirectly-heated cathodes the spiralised heater fila¬ 
ment was supported on a small rod of magnesium oxide, and the whole 
was enclosed in an insulating tube of magnesium oxide inserted in the 
nickel cathode tube. When, later on, the magnesium-oxide tube and 
rod wer^ dispensed with, the heat capacity of the cathode was con- 
sidei^bly reduced, thus appreciably shortening the heating time taken 
to raise the cathode to the working temperature, i.e. the time between 
switching on the heater current and the commencement of adequate 
emission. The cathode could thus be made smaller and its heater 
consnmption less. In valves for high heater voltages, such as the DC/AC 
nudns valves, the greater length of heater filament required is accommo- 
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dated by using a double helix consisting of extremely fine wire which 

is first coiled into a spiral and then re-coiled upon itself (coiled-coil 

heater). 

Fig. iOb 
Indirectly-heated cathode of less recent design. Abaoe: The complete cathode. 
Centre: The cathode tube alone. Belaiv: The filament which is formed by 
a very thin coiled wire, the coil being again coiled around a thin rod of 
heat-resisting material. ^ 

Indirectly-heated cathodes are particularly suitable for use in valves 

heated by alternating current. One of its greatest advantages is the fact 
that the whole ca¬ 

thode surface is at 

the same potential. 

The cathode has 

also a considerable 
heat capacity, so 

that the emission 

does not vary in ac¬ 

cordance with the 

mains frequency. 

The fact that the 

heater is electrically 

insulated from the 

cathode offers great 

advwtages as re- 

Fig, ZOc 
Section through an early type of indirectly- 
heated cathode for high heater voltage. 
(a) Coiled-coil heater filament 
(b) Tube of insulating and heat-resisting material 
(c) Cathode tube 
(d) Mandril of heat-resisting material 
(e) Centmng piece with spigot for locating the cathode 
(f) Metal straps for fixing and makliig electrical ootmectioii 

to the cathode. 



27. GRroS 

gards circuit design, and for this reason nearly all 
modem valves for alternating-current operation are 
made with indirectly-heated cathodes. 
Another advantage of the indirectly-heated cathode 

is that, because of its compact dimensions and rigid 

form, the other electrodes can be mounted much 

closer to the cathode, thus reducing appreciably the 

dimensions of the electrode system and improving 

the electrical characteristics of the valve—e.g. the 

transconductance. 

The heating power of an indirectly-heated receiving 

valve is, of course, considerably greater than that of 

a small, directly-heated battery valve, but in recent 

years a great improvement has been made in this 

direction. Whereas earlier indirectly-heated cathodes 

needed a heating power of 4 watts, in modem valves this has been 

reduced to 1.26 watts. 

27. Grids 

Surrounding the cathode there are one or more grids and the anode. 
ITiese electrodes are cylindrical and are mounted concentrically around 
the cathode on rigid supports. The cross-section of these electrodes is 
usually circular or elliptical. Grids are generally made of fine molyb¬ 
denum wire or some metal-alloy wire, wound helically over one or more 
supporting rods. The length of the grid cylinders is approximately the 
same as that of the cathode or filament assembly. The electrons emitted 
by the cathode pass through the spaces between the grid wires (the 
grid meshes). 
In a valve with only one grid this usually functions as the control 
electrode and is therefore called the control grid. In a multi-grid ampli¬ 
fying valve there are, in addition to the control grid, other grids such 
as the screen grid and the suppressor grid. Some receiving valves have 
two control grids, between which are other electrodes, including a screen 
grid. 
The control grid is usually the first grid, mounted immediately sur¬ 
rounding the cathode, the distance between the two electrodes being 
generally very small, of the order of a few tenths of a millimeter, in 
order to obtain the maximum degree of control. 
There is a possibility that, due to the heat radiated from the cathode, 
the grid may become hot enough to emit electrons itself. This is more 
likely to occur in valves with oxide cathodes, as part of the oxide may 

■Sufipottmg Rod 

Briel Coil 

Fig. SI 
Grid coil with sup- 
porting rods. 
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be evaporated and deposited on the grid, which may then emit an 

electron current. This matter is discussed at greater length in Chapter 

XXX, Section 184 (b). In order to minimise the heating of the grid, 

the grid supports are often made of copper or other good conductor 

of heat. Another solution is to fix blackened cooling plates, termed 

cooling fins, to the grid supports; in this way a large proportion of the 

heat reaching the grid is radiated by the fins and the temperature of 

the grid does not rise excessively. 

28. The Anode 

The whole, or at least the greater part, of the electron current leaving 

the cathode flows to the anode—a portion of the electron stream may 

flow to the screen grid. The electrons strike the anode at great velocity, 

thereby heating it, and the rise in temperature must be kept within a 

specified permissible limit. The heating of the anode depends upon the 

number of electrons striking the anode and upon their velocity, i.e. 

upon the anode current and the anode voltage. The product of these 

two quantities is the anode dissipation and, together with the heat 

radiated from the cathode, determines the total heating. 

The anode is the outermost electrode, enclosing all the other electrodes, 

and like, them, it is usually cylindrical. As a rule the anode is made 

from sheet nickel, but sometimes of wire gauze. Wire gauze has the 

advantage that heat rays emitted by the cathode can pass through 

the meshes. Further, it gives the anode a much greater radiating sur¬ 

face. Against this advantage, however, there is the drawback that a 

large number of electrons are able to pass through the meshes of a wire- 

gauze anode and to strike against the glass wall of the valve, thus 

giving rise to secondary emission. Gauze anodes are chiefly used in 

high-power output valves. Usually the anode is blackened to increase 

its heat radiation and thus to reduce temperature rise. 

29. Intemal Carbonising of the Bulb 

When electrons pass outside the electrode system they may strike 
against the glass walls of the bulb or against insulated parts of the 
valve, and release secondary electrons therefirom. This secondary 
emission produces various undesirable effects such as signal distortion 
and fluctuations in the degree of amplification, which can be a8<»ibed 
to positive charges in the glass wall, as explained in Chapter XXXX. In 
order to minimize these effects, the interior surface of tl» buH> is 
usually coated with carbmi, which, as stated in a fnevious rhaptor, has 
a low secondary-emission factor. 
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30. Screens 

In order to prevent, as far as possible, 
electrons from passing outside the elec¬ 
trode system, screens are fitted at both 
ends of the assembly, often in the form 
of metal caps. When several electrode 
systems are contained in one bulb similar 
screens are fitted between the systems, 
in order to limit interaction between the 
systems due to stray electrons or alter¬ 
nating fields. 

31. The ‘^Getter’’ or Gas-binder 

After a valve has been pumped to produce 
as high a degree of vacuum as possible, 
the residual gases are absorbed by evapor¬ 
ating, within the valve, a piece of suitable 
material—^usually magnesium or barium. 
This material is termed the getter, and 
it is placed either in a small metallic re¬ 
ceptacle or on a small plate, as shown in 
Fig. 38, mounted in a convenient po¬ 
sition inside the valve. After the pumping 
operation the getter is heated by high-frequency eddy currents, as a 
result of which it evaporates and is deposited on the opposite glass wall 
of the valve as the familiar internal mirror of the bulb. 
The getter receptacle is located in such a position that as little as 
possible of the evaporated material is deposited on the mica or ceramic 
plates used for securing the electrodes. This is to avoid short circuits, 
leakage currents and reduction of the high-frequency resistance between 
the electrodes. 

32. The Metallic Coating 

In order to prevent external electric fields from affecting the perfor¬ 
mance of the valve, the external surface of the valve is often provided 
with a metaUie coating of zinc or copper. The metallic coating may 
be earthed direct, or connected to the cathode. It is protected by a layer 
of enamel and can be recognised by its gold or red colour. 
A similar metallic coating may be applied to output valves, but only 
to the lower part of the bulb because a complete metal coating would 

Fig. 32 
Construction of the electrode 
system of a triode-heptode (type 
ECH 21) mounted on a base of 
pressed glass. The screening of 
the base and the screening cage 
are still present, only the bulb 
being removed. 
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result in too great a temperature rise. In output valves the metallisation 

serves to neutralise capacitively the undesirable effect of charges on 

the wall of the bulb as explained in Chapter XXXI. 

33. Screening Gage 

In modem receiving valves the metallic coating is replaced by a 

screening cage within the bulb. This usually consists of a cylinder of 

perforated sheet metal surrounding the electrode system as illustrated 

in Fig. 82. This cylinder has an electrostatic screening action similar 

to that of Faraday’s cage, and at the same time it collects any stray 

electrons which may have escaped from the electrode system. In this 

way the effect of charges on the glass wall are to a great extent pre¬ 

vented. Perforated sheet is preferable to solid sheet as it affords better 

heat radiation. 
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CHAPTER VII 

Hie Gonstruction of Radio Valves 

The various component parts described in Chapter VI must be fitted 
into the bulb to produce a complete valve. The electrodes are first 
assembled to form an electrode assembly before being inserted in the 
bulb, and provision is also made for the electrodes to be connected to 
the external circuits by means of Ieading>in wires which pass through 
the glass wall of the bulb. 
With less recent valves a base made from the artificial-resin product 
“Philite” (a plastic material) is fitted to the bulb. This base is provided 
with metal contacts to which the leading-in wires are attached. The 
object of the base is to permit the valve to be conveniently connected 
to the electrical circuits in which the valve operates. These circuits 
terminate in a valve4M»Mer into which the valve is inserted in the same 
way that a table lamp or household electrical appliance is plugged into 
a wall socket. The use of a base and valve-holder has the advantage 
that a valve can be readily removed for replacement, which would not 
be the case if the connecting leads of the valve were soldered directly 
to the wiring of the receiver. 
The bulb is usually made of glass, but some valves have iron bulbs. The 
two forms are known as glass valves and metal valves respectively. Both 
glass and metal valves are made with several forms of construction; 
further some of the earlier constructions also exist side by side with 
the newer techniques. Description of all the forms of construction is 
precluded by considerations of space, but in the foUowing sections 
details are given of the more important constructions used by Philips. 

34 Glass Valves with ‘‘Pineh*’ 

Fig. 88 shows the interior construction of an early type of valve em¬ 
ploying a “pinch”. The valve is an octode—a frequency-changer with 
eight electrodes. The electrode assembly is carried on two metal support 
rods marked (10) in the illustration, which form the backbone and 
are pressed into the piueh or press (4) made from glass tubing. The 
electrode assembly is noounted between two horizontal metal plates or 
supporting discs (6) and (7), which also act as screens. In these plates 
are a number of slots through whidi the grid supports (14), (15) etc. 
and the cathode pass, small mica or cerandc plates being provided to 
insulate these parts from one another and from the two metal discs. In 
some eonrtruoticHis, however, the discs are made entirely of insulating 
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Fig. 33 
Octode, type AK 2, 
with bulb sectioued 
to show internal con¬ 
struction. 

(1) Connecting cap 
for grid No. 4 

(2) Wall of bulb 

(3) Base 

(4) Pinch 

(5) Getter plate 

(6) Lower sup¬ 
porting plate 

(7) Upper sup¬ 
porting plate. 
The electrode 
assembly is 
mounted 

, between these 
two discs 

(8) Mica plate for 
centering the 
electrode 
assembly in 
the bulb 

(9) Connecting lead 
from grid No. 4 
to top cap. 

(10) Support rod for 
electrode 
assembly 

(11) Connecting lead 
passing through 
the pinch 

(12) Anode 
(sectioned) 

(18) Cathode 

(14) Support rod 
for grid No. 6 

(15) Support rod for 
grid No. 5 

(16) Grid No. 6. 
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84. GLASS VALVES WITH PINCH 

material, mica or ceramic. The anode (12) is a metal I7I 
cylinder secured to the two support rods. In the illus- 
tration the front half of the anode has been cut away to / A 
expose the other electrodes. I 
The pinch is also provided with the necessary number 1 
of connecting leads (11) which are welded to the various 1 ^ 
electrodes or to their support rods. In this way each 1 \n/f / 
electrode is provided with a conductor which passes to k ) 1 J 
the exterior of the valve via the pinch. The support 
rods of the electrode assembly and those of the individual 
electrodes are pressed into the glass of the pinch while jrig, 34 

it is white hot. An airtight joint is thus formed. As these Section 

supports, however, must be of fairly large diameter in bu^b^showing 
order to give them sufficient rigidity, and because this pinch and base. 

makes it difficult to obtain an airtight closure in the 
glass, a thin wire is welded to the end of each support, and this forms 
a perfect airtight connection with the glass and ensures that the vacuum 
within the valve is maintained. (Fig. 34). 
The lower part of the pinch is flared out to form a flange or rim which 
is fused into the neck of 
the bulb. Through the 
pinch also passes a glass 
pumping or exhaust tube, 
giving communication be¬ 
tween the interior of the 
bulb and the exterior .When 
the pinch has been sealed 
to the bulb, the air within 
the bulb and the gases 
released from the electrode 
metals can be pumped out 
through the pumping or 
exhaust tube, which, when 
evacuation is completed, 
is sealed off to make an 
airtight closure. 
For connecting the fourth 
grid to the external circuit 
a small funnel-shaped hole 
is left in the top of the 
bulb. Through this is passed 

Fig, 35 
Th]!«e stages in building up the octode type EK 8. 
Ltft, Pinch with pumping tube, support rods and 
leading-in wires. Centre, The same pinch with 
lower supporting plate and cathode in position. 
Right, The same pinch with grid No. 1 in position. 
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Fig. 36 
Section of R.F. pentode* type EF 0 (actual 
me) 

(1) Getter plate 
(2) Bulb 
(8) Cathode leading-in wire 
(4) Support rod for electrode assembly 
(5) Pinch 
(6) Cement securing the base to the bulb 
(7) “Philite” base 
(8) Base contact 
(9) Top cap for grid connection 

(10) Se^ed aperture in bulb for grid-con¬ 
necting lead 

(11) Pumping tube 
(12) Fused joint between bulb and pinch 
(13) Grid-connecting lead 
(14) Metallic coating of bulb 

the top-connecting lead (9) and after 
the electrode assembly has been 
mounted in the bulb the glass is 
fused around this lead to make an 
airtight joint. The manner in which 
the other parts of the valve are 
mounted in the valve is clearly 
shown in Fig. 83. The lower support¬ 
ing disc (6) carries below it the 
concave plate (5) for the getter 
which has already been described, 
and the upper supporting disc (7) 
and the support rods carry the mica 
disc (8) for centering the electrode 
assembly in the bulb. 
The connecting leads (11) from the 
pinch are soldered to the contacts 
in the base (8), and the base itself is cemented to the bulb as shown in 
Fig. 84. The top-connecting lead passing through the bulb is soldered to 
the metal contact cap (1), which is also cemented to the glass. 
Such, in principle, is the method by which a valve having its electrode 
assembly mounted on a pinch is constructed. It is the construction 
which, up to several years ago, was adopted for nearly all Philips valves, 
being modified to meet the special requirements of each type. 
A later construction is shown in the sectional drawing reproduced in 
Fig. 88. This is the pentode type EP 9; a valve of very compact di¬ 
mensions. Here, again, can be seen how the electrode unit is ix)K>niiited 
on a glass pinch. There are the same two jiuppoit rods, but instead of 
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Fig. 37 
Internal construction of a directly-heated output valve 
of early design. 

the metal supporting discs used for the 

octode, only mica discs are employed. This 
valve, also, has a top connection—in this 
case for the first grid. By connecting the 

control grid at the top of the bulb the capaci¬ 

tance between that electrode and the anode 
can be kept small. If the control-grid con¬ 

nection were led out through the pinch its 

lead would run parallel and very close to 
the anode connecting lead, and the mutual 

capacitance would be considerable. A coup¬ 
ling between the control grid and the anode 
in a high-frequency valve is most undesirable; 

the control-grid connection in high-frequen¬ 

cy, intermediate-frequency and frequency¬ 
changing valves is at the top, and the anode 

connection in 

the base. In 
the case of earlier valves, such as type 

E 446 and AF 2, the grid connection was 

in the base and the anode connection at 
the top of the bulb. 
Fig. 86 shows another detail, namely that 

each lead-in wire below the pinch is en¬ 

closed in an insulating sleeve to avoid 
the risk of short-circuit between wires. 

In early battery valves the method of 

mounting the electrode assembly on the 

pinch is somewhat different, the filament 
being fixed horizontally and the other 

electrodes mounted around it in that 
position as illustrated in Fig. 87. 

Fig. 38 
Electrode assembly of the triode-heptode type 
ECH4, with ceramic discs. The heptode part is 
above the centre disc and the triode part below. 

The tnefuilng 4>f the terms *<radio-frequency** or **high-£requency”, **intermediatc- 
ftequetiey'^ and **hequency-changing valves*’ is explained in Chapter DC. 
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FJectrode assembly of the indirectly-heated 
rectifier type UY 21, with ceramic discs. 

In the octode used as the example for 
Fig. 83 it is seen that the electrode 
assembly is mounted between metal 
supporting discs with mica insulation. 
During the war mica was replaced by 
ceramic plates, which were found to be 
satisfactory. Fig. 38 is the electrode 
assembly and pinch of the triode- 
heptode, type ECH 4, with three cera¬ 
mic plates between which the heptode 
portion (top) and the triode portion 
(bottom) are mounted. Fig, 89 shows 
another ceramic construction, that of 
a modern indirectly-heated rectifier 
valve, type UY 21, while in Fig. 40 can 
be seen the somewhat similar construc¬ 
tion of the high-frequency pentode EF 22. 

The mica disc in the top part of the dome-shaped bulb (8) in Fig. 38, 
which prevents lateral displacement of the electrode system as the 
result of mechanical shock, is 
sometimes replaced by small 
steel springs. 

35. Glass valves with Pressed-' 
glass 

to the needs 
ultra shortwave 

a new 
was to super- 

sede construction. The 

manu- 

Electrode assembly a modem 
pentode, type EF22, 
insulating discs. The base guard plate 

central guide pin retaining 
ring are also shown. The 
screening cage have been removed. HilHHHHHHHHHRHHHHB 
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Fig, 41 
Three forms of the modern glass construction of electronic 
valves. From left to right the A*technique, the B-techniqiie 
and the C-technique. The A- and B-techniques are mainly 
applied for broadcasting valves, the C-technique for high- 
transconductance television valves and vhf receiving valves. 
There is a tendency to apply the A-technique also to special 
valves. 

facturing advantages; for instance it affords a better method of sealing- 

on the valve base. 

The characteristic feature of the new construction is the absence of 

the pinch. The base of the valve is a flat glass plate, with or without 

upturned rim, in which are connecting pins to which the system of 

electrodes is attached and which serve at the same time as contacts 

in a suitable valve-holder. This construction was next applied also 

to valves for broadcast receivers. These valves are designed somewhat 

smaller than those first made for television and ultra shortwave recep¬ 

tion, so that we have two types in different sizes, one with 9 contact 

pins and one with 8. 

Technical progress led at the same time to a systematic reduction of 

the dimensions of the electrode systems while retaining the same 

electrical properties as inherent in the larger-size valves. As a conse¬ 

quence there arose a need for smaller glass envelopes for the electrode 

systems, and this led to a third construction for broadcasting and 

special valves, much smaller than those of the second construction. 

Thus three designs or ‘‘techniques” of pinchless valves have arisen, 
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all characterised by their dimensions and number of contact pins. 

Philips call the largest design the C-technique—^the dimensions of 

valves according to this technique are 62 x 88 mm (excl. pins) and 

these valves have 9 contact pins. Those of the second design, the B- 

technique, have dimensions of 65 x 82 mm and the output valves and 

rectifying valves according to this technique have dimensions of 

80 X 82 mm, and 8 pins. The smallest ones, the A-technique amplifying 

valves, have a size of 52 X 28 mm, whilst the output valves measure 

70 X 28 mm and the rectifying valves 61 X 28 mm (all excl. pins); 

these A-techmque valves all have 8 pins. 

Fig. 41 gives an idea of the three designs of valves with pressed-glass 

base. A typical feature of the new construction is the fact that all the 
electrodes are carried through the base. Particularly the A-technique 

valves are so much smaller than those of the pinch construction that 

very small receivers or other electronic apparatus can be built with 

them without the number of valves having to be limited on account 

of lack of space. It is thus often possible to design more reliable and 

more easily adjusted receiving sets. 

From the manufacturing point of view the A-technique possesses a 

considerable advantage over the B-technique, which we shall revert 

to in Chapter VIII when describing the manufacture of radio valves. In 

the following sections we shall confine our description mainly to 

the B- and A-techniques, but the characteristic properties of these 

pinchless glass valves hold also for those of the C*technique. 

(a) Constructional Features of Valves with Pressed-glass Base 

(a) B-Technique 

A valve with pressed-glass base and without a “pinch” built according 

to the B-technique is illustrated in section in Fig. 42. It is the radio- 

frequency pentode type EF 22. The pressed-glass base (5) is dished, 

having an upturned rim. There are eight chromium-steel connecting 

pins, hermetically moulded into the base, as shown at (8) in Fig. 42. 

They are either 1.1 or 1.27 mm in diameter and are spaced round a 

circle 17.5 mm in diameter. The vertically-mounted electrode assembly 

is welded to the eight connecting pins and thus secured very rigidly. 

In the EF 22, as in fact in most valves of this construction, the 

electrode assembly is further supported by three U-section supports 

(4). In the-centre of the glass base is the esdiaust tube (11). When the 

electrode assembly has been mounted oa the base, and the various 
electrodes connected to their respective pins, the bulb, is sealed <mto 
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Fig. 42 
Se^ion of RTF, pentode, type EF 22 
(actual size) 

(1) Getter plate 
(2) Bulb 
(3) Connecting lead from an electrode 

(screen grid) to its contact pin 
(4) U-section supports for the electrode 

assembly 
(5) Pressed’glass base 
(6) Metal retaining ring 
(7) Guard plate fitted beneath the glass 

base 
(8) Contact pin, 1.1 mm or 1.27 mm in 

diameter 
(9) Circular bosses on the pressed-glass 

base which increase the leakage path 
between the contact pins and the 
guard plate 

(10) Guide pin with cam 
(11) Sealed pumping tube 
(12) Fused joint l^t ween btUb and pressed- 

glass base 
(18) Grid connecting lead 
(14) Screening plate between grid lead 

and the remaining leads 
(15) Extension of (14) between grid lead 

and anode 
(16) Perforated sheet-metal screening 

cage 

the upturned rim of the base, the 

fused joint being shown at (12). 
The valve is then exhausted by 

pumping and the getter is vola¬ 

tilised in the normal way. The 
plate for the getter (1) is mounted 

above the electrode assembly so 

that the mirror formed by depo¬ 

sition of the getter vapour is confined to the top portion of the bulb. 

After pumping, and the sealing of the exhaust tube by fusion, a guard 
plate with central guide pin (10) is fixed to the glass base by applying 

a metal ring (6) around the base and spinning it over the rim of the 
guard plate. The ring is of reduced diameter at the top and fits exactly 
round the bulb, resting on the protruding joint (12) where the base 
joins the bulb. 

The electrode assembly for these pinchless valves is built up in the 
same way as that of valves with pinches. The electrodes are mounted 
between two discs of insulating material or of metal and insulating 

matmal, ceramic material being sometimes substituted for mica as 
shown in Figs 88, 89 and 40. The discs ate held in position by the 
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JPig. 4S 
Cv^8-section of the diode- 
pentode UAF 41 in A-tech- 
nique (actual size). 

(1) Getter plate 

(2) WaU of bulb 

(8) Connections between the 
electrodes and the lead 
pins 

(4) Supporting rods for the 
electrode assembly 

(5) Valve base of pressed glass 

(6) Metal rim cemented onto 
the envelope 

(7) Screening cup in the glass 
base 

(8) Connecting pins of 1 mm 
diameter 

(9) Cement securing the me¬ 
tal rim to the bulb 

(10) Hemispherical projection 
of the metal rim serving 
to guide the valve into 
its holder 

(11) Sealed off pumping tube 

(12) Glazing joint between 
base and envelope 

(13) Heater leads 

(14) Screening cage 

(15) Connection between the 
cathode pin and the 
screen capping in the base 

(16) Diode system 

above mentioned three metal supports of U-section instead of the two 

support rods shown at (10) in Fig. 33. 

By using chromium steel, which has the same coefficient of expansion 

as glass, the connecting leads may be made relatively stout (1.1 or 

1.27 mm diameter) so that they are strong enough to serve at the 

same time as contact pins to be inserted directly into the valve-holder. 

The metallic coating which is applied to high-frequency valves of pinch 

construction is replaced in the pinchless valves by an internal screening 

cage surrounding the electrode assembly as described in Chapter VI, 

Section 33, and illustrated in Figs 42 and 43. 

The method of building a valve with pressed-glass base makes it possible 

to bring all the electrode connections out through the base, including 

the grid connection, which for the octode type AK 2 shown in Fig. 33 

appears at the top. This is permissible because the screening plates (14) 

in Fig. 42 maintain the anode-grid capacitance at a sufficiently low 

value. Moreover, the use of these screens and judicious arrangement 

of the sequence of connections to the various pins minimises the induc¬ 

tion of hum on the grid from the alternating-current supply to the 
heater, as explained in Chapter XXVIII. 

(P) A-Techniquc 
* 

Fig. 48 shows the construction of a pinchless valve in the A-technique 

(diode-H.F. pentode UAF 41). The base (see Fig. 44) consists of pressed 

glass with eight connecting pins. The electrode assembly is mounted 

on this base by welding supporting rods of the electrode system onto 

the pins, as is done also in the B-technique. 
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As seen from Figs 48 and 44, in the A-technique |||||||||||||||^^ 

the base (5 in Fig. 48) has no upturned rim. 

Neither is there any exhaust tube fixed to the 
base. 

Eight chromium-steel connecting pins (8) are 

moulded into the base spaced round a circle HHHHHHHHH 

of 'll mm diameter. These pins are 1 mm in p^g 
diameter. The pumping tube (11) is sealed off Base of pressed glass for 

at the top of the envelope. The electrode ’^ring^of 
assembly is built up as in the B-technique, sintered glass. 

with the aid of mica discs and supporting rods, 

which are round instead of U-shaped. Some of these rods extend 
through the bottom mica disc. 

At the top of the electrode system is a semicircular arm attached to 
a supporting rod and with another rod-shaped piece of getter material 
welded onto it. 

The assembled electrode system is then attached to the connecting 

pins of the glass base, after which the envelope is placed round it and 

sealed air-tight to the base. With the B-technique this air-tight joint 

is made by fusing the upturned rim of the base together with the rim 

of the envelope, both having to be heated to about 800—^900 ®C to 

flux the glass properly. The shorter the leads to the electrodes and the 

narrower the envelope, the closer the components of the electrode 
system come to lie to the sealing joint and the higher the temperature 

to which they are raised in the sealing process. 
If this fusing method were to be applied to valves of the dimensions of 

the A-technique there would be a great risk of some of the parts being 

^ oxidized or the cathode being poisoned, with the result 
that there would be a higher percentage of rejects in 

manufacture. The alternative would be to have a 
stream of inert gas (e.g. nitrogen) passing through the 

envelope while fusing, but that would of course make 
I ^ the process of manufacture more complicated. 

Fig, 45 
A valve in A-technique with valve-holder to match. 
(a) Hemispherical projection on the metal ring at the 

bottom of the valve 
(b) Metal rim affixed to the “Philite” valve-holder. 
(e) Groove in the metal rim into which the {nojection 

on the metal ring of the valve fits 
(d) Spring for looking the valve in the holder 
(e) Metal screening tube reaching to the base of the valve 
(f) Bundled spri^ for damping the valve base rim 

in the meM ean h 
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These difficulties have been overcome by devising for the A-technique 

valves an entirely different process for making an air-tight joint between 

the base and the envelope. This is what is called the glazing teehniqne^ 
which has several important advantages and is described in the follow¬ 

ing chapter on the manufacture of the valve. In this process the temper-* 

atnre of the glass base and the envelope and consequently also of the 
components of the electrode system is kept appreciably lower than that 

in the fusing of the envelope onto the base. 
Contrary to the B-technique, in the A-technique the valves are evacu¬ 
ated through a pumping tube at the top of the envelope, after which 

the tube is sealed off airtight. Since the base of these valves has no 
guide pin another means is applied for ensuring that the valve is 
pressed into its holder in the right position. Fig. 45 shows a valve with 

its holder. A metal ring (6 in Fig. 48), cemented onto the bottom of 
the envelope where it is slightly recessed, has a semispherical projection 

(10 in Fig. 48 and a in Fig. 45) at a point lying halfway between the 

two filament pins. The “Philite” valve-holder has a metal rim b (Fig. 
45) in which is a groove c with spring d. The valve can only be mounted 
in the holder when the projection on the valve rim is facing the groove 

in the holder rim. 
When the valve has been pressed down into the holder the spring d 
slips in behind the projection a on the valve rim, thus ensuring that 

the valve does not get shaken out of the holder. In view of this locking 

arrangement the A-technique valves have been given the name of 
‘‘Rimlock” Valves. 

Thanks to the low temperature applied in the glazing process, the 

valve envelope retains its exact shape, thus making it possible to fit 
on the metal ring very closely around the envelope, so that the valve 
diameter of 28 mm is not exceeded. Since the envelope has considerable 
strength it is also possible to dispense with the metal rim and to 

provide for the guiding projection by blowing a small bulge in the wall 
of the envelope itself. This is of particular importance 
for valves working at very high frequencies, because 

then the metal rim would give rise to an undesired 

increase of capacities and of the damping. 

Fig. 46 
Cross-section of the lower part of an A-technique valve 
with its appropriate holder. 
(a) Screen cup in the glass base 
(b) Strip connecting tM screen cup with the cathfMle phi 
(c) Mel^ screening tube in the Phulte holder . 
(d) Contact at^biga 
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Fig. 47 
The electrode assembly of a triode-hexode in A-technique. 
This shows how the triode part is mounted at the top 
and the hexode part at the bottom of the valve. 

Fig. 46 is a cross-section of the valve- 
holder with the valve in it. Pressed up 
against the bottom of the valve is a metal 
cup-shaped screen attached by a strip to 

the pin for the cathode connection. In the 
valve-holder is a metal tube c, which is 
normally earthed. This metal tube fits fairly 
well up against the cup-shaped screen in 
the valve base and together they form an 

effective screen between opposite pins, so 
that by this means, for instance, the grid- 
anode capacity is kept very low. In the 

A-technique valves also the electrode system 
is electrostatically screened off from outside 
influences by means of a screening cage 

(14 in Fig. 48). 
The A-technique valves combining various functions in one, the multi¬ 
ple valves, such as the triode-hexode and the diode-pentode, differ from 

similar valves in the pinch or the B-technique construction in that 

the more complicated of the two electrode assemblies is at the bottom 
and the simpler one at the top. This simplifies construction of the 

supports and the mica plates holding the electrode assembly together. 
Furthermore there is less trouble from heat conduction through the 

connecting lead to the bottom end of the cathode. A short end of the 
cathode serves for the simpler electrode system and the rest for the 

more complicated one. The mean temperature of the longer part will 
presumajbly be less affected by heat conduction at the end than that 
of the shorter part. It is therefore preferable to have the longer part at 
the bottom. Fig. 47 shows the electrode system of a triode-hexode with 
the triode system uppermost and the hexode system underneath. 
As far as the cathode temperature during the fusing-in process is 
concerned the A-technique valves could have been made with a dia¬ 
meter still smaller than 28 mm, were it not that the number of lead 

pins required in the base limits the minimum diameter to which one 
can gou Since at least eight of these pins are necessary for many types 

of valves» this number has been standardised for all valves. If the 
valve diameter were less than 28 mm the pins would have to be too 
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close together and conse¬ 
quently there would be too 
much capacitance and too 

large dielectric losses be¬ 
tween them. Moreover with 

a smaller diameter the 
temperature of the en¬ 

velope wall would be too high for large power valves (e.g. output and 

rectifier valves), resulting in considerable dielectric losses and electro¬ 
lytic action on the glass between the pins (see Chapter XXX, Section 
186). 

The diameter of 23 mm chosen for the A-technique valves is quite 

ample, also in respect to the voltages likely to be applied. It has even 

been found that in the case of a special television valve a peak voltage 

of 8000 V could be applied between two diametrically opposed contact 
pins without any fear of electrolysis of the glass or disruption. 

Ftg. 4S 
From left to right: a complete 
valve in A-technique (diode-R.F. 
pentode), the electrode assembly 
of this valve mounted on the 
pressed-glass base, and the bulb. 

(b) Advantages of Pinchless Construction 

Stated briefly, the advantages of the pinchless construction, as com¬ 
pared with the construction employing a pinch, are as follows: 

(1) Compact dimensions of valves, facilitating the design of smaller 
receivers with consequent reduction in the cost of materials. 

(2) Greater mechanical strength. The mounting of the electrode as¬ 

sembly is much more rigid, so that the valve is better able to 
withstand mechanical shock and vibration. The use of a pressed- 
glass base with moulded-in connecting pins in place of the arti¬ 

ficial-resin base eliminates the risk of parts working loose and of 
defective soldering between lead-in wires and base contacts. 

(8) All electrode connections emei^e through the base of the valve, 
making possible a more orderly chassis arrangement with more 
efficient screening. 

(4) Low glass temperatures* In pinch constructions the glass at the 

pinch reaches a comparatively high temperature (in output valves 

it amounts to 200 ‘^C), but in pinchless valves the temperature does 
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not exceed 90° C. The insulation is thus improved and the risk 

of electrolysis of the glass reduced. 

(5) Practical advantages of the new base. With the elimination of the 

separate base and the use of eight pins moulded into the glass, the 

valve designer has much greater freedom* in arranging the electrode 

connections. Further, the handy form of the base makes the replace¬ 

ment of valves easy, yet the valves are so firmly held in their 

holders that they cannot fall out even under severe conditions of 

mechanical shock or vibration. 

Fig, 49 
Comparison between the lengths of the cathode lead in R.F. 
pentode type EF 22 with pressed-glass base (left) and in R.F. 
pentode type EF9 with pinch (right). 

(6) Constant valve capacitances. The dielectric constant of the “Philite” 

base was greatly affected by temperature variations. The new valves 

which have no such base do not suffer from changes in inter- 

electrode capacitances while warming up after switching on, this 

constancy of capacitance being enhanced by the low temperature of 

the glass base and also by the wider spacing of the connecting leads. 

(7) Closer tolerances in valve capacitances. Because all electrode con¬ 

nections emerge at the base of the valve and the mirror formed by 

the volatilisation of the getter is confined to the top of the bulb 

at the maximum distance from the electrodes, the influence of the 

mirror on inter-electrode capacitances is much reduced, resulting 

in greater uniformity in capacitance as between valve and valve. 
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ifi) Improved peHonnanee on short waves. The shortening of the con¬ 
necting leads and their wider spacing^ results in improved valve 

characteristics, which confer substantial advantages for short-wave 
operation. Fig. 49, for example, gives a comparison between the 

length of the cathode connection in the EF 22 pinchless valve and 

in the EF 9 valve with pinch construction. The significance of 
short connections in short-wave operation is explained in Chapter 

XXV. Similar reductions occur in the length of the connections to 

other electrodes. It may be mentioned that in the earlier con¬ 
structions the leads ran side by side through the pinch for a distance 

of 85 mm and spaced only 0.5 to 1.0 mm apart, thus greatly 

impairing the performance of the valve on shortwaves. With the 

pressed-glass-base construction each electrode can be connected to 

its base contact by the shortest route, and capacitative and induc¬ 
tive couplings to other electrodes are reduced to a minimum. 

(c) Specific Merits of the A>Technique 

In addition to the many advantages inherent in the A-technique in 

common with the B-technique, the former kind of valves possess the 
following specific merits: 

(1) Appreciably smaller dimensions, particularly in the diameter. This 

means a still greater saving in space and cost of materials in the 

construction of radio sets where there is practically no sense in 
economising on the number of valves. 

(2) Greater safety margin in manufacture. With the new method of 

manufacture any oxidization of parts of the electrode system while 
fusing the envelope onto the base is avoided, as is the poisoning of 
the cathode. 

(8) Very small tolerance in dimensions. Thanks to this new method of 

manufacture the deviations of dimensions can be kept extremely 
small. 

(4) Better properties at very high frequencies. The shorter electrode 

leads and the possibility of making valves without a metal ring 

round the base make the A-technique valves excellently suitable 
for application in amplifiers for veryhigh frequency. 

(5) The possibility of making battery-fed valves with veary wnaH fila¬ 

ment eurrrait etmsnmption. The glazing technique is exceptionally 

favourable fw valves to be iised in battery radio sets. With these 
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sets it is of great importance to keep the power required for heating 

the cathode as low as possible. It is for this reason that the filament 

cathode, which is coated with a thin layer of oxide mixture men¬ 

tioned in Chapter IV, is drawn as thin as possible. Philips use 

tungsten filament, this having a much greater tensile strength 

than nickel, so that the filament cathode can be drawn much 
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Fig, 60 
Component parts of R.F. pentode type EF 22. 
(1) Pressed-glass base with contact pins and pumping tube 
(2) Bulb 
(8) Bifilar heater winding 
(4) Cathode 
(5) Control grid 
(6) Screen grid 
(7) Suppressor grid 
(8) Anode 
(9) Metal strips for connecting the electrodes to the contact pins 

(10) Three U-section supports for the electrode assembly 
(11) Metal plate carrying the getter and forming a baffle to prevent deposition of getter 

material upon the electrode assembly 
(12) Gauze for securing the getter material to (11) 
(18) Lower insulating disc 
(14) Upper insulating disc 
(15) Saining plate in lower part of the valve for reducing anode-to-grid capacitance 

and grid hum. 
(10) Guard plate for base with guide pin and circular openings for the contact pins 
(17) Retaining ring for guard plate 
(18) Screening cage 
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thinner. On the other hand, however, tungsten is more susceptible 

to oxidation than nickel wire. 
The very low temperature of the glazing technique offers a great 

advantage, in that for some battery-fed valves of the A-technique 

the thickness of the filament cathode is reduced to 8 microns, for 

which a heating current of only 12.5 mA is required. 

36. Metal Valves 

About the year 1938 there appeared on the European market metal 

valves which became known as ‘‘steel valves”. Their construction must 

not be confused with that of the American metal valves. Both con¬ 

structions are pinchless, but whereas in the American valves the 

electrode assembly is mounted vertically as in glass valves with pinches 

or in valves with pressed-glass bases, in the “Steel Valves” the electrode 
assembly is mounted horizontally. 

This is the main distinguishing feature of the steel valve, and it makes 

it possible for all the electrode connections to be brought out through the 

base in a simple manner. The detailed construction can be followed by 

reference to Fig. 51, which shows an internal view of an H.F. pentode, 

and Fig. 52, which is a sectional drawing of the same valve. 

The electrode assembly is mounted horizontally between two channel- 

section supports with two mica plates (h) interposed. The supports are 

welded to the iron base-plate (a) which is 43 mm in diameter and has 

a^^downward-projecting rim. A number of holes about 3 mm in dia¬ 

meter and arranged in two 

groups on the circumference 

of a circle are punched in the 

base-plate and serve to carry the 

electrode connections through 

to the exterior of the valve. 

In each hole is soldered a small 

metal tube (b) and to each 

connecting lead (c) is attached 

an intermediate conductor of 

molybdenum which passes 

through one of the tubes, an 

air-tight seal being made by 

glass beads (d). The channel- 
Fig- 51 
latemal construction of the t3rpe £F 11 H.F.- 
pentode — a steel valve. The letter references 
are the same as in fig. 52. 

section supports also act as 

screens for the electrode con¬ 
nections. 
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Fig. 62 
Section of R.F. pentode, type EF 11. 
(a) Steel base plate 
(b) Metal tubes of special alloy having the same 

coefficient of expansion as the glass beads (d) 
(c) Electrode-connecting leads 
(d) Glass beads 
(e) Pumping tube 
(f) Supports for the electrode assembly 
(g) Electrode assembly 
(h) Mica bridges 
(i) Steel bulb 
(k) Getter 
(l) Sheet-metal baffle, for protecting the electrode 

assembly from deposition of getter material 
(m) Synthetic-resin base 
(n) Guide pin 
(o) Contact pin 

In the centre of the base-plate a hole is 

punched to accommodate the exhaust tube 
(e). When the electrode assembly has been 

welded to the base plate the iron envelope (i) is fitted over it and 

likewise welded to the base-plate. The getter (k) is located in the top of 

the envelope, and in order to avoid deposition of the getter material on 

the electrode system a sheet-metal baffle (1) is interposed between the 

getter and the electrode assembly; openings around the periphery give 
free communication between the top and bottom sections of the bulb space. 

The base (m) is a plate of ^Thilite” synthetic resin with a guide pin (n) of 

the same material at the centre and eight hollow connecting pins (o) to 

which the electrode connections are 
soldered. Theguidepin is hollowto ac¬ 
commodate the sealed pumping tube. 

The base is not cemented to the base¬ 

plate but is secured by the rim of the 
base-plate, which is pressed inward in 

several places to register in correspon¬ 
ding notches in the “Philite” plate. 
Other valves have been constructed 

on the same principle. Fig. 53, for 

example, shows the construction of 
a triode-hexode. In place of the 

channel-section support, at one end 
there is a larger support specially 

shaped to provide an electrostatic 

screen between the triode and hexode 
sections of the valve. 

Fig. 63 
Construction of the triode-hexode fre¬ 
quency-changer, type ECH 11. 
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It has been shown, therefore, that the horizontal construction permits 

the control-grid connection to be made to a base contact at one end of 

the electrode assembly and the anode connection to be taken from the 
other end of the assembly to a diametrically opposite pin, thus greatly 

reducing the coupling between these two electrodes. This construction, 

however, has the disadvantage that the valves have to be of relatively 

Fig. 54 
General appearance of a steel valve. 

large diameter in order to accommodate the horizontal electrode as¬ 

sembly, and they therefore take up an unduly large area of the chassis 

of the receiver. BKgh-power output-valves in this construction would be 

of such a large diameter as to be impracticable, and for this reason the 

ccmstruction is employed only for valves <rf small power. Comparison 

with a valve of the B-technique having a pressed-glass base shows 

that whereas the “steel-valve” is 48.5 mtn in diameter and 48.5 nun 
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high, the glass-base valve is only 29 mm in diameter and 60 mm high, 

which are much more convenient dimensions. The dimensions of the 

A-technique valves are even very much less and they render a consider¬ 

ably greater reduction of the size of apparatus possible. The glass-base 

construction with vertical electrode assembly can be used for aU types 
of valves, including output valves and rectifiers. 

The “steel” construction, however, does offer some important advantages 

over the pinch construction, and these may be summarised as below: 

(1) Very suitable to mass production owing to the form of construction, 

the method of pumping (explained in Chapter VIII) and the fact that 

the getter material cannot be deposited on the electrode assembly. 

(2) Very robust eonstruction. 

(8) Short eonneetions from electrodes to base pins, rendering the valves 

very suitable for short-wave amplification. 

(4) All electrodes eonneeted to the base—and therefore at one end of 

the valve. 

(5) Exeellent electrostatic and magnetic screening and freedom from 

wall charges. 

(6) Oose tolerances on dimensions and on inter-electrode capacitances. 

(7) Valves may be used in any position. Glass valves with pinch may 

only be used vertically with the base downwards or, if essential, 

horizontally; but not base upwards. 

(8) Unbreakable bulbs. 

37. Gonelusion 

The modem constructions, with pressed-glass base, and also valves 

with steel bulbs are now in general use and answer their purposes well. 

The pressed-glass-base constructions are particularly advantageous in 

valves for television and also in special valves for operation at very 

high frequencies (wavelengths from 10 metres down to 1 metre). For 

these purposes it is preferable, while employing the same general con¬ 

struction, to increase the diameter slightly and to fit nine pins instead 

of eight. On the other hand there is also a tendency to use A-technique 
valves for very-high-frequency purposes. The same constructions are 

also applied in groups of special valves and ofrer great possibilities 

for future development. In all probability the glass constmction 

embodying the pinch will not be used for new designs of valves except, 
perhaps, for some large amplifying and rectifier valves. 
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CHAPTER VIII 

The Manufacture of Radio Valves 

The manufacture of radio valves is broadly divided into the following 

stages: 

1. Production of component parts. 

la. Inspection and testing of components. 

2. Mounting components to form complete electrode assemblies. 

2a. Inspection and testing of electrode assemblies. 

8. Mounting the electrode assembly in the bulb and evacuating the 

valve. 

8a. Inspection and testing of evacuated valves. 

4. External finishing and fitting base. 

4a. Inspection and testing of external parts. 

5. “Ageing”—or running the valve under normal working conditions. 

5a. Final test. 

Much of the production of component parts follows normal engineering 

practice and will therefore not be described in detail. With the help 

of a series of photographs, however, an attempt is made to give the 

reader some idea of the highly complicated processes employed in the 

manufacture of a valve—^processes which involve the use of a large 

number of ingenious machines and carefully planned methods, the 

result of years of intensive research and labour on the part of specialist 

engineers and technicians, who are even now continuously improving 

and perfecting evcsry detail. 
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Fig, 55 

Components of the electrode assembly of an octodc, type CK 1. 

(1) Pinch with pumping tube and leading-in wires fused in 

(2) Getter holder 

(3) Suppressor grid (grid No. 0) 

(4) Control-grid connection with cross rod and glass bead for fusini^ onto bulb 

(5) Outer screen grid (grid No. 5) 

(6) Control grid (grid No. 4) 

(7) Coiled-coil heater, coated with insulating material 

(8) Upper plate with mica disc 

(9) ^Cathode tube, and lower plate with mica disc 

(10) Mica plate for centering assembly in the dome-shaped bulb 

(11) Oscillator anode, consisting of two rods only 

(12) Inner screen grid (grid No. 8) 

(18) Oscillator control grid (grid No. 1) 

(14) Anode 

38. Glass Parts 

These comprise the bulb and other glass parts, such as the glass tube 

for the pinch, glass insulators and so forth. 

Fig. 56 shows <aie of the platforms in the glass works, with the glass- 
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blowers in a circle around a central glass furnace. Here are blown 
bulbs of all shapes and sizes for valves, tubes and incandescent lamps. 
In Fig. 57 can be seen an automatic plant producing standard bulbs 
on mass-production lines, and thus releasing a large number of skilled 
glass-blowers for the manufacture of special bulbs. 
Other glass parts such as pressed-glass bases of all-glass valves, pinches 
etc. are manufactured in the valve factory. 

Fig, 56 
Part of the glass factory. Glass-blowers, making bulbs of many shapes 
and sizes for valves and incandescent lamps, stand round the glass 
furnace in the centre of the platform. 

39. The «Philite” Base 

“Philite” is a synthetic-resin product which is mixed in powder form 
with sawdust or with some other body material, after which it is 
pressed to the desired shape in steel moulds under high temperature. 
Bases for valves are made from this material. Fig. 58 is a photograph 
taken in the Philite factory and shows some of the large presses. 

40. Cathodes and Filaments 

It has already beoi explained in Chapter VI that an indixectly*heated 
cathode consists of a small-diameter nickel tube coated, in the first 
instance, with a mixture of barium and strontium oarlxmate. The 
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Fig, 57 
Machine for automatic production of bulbs in large quantities. 

cathode tubes are obtained by drawing out the metal into a long con¬ 
tinuous tube and then cutting it to the required lengths. Fig. 59 
shows a machine designed for this operation. 
After being cut to length, the cathode tubes are rolled near one end to 
form a protruding ring. It is with the help of this ring that the cathode 
rests on the lower mica disc of the electrode assembly. Fig. 60 shows a 
machine on which the protruding ring is rolled into the cathode tubes. 
The cathode tubes are next passed to another department where the 
mixture of barium and strontium carbonates is applied by a process 
which ensures a perfectly uniform coating. 
Tungsten filament wire is drawn down to the required gauge in specially 
constructed machines, and is then coiled on other machines. As indi¬ 
cated in Chapter VI, Section 26(b), the modern filament consists of a 
straight wire or a coiled wire folded at several places. Certain heater- 
voltage and current ratings necessitate a very long and thin wire, which 
has to be accommodated in the limited space of the interior of the 
eaUiode tube. 
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Fig. 69 
Machine for cutting thin nickel tubing to 
exact length for cathodes. 

Fig. 6S 
Part of the “Philite” factory, where, 
among other products, plastic bases for 
valves are moulded. 

The filament must also have an 
insulating and heat-resisting 
coating. For this purpose a 
coating of aluminium oxide is 
applied. This is done by dipping 
the filaments in a bath in which 
the heat-resisting material is in 
suspension. The filaments are 
then heated to a high temper¬ 
ature in a furnace such as that 
illustrated in Fig. 61, in order 
to bake the insulation coating 
onto the wire. 
Filaments for directly-heated 

cathodes are coated with the 

carbonates of barium and stron¬ 

tium by electric precipitation 

(cathaphoresis). The emitting 

material is applied directly to 

the wires, which are then 

stretched in zig-zag form in ac¬ 

cordance with the length of wire 

required for the particular valve. 

41. Grids 

Valve grids usually consist of 

a spiral of very fine wire sur¬ 

rounding the cathode at a fixed 

distance. The dimensions of the 

grid must be accurate to within 

very close tolerances, as will be 

understood when it is stated 

that in some types of valve 

the distance between the grid 

and the cathode is only a few 

tenths of a millimeter. The grid 

must on no account come into 
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41. GRIDS 

Fig. 60 Machine on which a circular protuberance is rolled in the cathode tube near one 
of its ends. By means of this protuberance the cathode rests on the lower insulating 
mica plate of the electrode system. 

Fig, Ola Furnace in which coiled heater filaments for indirectly>heated cathodes 
are placed to bake the insulating coating onto the wires. 
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61b 
Group of workers examin¬ 
ing the coiled heater 
filaments coated by heat- 
resisting insulating ma¬ 
terial after their removal 
from the furnace wherein 
they were baked. 

contact with the 
cathode. This might 
very easily occur if 

the grid spiral be¬ 
came distorted, for 
example owing to ex¬ 

pansion due to heat 
radiated from the 

cathode. In order to 

give the grid suf¬ 
ficient rigidity and thus prevent distortion, two or more thicker wires, 

termed grid rods, are placed longitudinally on the circumference of 

Fig. 62 A grid-winding machine which will produce grids of any desired dimensions. 
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41 GRIDS 

Fig, 6S Close-up view of a grid-winding mac;hine. 

the coil, and each turn of the grid is firmly attached to these rods. 

The winding of the grids is done by automatic machines. The grid 
rods, which are about f mm in diameter and notched at regular intervals 

to receive the grid __ 
windings, are fed 
side by side through 

the machine which 
winds *a coil, the 

turns of which are 

laid accurately in 
the notches of the 

grid rods. The coil is 

then pressed tight¬ 
ly into the notches 
in order to secure it. 

Grids leave the grid¬ 
winding machine 

in long ^ lei^hs as grids, wound in long lengths, are cut to exact 
shown in Fig. 68, length on this machine. 
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Fig, 6S Finishing the separated grids. 

Fig. ^6 

80 

Testing grids with gauges* 



42. ANODES 

each grid being sepa¬ 
rated from the next 
by a few turns wound 
on at greater speed. 
The windings, on 
their supports, are 
later cut off to the 
exact lengths re¬ 
quired. 
The grids as they 
leave the machine 
are first processed to 
stretch and straight¬ 
en the supports. 
This is done by plac- Checking the dimensions of grids, 

ing the grids in a 
gas-filled tube and then heating by passing an electric current through 
them by means of two contacts. While the grids are hot they are 
slightly stretched, thereby straightening the supporting rods. After this 

process the grids are sepa¬ 
rated as shown in Fig. 64. 
Fig. 65 shows the sectional 
shape of the grids being cor¬ 
rected with special instru¬ 
ments, and in Figs 66 and 
67 the grids are being care¬ 
fully tested to a maximum 
tolerance of 0.03 mm. The 
spacing of the windings is 
also tested and, if necessary, 
corrected with tweezers. 

42* Anodes 

The most usual form of 

anode is a metal cylinder 
which surrounds the cathode 

Fig, 68 
Sheet metal wound on rollers, 
destined to become anodes, is out 
to the correct width in this 
machine. 
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Fig. 69 
Spot-welding the supports to 
anodes and screen plates. 

and the various grids. Ma¬ 
terial for anodes reaches 

the valve factory as rolls 
of sheet metal, which are 
cut into strips of the correct 

width to suit the shape of 
anode required. This pro¬ 

cess is illustrated in Fig. 
68. Anode plates are then 
stamped out of the strips 

and given the desired shape 
in a forming machine. 
Screening plates are made 

in the Same way as anode 

plates. Fig. 70 shows how 

the perforated plates for 
anodes and screening cages 

are made from sheet metal. 

43. Miscellaneous Components 

It is unnecessary to go into great detail concerning the manufacture 

of the numerous smaller components, but a few additional illustrations 

show some of the more interesting processes. Fig. 71, for instance, 
shows a machine for producing the pinch complete with leading-in 

wires. The glass for the pinch comes from the Philips glass factory in 
the form of long tubes. These are first cut to the required length and, 
after being heated and softened in a gas flame, are pinched by the 
machine, i.e. one end of the tube, while still hot and plastic, is pressed 

round the leading-in wires and supporting rods, and the other end is 
opened out into a flange. During this process also the pumping, tube 

is fused in. 

Small mica discs used in certain parts of the valve are stamped out 
by machines as shown in Fig. 72. 
Oriier machines similar to that illustrated in Fig. 78 cut and shape fine 

wires. Fig. 74 shows how a small glass tube is fused onto the top of 
the bulb in order to form the fimndt^^shaped hole in which the t&p 
connecting wire for the grid contact is to be accommodated. 
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ASSEMBLING THE ELECTRODE SYSTEM 

JP%. 70 
Machine for producing perfor¬ 
ated plates tern sheet metal. 

44, Assembling 
the Electrode System 

The various components, 
having been made in their 

special departments, are 
delivered to the assembly 

shop where the valves 
are built and completed. 

Mica and metal parts are 

first thoroughly cleaned 
and heated in ovens to 
free them from gas. By 
treating them in an at¬ 

mosphere of nitrogen, the 
gases contained in the 

parts are replaced by 
nitrogen, which is com¬ 
paratively inert and, when released from the parts subsequent to 

pumping, do not cause poisoning of the cathode. The electrode system 
is then assembled. For glass valves with pinch, the assembly is built up 
on the pinch itself, in which the electrode supports and leading-in 

wiresT have already 

been fixed. Fig. 55 
shows the parts re¬ 
quired for building 

up a typical elec¬ 
trode system, and 
in Fig. 78 is shown 
the final stage of 
assembly with all 
these parts correct¬ 
ly mounted. 

Fig. 71 
Malcing the pinch, com¬ 
plete with leading-in 
wires, supports and 
pum^g tube* 
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Fig, 72 Punching out mica discs. Fig, 74 A thin glass tube is fused to the 
top of the bulb where the top grid con¬ 
nection is to emerge. 

Fig, 73 Machine for cutting and bending the Fig. 76 The bulb is inspected by viewing it 
fine wires used for securing the electrodes, againstastronglyilluminatedfrostedglass. 



44. ASSEMBLING THE ELECTRODE SYSTEM 

Fig. 76 
Mica discs in glass bulbs are raised to 
a high temperature in a special oven 
to ^e them from gas. During this 
process the bulbs are evacuated by 
pumping and then sealed by fusing. 

Metal parts are spot-welded 
together and to the supports 

and leading-in wires. Fig. 79 
shows the heater winding being 
welded to the connecting leads 

in the pinch, while further stages 
in assembly are illustrated in 
Figs 80 and 81, indicating 

the high degree of accuracy 

essential in producing modern 
valves. 
For valves with pressed-glass 

bases constructed according to 

the A-, B- and C-techniques, 
and also for steel valves, the electrode system is built up separately. 
In the case of valves with pressed-glass bases the supports of the system 

Fig. 77 Electric ovens for cleaning by reduction metal con^nents 
before assembling. 
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valve on its pumping tube in the 
series of gas flames directed onto 

made. 

Fig, 78 
Final stage in building the electrode 
assembly for the octode type CK 1. 

arc then spot-welded to the con¬ 
necting leads in the glass base, 
and in the case of steel valves 
these supports are fixed to the 

steel base itself. 

The Scaling of the Bulbs and 
Pumping (Evacuating) 

(a) Glass Valves with Pinch 

When the internal components of 
a pinch valve have been assembled 

the whole mount is placed inside 

the glass bulb. Then the flange of 
the pinch is fused onto the bulb on 

a special machine, by placing the 
machine and rotating it between a 
the spot where the joint has been 
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Fig 79 
Welding the insulated heater winding to the leading-in wires in the pinch. 



45(a). SEALING AND Pl^MPING OF GLASS VAI.VES \^ ITH PINCH 

F'ig. 80 
Mounting the lower niiea plate, with cathode anel grid already 
assembled, onto the pinch. 

For this fusing of the glass 
the rims of the envelope 
and the pinch have to be 

heated to a temperature 

of 800—900 °C, i.e. above 
the softening point of the 
glass. Where a glass valve 

has the control grid con¬ 
nection at the top of the 

bulb, the grid connecting 
wire is threaded through 

the glass funnel at the 
top of the bulb and the 
glass is then fused around 

the wire at the same time 
as the bulb is fused onto 
the pinch. This completes 

81 
Mounting the upper mica plate. 
In the foreground can be seen 
electrode assemblies complete 
except for the anode. 
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Fig, 82 In tliis niaohinc valves with pinch are pumped and the internal parts heated 
by high-frequency alternating currents. 

the assembly of the valve with the leading-in wires emerging at 

the bottom and possibly the grid connection at the top and with 

olny the pumping tube at the bottom giving communication to atmos¬ 
phere. 
Pumping is performed on the same machine as that which seals the 

electrode system onto the bulb, the air within the bulb being with¬ 
drawn through the pumping tube. Simultaneously with the pumping 
the electrodes and other metal parts inside the valve are raised to a 

high temperature in order to release any gases remaining in those 
parts. The raising to a high temperature is done by means of a coil 
automatically placed around the bulb and traversed by a high-fre-^ 
quency alternating current, which induces eddy currents in the metal 

parts of the valve, thereby heating them to a high temperature. After 
this degassing of the metal parts the filament is brought under tension, 

thereby converting the carbonates on the filament or on the cathode 

into oxides (see Chapter IV, Section 21a). When the pumping is com¬ 
pleted the pumping tube is sealed off by fusing it close to the bulb, 

but just before this is done a high-frequency field is generated at the 
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45(a). SEALING AND PITMPING OF GLASS VALVES WITH PINCH 

Fig. 83 
Machine for stamping type number 
and other distinguishing marks such 
as date of manufacture on the bulbs. 

spot where the getter is situ¬ 
ated, so as to eause the getter 
plate to glow and evaporate 

the barium or magnesium 
material. As the metal eools 
down the vapour is then 

deposited ehiefly on the inn(*r 
surface of the glass bulb op¬ 

posite the getter, at the same 

time absorbing any residual 

gaseSjWhieh are thus “bound”, 
leaving a praeticallv' p Weet 

vacuum in the bulb. Fig. 82 

shows a pumping machine 
for evacuating glass valves 

with a pinch. The valves are then passed on to another machine 

where they are fitted with a base and, as the case may be, a con¬ 
necting cap, which are cemented onto the bulb. At the same time the 

electrode leads are soldered onto the base and cap contacts. Finally, 
in the case of valves that have to be given a metal coating, these are 

metallized. This metallizing is done in a machine in such a way that 
the parts that are to be left bare are protected while the metallic 

cov ering is applied 

automatically to 
the remaining sur¬ 

faces. In many 
cases the metal- 

izing is given a 
coat of enamel 

upon which the 

valve type num¬ 
ber, and possibly 

other data, is 
stamped by the 
process shown in 
Fig. 83. 

b ^ y y 

Ftg. 84 

Cross-section of the base plate of A-technique valves. 

(a) base plate without glazing ring, 

(b) ditto glazing ring just laid on, 

(c) ditto aftet the glazing ring has been heated and set; 
owing to its surtaoe tension it assumes a conical shape. 
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Fig, 85 
Fusing machine for A-technique 
glass valves. The valves are 
placed on their pumping tubes 
and metal weighting caps are 
placed over the glass bases 
(uppermost), these caps being 
heated by rows of gas flames as 
the machine rotates. 

(b) Glass Vahes 

without Pinch, 
B-Tcchnique 

The electrode system 
mounted on the glass 

base is inserted m the 
glass envelope and the 

rims of the base and 

bulb are fused together, 
in the same way as under 

a), whilst also the pump¬ 

ing and degassing process 

IS the same as with the 
pinch glass valves. But 

with the B-technique valves there is no “Philitc” base to be fitted on, 

no leads to be soldered to the base contacts and no grid-contact cap 

to be placed on the top of the bulb. 
After this pumping, degassing and fusing of the pumping tube, 
the metal base plate with spigot and guiding cam is affixed to the 

valve by means of a metal rim as described in Chapter VII, which 

is machine-flanged around the base 
plate and the fused joint of the 

bulb and base. Only the type 
number then has to be stamped on, 

after which the valve is ready for 

testing. 

Fig, 86 

Diagrams showing the bulb and base, 

(a) before and 

(b) after fusing together. 
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45(c). SEALING AND PUMPING OF A-TECHNIQUE VALVES 

(c) Glass Valves without Pinch, A-^Technique 

The A-technique valves are not distinguished only by their small 
dimensions. A great technical advance lies in the new method of 
making an airtight joint between the bulb and the base without 

having to heat the glass and the inner components of the valve to 
such a high temperature as hitherto was required. In the A-technique 
the bulb and base are joined together by glazing with sintered glass, 

the softening point of which is much lower than that of the glass 
of the bulb and base. After the glass base with eight leading-in i)ins 

has been moulded in a special machine to the shape shown in 
Fig. 84a, a ring of sintered glass moulded with a binder is laid 
around the edge of the base plate (see Fig. 84hj, which is then heated 
and gradually cooled off, thus neutralizing mechanical tensions in 

+he glass, melting the powder in the glazing ring and causing it to 
adhere to the glass. Owing to the surface tension, the right value 
of which is obtained by adding certain admixtures in the glazing, 

the glazing rim assumes the shape shown in Fig. 84c, thus more or 
less convexly conical. The electrode system is welded onto the 

leading-in pins. Such a base with electrode assembly mounted can be 

Pig. 87 
Machine for pumping A-technique valves. 
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Fifl. S<S 
The various conipoiicnts forming tlic doul)Ie-(iio(le-i)ento(le UAF41. 

(1) Screening cage 
(2) Anode of the i)entode section 
(Ji) Bull) ^^ilh pumping tube 
(4) Upper mica plate or disc 
(5) ('ontrol grid 
(0) Screen grid 
(7) Suppressor grid 
(8) Lower mica plate or disc 
(0) Pressed-glass bottom with connecting pins, supi>orting rods for the electrode 

assembly and ring of sintered glass 
(10) Getter supporting stirrup and hollow' rod which contains the getter material. 
(11) Cathode 
(12) Coiled filament folded to a V 
(i;i) Screening cuf) with connecting strip 
(14) Anode of the diode section 
(15) Various connecting strips 
(16) Mica discs. 

seen in Fig. 89. As already indicated, in the A-technique the pumping 
tube is not located at the base end but at the top end of the bulb 

(Fig. 88). 
The bulbs are then placed on the fusing machine with their pumping 
tubes downwards (see Fig. 85) and the electrode systems with base 

are placed inside the bulbs (see Fig. 86a). The bases are automatically 
centered, so that the axes of the electrode systems coincide with the 

axes of the bulbs. Small metal weighting caps are then placed loosely 

over the bases. 
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45(c). SEALING AND PUMPING OF A-TEC UNIQUE VALVES 

The valves thus set up on the rotating 

part of the fusing machine arc passed 

between two rows of gas flames directed 

radially towards the weighting caps, which 

are thereby heated. Owing to the heat 

irradiated inside the metal cap the layer 
of glazing is softened and the edge of 
the bulb penetrates into the glazing as 

a result of the weight of the base plate 
and that of the weighting cap. In this 

way both the edge of the bulb and the 

base plate are heated very gradually 
and evenly without causing any stresses 

in the glass. During the cooling down 
process that follows, on the same ma¬ 

chine, the glazing sets and the edge of 

the bulb is secured tightly to the base (see 
Fig. 86b). In this method of fusing only 

the glazing compound has to be softened 

and not the glass parts of the valve, so 
that the temperature required is very much 
lower, about 450 being sufficient for the 

valves now being manufactured according 

to the A-technique. The temperature to which the cathode is thereby 
heated is at most 230 °C, whereas m the direct fusing of the bulb on 
the base it is as high as 500—600 ®C. In order to avoid dangerous 

stresses arising in the glass through the cooling down following on the 
heating, the thermal expansion coefficient of the glazing compound has 

to be practically equal to that of the glass used for the bulb and base 

plate. After the joint has been made between the bulb and base on 

the fusing machine the valves are evacuated on a pumping machine 
(see Fig. 87) and the‘getter material is atomised in the same way as 

is done in the case of valves with a pinch. The pumping tube is then 

sealed off, leaving a small pointed end on top of the bulb. 
The valves are then automatically lifted off the machine and trans¬ 

ported by a conveyer belt to a machine where the metal rim is 

cemented onto the base. 
Apart from the advantages of smaller dimensions, with this glazing 

technique the bulb can be made to a certain shape accurately to within 
say 0.1 mm and retains that shape exactly during the fusing process. 

In Fig. 48, for instance, one sees clearly that there is a recess in the 

Fifs, S9 

The clectrofle system of the 
doublc-diodc-pentodc U\F 41 
without screening ca^je. 
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Fig, 90 
Checking of the electrode system 
mounted on the pressed-glass 
base of an A-technique valve 
before inserting it into its bulb. 

wall of the bulb close to 
the base plate, this being 
necessary for cementing 

on the metal rim, and if 

the bulb and base were 
fused together direct there 
is a great risk that the 

recessed part would lose 

its shape owing to the 
softening of the glass. 
Another consequence 

might be that with the 

small diameter of the 
\alve the whole of the 

base plate may become 
soft when fusing, with 

the result that the con¬ 
tact pins no longer stand 

up straight or even become displaced. In such an event the pins 

would have to be re-aligned, and to avoid cracking the glass they 

would therefore have to be made of a soft material, as a result of 
which they might easily get bent and the valve base would then no 

longer fit into the socket. All these complications are avoided by 
applying the glazing technique, for the temperature of the base 
is kept very low and consequently it retains its shape, so that for the 

small diameters of the A-technique the pins can be made of hard 

material just as well as those for the larger diameters of the valves of 
the B- and C-techniques. A particularly important point is that manu¬ 

facture can be speeded up enormously and that there are fewer rejects. 

Finally, thanks to the low fusing temperature there is no fear of 

poisoning the cathode. 

(d) Metal Valves 

In the case of metal valves the envelope and the base are electrically 
welded together in a special welding machine (about 2000 amps). The 

welding current is applied to the valve for only a very short time, 
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46. BURNING OUT AND TESTING 

Fig, 91 
Burning out valves on large ageing racks 
at a higher heater voltage than the normal 
rating. 

SO that the temperature inside 
the valve is kept low and there 
is therefore no fear of the 

cathode being poisoned. On an¬ 
other machine the valve is then 

evacuated through the metal 
pumping tube on the base plate, 

while at the same time the 
electrodes and other internal 

metal parts are degassed. With 
metal valves this degassing can¬ 
not be done by means of H.F, in¬ 

duction because of the screening 
formed by the metal envelope. 

It therefore has to be done 

by heating the iron bulb with 
gas flames to yellow-hot temperature; the internal parts arc thereby 

raised to such a high temperature as to release the gases. Care is 

taken, however, not to heat the bulb to such a high temperature as 
to cause premature evaporation of the getter in the top of the bulb. 

After degassing of the internal parts the getter is evaporated by ap¬ 

plying a jet flame to the top of the bulb. Finally the metal pumping 
tube is sealed by pinching, welding and shortening. The “Philite” 
plate with spigot and contact pins is then affixed to the valve by 

pressing in the collar of the base plate at three places, after which the 

electrode leads drawn through the hollow contact pins are soldered to 

the latter. 

46. Burning Out (^^Ageing’^); Mechanical and Electrical Testing 

The manufacture of the valves being thus completed, the valves are 
subjected to the “burning out” or ageing process. This consists of 
running the filaments or heaters for a few hours with a higher current 

than the normal rating, as explained in Chapter IV, Section 21a. For 

this purpose the valves are plugged into large frames, called ageing 
racks, one of which is illustrated in Fig. 91. Here all the filaments or 

heaters are connected in parallel to a supply source at rather more 

than normal voltage. 
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Before leaving the facto¬ 

ry each valve is sub¬ 

mitted to a large num¬ 
ber of mechanical and 

electrical tests. Some 
of the test-desks are 
semi-automatic. First 

the valves are preheated 

by inserting them in 
sockets provided on 

the test-desks for this 

purpose (see A in Fig. 
92),so that the cathodes 

are already warmed 
when they are inserted 

in the sockets provided 

for the testing oper¬ 

ations (B in Fig. 92) 

where a\o their elec¬ 

trical characteristics 

are checked. On each 
test-desk is a roller 

commutator which can 
be moved to successive 

positions by means of 

a handle (C in Fig. 
92), thus enabling male 
or female operators to 

check consecutively all 

the electrical properties of the valve, including the heater ratings, 

emission, characteristics and so on. 
Any valves which do not come up to the specified requirements 

are at once rejected and destroyed. These electrical tests, however, 

are not in themselves sufficient because, although a valve may 
not exhibit any deviations from the electrical specification, it 

may still have some hidden defect which may become apparent 

when the valve is operated in a receiving set. Such defects 

include irregularities in manufacture, which may result in dis¬ 
turbing noises in the loudspeaker. They may be due to various 

causes, such as faulty insulation between the heater and ca¬ 

thode. 

Fig. 9> 
View of the testin^if of Milves. First they are preheated 

hy placintT them in soekets (marked by A in the picture) 

and afterwards they are cheeked at the place marked by B. 

^Vlth the handle C the various commutations required 
arc produced for the consecutive measurements. 

96 



46. BURNING OUT AND TESTING 

Fig, 93 
Testing valves for meehaiiieal defects 
which might give rise to disturbing 
noises. This is done by tapping A\ith 
a light hammer. 

In ordcT to re\cal any latent 
defects, therefore, each \alve 

IS also subjected to a series 

of mechanical tests. One such 

test consists ol striking the \al- 
A es ^Mth a light rubber haniiner, 

as shown in Fig. 93, when a 
skilled operator can detect the 

existence and, by means of 
instruments connected to the 

\alve. ascertain th(‘ cause of 

an> hidden defect. 

Fig, 04 Ttstiny desk at whuh «dl 
tsscnticil \oltigcs and curunts of the Vcd\ts an nuasured Tlit \alvt uiidtr test is 
in fiont of tlie I(lt-h.iiid panel In the eentie ollui val^es aie being wanned up. 
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Fig. 95 
Shock-testing machine to check 
mechanical rigidity of valves. 

Final tests are then made 
on a proportion of valves 

selected at random from 
every batch manufactured. 
In these tests carefulcheeks 

are taken on aU electrical 
data, capacitance^, micro- 
phonic effects, working life 
and other characteristics 

upon which so much may 
depend in practical oper¬ 
ation. 
Thus it is ensured that 

e\ cry valve placed on the 
market fully meets all re¬ 
quirements, complies with 

the close tolerances laid down 
in the specification, and gives 

the performance aimed at. In 
this manner tens and hun¬ 

dreds of thousands of mass- 
produced valves of a single 
type alone can be turned out 
with astonishing uniformity 
of characteristics. Figs 94, 

95 and 96 give some idea of 
the elaborate installations set 
up for the electrical and 

mechanical testing of valves. 

Fig. 96 
Tropical cabinet in which the tem¬ 
peratures and humidity of the tropics 
are reproduced. After being left in this 
cabinet for a period the valves are 
examined for defects in insulation 
and for corrosion. 
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46. BURNING OUT AND TESTING 

Fig. 94, for instance, shows a test-bench on which all voltages and 

currents in the valve are measured rapidly. Fig. 95 shows a shock¬ 

testing machine in which an adjustable force vibrates the valves in 
both a horizontal and a vertical plane to test whether the valves arc 
able to withstand the mechanical shocks and knocks to which they 

may be subjected both in transit and in use, particularly in auto¬ 
mobile radio sets. 
In the tropical cabinet. Fig. 96, atmospheric conditions such as obtain 

in the tropics are simulated, particularly high temperatures and 
humidity. Valves are placed in this cabinet to ascertain the effects 

of these exacting conditions upon the external insulating materials 
and the cement securing the bases to the valves. 
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CHAPTER IX 

The Functions of Radio Valves 

Every transmitting station radiates its own programme, and every 

programme induces in the receiving aerial an alternating voltage. 

Some of these voltages, especially those from low-power or distant 

transmittcTs, are extremely feeble. It is the function of the receiving 

set to select thc' \^(^ltage corresponding to the programme it is desired 

to hear; to amplify jt; to change its form; and to amplify iJie modified 

wave again until the desired volume of sound is obtained in the loud¬ 

speaker or telephone. The electromagnetic wave radiated by the trans¬ 

mitter induces a voltage in the aerial which, plotted as a function of 

time, is not as a rule sinusoidal but of a more complex form. 

Before describing the various functions performed by valves in a re¬ 

ceiving set, it is advisable to examine more closely the nature of the 

alternating \oltages induced in the aerial circuit. 

47. Nature of the Signals in the Aerial Circuit 

Music, speech, television pictures and telegraph signals are transmitted 

in such a way that a wave of high-frequency electromagnetic vibration 

is radiated into space from the transmitting aerial. This wave is 

termed the carrier wave and its frecpiency must be sufficiently high to 

allow it to be radiated easily from the transmitting aerial. The carrier 

frequency is therefore always greater than 100,000 c/s, the actual value 

depending upon a variety of considerations. For normal broadcasting 

the carrier frequency is between 350 ke/s and 30 Mc/s, while for special 

purposes still higher frequencies are employed. 

The relation between frequency and wavelength is: 

^ 3 X 10^ 

where: f == frequency in cycles per second, 

^ = wavelength in metres. 

In the transmitter the high-frequency carrier is modified by the music, 

speech or other signal it is desired to transmit. This process is called 

modulation. In the receiving set it is possible to resolve this modulation 

and, by means of suitable apparatus such as, for example, a loudspeaker, 

to reproduce the original programme. 

The acoustic vibrations of a programme of music or speech are trans- 
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formed by a microphone in the studio into electrical vibrations, the 

amplitudes of which are proportional to the volume of sound, and the 

frequencies equal to the fundamental frequencies and harmonics 

present in the original sound vibrations. The audible range of frequen¬ 

cies extends from approximately 40 e/s to 10,000 c/s and the low- 

frequeney vibrations which modulate the high-frequency carrier wave 

therefore lie within this range. The low-frequeney (audio-frequency) 

vibrations are separated from the high-frequency vibrations in the re¬ 

ceiver by a process known as detection., or rectification of the high- 

frequency wave. 

In the transmission of pictures, as in picture telegraphy and television, 

the picture is “scanned” point by point, and a pick-up device trans¬ 

forms the brilliance of each point or picture element into a voltage 

proportional to the brilliance of that point. This voltage is employed 

to modulate a high-frequency carrier wa\e and is resolved again in 

the television receiver as an electrical voltage, which is then reproduced 

on the screen of a cathode-ray tube as a point of light of corresponding 

brilliance. 

A high-frequency voltage of sinusoidal wave form may be represented 

as a function of time by the formula: 

v = Vq cos (ft>t -f 9?), (24) 

where: v = instantaneous value of the voltage; 

Vq— amplitude of the voltage; 

(o = angular frequency of the vibration “ 2 :7r f, where f = 

frequency in cycles per second; 

t — time in seconds; 

9? = phase angle. 

If at the commencement of the cycle v — the formula can be 

written in the simplified form: 

V = Vq cos cot. (25) 

From this formula it is obvious that an H.F. voltage can be modulated 

by an L.F. voltage in two ways, that is to say by varying the 

amplitude V^, or by varying the frequency co. The first method is 

known as amplitude modulation, and the second as frequency or phase 

modulation. 

q The abbreviations H.F., I.P., and L.F. signify High Frequency, Intermediate Frequency 
and Low Frequency respectively. Instead of high frequency and low frequency the terms 
radio frequency and audio frequency are commonly used. 
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(a) AmpIitude>-moduIated Signals 

It results from the foregoing that in amplitude modulation the voltage 

in the transmitting aerial is an H.F. alternating voltage of a specified 

and constant frequency (the carrier frequency), the amplitude of which 
varies at low frequency. In the studio the modulation voltage is pro¬ 
duced in the microphone by the effect of sound waves on the moving 

system of the microphone. The modulation voltage, after a suitable 
degree of amplification, is passed to the transmitter, where the carrier- 

frequency voltage, originally of constant amplitude, is influenced in 

such a way that its amplitude now varies in rhythm with the modu¬ 
lation frequency and in proportion to the amplitude of the modulating 
voltage. This process is illustrated in Fig. 97. The dot-and-dash line in 

diagram Fig. 97e is identical in shape with the wave form of the modu¬ 

lating voltage and is sometimes referred to as the “envelope”. 

By modulation depth is understood the ratio between the amplitude 
of a sinusoidal envelope of a modulated high-frequency carrier wave 

and the amplitude of the unmodulated 
j' carrier voltage; thus: 

\ y- W m - X 100%, (26) 
V-x-—Vo 

a. where: 

c 

Fig. 97 
Top: L.F. modulating voltage 
plotted as a function of time. 
Centre: H.F. voltage (carrier wave) 
without L.F. modulation. 
Bottom: Modulated H.F. voltage. 

m = percentage modulation depth; 

Vm = amplitude of the voltage represen¬ 

ted by the sinusoidal envelope; 

Vq — amplitude of the unmodulated 
carrier voltage. 

The definition of modulation depth is 

represented graphically in Fig. 98, and 
the oscillogram reproduced in Fig. 99 

represents a modulated H.F. voltage as 

recorded with a Philips cathode-ray os¬ 
cilloscope. 

With a modulation depth of 100% the 
amplitude of the envelope equals that of 

the carrier-wave voltage, which thus varies 

in rhythm with the modulation frequency 

and in amplitude between zero and twice 
the unmodulated carrier-wave voltage. 

From Fig. 98 it is clear that the ampli¬ 

tude of the modulated carrier wave f luctu- 
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47(a). AMPLITUDE-MODULATED SIGNALS 

ates between 

and Vo — Vtvi. Further it 
is clear that, as the result 
of modulating an originally 

sinusoidal H. F. carrier- 
wave voltage (H. F. signal) 
by an L.F. alternating 
voltage (L.F. signal), the 

wave-form of the modulated 

carrier voltage is no longer 

a single sinusoidal wave. It 

can, in fact, be resolved 
into three separate sinus¬ 

oidal oscillations, namely, 

one corresponding in fre¬ 

quency and amplitude to 

the unmodulated carrier wave; one with a frequency equal to that 

of the unmodulated carrier wave plus the modulation frequency; and 

th(‘ third with a frequency equal to that of the unmodulated carrier 

wave minus the modulation frequency, the amplitude of the two last 
mentioned being equal to i m X the amplitude of the unmodulated 
carrier-wave voltage. 

This phenomenon can also be demonstrated mathematically. Modu¬ 
lation causes the carrier wave to be attenuated or intensified in rhythm 

with the L.F. modulation voltage as represented in Fig. 98 and by the 
following equation: 

' — Vq (1 + m cos pt) cos w^t, (27) 

98 
Il.t. voltage modulated by a single low frequency. 
The modulation depth m this example is 

Fig. 99 
Oscillogram of a modulated 
H.F. voltage comprising a 
800 kc/s carrier and an 
audio frequency of 400 c/s, 
as recorded with a Philips 
cathode-ray oscillograph. 

where 

Vy — amplitude of the carrier-wave voltage; 

m ~ modulation depth; 

p = angular frequency of the modulation 
voltage == 2 :7r 

co^^ — angular frequency of the carrier wave 
voltage — 2 7t f„. 

The term underlined in this equation is termed 
the instantaneous value of the amplitude of 

the carrier wave. 
Equation (27) may also be written in the form: 
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V = Vq cos cOot + iR Vo cos pt cos a>ot = 

=- Vo cos a>ot + i m cos + p) t + J m cos —p) t. (28) 

Equation (28) clearly shows that modulation of an H.F. voltage by an 

L. F. voltage yields the three alternating voltages of different frequen¬ 

cies already referred to. 

The two waves | m cos ((o^ + p) t and I m V,, cos (co^ — p) t, one 

of which has a frequency higher than the carrier frequency by an 

amount, p, cquiA to the modulation frequency and the other a frequency 

lower than the modulation fre(|iieney by the same amount, are termed 

side waves, and the wave cos oj^t is, of course, the original unmodu¬ 

lated carrier wave. 

In radio transmissions of sound the modulation generally consists of 

frequencies between 40 e/s and 4,500 c/s ^). Each of these frequencies, 

when combined with the carrier wave, forms two side waves, and all 

the modulation frequencies together form two symmetrical frequency 

spectra or side bands, one on either side of the carrier-wave frequency. 

One of these side bands extends from the carrier wave frequency + 40 

c/s to the carrier wave frequency +» 4,500 e/s; and the other side 

band extends from the carrier wave frequency -40 e/s to the carrier 

wave frequency —, e.g. 4,500 c/s. 

The whole frequency spectrum {(o^ + p) to (co^ — p), where p represents 

the highest modulation frequency, is called the band width of the 

transmitter. It is thus clear that the band width is governed by and is 

proportional to the highest modulation frequency. 

Sometimes one sideband is 

suppressed in the transmit¬ 

ter, so that the frequency 

spectrum extends only from 

(o^to{(o^ H-p)orfrom(cOo—p) 

to (Oq. The suppression of one 

sideband is sometimes used 

in television transmission to 

limit the band width for the 

picture transmission because of 

the exceptionally high modu- 

q A frequency interval of 9000 e/s is usually maintained between the carrier frequencies 
of the various transmitters in a given broadcasting area. In these circumstances, in order 
to avoid interference between programmes transmitted on adjacent channels, the highest 
modulation frequency must not exceed 4500 c/s, for a side wave with a frequency of 
6000 e/s transmitted from one station would appear as an interference in the programme 
of an adjacent channel, its frequency differing from that of the second station by 3000 c/s. 

Fig. 100a 
Carrier wave modulated by a single frequency, 
resolved into an unmodulated carrier and two 
side waves. The amplitude of the carrier is 
Vo, and of each side wave 7j 
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Fig, 100b JModulated oscillation d, coinprisin/^ larricr a and two side wa^cs I) 
and c. The envelope is represented at e^ and Ca. 

-earner wave a 
--wave b 
---—.—.—.— side wave c 

modulated carrier d 
-— — — — envelopes e| and Cj. 

lation frequencies employed, which may be of the order of 2 Mc/s. 

Figs 100a and 100b indicate in yet another form the resolution of a 

modulated carrier wave into an unmodulated earner wave with two 

side bands. In Fig. 100a the frequencies are plotted on the horizontal 

axis, the voltages shown for frequencies of {co^ + p), co^, and {co^ — p). 

Fig. 100b shows the voltages as functions of time (t) for the same 

oscillations, and also the resultant modulated H.F. voltage and the 

envelope. 

The following table gives the ranges of frequencies actually employed 

in radio broadcasting and in television. 

Type of Transmission Carrier Frequency Range Wavelength 

Radio Broadcasting—^Long wave 
do Medium wave 
do Short wave 

Television 

150— 300 ke/s 
500—1500 kc/s 

6— 30 Mc/s 
40— 100 Mc/s 

2000—1000 metres 
600 — 200 metres 
50— 10 metres 

7.5— 3 metres 
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It may also be helpful to give the following nomenclature which is 

more or less standardised to-day. 

Carrier Frequency Range Abbreviation Wave Range Unit 

Very Low Fre(iuency (30 kc/s) VLF Myriamcter waves 10,000 m 
I^ow Frequency LF Kilometer waves 1,000 m 
Medium Frequency MF Hectometer waves 100 m 
High Frequency IIF Decameter waves 10 m 
Very High Frequency VHF Meter waves 1 m 
Ultra High Frequency UHF Decimeter waves 10 ern 
Super High Frequency SHF Centimeter waves 1 cm 
Extremely High Frequency ElIF Millimeter waves 1 mm 

(b) Frequency-modulated Signals 

In recent years considerable interest has been shown in the application 

of frequency modulation, an interest which has been further stimulated 
by the latest technical developments. The system holds great possi¬ 

bilities for the interference-free reception of radio transmissions. In 

frequency modulation the H.F. oscillation generated at the transmitting 

station is modulated in such a w’ay that its frequency, and not its 

amplitude, varies in rhythm with the L.F. or programme modulation. 
The degree of modulation is determined by the extent to which the 

frequency varies from a constant mid-value of the high frequency, 

around which frequency the signal frequency varies symmetrically, the 
amplitude of the H.F. oscillation remaining constant. 

If cOq (= 2 jrfo) is the angular frequency of the unmodulated H.F. signal 

and p the angular frequency of a sinusoidal modulation 
voltage, the foregoing description of frequency modulation shows that 

the frequency of a modulated signal will change p times per second, 

between the limits cOq + Zl cWq and — Zl A co^ being proportional to 
the amplitude of the L.F. modulation voltage. 

The term Zl co^ is, of course, the amplitude of the frequency deviation 

about the mid-frequency co^. With a sinusoidal modulation the fre¬ 
quency can be expressed as a function of time by the formula: 

CO = ft>o + zlci>o cos pt. (29) 

In this formula co is the instantaneous value of the frequency of the 

frequency-modulated signal. It can be shown that a wave of which the 

instantaneous frequency is represented by Equation (29) can itself be 
represented by the equation: 

See also Th. J. Weijer’s “Recent Developments concerning Frequency Modulation^*, 
Tijdschr. v. h. Ned. Radiogenootschap 8, 1940, pp. 315—364, and also the bibliography 
given at page 122. 
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V = Vq cos^cDot + sin ptj. (80) 

By substituting for the letter m, which is termed the modulation 

index, the formula beeomes: 

V ^ Vq cos (ojot + III sin pt), (31) 

where: 

V — instantaneous value of the voltage; 

Vq — amplitude of the unmodulated H.F. signal; 

cOy = angular frequency of the unmodulated H.F. signal; 

p — angular frequency of the modulating voltage; 

m == modulation index — 

amplitude of the frequency deviation 

frequency of the frequency deviation p 

Equation (31) indicates that 

the phase, cu^t, of the un¬ 

modulated carrier wave is 

modulated by an L.F. os¬ 
cillation m sin pt, and for 
this reason the system is 

also given the name phase 
modulation. The modulation 

index, m, can be determined 
in various ways. In the 

special case of phase modu¬ 

lation in which the ampli¬ 

tude JcOq is independent 
of the frequency p of the 
modulating L.F. signal but is proportional to the amplitude of the 

L.F. signal, the system is termed frequency modulation. 
Fig, 101 shows a frequency-modulated wave plotted as a function of 

time. At (a) is shown the unmodulated wave of constant amplitude 

and frequency, (b) is the modulating L.F. oscillation and (c) the resultant 

frequency-modulated signal. 
A frequency-modulated signal may occupy a considerable band width, 

for when Equation (81) is resolved it becomes; 

F?g. 101 
(a) Unmodulated H.F. oscillation 
(b) Modulating L.F. oscillation 
(c) Frequency-modulated oscillation. 
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V — Vq cos (wyt + m sin pt) 

fiV^cos + 

+ f2V„ {cos (w„ + p) t — cos («o — p) t } + 

+ fsVo { cos (w„ + 2p)t + cos (a>0 — 2p)t } + 

-I- f4V(, { cos (to„ + 3p) t — cos (ft>o — 3p) t } + ... etc. (82) 

The factors fj, fg, ^3 etc. depend upon the value of ni and can be de¬ 

termined mathematically. For small values of m (i.e. m 1) fi “ 1; 

fg =: is proportional to rn-; f4 is proportional to m^ and so on. 

Thus, the factors fg, f4 and higher are extremely small. By disregarding 

these factors Equation (32) becomes: 

V — Vq cos (co^t + sin pt) 
— Vq cos co^t + i Vq cos (cOo 4- p) t — i mVo cos (co^^ — p) t. (33) 

This equation is of the same form as Equation (28) for amplitude 

modulation and indicates that a frequency-modulated signal consists 

of a carrier wave with two side waves, the two side waves being, how¬ 

ever, of opposite sign, whereas in amplitude modulation the side 

weaves are of similar sign. Further, the band width is equal to twice 
p 

the modulation frequency 

If the value of m is larger, the factors fg, f^ etc. in Equation (32) are 

also greater, and the side waves of frequencies (w^ 4'2p); {co^ — 2p); 

((Oq + 3p); (Oy — 3p) etc. can no longer be disregarded. These fre¬ 

quencies are always greater or less than the carrier frequency by a 

multiple of the modulating frequency p. There is therefore a frequency 

spectrum of side waves of considerable width, in which the various 

frequencies are spaced at intervals equal to the modulation frequency p. 
In order to ensure interference-free reception of a frequency-modulated 

signal, AcOq must be large and, since mp — the modulation index 

m will also be large. Usually a value of modulation index greater than 

10 is selected. In these circumstances, with a high modulation fre¬ 

quency, the side bands are of very considerable width. 

Fig. 102 shows a frequency spectrum where m = 10, and another 

where m = 20, both being derived from a mathematical calculation of 

the factors fj, fg, fg etc. in Equation (32). The diagram shows that where 
the modulation index is high the band width is more than twice the 

frequency deviation Aa)^; but for practical purposes the band width 

may be taken as 2 x Aco^, as the amplitudes of frequencies beyond 
this band are so small that they may be disregarded. 
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Thus, with a modulation index of 10 and a top modulation frequency 
of 10,000 c/s, the frequency spectrum occupies a band-width of 

B = 2 X 10 X 10,000 c/s =- 100 ke/s. 

With amplitude-modulation, however, the band-width corresponding 

to a top modulation frequency of 10,000 c/s is only 20,000 c/s ^ 20 kc/s. 

Because of the considerable band-width necessary to obtain reasonably 
interference-free reception of frequency-modulated signals, high frequen¬ 

cies of the order of 40 Me/s (wavelengths in the region of 7.5 in) are U5>ed 

for the carrier wave, for in the normal broadcasting band (500—1500 

kc/s) there is no room for a 200 kc/s band-widtli channel, and in this 

frequency range frequency modulation offers no advantage over ampli¬ 

tude modulation, which is therefore preferred on account of its simplicity. 

In the short-wave range (approximately 40 Me s), however, frequency 

modulation can offer the following valuable advantages: 

(1) Less noise. 
(2) Less susceptibility to atmospheric interference and other transients. 

(3) Less interference by other programmes. 

(4) Possibility of high-quality reproduction without sacrificing se¬ 

lectivity. 

(5) Good reception at relatively low field strength at the receiving 

aerial. 

All these advantages can 

be realised in the follow¬ 
ing circumstances: 

(1) The frequency de¬ 
viation JeOj, must be 

much greater than 

the highest modu¬ 

lation frequency, p - 

say Aco^ = 10 p. 

(2) The interval between 
the carrier frequen¬ 

cies of two adjacent 

channels must be at 

least 2 AcOq. 

(3) Special provisions, 

to be described here¬ 

after, must be made 

in the receiving set. 

d u_^ 
u 

Fig. 102 
Frequency-modulated signal analysed into com¬ 
ponents of various frequencies, for modulation indices 
of m = 10 and m = 20. The frequencies of the in- 
dividual compoaents are plotted horizontally and 
their amplitudes vertically. 
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48. Brief Explanation of the Operation of a Receiving Set 

The reader has now been given a description of the nature of the signals 

received by the aerial, and some idea of their strength. The function of 

the receiving set is to amplify these signals, to “detect” them by sepa¬ 

rating voltages from the H.F. carrier voltage, and to re-amplify the 

modulation voltage to sueh an extent that the loudspeaker can emit 

sound waves of sufficient power. 

The first process is to select the programme it is desired to hear, and 

to separate it from all other signals. This is achieved by the use of one 

or more tuned circuits consisting of coils and condensers. The selected 

signal is then amplified in one or more valves. Tliese valves are coupled 

by other tuned circuits which also serve to keep the desired programme 

free from interference by other signals and side-bands picked up by 

the aerial. 

Such amplification is termed R.F. (radio-frequency) amplification and 

takes place in R.F. valves. After it has received sufficient R.F. ampli¬ 

fication the signal is passed to the detector \alvc for detection or 

rectification. In the detector stage the frequency and amplitude of the 

original modulation is separated from the carrier-wave frequency, 

which is suppressed. 

The output of the detector consists, therefore, of li.F. (low-frequency) 

or, more correctly A.F. (audio-frequency) alternating voltages. These, 

in turn, are amplified in one or more A.F. amplifying valves, to an 

extent at which, when they reach the final amplifying valve or output 

valve, they are of sufficient strength to produce the power required for 

the loudspeaker or other sound reproducer. 

Fig. 103 is a block diagram illustrating the sequence of the various 

stages in a receiving set of the type described above. Such a set is 

termed a tuned radio-frequency (T.R.F.) receiver and incorporates 
what is known as direct R.F. amplification. 

Aenal 
Tuned Tuned Tuned 

Circurt(s) Circuit Circuit 
1 Redio-frequency I Radio-frequency I 
I Valve Valve 

Coupling 
Element 

Coupling 
Element 

Loudspeaker 

_L 

Detector 
Valve 

Audio-frequency 
Valve 

Coil(s}^Condenser(s) CoiHCondenser Coil+Condenser 

Earth 

Output 
Valve 

rp=i=n 1. r-^ r-±-\ _L_ L/1 

H-eHSHbhSHSK 
Fig. 103 
Block diagram of a timed radio-frequency receiver for amplitude-modulated signals. 
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This principle, however, is only used in the simpler types of receiver. 

Modern receivers, both large and small, are usually designed on the 

superheterodyne principle. Superheterodyne reception (often abbrevia¬ 

ted to „superhet”), while employing all the essential features of T.R.F. 

reception, incorporates additional stages which permit more efficient 

amplification. An additional valve, termed the oscillator valve, gene¬ 

rates an unmodulated H.F. oscillation the frequency of which differs 

slightly from the frequency of the carrier wave. This local oscillation is 

mixed with the tuned R.F. signal in one of the R.F. stages, by means 

of a valve which is called the mixer valve, frequency changer or 

frequency converter. In this stage, owing to the introduction of the 

local oscillation, new frequencies arc set up, one of which is equal to 

the difference between the frequencies of the carrier and of the local 

oscillation. This “differentiar’ frequency now becomes the carrier of 

the modulation of the original R.F. signal. Becau^c the frequency of 

the local oscillation is always adjirted to a value higher or lower by 

a constant amount than the frequenev of the signal to which the aerial 

circuit is tuned, the “differential” frequency is always the same and can 

therefore be selected or separated from other frequencies by means of 

circuits of fixed resonance, that is to say without the use of variable con¬ 

densers. The signal thus selected can then be further amplified in valves. 

The “differential” frequency is termed the intermediate frequency 

(I.F.) and is amplified in the I.F. amplifier by means of I.F. amplifying 

valves, one or more in number, until the signal voltages are great 

enough to permit efficient detection in the detector stage. In European 

practice an intermediate frequency of approximately 125 kc/s or 

475 kc/s is employed for broadcast reception, but for television re¬ 

ceivers and in ultra-short-wave reception much higher intermediate 

frequencies are used. 

After the detector stage of a superheterodyne receiver, the audio¬ 

frequencies are further amplified and then passed to the output valve 

in the same manner as in T.R.F. receivers. 

It should be explained that the incoming signal may be amplified in 

one or more R.F. stages before being mixed with the locally-generated 

oscillation, or it may be fed to the mixer stage via one or more tuned 

circuits without amplification. The simplest superheterodyne receivers 

have no R.F. amplifier stage at all; more elaborate sets have one, or, 

in exceptional cases, more R.F. stages. The unmodulated H.F. voltage 

generated in the receiver is called the oscillator alternating voltage, 

and is produced by means of a valve termed the oscillator valve, a tuned 

circuit consisting of a variable condenser and a coil, and a feedback coil. 
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Aerial 
\l/ Tuned Coupling 

Element 

Coupling 

Element 

Loudspeaker 

Frequency- 

converter Valve 

Intermediate- 

frequency Valve 

Coil(s)* Condenser(s) Coil(s)+Condenser(s)\ Coils+Condensers Cotls-*^ Condensers 

Earth 

Audio-frequency I 
Valve 

Tuned Tuned Tuned Tuned Coupling Coupling Loudspeaker 

Circuit(s) Circuit Circuits Circuits Element Element I 

1 Radio-frequency I Frequency- \ Intermediate- Detector Audio-frequency \ Output 

I Valve I converter Valve frequency Valve Valve Valve ^ 

Co//+ Condenser* 

Valve 

Fig. 104 Block dia^jruin of a superheterodyne receiver for ainfilitude-inodTilated signals. 

Fig. 104- is a block diagram illustrating the sequence of the various 

stages of a superlieterc'dyne receiver. 

To summarise, the R.F. signal in the aerial of a superheterodyne set 
may or may not be amplified. If it is amplified this takes place in one 
or more R.F. amplifying valves and the amplified R.F. signal is mixed 

in the mixer \alve with the oscillator voltage generated in the oscillator 

valve. The output of the mixer valve is a modulated I.F. voltage which 
is amplified in one or, in exceptional cases, more I.F. vah^es and is 

then passed to the detector valve. The output of the detector stage is 
an A.F. signal which is further amplified in the A.F. amplifying valves 
and in the output valve, which provides the power for operating the 

loudspeaker. 

There arc, of course, many variants of these basic types of receiver. 

There are, for instance, sets which operate without 

any R.F. amplification, the aerial signal being passed 
from the tuning circuit direct to the detector valve. 
The brief descriptions of methods of radio reception 

given above are applicable both to amplitude- 
modulated signals and to frequency-modulated 

signals, but in the case of frequency-modulation the 

detector stage is more complex, because the fre¬ 
quency-modulated signal must be converted into an 

amplitude-modulated signal before it can be rectified 

by the detector. This conversion takes place in the 
“frequency detector” or converter stage, which con* 

sists in essence of a resistance, an inductance, 

vm r-j 

^out 

- \ \__ 

54201 

Fig. 105 
Converter stage (fre¬ 
quency detector) for 
converting a fre¬ 
quency-modulated 

signal into an ampli¬ 
tude-modulated sig¬ 
nal. If the correct 
values of R, C and 

and a capacitance connected in series as shown in 
Fig. 105. 

If the correct values are chosen for the resistance 

R, the inductance L and the capacitance C, an 

L are chosen the 
voltage Vout varies 
linearly with the fre¬ 
quency of Vin, provi¬ 
ded the amplitude of 
Vin is constant. 
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output voltage V^ut obtained, 
the value of which varies 

linearly, within close limits, 

with the frequency of the input 

voltage Vj„, as shown in the 
graph reproduced in Fig, 106, 

provided the amplitude of 

is the same at all frequencies. 

Fig. 106 shows the linear re¬ 
lation between the amplitude 

of the output alternating vol¬ 

tage and the frequency o 

of the input alternating voltage 

Vi„ under the stated con¬ 

ditions. 
It has already been stated that the converter stage will function linearly 

only if the input voltage is constant at all frequencies. In order to 

achieve this condition, and thus to utilise fully the achantages of 

frequency modulation with respect to freedom from atmospheric and 

other interferences, it is necessary either to interpose what is known 

as a limiter stage prior to the converter stage, or to apply frequency 
feedback. Consideration here of the theory of limiting interference by 

the application of these measures would involve too great a digression, 

and it must suffice to remark that a limiter stage is frequently applied 
with the object of feeding to the frequency detector signals which are 

of constant amplitude in spite of all possible interferences. The charac¬ 

teristic of the limiter stage is as shown in Fig. 107. Usually, owing to 
interferences, both the am¬ 

plitude and the frequency 

of the carrier wave are 

modulated. By av oiding am¬ 

plitude modulation through 
limiting of the amplitude, 

the output of the amplitude 

limiter will contain only 

the frequency modulation 
resulting from the inter¬ 

ference. In modern fre¬ 

quency-modulation trans¬ 
missions the amplitudes of 

the frequency variations are 

Output Alturnating 
Voltage 

Fig, 107 
Characteristics of an amplitude-limiting stage for 
frequency-modulated signals. The amplitude of 
the output signal voltage, Vout is shown as a function 
of the amplitude of the input signal V^. 

Output Voltage 

Fig, 106 
( haraetenstie of the com ertcr stage illustrated 
in Fig. 10,5. The output \oltage is plotted as a 
function of the frequenev (o, the aniphtiide V^u 
of the input signal being constant. 
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very large, corresponding to 

modulation indices m greater 

than 10, so that the frequency 
variations caused by inter¬ 

ferences are extremely small 
Jng. 10S , 1 4. 1 • 1 compared with those corres- 
Thm Line a: Amplitude-modulated si^jnal. ^ 
Heavy Line h: Sifrnal after passinef through the ponding to the A.F. modu- 
amplitudo litnitcr. jpg 

portion of an amplitude- 

modulated signal whif*h remains after it has passed through an 

amplitude limiter. At A and B the amplitudes are smaller than the 
threshold value V'^jj of the amplitude limiter (see Fig. 107). In order 
to ensure that the signal contains no interferences due to amplitude 

modulation, the amplitude must not fall below this threshold value. 

The amplitude limiter must, therefore, be fed with a signal which has 
already been amplified sufficiently to ensure that no part of the in¬ 

terference modulation can appear in the amplitude limiter output. 

Fig. 109 is a block diagram of the various stages of a superheterodyne 

receiver for frequency-modulated signals. A bibliography concerning 
frequency modulation is given on page 122. 

49. Current Supplies for Radio Sets 

All receiving sets must be supplied with electric current to enable the 

valves to operate. Usually this current is drawn from the direct-current 

or alternating-current mains, but in some sets it is obtained from 
accumulators or from batteries of dry cells. 

Most mains-operated receivers nowadays are fed from alternating- 
current mains. As, however, with the exception of the cathode-heater 

supply, for which alternating current is quite suitable, valves are 

Fig, 109 
Block diagram of a superheterodyne receiver for frequency-modulated signals. 

114 



50. SUMMARY OF THE FUNCTIONS OF RADIO VALVES 

operated entirely on direct voltages, provision must be made for con¬ 

verting the alternating supply from the mains into a direct supply. 

Usually the mains alternating supply is transformed by the mains 

transformer into an alternating supply at a higher voltage, say 300 V, 

after which it is converted into a uni-directional supply by a rectifier 

valve. The uni-directional output of the rectifier cannot, however, be 

used in the receiver in that form because it is pulsating, i.e. it carries 

an alternating-current eomponent. This eomponent is suppressed in 

the smoothing circuit which follows the rectifier valve and consists of 
an arrangement of ehoke coils or resistances and condensers. The 

current supplies for radio valves are dealt with more fully in Chapter 
XXXII, and reference can also be made to Chapter XIX, where mains 

voltage rectifiers are discussed. 

50. Summary of the Functions of Radio Valves 

In addition to the functions already mentioned, valves are used for 

various subsidiary purposes, particularly in receivers designed for high- 

fidelity reproduction. They arc employed, for example, in amplifying 
automatic-volume-control voltages and the like. It is seen, therefore, 

that valves have to perform a large number of widely divergent duties, 

each with different requirements by way of valve characteristics. For 

example, the operating conditions and required characteristics of an 

R.F. amplifier differ from those of an A.F. output valve. 

The principal types of receiving valves include: 

(1) R.F. amplifiers. 

(2) I.F. amplifiers. 

(3) Frequency changers (mixer valves). 

(4) Oscillators. 

(5) Detectors. 

(6) A.F. amplifiers. 

(7) A.F. output valves. 
(8) Rectifiers. 

(9) Electron-ray (fluorescent-screen) tuning indicators, the nature and 

functions of which are described in Chapter XXVI. 

Sometimes valve systems designed for different functions are combined 

in a single bulb, and thus consitute a single valve, which is then termed 

a multiple valve. Thus, output pentodes or A.F. amplifiers often contain 
a detector system. The oscillator valve is also gene'rally combined 

with the mixer valve. 
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CHAPTER X 

Conventional Method of Representing Valve Electrodes in Circuit 
Diagrams 

Before leaving the subject of the construction of radio valv^es it is 

necessary to indicate how valves are represented in circuit diagrams. 

Fig. 110 is the conventional representation of a valve having an anode 
and an indirectly-heated cathode. If the valve has a control grid 

this is shown as a broken line, midway between the cathode and 

Anode Connection 

Fig, 110 
Conventional repre¬ 
sentation of a diode. 

Fig. Ill 
Conventional repre¬ 
sentation of a triode. 

Fig, 112 
Conventional 
representation of a multi- 
grid valve. 

anode (Fig. 111). If the valve has several grids, arranged concentric¬ 

ally around the cathode, these are indicated by other broken lines and 

are numbered in their order starting from the innermost. Thus in 
Fig. 112 grid No. 1 is that nearest the cathode. 

The various electrodes are indicated by letters: f for filament, h for 

heater, k for the cathode, gj for the first grid, gg, ga etc. for successive 
grids, a for the anode and so on. 

It is sometimes necessary to refer to the voltages of the various 

electrodes or the currents flowing to them. This is done by using the 
electrode letters as subscripts. Thus, stands for anode voltage, 

Vg2 for the voltage at the second grid, and Ij^ for the cathode current. 
A detailed list of symbols used is given at the end of this book. 
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CHAPTER XI 

Classification and functions of Radio Valves 

The valves employed in radio receivers are usually classified ac¬ 

cording to the number of electrodes they contain, the heater of 

an indirectly heated valve not being included in that number. 
The number of electrodes is intimately related to the functions 

which a particular valve performs in a receiver and this function 
is indicated in addition to the number of electrodes in the valve 

nomenclature. 

51. Diodes 

A valve having only two electrodes, that is to say one cathode and 

one anodic and no control electrode, is termed a diode. Sometimes 

two separate diodes are contained in one and the same envelope, and 

the valve is then called a double diode. Usually a double diode has 

only one cathode, arranged cither horizontally or vertically, and the 

two anodes take the form of two superposed cylinders surrounding 

the cathode as illustrated in Fig. 113. In other cases, as for example 

in diodes used for rectifying the mains 

alternating current, different forms of con¬ 

struction are employed (see Fig. 114). 
Because a diode has no control grid it can 

only be used for rectification, that is to say 

for changing an alternating current into a 

uni-directional current. This rectifying action 

is applied in receiving sets for rectifying 

mains alternating current, thus providing 

the necessary high-tension Supply; for 

separating the audio-frequency or modu¬ 

lation-frequency component from the R.F. 

or I.F. signal; and also for producing the 
direct voltages required for such processes 

as automatic volume control. Diodes used 

for rectifying mains voltage are referred to 

as “rectifiers”, diodes used for separating 
the A.F. signal from the R.F. or I.F. sig¬ 

nal are termed detector diodes or merely 

“diodes”. 

Fig. 113 
Electrode system of double 
diode type CB 2. 
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52. Triodes 

A valve having one grid interposed between 
the cathode and anode is called a triode. By 
virtue of the control action produced by the 
grid, triodes can be used as amplifiers. In re¬ 
ceivers their use is generally confined to lowfre- 

quenc‘y amplification or to generating the local- 
oscillator voltage required in super-heterodyne 
receivers; other triodes are designed for use as 
power output valves. 

53. Tetrodes 

If a second grid is fitted between the control 

grid and the anode of a triode and is main¬ 
tained at a positive potential with respect to 

the cathode, the valve becomes a tetrode, that 

is to say a four-electrode valve. The second grid 
is termed a screen grid and the first is employed 

as control grid. Tetrodes have greater pos¬ 
sibilities as far as amplification is concerned 

than triodes, and possess the added advantage 
that feedback from the anode circuit to the 

control-grid circuit is substantially reduced by 
the screen grid. Tetrodes or screen-grid valves find their main appli¬ 

cation as R.F, or I.F. amplifiers but have now been largely superseded 
for this application by newer types of valves. Tetrodes arc also available 
as output valves and then are so designed that the electron current is 

concentrated in the space between the grid and the anode. The re¬ 
sultant high density of the space charge minimises the secondary 
emission from the anode, as will be explained in Chapters XII and XIII. 

At one time yet another type of tetrode was used, in which the two 
grids consisted of a control grid and a space-charge grid located 
between the control grid and the cathode maintained at a slightly 
positive potential with respect to the cathode. This arrangement re¬ 

sulted in a larger anode current than would be possible under conditions 
of negative control-grid voltage and low anode voltage, and the valve 

gave a useful value of transconductance at very low anode voltages. 

54. Pentodes 

A pentode is a valve possessing five electrodes, of which three are 

grids. The first and second grids correspond to the control grid and 

Ftg. 114 
Internal construction of 
full-wave rectifier, tyjie 
AZl. 
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56. HEPTODES 

screen grid of a tetrode, and the third grid, 

which is located between the screen grid and 

the anode, is termed the suppressor grid; it 

is usually connected either to the cathode 

within the bulb or in the base, or direct to 

earth. 
The pentode is one of the most versatile types 

of valve and is employed in receivers for a large 

number of processes. There are pentodes spe¬ 
cially designed for R.F. or I.F. amplification 

and these are generally known as R.F. pentodes. 

Many of these, however, are quite suitable for 

use as A.F. amplifiers and will give a consider- 

rably greater degree of amplification than can 

be obtained with triodes, a stage gain of 100 

to 200 being possible. 
The pentode principle is also applied to the 
design of power output valves, and output 

pentodes are now the standard form of output 

valve for domestic receivers. 

55. Hexodes 

A hexode is a valve with six electrodes, four of 

which are grids. The first and third grids are 

control grids and the second and fourth are 

screen grids. Hexodes are employed as mixer 
valves in superheterodyne receivers, the R.F. 

signal being applied to the first grid and the 
local-oscillator voltage, generated in the receiver, 

being applied to the third grid. Both the R.F. 
signal (modulated) and local oscillation modulate the electron current 

flowing to the anode, with the result that the desired modulated I.F. 
signal is obtained. In suitable circuits hexodes can also be employed 

as R.F. and I.F. amplifiers. 

Fig, 115 
Electrode system of directly- 
heated output tnode, type 
ADI. 

56. Heptodes 

A heptode, or seven-electrode valve, has five grids, the first four 

corresponding to the four grids of a hexode and the fifth, located 

between the fourth or screen grid and the anode, being the suppressor 

grid. Such valves are mainly used as mixing valves in the same way 

as hexodes but can also be employed as R.F. or I.F. amphfiers. 
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Fig. iir> 
Electrode system of typical 
18-watt output pentode of high 
transeonductance. 

A more recent type of heptode (developed 

just before the war), which may be used 

for R.F. and A.F. amplification at low 
anode voltages, has a somewhat different 

electrode arrangement. The first grid serves 

to concentrate the electrons, the second 

grid acts as a space-charge grid, the third 

as a control electrode, the fourth is a screen 

grid, and the fifth a suppressor grid. This 
val\e is equivalent to a pentode con¬ 

structed around a sj)aee-charge grid. 

57. Oetodes 

This type of \alve has six grids in ad¬ 

dition to cathode and anode, and at present 

IS only employed as a frequency converter. 

The first and second grids function as the 

control grid and anode of a triode for 

generating the local-oscillator voltage in 

a superheterodyne receiver, the first grid 

being connected to a tuned circuit and 

the second to a feedback coil. The third 

and fifth grids are screen grids and the 

fourth grid is the control electrode to which 

the incoming R.F. signal is applied. The 

sixth grid acts as the suppressor. 

58. Multiple Valves 

It is common practice to combine two or more electrode systems in 

one envelope. Such valves are termed multiple valves. For example, 

a double diode can be combined with a pentode or triode, or a triode 

can be combined with a hexode. In most cases these combined valves 

have a common cathode and heater or, in the case of directly-heated 

valves, a common filament or two filaments either series or parallel 

connected. In valves where the cathode is mounted vertically the 

two systems are assembled around it, one beneath the other. For 

example, the bottom half of the cathode forms the cathode of one 

system and the top half the cathode of the second system. In directly- 

heated multiple valves the two electrode systems are often found 

mounted side by side, with a separate filament for each, the two fila¬ 

ments being connected inside the valve either in series or in parallel. 
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58. MULTIPLE VALVES 

Fig. 117 
Electrode system of an octode. The sixth 
grid and anode have been removed to 
show the oscillator grid, the two anode 
plates and the shielding plate of the 
oscillator section, grid number four and 
the diamond-shaped grid number five. 

In standard practice multiple 

valves do not at present contain 

more than two systems, a double 

diode being considered as 

forming one system. The combi¬ 

nation of more than two sys¬ 

tems in one valve would involve 

great difficulties in manufaeture 

and would introduce the risk of 

undesirable coupling between 

the various systems within the 

valve. Moreover, in the event 

of the failure of one system the 

complete valve would have to 
be replaced and this would be a costly matter. The combination of a 

double diode with an R.F. triodc amplifier is called a double-diode- 

triode. The diodes are used as detector and for automatic volume con¬ 
trol, while the triode is used as an A.F. 
amplifier with resistance coupling. Another 

common combination is the double-diode- 

output-pentode, the name of which is self- 

explanatory. There are also double-diode 

-R.F.-pentodes in which the pentode 

may be employed, for example, as I.F. 

amplifier in super-heterodyne receivers 

while the two diodes are used respectively 

for detection and automatic volume 

control. 
The object of combining a triode with a 

hexode or heptode is to produce a valve 

Fig. 118 
Internal construction of a typical double diode-triode. 
The two cylindrical diode anodes are arranged below 
the triode assembly, from which they are separated 
by a shielding plate. 
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which performs the functions of local oscillator and mixer valve in 
superheterodyne receivers. The triode system forms the oscillator 
and the hexode or heptode forms the mixer. Triode-hexodes and 

triode-heptodes therefore perform the same functions as octodes as 

frequency-converters. 
Another multiple valve sometimes encountered is a combination of 

A.F. triode and output tetrode for the output stage. 
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CHAPTER XII 

Properties of the Valves 

A valve has properties which can be defined partly by characteristics 
or a family of curves. If possible these characteristics should be such 
that the properties of the valve can be read from them for different 
working conditions. In the case of voltage-amplifying valves it is 
particularly of importance to know how great the amplification of 
the valve is in certain circumstances. For output valves it is important 
to know what power the valve can supply to the loudspeaker. Voltages, 
usually alternating, are applied to the input of a valve. In the case 
of voltage amplillcation it is desired to know what alternating voltage 
is generated at the anode with a certain anode impedance and grid 
alternating voltage, whereas for output valves it is desired to know 
the power that the valve can supply with the given grid alternating 
voltage. This power can be calculated from the alternating voltage 
across the anode load impedance of the output valve. The anode load 
resistance or impedance of the output valve of a radio receiver is formed 
by the loudspeaker, which is usually coupled to the output valve via 
an output transformer. 
The characteristics of the valve have to be determined in such 
a way that the data of the valve are independent of the anode 
impedance, because the latter is a variable quantity, changing from 
one case to another. It must be possible to determine with the aid 
of the characteristics the properties and working of the valve for a 
certain anode impedance. By working conditions is understood, 
for instance, the adjustment of the valve, i.e., the various direct 
voltages applied to the electrodes, and the anode impedance that is 
employed^ 

59. Anode'Current-Grid'VoItage or Transfer Characteristic 

An anode-current-grid-voltage curve is called the la/Vg or transfer 
characteristic. In order to obtain such a curve it is necessary to vary 
continuously the control-grid voltage for given, constant, direct voltages 
on the anode, on the screen grid (if present) and on any other grids 
that may be contained in the valve, and to measure the corresponding 
anode currents; by plotting these currents as a function of the grid 
voltage a curve is obtained. Usually when constructing such a curve 
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one starts from a grid voltage equal 
to zero and brings this down to the 
limiting negative value at whieh 
the anode current becomes sensibly 
zero. It is not usual to measure the 
anode current of receiver valves for 
positive values of the grid voltage. 
Fig. 119 gives a transfer character¬ 
istic for a triode. 
If, after the transfer curve of a triode 
has been constructed, a different 
anode voltage is chosen, then a new 
JJV^ or transfer curve is produced 
which runs alongside the first one. 
If measurements are taken for a 
number of anode voltages, then a 
family of transfer eharaeteristics is 
obtained, from which a series of 
properties can be deduced. 
Figs 126 and 128 show families of 
transfer characteristics of triodcs. 
As will be explained in the next 

chapter, high anode voltages have only little influence upon the anode 
current of valves with screen grids. The anode current is then mainly 
determined, apart from the control-grid voltage, by the screen-grid 
voltage. For that reason the family of transfer characteristics for 
screen-grid valves are set out for different values of the screen-grid 
voltage; these curves, however, hold good only as long as the anode 
voltage does not drop below a certain limit. 

60. Transconductance of the Valve 

One of the features of a valve that is of interest is the increase or 
decrease of the anode current per volt of the control-grid-voltage vari¬ 
ation, as this tells us something about the controlling action of the 
grid. In determining this action it is necessary to keep the anode 
voltage and the voltages on any other grids constant, as otherwise no 
distinction can be made between the action of the control grid and that 
of the other electrodes whose voltages vary. As the IJVg or transfer 
characteristic of a valve indicates the relation between the anode 
current and the grid voltage for constant voltages on the other electrodes, 
it is possible to read from that characteristic the anode-current variation 

Fig, 119 
la/Vg or transfer characteristic of a 
triode. The tan^jent of tlie anj^le 
formed by the tangent through the 
point P and the horizontal axis (V^ 
axis) indicates the transconductance 
of the valve at that point. 
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TRANSCONDUCTANCE 

per volt of the control-grid 

voltage. This quotient 

gives us a certain number. 
If, however, the quotient 

of the anode-current 

variation and the grid- 
voltage variation is de¬ 

termined for a grid-volt¬ 

age variation smaller or 

greater than one volt, 

then a somewhat differ¬ 

ent figure is obtained. It 
is customary to use as 

characteristic figure the 

quotient of a very small 

anode-current variatii m 

dia and the corresponding 
very small grid-voltage 

variation dVg. For a 

triode this gives us the 

. /dla\ expression I 
\dVg/v» const 

If a tangent is drawn 

through a certain point 

of the Ift/Vg curve (see 
Fig. 119) then the angle 

contained within that 

tangent and the Vg axis 

dh 
gives the quotient — - - • 

d g 
The greater the quotient, 
the steeper the tangent 

with respect to the hori¬ 

zontal axis; this quotient 

is called the transeon- 

duetance or mutual con¬ 

ductance of the valve 

at the given point (in¬ 
dicated by the grid volt- 

tage or the anode current 

from which one departs 

100 200 300 400 500 

4tfOJW 

Fig. 120 Plate characteristics of a triode. 

Fig. 121 Plate characteristics of a pentode. 

fa Cm A) 

Fig. 122 Plate characteristics of a tetrode. 
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Fig, 123 
Plate cliaracteristic of a triode. The 
tanf^ent of the angle a formed by the 
tangent to this curve through the point 
Q and the axis indicates the internal 
resistance of the valve at this point 
of the characteristic. 

current. This gives the quotient 

for a certain anode voltage). From 
Fig. 119 it is further seen that the 
transconductance of the valve is 

not equal for all grid voltages, but 
generally increases as the negative 

grid voltage becomes smaller. This 

transconductance of the valve will be 

indicated by the symbol gj^, according 

to the definition 

Contrary to the foregoing, however, 

the transconductance of the valve is 

often measured by varying the grid 
potential 1 volt and determining the 

corresponding variation of the anode 

by approximation. From the 

above it follows that the transconductance has the dimension of a 

conductance (the reciprocal of a resistance, whence the term trans¬ 

conductance). It is generally expressed in terms of mA/V or /^A/V. 

61. Anode-Current*Anode-Voltage or Plate Characteristics 

An anode-current-anode-voltage or plate curve is termed an plate 

characteristic (plate was the original name for anode). Such a curve is 

Fig. 124 
Plate characteristic of a tetrode. Within 
a certain range of anode voltage the 
angle a is greater than 90^ and the 
internal resistance negative. 

constructed by measuring for every an¬ 
ode voltage the corresponding anode 

current at a given control-grid voltage 
and given constant voltages on any 

other grids present in the valve. By 

plotting such plate characteristics for 
various values of the control-grid volt¬ 

age (any screen-grid voltage remaining 

constant) a family of plate eharae- 
teristies is obtained as shown in Fig. 

120 for a triode, in Fig. 121 for a 

pentode and in Fig. 122 for a tetrode. 

For screen-grid and pentode valves 

there is a family of characteristics for 

each screen-grid voltage. 
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62. INTERNAL RESISTANCE 

62. Internal Resistance 

While on the one hand it is of interest to know the anode-current 

variation for a certain control-grid voltage variation, on the other 

hand it is also of importance to know how great the anode-current 

variation is for a certain anode-voltage variation. This knowledge tells 

us something about the influence of the anode voltage upon the anode 

current at a constant control-grid voltage and with constant voltages 

on any other grids. If, for instance, the control-grid voltage in a certain 

valve circuit is changed then, as a rule, in consequence of the resulting 

anode-current variation, the anode voltage also will change (in the case, 

for example, when the voltage drop across an anode series resistance is 

changed). The plate characteristic indicates the relation between the 

anode current and the anode voltage for constant voltages on the other 

electrodes; thus one can read from this characteristic the anode-current 

variation per volt of anode-voltage variation. This quotient, the 

anode-voltage variation divided by the corresponding anodc-current 

variation, yields a certain figure. As in the case of transconductance, 

for a given point of the plate curve, the quotient of a very small anode- 

voltage variation dV^ divided by the corresponding very small anode- 

current variation dl^ is usually taken as the characteristic figure. This 

gives us the expression /dVa\ 

\ dia /vg - const. 

If a tangent is drawn through a certain point of the plate characteristic 

(see Fig. 123) then the angle contained within that tangent and the 
dVft 

la axis yields the quotient This quotient has the dimension of 

a resistance; it is the alternating-eurrent resistance between anode and 

cathode and is usually called the internal resistance of the valve, which 

is expressed in ohms, kilohms or megohms. This alternating-current 

resistance or internal resistance of the valve is not to be confused with 

the direet^current resistance, which is calculated from the quotient of 

the anode direct voltage corresponding to the working point and the 

anode direct current. 

The larger the angle a (see Fig. 123), the greater the internal resistance. 

With a = 90® (thus when the tangent is horizontal) the internal resis¬ 

tance is infinitely great, and when a is greater than 90° the internal 

resistance is negative. This is the case with tetrodes within a certain 

range of anode voltage (see Fig. 124). In the normal design of receiving 

sets this negative internal resistance—^which is a result of the secondary 

emission of the anode (see Chapter XIII)—^is not utilised. 
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Usually the internal resistance is indicated by R^. Its definition is 

therefore: 

Ra = 

From the flatness of the plate characteristics of a pentode in a certain 

anode-voltage range (see Fig. 121) it may be deduced that in that 
range the internal resistance of the pentode is very great. It is very 

difficult to determine this high internal resistance exactly from 
curves. When the anode voltage of pentodes is reduced to low values 

the internal resistance diminishes rapidly. 

The internal rc'^istance of a valve can also be determined from its 
family of transfer characteristics. For the point P in Fig. 126 this 

amounts to: ^ ^ 
_ ^a3 ^a2 ^ _ • 

■'aol -^ao 

Since in a pentode the internal resistance is very great, it follows that 

for a variation of the anode voltage from V.,3 to anode current 

variation Ia(^,-1.,^^ must be small. This implies that the transfer charac¬ 

teristics of a pentode for different anode voltages lie very close together, 

and the an ode-current deviations between the various characteristics 

are often so small as to fall within the line thickness of a transfer 
characteristic. 

63, Amplification Factor 

According to Formula (34) the anode-current variation of a valve when 

the grid voltage is changed is determined by dl^ = According 
to Formula (35) the anode-current variation when the anode voltage 

dV 
is changed is determined by dl^ = —-• If, now, there is simultaneously 

R„ 
a grid-voltage variation and an anode-voltage variation, the influences 

of both variations on the anode current can be added and the resulting 

anode-current variation is to be represented by 

dl« = g™dV, + 
XVo 

(86) 

If dl» is made zero, then we have: 

gn.dV, = 
or dV. 

‘dV, 

Ra’ 

(87) 

dV» 
The ratio — between the small increase of the anode voltage and 
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63. AMPLIFICATION FACTOR 

the small decrease of the grid voltage, which neutralizes the anode- 

current variation caused by the anode voltage, is called the amplifi¬ 
cation factor of the valve, and this is represented by the symbol //. 
The amplification factor is, therefore, the ratio of the anode-voltage 

variation to the grid-voltage variation which bring about one and the 

same anode-current variation. The anode-voltage variation required to 
change the anode current say 1 mA is very much greater than the requi¬ 

site grid-voltage variation. The effect of the grid-voltage variation is conse¬ 
quently many times greater than that of the anode-voltage variation. 

From the given definition and Formula (37) it follows that the ampli¬ 

fication factor is equal to the transeonductance multiplied by the 

internal resistance: 

H' 8m®'a X 
- const. const. dVg/j^ - const. 

(38) 

The amplification factor may therefore be regarded as the ratio of an 

anode-voltage variation causing a certain anode-current variation to 

the grid-voltage variation required to restore the changed anode current 

to its original value. The amplification factor can be determined either 

from the family of plate characteristics or from the family of transfer 
characteristics. The data for a constant anode current lie on a horizontal 

line in the la/V^ diagram, and from Fig. 125 it appears that Vg may 

drop from —3 to —4 V if the anode voltage is raised simultaneously 

from 185 to 215 V. From 
this it follows that the 

amplification factor of 

this valve under the as¬ 
sumed conditions is equal 

to = 30. 

For a pentode it is dif¬ 

ficult to determine ex¬ 

actly the amplification 
factor from the family of 

plate characteristics, be¬ 

cause the curves are 
nearly horizontal. It fol¬ 

lows from this, however, 

that the amplification 
factor must be very 

great. 

The amplification factor 

When the negative grid bias at the working point 
(I» = 8 mA and V* = 185 volts) is increased 
from —8V to —4pV the anode voltage has to 
be raised to 215 V in order to restore the anode 
current to its initial value. 
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of a valve indicates the theoretical limiting value of amplification 

(anode alternating voltage divided by the grid alternating voltage), 
but it is never possible to reach this value in practice (see Section 68). 
The amplification factor can also be determined from the family of 

transfer characteristics (see Fig. 126) by drawing a horizontal line 
Vas—Va2 

through the point P. The amplification factor is then fj. = ——- « 
^gol ^go 

The reciprocal value of the amplification factor is sometimes symbolized 
in radio-engineering literature by the letter D (“Durchgriff”) and is 
expressed as a percentage. In the case of a valve with an amplification 

factor of 25 the reciprocal value is therefore X 100% = 4%. The 
formula from which this quantity can be found follows from Equation 

gmRaD = 1. (39) 

64. Relation between the Families of Transfer and of Plate Charae^ 

teristics 

The family of transfer characteristics and 

that of plate characteristics are closely 

related and the one may be deduced from 
the other. Let us take the family of plate 

characteristics in Fig. 127. By drawing a 

vertical line for the 250-V (constant) anode 
voltage it is possible to derive all the data 

required to plot a transfer characteristic. 

Each point of intersection of the vertical 

line and a plate characteristic gives a 

certain grid voltage and the corresponding 

anode current. By repeating this for other 
anode voltages one obtains a family of 

transfer characteristics. 
Inversely it is also possible to construct 

a family of plate characteristics from a 

family of transfer characteristics. If a verti¬ 

cal line is drawn through the latter (in 

Fig. 128 through Vg = —2 V) a number -ijf 

of points of the plate characteristic will 

Ue on that vertical line. A family of plate J^^ortaMferchatacteristics 
characteristics is obtained when this pro- of a triode. From these curves 

cess is repeated for other negative grid £ 
voltages. internal reeistanoe. 
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65. VARIOUS KINDS OF COUPLINGS 

65. Various Kinds of Couplings 

As has already been mentioned in passing, a suitable coupling element 

has to be introduced in the anode circuit in order to convert the anode- 
current variations caused by the grid alternating voltage into voltage 
variations. For this purpose either resistances are used or else a more 
complicated arrangement is employed. 

Fig. 127 
Relation between the plate characteristics and the transfer characteristic 
for a pentode having V, = 250 V. 

characteristics. 
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♦ 
Vi 

+ Vb 5M13 

Fig. 129 
Fundamental circuit dia¬ 
gram of a resistance 
coupling. 

Fig. 130 
Anode coupling circuit using 
a composite impedance (tuned 
circuit). 

Fig. 129 gives a diagrammatic representation of a resistance coupling* 
In the anode circuit a resistance Rj^ is introduced, across which voltage 
variations are set up; these are applied via the condenser C to the grid 

of the next amplifying valve. Vj is the grid alternating voltage and Vi, 
the voltage of the anode-power-supply source. The point +Vi) is 

earthed for high frequency or low frequency, via the supply source. 

As a consequence of the voltage drop in the anode resistance caused by 

the anode direct current, the direct voltage on the anode is lower 

than the voltage of the supply source. This voltage drop will 

diminish when the grid voltage becomes more negative. The phase of 

the alternating voltage across Ri^ is therefore shifted 180° with respect 

to the phase of the alternating voltage at the valve input. 
Fig, 130 shows how a composite impedance may be introduced into 

an anode circuit. In place of the resistance Rj^ we have a coil 

(inductance) and a condenser connected in parallel. If the inductance 

of this tuned circuit is L and the capacity C^, while the coil has an 

ohmic resistance r, then the impedance of this circuit at its resonant 

frequency is Since the ohmic resistance of the coil is comparatively 

low, the constant voltage drop across the coil is usually negligible, and 

so Vao = V^,. Due to the anode-current variations there occurs across 

the impedance of this circuit an alternating voltage which is super¬ 

imposed upon the mean value V^o = V^. Owing to the fact that for 
frequencies other than the resonant frequency the impedance falls, these 
frequencies will be amplified to a smaller extent. This accounts for the 

selectivity of the amplifier. 

Another method of coupling is shown in Fig. 131. In the anode circuit 

an inductance is introduced which has a high reactance at the frequency 
to be amplified. In order to ensure a sufficiently high reactance for 

i.e. connected effectively to the cathode. 
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66. ANODE RESISTANCE IN A FAMILY OF PLATE CHARACTERISTICS 

Fig, 131 
Anode coupling circuit 
using a choke coil. 

Coupling of an anode circuit by means 
of a transformer (n is the ratio of the 
transformer). 

low frequencies this inductance has an iron core when used in a L.F. 
amplifier. Such a coupling is called a choke coupling. 

In the case of transformer coupling, sometimes applied in L.F. ampli¬ 

fiers, the inductance of the primary winding may be regarded as a 
choke. Here is therefore another form of choke coupling in which the 

alternating voltage occurring across the primary winding is stepped up 

or down by transformer action, depending upon the ratio. 

(i(i. Representation of the Anode Resistance in a Family of Plate Gharac* 

teristics 

When a resistance is introduced in the anode circuit, as illustrated in 

Fig. 129, the current flowing through it causes a voltage drop equal to 

laRj,. The difference between the supply voltage and the anode 
voltage Va is thus equal to the voltage drop laRi,, so that the following 

equation is obtained: 

Vb-V, = I,R, (40) 

(41) 

This equation may be written in the form 1^ = f(Va) and is represented 
on a family of plate characteristics by a straight line, usually called 

the load line or resistance line. It must intersect the axis in the point 

— Vb, since in that case 1^ = 0, and the 1^ axis in the point 
y 

la = —, because == 0 (see Fig. 135). When Rj^ is of a very high 
Rl 

value the line is very flat, whereas for low values of R^ it is steep. 

When Rj^ = 0 the line is vertical, because then the anode voltage is 

always equal to irrespective of the value of 1^. 
With the aid of the plate curves and a load line it is easy to determine 

the anode current I^ and the anode voltage to which the valve 

adjusts itself for given values of the supply voltage Vb. the anode 
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resistance Rj, and the negative grid voltage Vg. These values correspond 

to the point where the resistance line intersects the curve corresponding 
to the given value of Vg. For every value of Vg a different value of V^ 

is found, and from the anode-voltage variation caused by a certain 

grid-voltage variation it is possible to determine the amplification. 

67. Equivalent Circuit for an Amplifying Valve 

When a valve is controlled by an alternating voltage on the grid it can 
be regarded as an alternating-current source or as an alternating-voltage 

source (on the anode side), with certain properties. This makes it 

possible to calculate the amplification and other values in a simple 
manner. Whether a current or voltage source is considered is purely 
a matter of convenience. 

(a) The Valve as Current Source 

In the case of a valve with resistance coupling as indicated in Fig. 129, 

as a consequence of the alternating voltage Vg on the grid, the anode 
current and the anode voltage undergo periodical changes. The anode 

alternating current which results from the grid alternating voltage Vg 

alone must, according to Equation (34), be equal to g^^Vg. The anode 

alternating voltage produces an anode alternating current which, as 

V 
can be deduced from Equation (35), is equal to —Adding together 

Ra 
the influences of Vg and V^ we obtain a resulting anode current 

I.=g„.V,+^. (42) 
Jva 

Through the valve and the anode series resistance Rj^ an anode current 

la flows and as a result of the existence of 

Rl an alternating voltage V^ is produced 
on the anode which is phase shifted by 180° 

with respect to Vg and 1^. When the grid 
voltage increases (in positive direction) 

the anode voltage decreases. Consequently, 

Va is equal to —^laRi* By substituting 
—IqRi, for Va in Equation (42), we 
obtain 

= (48) 
Ha 

or 

= (^4) 

© 

mve ! ExtBrMl 

Fig, 133 
Equivalent circuit diagram of 
the valve where this is regarded 
as a current source gmVg with 
an internal resistance R^ con¬ 
nected parallel. The part within 
the broken-line rectangle re¬ 
presents the valve and the part 
outside it the external load. 
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67(b). THE VALVE AS VOLTAGE SOURCE 

This formula represents that part of the current produced by a current 

source g^Vg which flows through the resistance when two resistances 

Rj^ and R^ are joined in parallel and connected to that current source. 
Consequently, as represented in Fig. 188, a valve controlled by a grid 

alternating voltage Vg can be regarded as a current source, g^Vg, with 
a resistance R^ connected parallel and feeding an external resistance R^. 

In this formula Va is that part of the voltage supplied by a voltage 
source //Vg that obtains across the resistance R^ when there arfe two 

resistances R^ and Rj^ in series with this voltage source. Therefore, as 
indicated in Fig. 184, a valve controlled by the grid alternating voltage 
may be regarded as a voltage source //Vg with an internal resistance 

Ra connected in series and feeding an external resistance Rj^. 

The Formulae (44) and (47) given above 
may also be derived in the following way: 

If a valve controlled by a grid alternating 

voltage is considered as a system with 

two terminals we can determine the 

properties of that system by experimenting 
with the terminals. When the two terminals 

are not connected (open circuit), the volt¬ 

age can be measured, and when they are 
short-circuited the current can be meas¬ 

ured. Now the internal resistance of a 

system equals the quotient of the alter¬ 
nating voltage when not loaded (Rj^ = oo) 

and the short-circuit current (Rj^ = 0). 

For Rj^ = 00 the anode alternating current 

Fig, 134 
Equivalent circuit diagram of 
a valve where this is regarded 
as a voltage source //Vg, with 
an internal resistance con¬ 
nected in series. The part within 
the broken-line rectangle re¬ 
presents the valve and the part 
outside it the external load. 
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equals zero and apparently therefore the anode alternating voltage, 

according to Equation (42), equals —(bearing in mind that 

gmRft = /w)* If the valve is short-circuited for alternating current on 
the anode side then the short-circuit current equals g,nVg. The quotient 

of no-load voltage and short-circuit current is thus 

==Ra. 

Regarded in this way, therefore, the valve represents a voltage source 

with an e.m.f. equal to /^Vg and an internal resistance R^ connected 

in series. If such a voltage source is connected to a resistance Rj, then 
it is known that the part of the voltage supplied by the e.m.f. that 

R 
exists across R^ equals //Vg -—- Further, any voltage source 

with an e.m.f. equal to and an internal resistance R^ can be replaced 
V 

by a current source I^ = — with a parallel connected resistance R^ ^). 
Ra 

Substituting for Vq the voltage /^Vg, we find the value of the current 
fJL 

1q to be Vg = gmVg. By this means we arrive at the Formula (47), 

since, as is known, that part of the current supplied by a current source 
R 

g^Vg which flows through the resistance R^ is equal to gmVg ^), 

when Rl and R^ are connected in parallel with each other and to the 

current source. 

68. Dynamic Transconductance and Dynamic Characteristics 

A grid-voltage variation results in a certain anode-current variation. 

The latter is governed by the product of the transconductance and 

the grid-voltage variation. This applies only so long as the anode voltage 

remains constant. 

When a load resistance is introduced in the anode circuit the anode 

voltage also varies with the anode current. As a result the anode-current 

variation that would occur without a load resistance in the anode circuit 

is reduced. In this case, too, the quotient of the anode-current variation 

and the grid-voltage variation can be determined, and this quotient 

is called the dynamic transconductance. The curve representing the 

anode current for a certain anode load resistance as a function of the 

grid voltage is termed the dynamic transfer characteristic. In the case 

See Appendix II, 5. 
*) See Appendix II, 4. 
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68. DYNAMIC TRANSCONDUCTANCE AND DYNAMIC CHARACTERISTICS 

Fig, 135 
Family of plate characteristics of a pentode with resistance line. This line represents 
the relation between and V* due to the resistance in the anode circuit when the valve 
is fed by the voltage source via the resistance. In the right-hand part the full line 
is the dynamic transfer cliaracteristic constructed from the family of plate characteristics 
with the aid of the resistance line; the broken-line curve represents the static transfer 
characteristic for an anode voltage V.o and the working point P. 

of a pentode, above a certain minimum anode voltage there is only 

a little difference between the dynamic transfer characteristic and the 
static transfer characteristic previously discussed, because with this 

type of valve the anode voltage has little influence upon the anode 

current. 

Fig. 135 shows that the bottom part of the dynamic transfer charac¬ 

teristic of a pentode coincides with that of the static characteristic, 

and that the upper part of the dynamic characteristic is less steep; 
only in the latter part the transconductance is less than that in the 

case of the static curve. Over the corresponding parts of the anode 

characteristics the internal resistance of the pentode is small compared 

with the external resistance. In the range within which the internal 
resistance is large in comparison with the external resistance, however, 

the dynamic transconductance is equal to the static transconductance. 
For triodes this is not the case, as seen from Fig. 136, because the 

external resistance of these valves is normally much larger than the 

internal resistance, and consequently the dynamic transconductance 

is everywhere greater than the static transconductance. Fig. 136 shows, 

however, that the dynamic transfer characteristic of a triode is much 

straighter and that the top curvature found with pentodes is absent. 
With the aid of Equation (47) in the previous section the dynamic 

transconductance can be easily calculated from the data of a valve. 

As defined above, the dynamic transconductance g^ is the quotient 
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Fig, 136 
Family of plate characteristics of a triode and resistance line. In the right-hand part 
the full line represents the dynamic transfer characteristic derived, wliilst the broken 
line gives the static transfer characteristic for the anode voltage V|^ corresponding to 
the working point P. 

of the anode current flowing through the external resistance divided 
by the grid alternating voltage which produces that current. From 
Equation (44) it follows that 

Ra 

R Rx,* 

The dynamic transconductance is thus less than the static transcon^ 

Ra 
ductance g^ since ——will always be less than unity. However, 

when Ra is very great compared with the external resistance Rj^, the 

fraction almost equal to unity and it can then be assumed 
-Ita I’ -K-l 

that the dynamic and static transconductances are the same. This is 
the case with pentodes that have a high internal resistance; Fig, 185 

shows that in a certain range the dynamic and static transfer charac¬ 
teristics coincide. With triodes, since their internal resistance is 

low, the dynamic transconductance generally deviates considerably 

from the static transconductance; when, for instance, R^ and R^ 

are equal, the dynamic transconductance is half the static transcon¬ 
ductance. 

The calculation of valve ampUfication is simplified by using the dynamic 

transconductance. The anode alternating current passing through the 
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68. DYNAMIC TRANSCONDUCTANCE AND DYNAMIC CHARACTERISTICS 

load resistance produces across the latter an alternating voltage equal 

to laRL* ®y definition the amplification A is equal to ^ ^). 

Since = laRL find, with the aid of Equation (47), 

Va = VggciRi, = Vgg„ 
®^a + Hi, 

(49) 

From this we obtain for the amplification: 

A = Xi = g Vg ^“Ra + Rl, (50) 

When Ra is large compared with this formula is simplified to 

A = ginRL (fhis applies to pentodes) *). The amplification can, however, 

also be determined with the aid of Equation (47), according to which 

it must be equal to: Rl 
(51) 

(/i = amplification factor of the valve). Bearing in mind that fx = g^Ra 

and replacing fx in Equation (51) by g^Ra wc arrive again at Equation (50). 

If it is desired to determine from the normal valve data the amplifi¬ 

cation with resistance coupling, it must not be overlooked that the 
voltage drop in the anode resistance may be rather large and conse¬ 

quently the normal published static data do not hold good. The anode 

direct voltage is much lower than the anode voltage indicated in the 

published valve data when the anode is fed via a coupling resistance 

from a H.T. source ®) with a voltage equal to the published static 

anode voltage of the valve. As a consequence the anode direct current 

and the transconductance at the working point are also much smaller. 

In such a case, therefore, suitable static valve data must be available 
in order to calculate the correct amplification. Generally speaking it 

is therefore better to use the families of plate or transfer character¬ 

istic, which give the characteristic values of the valve over a very 

wide range. From Equation (51) it also follows that when Rj^ is very 
Rl 

large compared to R^ and the fraction is therefore practi- 
•K-a “r 

cally equal to unity, the amplification of the valve is nearly equal 
to (X. Thus the amplification factor indicates the upper limit of ampli¬ 

fication obtainable. 

Mere attention is no longer paid to the signs of Vg and V^. 
R R R 

•) The fraction is then equal to unity, so that equals Rl. 
+ Kl It* +■ Hl 

’) H.T. source stands for high-tension supply source. 
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69. Alternating^Current Resistance in the Anode Greuit 

As already observed, in the anode circuit there is often an impedance, 

for example a tuned circuit, that has a very low d.c. resistance but a 

considerable a.c. resistance. At the resonant frequency a tuned circuit 

acts as a pure resistance and its impedance can therefore be represented 
by a straight line in a family of plate characteristics. Owing to the fact 

that the ohmic resistance of the circuit is low and thus can be disre¬ 

garded, there is practically no voltage drop in the circuit. Consequently 
the a.c. resistance line must pass through the working point P, which 

is determined by the anode voltage, i.e. by the voltage of the supply 
source, and by the negative grid bias (see Fig. 137). The slope of the 
a.c. resistance line is determined by the value of the resonant resistance 

of the tuned circuit. 

For a given value of anode-load impedance, the instantaneous values 

of la and Va corresponding to a certain Vg can be found by determining 

the points of intersection of the load line and the curves. A variable 

grid voltage Vg is represented by a point which moves along the load 

line. 
In the case of a valve operated with maximum swing of the control 

voltage, i.e., where the grid carries an alternating voltage that varies 

between the starting point of grid current and the value of the grid 

voltage which corresponds to zero anode current, it is seen that the 
anode voltage varies be¬ 

tween a minimum value 
and almost double the 

value of the anode direct 

voltage; thus the anode 
voltage may considerably 

exceed the value of the 

direct supply voltage, a 

fact that has to be taken 

into account when ap¬ 

plying high anode direct 

voltage (breakdown volt- 

age). 

Given the impedance in 
the anode circuit, then, 

just as is the case for a 

resistance coupling, the 

Fig. 137 
Family of plate characteristics of a pentode; the 
resistance line through the working pK>int P 
represents the resistance at resonance of the tuned 
circuit inserted in the anode circuit. 
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70. THE POWER IN THE ANODE CIRCUIT 

amplification can be 

calculated with the 

aid of the Formulae 

(50) and (51). In con¬ 

trast to the resistance 
coupling, however, it 
is nearly always possi¬ 

ble in this case to use 

directly the published 
static characteristic 

data, since these 

generally correspond 
to the working volt¬ 

ages applied. 

If the anode impedance 
is not a pure resistance, 

thus if a tuned circuit 

is used as an impe¬ 

dance for a frequency other than the resonant frequency, the relation 

between anode current and anode voltage can no longer be represented 

by a simple resistance line, because phase shift takes place between 

current and voltage. Where there is a capacitive load the voltage lags 

behind. In that case, when a sinusoidal alternating voltage is applied the 

locus indicating the relation between anode current and anode voltage 

will be ellipsoidal (see Fig. 138). Such an ellipsoidal load line is obtained, 

for instance, when a L.F. transformer is used as the coupling element 

or in the case of the output valve. Where there is maximum control, 

however, an undistorted ellipse will never be formed, because then the 

voltages and currents occurring are not purely sinusoidal. 

70. The Power in the Anode Circuit 

If a resistance is introduced in the anode circuit then, in consequence 

of the anode alternating current, an alternating voltage will occur 

across it. And if the anode alternating current and voltage are sinusoidal 

and in phase the alternating-current power dissipated in the load 
resistance will be equal to half the product of the amplitudes of the 

anode alternating voltage and the anode alternating current. If the grid 

voltage in Fig. 189 is varied between the points Q and R then the anode- 

current amplitude will be 1^ „„ and the anode-voltage amplitude 

I • V 
The a.c. power supplied is then equal to - 

Fig. 138 
Family of plate eharaeteristies of a pentode with el¬ 
lipsoidal load lines for various grid-alternating-voltage 
amplitudes; these lines represent the current-voltage 
relation when an impedance is placed in the anode circuit 
which causes a phase shift between current and voltage. 
These curves have been recorded by means of a Philips 
cathode-ray oscillograph. 
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This power can be 

found directly from 

the family of plate 
curves; the area of 

the triangle PQS is 
a measure of the a.c. 
power delivered. This 

power varies for dif¬ 
ferent values of the 

load resistance, so that 

there will be one parti¬ 
cular resistance which 

gives maximum a.c. 

power transfer ^). The 

resistance also absorbs 

d.c. power, which is 

equal to I^o X (Vb — 

Vao) and is represented 
in Fig. 139 by a rect¬ 

angle with (Vb — Vjo) as base and I^o as height. The a.c. power sup¬ 
plied is of interest almost exclusively for output valves. The anode 

circuit of an output valve is connected to the loudspeaker via a trans¬ 

former which steps down the voltage (see Fig. 140), If the loudspeaker 

is regarded as a resistance Rj then, disregarding 
the transformer resistance, the a.c. resistance in 

the anode circuit is equal to n^Rj (n representing 

the ratio of the transformer). 

However, as there is practically no direct voltage 

drop, V^o = Vb and the loss of d.c. power is negli¬ 
gible. The a.c. power drawn from the anode circuit 

via the transformer sets up a current in the loud¬ 

speaker resistance which causes the cone to vibrate. 

It is obvious that the a.c. power available in the 

anode circuit increases as the alternating-voltage 
amplitude at the control grid is made greater. There 

is, however, a limit to this increase, because the 

These statements are only approximately correct. As will be explained in Chapter XV, 
distortion of the anode current takes place. In the case of pentodes this causes mainly 
generation of the third harmonic. W^hen there is 10% third harmonic the fundament^ 
component of the anode current will be about 10% greater than PQ in Fig. 189 <see 
also Fig. 168). In reality, therefore, the power supplied will be found to be 20% greater 
than that found by calculation of the area of the shaded triangle. 

Fig, 140 
Example of a loud¬ 
speaker connected to 
the output stage via 
a transformer. 

Fig. 139 
Plate characteristics of a pentode with the straight line 
representing the voltage-current relation resulting from 
the introduction of a resistance in the anode circuit. 
If the grid swing extends from Q to R the power delivered 
to the external resistance is equal to the area of the 
triangle PQS. 



71. CHOICE OF THE WORKING POINT 

anode-voltage am¬ 
plitude can never 

exceed the anode 
direct voltage avail¬ 

able and the ampli¬ 
tude of the anode- 
current variations 

can never be greater 

than the anode d.c. 
(the anode current 

cannot be negative). 
At a certain load 

resistance the a.c. 

power that can be 
delivered is there¬ 

fore limited by the 

anode direct voltage 

and anode direct 

current, which are determined by the position of the point P. 

Fig. 143 
Family of plate characteristics of a pentode in which the 
limits of the maximum admissible values of anode current 

the anode voltage and the anode dissi¬ 
pation are indicated. 

71. Choice of the Working Point 

For an output valve a working point will as a rule be chosen that 

allows of the highest possible a.c. power being obtained. Owing to 
various circumstances, however, the choice is subject to limitations. 

In the first place for every valve a maximum permissible anode direct 

voltage is fixed, which may not be exceeded on account of the 
danger of breakdown of the insulating parts, due allowance being 

made for the amplitude of the maximum superposed alternating 

voltage. The working point must always lie on or to the left of a 

vertical line drawn through (see Fig. 141). Similarly there is 
also a limiting value of the maximum anode current, which is related 

to the maximum cathode current (emission current of the 

cathode). Usually the maximum value of the cathode direct current 

Ik max published, and in the fixing of this account has been taken 
of the direct current to the other electrodes and of the amplitudes 
of the superimposed maximum alternating currents occurring. Now 

in the case of a pentode, for instance, there is a certain ratio between 

the anode current and the screen-grid current which remains practi¬ 
cally constant for the whole usable range of gridvoltage. Therefore, 

given the maximum cathode current, it is possible to determine the 

maximum admissible anode direct current by using the values of 
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and Ig2 published for the normal working point. This current value 

is then found from j 

“T Ag2 

The working point must lie on or below a horizontal line drawn through 
in order not to exceed the maximum cathode current. A third 

limitation lies in the maximum admissible average anode dissipation, 

which is related to the heating of the anode (P^ = lao Vao)- This anode 
dissipation is likewise published for every valve. All the working points 

where this maximum anode dissipation is reached lie on a hyperbola, 

so the working point may not, therefore, lie to the right of that curve. 
The shaded area in Fig. 141 indicates the area outside which the working 

point must not lie. 
The boundary lines apply only for the working point. The load line 

may run partly outside this area and consequently momentary values 

may have a product greater than Pa™*** provided that the product 
of the average values lies within the limits indicated. 
Further account has to be taken of the fact that if the negative grid 

bias is too small, grid current will begin to flow (in the case of indi¬ 

rectly-heated valves this generally takes place at about —1.3 volts). 

The grid swing, i.e., the range of usable negative grid voltage, can 

therefore only be utilised up to this point. Now the working point 
and the load line of an output valve are chosen with due regard to 

these factors in such a way that the largest possible power is delivered. 

Therefore the triangle PQS of Fig. 139 has to be chosen as large as 

possible. 

In the case of a valve for voltage amplification the choice of the anode 

resistance is determined by entirely different considerations. Here the 

resistance must be of such a value that the largest possible amplifi¬ 

cation is attained. In this case, therefore, the aim is to get the largest 

possible ratio of anode to grid alternating voltages. The data published 

for Philips valves always include the most favourable working point 

and anode load resistance. 
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CHAPTER XIII 

Action of the Various Grids 

An amplifier valve for receiving sets has at least one grid but generally 

more than one. The grids of an amplifier valve have various functions 

and consequently are designated by different names. They can be 

classified under three headings, viz.: 

1) control grids, 

2) screen grids, 
3) suppressor grids. 

Every amplifier valve has one control grid and some have more than 

one. In addition it may have one or more screen grids; when a valve 

has a screen grid it often has also a suppressor grid. The action of the 

various grids is briefly explained below. 

72. The Control Grid 

(a) The Control Voltage 

The controlling action of the control grid has been briefly explained 

in Chapters III and IV, where it was shown that the anode current is 

related in a certain way to the control voltage or effective potential 

[in the space-charge range the anode current is approximately pro¬ 

portional to the power of the effective potential; cf. also Equation 

(12) on page 19]. In triodes the effective potential is 

where ^ represents the amplification factor of the valve and p is a 

factor related to the dimensions of the valve and is usually only a 
V 

little less than unity. If is greater than the absolute value of Vg 

then, notwithstanding the negative control-grid bias, the effective 

potential is positive and consequently there is an anode current, which 

is limited by the space charge, and if the control grid is sufficiently 

negative there will be no electron current (grid current) flowing to 

that grid. 

The effective potential is the mean potential in the plane of the control 

grid. This potential, however, is not everywhere the same and equal to 
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force in the 
middle part of a triode with flat, parallel elec¬ 
trodes. The field distribution at the extremi¬ 
ties of the electrode system are not shown 
here. 

the voltage Vg. In consequence of 

the potential of the positive anode 

behind the grid (assuming the anode 
has a considerably higher potential 

than that of the grid), the potential 

between the grid wires is higher than 
that of the grid wires themselves. 

In Fig. 142 equipotential lines ob¬ 

taining for a triode with a negative 

grid (without space charge) are 
shown, whilst the curves a and b of Fig. 143 represent the potential, 

as a function of the distance from the cathode, of the sections A-B 

and C-D respectively of the field represented in Fig. 142. If in Fig. 

142 the variation of the potential is determined in the grid plane from 

one grid wire to the other, a curve as shown in Fig. 144 is obtained. 

From this it appears that the potential in the centre between the grid 

wires is much higher, through the influence of the anode potential, 

than the potential of the grid wires themselves (in a range a the po¬ 

tential is actually positive). The field of the anode, so to speak, pene¬ 

trates between the grid wires. 

IS 25 3S 75 95 sms 

(b) The Island Effect 

Fig. 142 shows how the field in the 

vicinity of the cathode and of the 

anode is almost perfectly homo¬ 

geneous, the equipotential lines run¬ 

ning parallel to these electrodes. 

Consequently the field strength at 

the surface of the cathode is every¬ 

where constant, as is expressed by 

the angle a in Fig. 148. In valves 

Fig. 143 
Curve a: Potential distribution in the section 
A-B of the field of Fig. 142. Potential as a 
function of the distance to the cathode. 
Curve b: Potential distribution in the section 
C-D of the field of Fig. 142. 
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THE ISLAND EFFECT 72(b). 

where the distance between two grid 

wires is of the same order of magnitude 
as or considerably greater than the dis¬ 

tance between grid and cathode the field 

strength at the surface of the cathode 
will not, however, be everywhere equal. 
If the meshes of the grid are large then, 

owing to the anode potential influencing 

the field-strength distribution as far as 

the surface of the cathode, this field- 

strength distribution will not be homo¬ 

geneous near the cathode, and thus the 
equipotential lines in the vicinity of the 

cathode surface will no longer be parallel. 
Fig. 145 gives tlie equipotential lines for 

the case where the distance between the grid wires is of the same 

•order of magnitude as that between the grid plane and eathode. If 

now the potential distribution is plotted for such a field distribution 

in the sections A-B and C-D a diagram is obtained as shown in Fig. 146. 

Fig. 146 shows that the angle Oi at which the potential-distribution 
curve of the section A-B (curve a) leaves the cathode surface is greater 

than the angle of the curve b for the section C-D through a grid 

wire. In this example the field strength in that part of the cathode 

surface opposite the centre of the grid openings is consequently greater 

than that in the part lying opposite a grid wire. If the grid is strongly 

negative the field strength in a part of the cathode lying opposite a 

grid wire may be inversely 

directed (ug negative). 

The field strength at the ca¬ 

thode surface can be de¬ 

termined for different values 

of Vg from the point opposite 

one grid wire to that opposite 

the other (see also Fig. 147). 

From the eonfiguration of the 
equipotential lines near the 

surface of the cathode (see 

Fig. 145) it appears that the 

field strength is not constant 

but is as shown, for instance, 

in Fig. 147b. For Vg = 0 the 

A C 
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Fig, 145 
Equipotential lines in the space between grid 
and cathode of a triode in which the distance 
between grid and cathode is of the same order 
of magnitude as the grid mesh. 

PotMinl 

Fig. 144 
Potential distribution in the grid 
plane of the field of Fig. 142 
(potential as a function of the 
distance to a grid wire). 
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Fig. 146 
Curve a: Potential as a function of the distance from the 
cathode in the section A-B of the field of Fig. 145. 
Curve b: Potential as a function of the distance from the 
cathode in the section C-D of the field of Fig. 145. 

field strength distribution is such that 

the electrons are drawn from the cathode 

everywhere along the cathode surface be¬ 

tween two grid wires. As the negative grid 

bias Vg becomes greater (see also the curves 

for Vg = —10 V and —20 V) this will not, 

however, be any longer the case. Then the 
field strength will only in a certain area 

of the cathode suiface be so directed as 
to cause the electrons to be attracted 

away from the cathode (the areas A-A' 

and B-B' in Fig. 147b). Outside that area 

the electrons are driven back towards the cathode. In the case of the 

curve for Vg = —10 V the average field strength is still negative, but 

in the case of the curve for Vg = —20 V it is positive. 
In the small area B-B', however, the field strength is negative and 

in that area the cathode still emits electrons. Above a certain negative 

grid bias the cathode of such a valve will no longer emit uniformly, 
the emission then taking place only at certain spots or “islands”, and 

one may refer to this as the ^4sland effectAs the negative grid bias 

increases these islands become smaller and smaller, until finally 

suppressed. The result of this island effect therefore is that with a 

positive average field strength at the cathode an anode current may 

still flow, which would not be the case were it not for this parti¬ 

cular effect. Another result of the island effect is that a large nega¬ 

tive grid bias is required to reduce the anode current to zero. The 

island effect will manifest itself to a greater extent as the anode 

voltage rises. 
The influence of the island effect upon the transfer characteristics 

is illustrated by Fig. 147c where the full lines represent the transfer 

characteristics for various anode voltages without island effect and the 

broken lines the corresponding characteristics with island effect. 

Owing to the island effect the transconductance at the working point 
is less and the anode current is greater than would be the case without 

island effect. Furthermore the characteristics are more curved, so that, 

especially with large signals, more distortion takes place. For these 

fbiMt/ai 
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73. THE SCREEN GRID 

reasons this phenomenon has to be very scrupulously avoided in the 
construction of most valves. In some valves, on the other hand, the 
island effect-is desired, as will be seen in Chapter XXII. 

73. The Screen Grid 

(a) Principle 

If a second grid is introduced in a triode between the control grid and 
the anode and a direct voltage is applied to that second grid which is 
positive (about 60—250 V) with respect to the cathode, then that grid 
will aet as a screen grid. In most cases this grid has a very small 
mesh. The screen grid acts as anode for a triode consisting of cathode, 
control grid and screen grid. Due to the screen grid a positive potential 
plane is formed in the valve be¬ 
tween control grid and anode. This 
potential plane draws the electrons 
through the negative control grid 
away from the cathode, so that 
they reach the potential plane 
formed by the screen grid at a 
velocity corresponding to the po¬ 
tential of the screen grid. In doing 
so, some of the electrons collide 
with the screen-grid wires, but 
most of them shoot through the 
meshes of the screen grid and im¬ 
pinge on the anode. Hence the 
number of electrons impinging on 
the anode per time unit is de¬ 
termined mainly by the voltages 
on the control and screen grids. 

Fig, 147 
a) Triode in which the spacing of the grid 

wires is greater than the distance d be¬ 
tween grid and cathode. 

b) Curves representing the field strength 
along the surface of the cathode (x axis) 
for various grid voltages (Vg). 

c) Full lines: transfer characteristics at 
different anode voltages without island 
eff(^. 
Broken lines: transfer characteristics at 
different anode voltages with island 
effect. 

Anode Surface 

Cathode Surface 

a 

c 
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Cathode 
Control 
Grid 

O 

Screen 
Grid 

I 

Anode whilst thc voltagc on the anode has hardly 

any influence upon it. Consequently the 
anode current is only in a limited degree de¬ 

pendent upon the anode voltage. The anode- 
current-anode-voltage characteristics of 
screen-grid valves are therefore within a 
certain range of anode voltage practically 

horizontal (see also Fig. 121 on page 125). 
The name screen grid is due to the fact 
that a positive grid between control grid 

and anode screens the effect of the anode 
potential upon the electron stream flowing 
through the control grid. Whereas in a 

triode the anode performs the double 
function of creating a positive potential plane and intercepting the 
electrons, in a screen-grid valve these two functions are divided among 

two different electrodes. 
Fig. 148 represents a section through a screen-grid valve (tetrode) 
in which the electrodes are mounted parallel to each other. 

Fig, 148 
Section of an electrode system 
of a serccn-grid valve (tetrode) 
with flat, parallel electrodes. 

(b) Current Distribution 

The action of the screen grid is governed by the distribution of the 
electron current between the screen grid and the anode. This distri¬ 
bution is influenced by the anode voltage. The total electron current 
passing from the cathode through 
the control grid, which distributes 
itself between the screen grid and 
the anode, actually remains indepen¬ 
dent of the anode voltage, since it 
is determined by the potential in 
the plane of the control grid, whilst 
the latter in turn is determined by 
the potential in the plane of the 
screen grid. Now the mean potential 

in the plane of the screen grid 
and thus also the electron current 
will depend only in a small degree 

upon the anode voltage, because 
this grid is as a rule very closely 
wound. The anode voltage, however, 
always continues to exercise a slight 

Potential 

Fijg. 149 

Distribution of the potential in the 
screen-grid plane when the anode 
voltage is appreciably higher (full¬ 
line curve) or appreciably lower 
(broken-line curve) than the screen- 
grid voltage. 
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73(b). CURRENT DISTRIBUTION 

influence upon the mean potential 
in the plane of the screen grid, as is 
shown in Fig. 149, since the field 

of the anode extends through the 
meshes between the screen^grid 
wires, though less so than is the case 

with the control grid of a triode. 

It is for this reason that the anode 
-►/a 

^*08r 

voltage as a matter of fact exercises Fig, 150 

little influenee upon the elect„n 
current. current-anode-voltage characteristic 

The electrons leave the nlane of (broken line) ot a screen-grid valve me eiecirons lea^c rne piane OI assuming the electron paths in the 
the screen grid at a velocity corres- valve to bi* parallel (disregarding phe- 

ponding to the potential in the "omena related to the space charge). 

screen-grid plane. Assuming that 
the electrons describe parallel paths perpendicular to the screen-grid 
plane, then a very small voltage on the anode would suffice to cause all 

the electrons shooting through the meshes to arrive at the anode. The 
current distribution would then be such that the electrons whose paths 
end against the screen-grid wires form the screeH'-grid current and those 
electrons whose paths pass between the screen-grid wires form the 
anode current. 
The electron current leaving the cathode would then be distributed 
between the screen grid and the anode in the same proportion as that 
between the area of the screen-grid wires and the area of the screen-grid 

meshes. If a very low anode voltage sufficed to cause all electrons 
shooting through screen-grid meshes to collide against the anode, then 

the anode-current-anode-voltage characteristics and the screen-grid- 
current-anode-voltage characteristic would take the form represented 
in Fig. 150. Actually, however, if the effect of the secondary emission 

of the screen grid and the anode is ignored (see under d), the anode- 
current and screen-grid-current characteristics are as represented in 
Fig. 151. In the current distribution shown in Fig. 151 two ranges of 
anode voltage may be distinguished, viz.: 

(a) Vj, ^ Vg2; this is the condition under which electrons return from 
the space between screen grid and anode. This range is indicated 

in Fig. 151 by the letter A. 

iP) Va > Vgg; this is the condition under which all electrons shooting 
through the screen grid reach the anode. In Fig. 151 this range is 

indicated by the letter B. 
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(a) Current Distribution in the 
Range of Returning Electrons 

The shape of the plate characteris¬ 
tics in this range (see Fig. 151) is 

dependent upon the fact that, over 
a certain range of anode voltage, 

the electrons are deflected by the 
Fig, 151 field distribution in the vicinity of 
Anode-current-anodc-voltagc character- , . • j m i 
istic (full-line curve) and screen-grid- fhc screen grid. j.his deflection takes 
current-anode-voltage characteristic place in the direction of the positive 
(broken line) as actually measured in • 
a screen-grid valve in the absence of Screen-grid Wires, 
the phenomena related to secondary If an electron a (see Fig. 152) moves 
emission (without space charge). In . _ _ . , . 
the current distribution shown two midway between two grid wires it 
anode-voltage ranges can be dis- ^ju not be Subject to any lateral 
tinguished, that m which V, lies be- i ‘ii j.* • i. j* 
tween 0 and approximately Vg2 — the lorcc and Will continue in the direc- 
range of returning electrons (A), and fjon perpendicular to the screen-grid 
thatinwhich V|,> Vg2 —therangeof mu i m. i. u* u jlu 
continuing electrons (B). plane. Ihc velocity at Which the 

electron leaves that plane corres¬ 

ponds to the potential at the place where this crosses the screen-grid 
plane. This potential is roughly equal to the mean potential in the 
screen-grid plane. An electron b, however, is subjected to a lateral 

attractive force in the vicinity of a grid wire, in consequence of which 

its path turns away from the original direction at an angle a. The 
electron will then reach the anode only if the normal component of 

the velocity v„ = v cos a is greater than the velocity corresponding 

to the potential difference between screen grid and anode. 

If the normal component v^ is smaller than that corresponding to 

Vg2 — Va than the anode is not reached. The electron in that 
case turns back before the anode is 

reached, moving again in the direction 

of the screen grid, and either travels direct 
towards a screen-grid wire or arrives in 
the space between control grid and screen 

grid, there again turning back and con- 

Fig. 152 
Deflection of an electron passing through the screen 
grid. The deflection is greater when the electron 
passes closer to a grid wire (for instance b); there 
is no deflection if an electron passes through the 
screen-grid plane exactly midway between tw*o 
wires (a). 

Anode 
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78(b). CURRENT DISTRIBUTION 

tinuing once more in the direction of the screen grid, sometimes 

reaching the screen-grid wire after travelling to and fro several times 

around it. 
On the basis of the above-mentioned requirement for the normal 

component v^, the equation applying to an electron that reaches the 

anode is therefore 

l/—(58) 
) m 

2e 
Considering that v^ = v cos a and v =1/ — Vgg and substituting this 

[ m 

in Equation (53) one obtains: 

m m 

or 

or 

Vg2 COS® a ^ Vgj — Va, 

Va S Vga sin® a. 

(54) 

(55) 

(56) 

From Equation (56) it appears that an electron leaving the screen-grid 
plane at an angle a with respect to the perpendicular to that plane can 
reach the anode only if the anode voltage is greater than sin* a. 

If a = 0 then, as is to be expected, may be just greater than zero. 
Now upon passing through the screen-grid plane the electrons undergo 
a deflection which depends upon the place where their path intersects 

that plane, since the angle a depends upon the distance x between that 

point and the point midway between two grid wires, a being by rough 

approximation proportional to x. 

When the anode voltage = 0 the anode current = 0. In this case, 
therefore, all electrons return to the screen grid. As the anode voltage 

increases from zero, first the electrons with a small deflection will reach 

the anode, or, as it is sometimes expressed, will be “taken over” by the 
anode, these being followed successively by the electrons with larger 

angles of deflection. As soon as the anode voltage is so high that even 

for the largest angle of deflection occurring > Vg2 sin* a, the anode 
current is maximum. 
It can be proved that in the range of returning electrons the anode 

current I^ forms a certain part of the total current Ij^ emitted by the 
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Fig, 153 

Movement of the electrons through the screen-grid plane towards the 
anode. 

cathode, the approximate relationship between anode 

and cathode currents being as follows: 

in which K is a constant inversely proportional to the 

spacing s (see also Fig. 152) of the screen-grid wires 

and depending upon the construction of the valve. 

{P) Current Distribution in the Range of Continuing Electrons 

In this range all electrons shooting through the meshes of the screen 
grid reach the anode. Owing to the field distribution in the vicinity 

of the screen grid, which depends upon the potential; at the anode and 
at the screen grid, the electrons leaving the control-grid plane may be 
concentrated either (n the wires or on the meshes of the screen grid, 

and in a particular case the electrons will move along parallel paths 

through the screen-grid plane (if the potential caused by the anode 
potential in the screen-grid plane is equal to the potential of the screen 
grid). As a result there is a certain relation between the current distri¬ 

bution between anode and screen grid and the potentials of these 
electrons. 

In this range, as in the range of returning electrons, the shape 
of the plate characteristic is related to the fact that due to the 

field distribution in the vicinity of the screen grid the electrons are 

deflected. 

(c) The Space Charge in the Valve Section and Screen Grid between 
Anode, the Virtual Cathode 

The foregoing considerations regarding the current distribution hold 

with accuracy only if there is no space charge between screen grid and 

anode. In most cases, due to the high electron velocities occurring in 

practice, the space charge will in fact be so small that its influence 
need not be taken into account. There are many cases, however, where 

a space charge of great density is purposely produced in the space 
between screen grid and anode. For that reason the potential field in 

the space between screen grid and anode of a tetrode will now be 

considered. 
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78(c). THE VIRTUAL CATHODE 

For the sake of simplicity we will take 

as a basis the case of flat parallel 
electrodes, with the electrons passing 
through the screen-grid plane in a per¬ 

pendicular direction (see also Fig. 153) 
at a velocity corresponding to the mean 
potential in the screen-grid plane. 

If the screen-grid potential is Vg. and 
the anode potential V^, then, no space 
charge being present, the potential dis¬ 

tribution will be as represented by the 
broken line a in Fig. 154. Increasing 

the electron current in the space between 

screen grid and anode, for instance, 

by raising the control-grid voltage, 
produces a drop of the potential in t 

and anode. 
The potential-distribution diagram for this section of the valve will 
then follow a curve similar to the dot-and-dash line b in Fig. 154. If 

the electron current increases further the density will ultimately become 

so great that the potential will reach a minimum (curve c in Fig. 154). 
Since this minimum, in the case of curve c in Fig. 154, lies higher at 

the point B than the cathode potential (zero level), this minimum 
will be reached by all the electrons shooting through the screen grid, 

after which they move towards the higher anode potential (V^). As the 

electron current increases still further the minimum of the potential 
will reach the zero potential axis in the point A. The current distri¬ 

bution then changes in such a way that some of the electrons turn 

about at the potential minimum and travel back to the screen grid. 

As a result the electron current towards the anode diminishes, whilst 

the density of the charge to the left of point A increases. If the electron 

current passing through the screen grid becomes still greater the space 

charge to the left of the critical point A will increase further in density 

and the minimum of the potential will be displaced to the left (curve 

e in Fig. 154). In that case proportionately still more electrons will 
return at the potential minimum and a correspondingly smaller quantity 

of electrons will pass through it. Therefore if the density of the space 

charge in the space between screen grid and anode is sufficiently great 

it may influence the current distribution between screen grid and anode. 
In the points A or C the field strength and the potential are apparently 

equal to zero. Since this is likewise the case for a cathode one may 

Plane 53^20 

Fig. 764 
Potential distribution between 
screen grid and anode at dif¬ 
ferent eurrent intensities. 

space between screen grid 
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imagine in the point A or C a cathode (parallel to the anode) which 

emits electrons in the space between this imaginary cathode and the 

anode. Such an imaginary cathode due to a potential minimum is 

called a virtual cathode. In the case of curve e, Fig. 154, we therefore 

have a virtual cathode in the point C and an anode at a distance dg 

from that imaginary cathode; this is equivalent to a diode with an 

anode voltage equal to V^. The virtual cathode, however, also sends 

electrons back in the direction of the cathode, so that the virtual cathode 

receives electrons from the cathode and returns some of them back 

to it. 

From the foregoing considerations it follows that with such a dense 

space charge in the valve section between screen grid and anode where 

the potential minimum reaches zero, a part of the electron current 

passing through the screen-grid plane returns in consequence of that 

minimum, so that as a result the current distribution is influenced. 

In the next sub-section it will be seen how this potential mini¬ 

mum in the space between screen grid and anode may be turned to 

advantage. 

(d) Secondary Emission of the Anode and Screen Grid in a Tetrode 

If an anode is set up behind the screen grid, as is the case in a screen- 

grid valve or tetrode, the electrons colliding with the anode cause 

secondary electrons to be released from the anode, at least if the 

electrons have sufficient velocity, that is to say if the anode voltage 

is sufficiently high (see Chapter V). Secondary electrons will be released 

already at a lower anode voltage than the normal screen-grid voltage 

(e.g. 100 V). In that case the secondary electrons released from the anode 

move in the direction of the higher potential of the screen-grid plane 

and are intercepted by the wires of that grid. Where the anode voltage 

is higher than the screen-grid voltage (for example, more than 20 volts 

higher) the relatively slow secondary electrons will return to the anode, 

as they are unable to overcome the potential drop from the anode to 

the screen grid. The released secondary electrons travelling towards 

the screen grid, when the anode voltage is lower than the screen-grid 

voltage, cause a current to flow in the direction opposed to the normal 

anode current. The magnitude of this current depends upon the second¬ 

ary-emission factor of the material from which the anode is made, 

which factor in turn depends upon the anode voltage (see Chapter 

V, Section 22). If the secondary-emission factor in a certain range of 

anode voltage is greater than unity the anode current in that range 

will be negative. 

156 



78(d). SECONDARY EMISSION OF ANODE AND SCREEN GRID 

The positive screen grid is likewise exposed to a bombardment of 

electrons, in consequence of which secondary electrons are released 

from the screen-grid wires. If the anode potential is higher than the 

screen-grid potential these secondary electrons will move towards the 

anode, thus increasing the anode current and reducing the screen-grid 

current. If the anode voltage is lower than the screen-grid voltage the 

secondary electrons from the screen grid will return to the screen grid. 

Taking the plate characteristics of a tetrode (at a certain control-grid 

potential), it will be seen that this deviates considerably from the 

theoretical curve, as represented by a in Fig. 155. In most cases the 

shape of the curve will be according to the line b of Fig. 155. This shape 

is a result of the secondary electron emission of the anode and the 

screen grid. If the anode voltage is raised from zero the influence 

of the secondary emission of the anode can be very easily seen. The 

anode current is smaller than that indicated by curve a. Since the 

secondary-emission factor increases with the anode voltage the 

difference between the anode currents of curves a and b will increase 

with anode voltage. As soon as the curve a tends to become horizontal 

the anode current will begin to drop according to the curve b. Thus 

in this case the internal resistance of the valve becomes negative. This 

fall in the anode current with rising anode voltage continues until the 

anode voltage approaches the screen-grid voltage. The voltage differ¬ 

ence between anode and screen grid is then too small to bring about 

any appreciable secondary electron current from screen grid to anode 

that is limited by the space charge (one may regard the anode as cathode 

and the screen grid as anode of a diode where the anode voltage is 

equal to v,*-vj >). As a result the anode current of the valve will 

increase again and approach the value of curve a. In this area the 

influence of the secondary emission of the screen grid begins to be 

appreciable, and approximately when the anode voltage becomes higher 

than the screen-grid voltage the anode current will become greater 

than the value for curve a. 

As the screen-grid current is usually much smaller than the anode 

current the increase of the latter due to the screen-grid secondary 

emission will also be appreciably less than the reduction of the anode 

current due to the anode secondary emission. The value of the anode 

current at the minimum A of curve b is related, as explained before, 

to the faculty of the anode surface to emit secondary electrons *). 

It should be noted that the secondary electron current may be greater 

See Chapter XXXI, Section 187. 
*) See Chapter XXXI, Section 188b. 

157 



ACTION OF THE VARIOUS GRIDS CH. XIII 

than the primary electron current, 

a condition observable over part of 

the broken line c of Fig. 155. 
From the foregoing explanation it 

will be realized that the internal 
resistance of a screen-grid valve de¬ 
pends to a high degree upon the 

secondary emission of the anode and 
screen grid. 

The phenomena connected with the 
secondary emission in a screen-grid 
valve can be remedied in two different 
ways, or at least their influence can 

be considerably reduced. One of these 
means, which is the technically more 

correct one, will be dealt with in the 

next section, while the other way, 

which is very often applied to output 

valves, will be briefly explained below. 

It has been shown that if the density 

of the space charge in the space 
between screen grid and anode is 

great, the potential reaches a minimum 

(sec also, for instance, curve c of 

Fig. 154). This potential minimum 

causes a field strength at the anode which cannot be overcome by the 
relatively slow secondary electrons. These electrons are therefore driven 

back to the anode, while the primary electrons are not affected by the 

potential minimum, since the absolute value of the potential of this 

minimum in the space between the screen grid and anode is positive. 
The distribution of the potential, however, is very much dependent 

upon the electron current and upon the voltages at the electrodes, so 

Fig, 155 
Curve a: Plate characteristic of a 
tetrode at a certain screen-grid voltage 
in the absence of secondary emission 
from anode and screen grid. This curve 
is therefore determined by the “taking 
over” of current. 
Curve b: Plate characteristic of a 
tetrode as measured when secondary 
emission takes place from anode and 
screen grid. Here the secondary- 
emission factor of the anode is less 
than unity. 
Curve c: Plate characteristic of a 
tetrode with secondary emission from 
screen grid and anode where the 
secondary-emission factor of the anode 
is greater than unity. In a certain 
range the anode current becomes 
negative. 

Fig, 156 
Arrangement of the electrodes of a beam-power output valve 
in which the secondary emission is suppressed by the high 
density of the space charge in the space between screen grid 
and anode, 
a = anode 
gi = control grid 
g2 = screen grid 
k = cathode 
8 = concentrating screening (beam-forming) plates at cathode 

potential. 
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74. THE SUPPRESSOR GRID 

Fig. 157 
a) Section through an electrode system of 

a screen-grid valve with suppressor grid 
and parallel flat electrodes. 

b) FulUline cuwe: Potential distribution in 
section A-B for an anode voltage V»i 
higher tlian the screen-grid voltage V,J. 
Broken-line curve: Potential distribution in 
the section A-B for an anode voltage Va2 
lower than the screen-grid voltage. 
These curves apply to the case of absence 
of space charge. 

that this remedy is only effective 

for a certain value of current and at 

definite voltages. The distribution of 
the potential also depends upon the 

distance between screen grid and 
anode. The greater this distance the 

greater the influence of the space 

charge and the deeper the sag of the 
potential-distribution curve in the 

space between screen grid and anode. 
Yet this distance cannot be made too great; with the high values 
of the current that may occur when the valve is fully controlled the 
potential at the minimum would fall so sharply as to cause primary 

electrons to be reversed. Therefore there is a certain critical distance 
that is the optimum for the suppression of secondary emission for certain 
operating conditions of the valve. Valves in which this principle is 

applied are commonly called critical-distance valves. 
In valves where the secondary emission is suppressed by a space charge 

of great density in the section between screen grid and anode, the 

anode is consequently mounted at a greater distance from the screen 

grid tlian is normally the case in screen-grid valves, whilst the electron 

paths in this space are concentrated by screening plates of the same 

potential as the cathode, so that electron beams are formed which 
produce the required density of space charge (see Fig. 156). The so- 

called beam-power valves are an example of such valves. 

74. The Suppressor Grid 

Another means of suppressing the secondary electron currents from screen 

grid and anode, which often have an adverse effect upon amplification, 

is to introduce a so-called suppressor grid between screen grid and anode. 
Usually the suppressor grid is made with very wide meshes and has 

the same potential as the cathode, or differing only slightly from it. 
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Due to the suppressor grid having the same potential as the cathode, 

a pronounced potential minimum occurs between screen grid and 

anode. Fig. 157b shows the potential as a function of the distance from 

the cathode in the section A-B of an electrode arrangement as given 

in Fig. 157a (parallel, flat electrodes), and the potential minimum in 

the plane of the suppressor grid, the space charge being left out of 

consideration. Owing to the presence of this minimum in front of the 

anode the relatively slow secondary electrons emitted from the anode 

are not able to overcome the field strength in the space between sup¬ 

pressor grid and anode, so that they will return to the anode. The 

secondary electrons emitted from the screen grid will likewise be 

incapable of overcoming the potential drop between the screen-grid 

plane and the suppressor-grid plane and thus will return to the screen 

grid. 

Owing to the penetrating action of the anode and screen-grid potentials, 

the potential in the meshes of the suppressor grid, the potential of 

which is zero, will be positive. The mean potential in the plane of 

the suppressor grid depends upon the distances between suppressor 

grid, anode and screen grid and upon the mesh of the suppressor grid, 

as also upon the gauge of wire used. If this mean potential is too high 

the counteracting field between anode and suppressor grid will be 

inadequate to suppress the secondary electron current. With very low 

values of this potential, on the other hand, the primary electrons will 

not be able to pass the suppressor-grid plane. I.e. if the mesh is very small 

the mean potential in the suppressor-grid plane approaches zero value 

and the electrons which are deflected from the normal direction in the 

vicinity of the screen grid will no longer be able to reach the plane of 

the suppressor grid. Consequently the suppressor grid has to^ be so 

dimensioned that the primary electrons in the range of characteristics 

which is of practical value are allowed to pass through in sufficient 

quantity while the secondary electrons are held back. For this reason 

suppressor grids usually have a relatively wide mesh. 

The suppressor grid has an adverse effect upon the primary current 

distribution between anode and screen grid, the screen-grid current 

being greater and the anode current less than would be the case in a 

corresponding tetrode (without secondary electron emission). On the 

other hand, the influence of the anode voltage upon the total cathode 

current is reduced by the suppressor grid; the anode voltage, however, 

has a greater influence upon the current distribution. 
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75, A Second Control Grid behind a Screen Grid 

In hexodes, heptodes and octodes there are two control grids, one 

around the cathode and the second behind a screen grid. Whereas 
screen-grid valves with a suppressor grid (pentodes) are so dimensioned 

that the electron current to the anode is as far as possible independent 

of the mean potential in the plane of the suppressor grid, in the case 
of valves having a control grid behind the screen grid it is generally 

desirable that the control voltage in the plane of the second control 
grid has the greatest possible influence upon the electron current 

flowing through that grid. Consequently such a grid will have a close 

mesh and thus a high control action. 

7(5. A Screen Grid behind a Second Control Grid 

In the types of valves with two control grids described in the previous 
section (hexodes, heptodes and octodes) there is a second screen grid 

behind the second control grid. If the plane of the first screen grid is 

regarded as a cathode, the second screen grid behind the second control 

grid has the same duty to perform as the screen grid in a screen-grid 

valve (tetrode or pentode). 
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CHAPTER XIV 

Valve Capacities 

77. The various Electrode Capacities in the Absence of Space Charge 

If wc examine a diode it will be clear that its cathode and anode may 

be regarded as two plates of a condenser, with the vacuum between 

these electrodes representing the dielectric. Thus the cathode and 
anode of a diode have a certain capacity with respect to each other, 

and this capacity will be indicated by the symbol The lead-in 

wires from the valve-base contacts to the cathode and anode of a 
diode and the base contacts themselves also have a certain mutual 
capacity. These capacities augment the inter-electrode capacity. If 
the cathode of a diode is earthed then the capacity between cathode 

and anode is still further increased by the capacity of the anode with 

respect to an earthed screening contained in the bulb. Fig. 158 illustrates 
such a case, showing how the capacity between metallizing and 

anode increases the capacity 

A very comprehensive valve-capacity diagram can be made by taking 

the electrodes as the corner points of a geo¬ 
metrical figure, say a triangle, rectangle, etc., 

and interposing the capacities between those 
points. This has been done in Fig. 159 for the 

diode considered above as the first example. Ac¬ 

cording to this representation the diode has a 

capacity between anode and cathode, between 

anode and metallizing and between cathode 

and metallizing. Each of these capacities is 

called a partial capacity of the 
electrode concerned. 

When m and k are earthed 
the anode capacity equals 

the sum of the capacities 0^^ 

and Cak. In the case of in- 
directly-heated valves the 

heater filament in the ca- 

re- thode tube also has to be 
presentation of the regarded as an electrode and 

its capacities with respect to 
taiiized bulb. the other electrodes of the 

a 

Fig. 158 
Diagrammatic represen¬ 
tation of the increase of 
the capacity of a diode- 
anode with respect to the 
cathode, which is earthed, 
due to the capacity of the 
anode to an earthed part, 
in this case the metal¬ 
lizing. 
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valve have likewise to be taken into account. If both the filament 
and the cathode are earthed then the capacity between these electrodes 

is of no importance; it may play a part, however, if the filament is 
earthed and the cathode not. 
When taking measurements it will be found that those carried out 

with a cold cathode give values for the valve electrode capacities which 
differ from those obtained with a hot cathode. This is due to the presence 

or absence of the space charge; we will revert briefly in the next section 
to the influence of the space charge upon the capacities. 

Some of the electrode capacities are in parallel with H.F., I.F. or L.F. 

circuits and increase the capacities existing there. Others cause couplings 

between circuits connected to different valve electrodes, as a result of 
which undesired effects may occur. In this way, for instance, certain 

circuits may be affected by interfering voltages (sec also Chapter 

XXVIII) and amplified voltages may be fed back, which may result 
in oscillation (voltages on one electrode may be modulated by voltages 

on another which are also present on the first electrode as a result 

of capacitive coupling). The capacities of a valve may influence the 
tuning of connected circuits or may constitute a load on the connected 

voltage source. It is therefore of importance to know exactly what these 

capacities are and how they behave, and for this reason the published 
data of radio valves always contain the most important of the various 

electrode capacities. Unless otherwise stated the capacities found in 

publications are always those that have been measured with a cold 

cathode. 

(a) The Capacities of a Triode 

Disregarding, for the time being, other parts such as the metallizing 

heater and the like, there are in a triode a cathode, a grid and an 
anode. In this case, therefore, three capacities are to be distinguished, 

viz. a capacity Cgj^ between grid and cathode, a capa- 

city Cag between anode and grid, and a capacity 
between anode and cathode. These three capacities 
form the capacity triangle drawn in Fig. 160. 

(a) The Grid Capacity 

The grid capacity Cg is comprised of the capacities from 

the grid to all other electrodes and parts of the valve 

excepting the anode, thus in a triode it is the sum of the 
capacities to the cathode, the metallizing and the heater. 

This capacity is sometimes termed the input capacity. 

Fig. 160 
Diagrammatic re¬ 
presentation of the 
three capacities of 
a triode. 
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(P) The Anode Capacity 

The anode capacity comprises the capacities from the anode to all 
other electrodes and parts of the valve excepting the control grid, thus 

in a triode it is the sum of the capacities to the cathode, the metallizing 

and the filament. This is sometimes termed the output capacity. 

(y) The Grid-anode fupacity 

Owing to the grid-anode capacity the anode circuit may react 
upon the grid circuit. If there is an impedance or resistance in the 
anode circuit then the anode alternating current will set up an alter¬ 
nating voltage across that impedance or resistance, and usually this 
alternating voltage is much greater than the grid alternating voltage. 

If in the anode circuit there is a purely ohmic resistance (see Fig. 161a) 

the alternating voltage of the anode with respect to the cathode is 
opposite in phase to the alternating voltage of the grid with respect to 

the cathode. If, now, the grid alternating voltage is Vg^^, the anode 

alternating voltage and the amplification ) is equal to A, 
\ Vgk / 

then V, ak == —^^Vgk* alternating voltage between grid and 
anode is equal to Vg^ — V^k = Vg^ + AVgj, = (A + 1) Vg^. 
The current through the grid-anode capacity is consequently 
equal to 

I, Cag ja>C,g(A + l)Vgfc (58) 

SJU39 

Fig, IGlrt 
Diagram of a triode amplifier 
with anode resistance Rl, the 
valve capacities Cag and Cgk 
being indicated by the broken 
lines. The positive direction 
of the currents through the 
capacities and the anode re¬ 
sistance are indicated by 
single-headed arrows, whilst 
the positive directions of the 
voltages are indicated by 
double-headed arrows with + 
and — signs. 

This current therefore flows from the grid 

via the anode to the cathode and apparently 
originates from a capacity (A + 1) C^g 
connected parallel to the grid-cathode ca¬ 

pacity. 

(1) Condition for obtaining a Grid-to- 

cathode Capacity equal to Zero 

If the anode alternating voltage were in 

phase with the grid alternating voltage Vg. 
and thus equal to AVg,j, then the voltage 

between grid and anode would be equal to 

Vgij — AVg^ = (A — 1) Vgj^. The current 
through the grid-anode capacity to the grid 

is in that case: 

Icag == —^ag (A 1) Vgk- (59) 
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Since there is an additional current = jo> CgjjVgj^ flowing to the 

grid as a result of the grid-to-cathode capacity, and both currents 

are additive, the total capacitive current to the grid would be zero 

when 

or 

jft) Cgk — jfo (A — 1) = 0, 

(60) 

In that case the apparent eapaeity between grid and eathode would 

also be zero. This condition can be obtained, for instance, by means 

of a two-stage resistance-coupled amplifier in which the anode alter¬ 

nating voltage of the second valve is in phase with the grid alternating 

voltage of the first and by coupling the anode of the last valve to the 
t-'gk 

grid of the first through a capacity of value --where A is the 
A. — 1 

overall gain of the amplifier. 

(2) Impedance of Purely Ohmie Character in the Anode Circuit 

Where there is a purely ohmic resistance in the anode circuit the alter¬ 

nating current from the anode to the cathode is in phase with the 

alternating voltage between grid and cathode Vk. (see Fig. 161a). The 

alternating voltage of the anode with respect to the cathode is then 

opposite in phase to the alternating 

to the cathode, and the alternating 

voltage of the grid with respect to 

the anode, which is equal to Vg|^— 

is thus in phase with the alternating 

voltage of the grid with respect to 

the cathode. Since Vg^ and Vgj. are 

in phase, the currents flowing through 

Cga and Cgjj will also be in phase with 

each other. It is, therefore, seen that 

with a purely ohmic resistance in the 

anode circuit, or with an impedance 

that has a purely ohmic character 

(oscillatory circuit at resonance) the 

currents passing through C^g and Cgj^ 

augment each other. 

The foregoing is shown in the vector 

diagram of Fig. 161b, The voltages 

Vga and Vg]5 are in phase with each 

voltage of the grid with respect 

Fig, 161h 
Vector diagram of the voltages be¬ 
tween grid and cathode Vgk, between 
anode and cathode V^k, and between 
grid and anode Vga» and the current 
through the grid-anode capacity C.g 
and through the grid-cathode capacity 
Cgk, when there is a purely ohmic 
impedance in the anode circuit. 
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other and thus their vectors lie in the same direction. The current 

I(jag through the capacity C^g which is due to the voltage leads by 

90° on Vgj^. The current through the grid-cathode capacity Cg^ is 
similarly leading by 90° on the voltage and since the two voltages 

are in phase with each other the currents and are likewise in 

phase. 

(3) Impedance of Inductive or (lapaeitive Character in the Anode 
Circuit 

When the impedance in the anode circuit has not a purely ohmic 

character there will be a phase angle between the anode current 1.^1^ 

and the voltage between anode and cathode. This will be the 

case if an oscillatory circuit forms the anode load and the frequency of 

the signal amplified by the valve does not correspond to the resonant 

frequency of the load. If that frequency is lower than the resonant 

frequency the circuit acts as an inductance connected in parallel with 

a resistance; if the frequency is higher than the resonant frequency 

it acts as a capacity connected in parallel with a resistance. This 

resistance may be, for example, 

the resonant resistance of the cir¬ 

cuit, with which the internal re¬ 

sistance of the valve is connected 

in parallel. Now an inductance in 

the anode circuit causes a positive 

phase angle of the anode alternating 

voltage Vau with respect to that 

voltage which would occur with a 

resistance in the anode circuit. Thus 

for Vga = Vgk — Vak we get the 
vector drawn in Fig. 161c, which, 

since V^k is leading, likewise has a 

positive phase angle (indicated here 

by (p) with respect to the grid-ca¬ 

thode voltage Vgk* 

This alternating voltage between 

grid and anode results in a current 

Icag passing through the anode-grid 

capacity, which likewise is leading 

on the current I^gk* This current 

has a wattfull component 

direction of which is opposite to 

{ 
I 

Fig, 161r 
Vector diagram of the voltages between 
grid and cathode Vg^, between anode 
and cathode V*ij, and between grid and 
anode Vg», and the currents through 
the grid anode capacity C^g and through 
the grid-cathode capacity Cg^, when the 
impedance in the anode circuit is 
inductive. The current through the 
capacity C^g acquires a positive phase 
angle q> with respect to the wattless 
current le^k and then has a component 
I(-_H) the phase of which corresponds 
to a current through a negative resis¬ 
tance interposed between grid and 
cathode in parallel with the input 
circuit. 

166 



77(a). THE CAPACITIES OF A TRIODE 

that of the vector Vg,; this current 
might also be caused by the voltage 

across a negative resistance — 
between grid and cathode. The 

presence of a negative resistance 
between grid and cathode means a 
reduction of the damping resistance 

of that circuit. This is called regene¬ 

ration. If this negative resistance 
is sufficiently small it may lead to 

oscillation of the valve stage (thus 

giving rise to an oscillation of a 

certain constant amplitude which 
maintains itself without excitation 

by the external grid alternating 

voltage Vgk). 
If the anode circuit contains an im¬ 

pedance which is capacitive, e.g., 

a capacity that is connected paral¬ 

lel to a resistance, the vector for 
Vg^ will have a negative phase angle 

with respect to the vector Y^^ (see Fig. 161d). This alternating voltage 

will set up a current I^^^g through C^g which lags behind I^gj^ and of 
which the wattfull component I(-fR) has the same phase as Vgj^. This 
means that this current could also have been set up by the voltage V*. 

across a positive resistance +R between grid and cathode, which 
corresponds to an increase of the damping of a circuit interposed 
between grid and cathode. This is called degeneration. 

The degeneration or regeneration in a stage due to the influence of 

the gtid-anode capacity can also be derived by calculation in the 
following simple manner: 

Vak = —gm^L^gk* (^1) 

in which is the transconductance of the valve and the anode 

(load) impedance, which also contains the internal resistance R^. The 
alternating voltage between grid and anode is equal to 

V,. = Vgk - V., = (1 + gM V„. (62) 

From this it follows that the current through the grid-anode capacity 

Cng is equal to 

^Cag = Qg Vga = jo> C^g (1 + gm^h) ^gk* 
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Fig. 161d 
Vector diagram of the voltages between 
grid and cathode Vgk, between anode 
and cathode Vak and between grid and 
anode Vg* and the currents through the 
Cag and the Cgk, when the impedance 
in the anode circuit has a capacitive 
component. The current through Cag 
in this case acquires a negative phase 
angle (p with respect to the wattless 
current Icgk and has a component I(+r), 
the phase of which corresponds to a 
current through a positive resistance 
interposed between grid and cathode in 
parallel with the input circuit. 
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If now the anode impedance has a capacitive or inductive character 

one may nrite: = R + j X, (64) 

in which X is the reactance. By replacing in Equation (68) by 

R + j X we can write 

Icag = (1 + g^R + jgn^X) Vgk = 

—«> C'agg.nXVgk + (1 + g„R) Vgfe. (65) 

The first term of the last part of this equation apparently originates 
from a resistance which is equal to — 1 /co C^^gg^^X and which, through 

the influence of C^^g, is in parallel with the grid circuit. This is positive 
if the phase angle q) (see Fig. 161d) and consequently X are negative, 

thus in the case where the anode circuit has a capacitive component. 
In that case degeneration occurs. 
For a positive value of X, when the anode circuit has an inductive 

component, the resistance is negative and regeneration occurs. If, 

therefore, for the frequency in question the anode circuit has an induc¬ 
tive component, then in consequence of the reaction across the C^g 
there is regeneration in the grid-cathode circuit. Moreover, in all cases, 

thus also when the anode circuit is purely resistive, there is an apparent 
increase of the capacity between grid and cathode, because the vectors 
I^ag in Figs 161c and d also have a component I(, in the direction 

of I^^ag* This increase of the grid capacity also follows from the term 
j£yCgk(l+gmR) Vgk of Equation (65). 
This increase of the grid-cathode capacity due to the reaction of the 

anode alternating voltage across the grid-anode capacity may be very 

considerable. If we consider a triode used as an audio-frequency ampli¬ 
fier, for instance, the triode part of the EBC 3, in which C^g = 1.3 

and which with resistance coupling gives a 25-fold amplification, 

then in consequence of C^g according to Equation (58) the grid-cathode 
capacity will increase by 1.3 x (25 + 1) = 34 fXfxF (by way of com¬ 
parison the grid-cathode capacity of this valve is 2.0 ////F). 
As is to be expected from the foregoing the grid-cathode capacity 

in R.F. amplifying circuits (see e.g. Fig. 162) may give rise to positive 

feedback from the anode circuit to the 
grid circuit (regeneration in the system). 

As a result the amplification in this stage 

Fig, 162 
High-frequency amplifying circuit with tuned 
circuits interposed in the grid and the anode 
circuits. 
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36B26 36827 

Fig, 163a 
a) Oscillogram of the resonance curve 

of an amplifying stage with two 
single-tuned circuits (recorded with 
a Philips frequency modulator and 
a Philips cathode-ray oscillograph). 

b) Due tc an increase of ( the curve 
becomes asymmetrical. 

c) A further increase of results in 
at the same time the curvT becomes 

Fig. mb 
a) Resonance curve of an intermediate- 

frequency amplifier with band-pass 
filters. 

b) The satne curve recorded with arti¬ 
ficial increase of C»g. 

curve becoming still more asymmetrical; 
e peaked. 

is increased and oscillation may occur, which interferes with the desired 

amplifying action. A further result of regeneration is an increase of selec¬ 
tivity. The curve representing the amplification as a function of fre¬ 

quency (the resonance curve) becomes more sharply peaked due to 
the feedback across 0^^; in the case of strong feedback there is, moreover, 

a fairly large asymmetry in this curve (sec Figs 163a and b). 

It can be shown that if the condition g^RiRgCuC^g < 2 holds good, the 
stage cannot oscillate. In this term gj„ is the transconductancc of the 
valve, Ri the impedance of the tuned grid circuit LjCj at resonance, 

Rg the impedance of the tuned anode circuit LgCg at resonance with 
the internal resistance R^ of the valve in parallel, and cu the angular 
frequency to which the circuits are tuned. If g^^RiRgCuC^g = 2 oscillation 

may occur, but this is not necessarily the case and depends upon any 

mutual detuning of the circuits. 
When, for instance, Ri = 400,000 ohms, Rj = 10,000 ohms, g^ = 

2 mA/V, co = 27rXl.5x 10® (corresponding to X = 200 m), then 

F = 0.027 fi/jF is required n ^ - 
" 2 X 10“® X 4 X 10® X 10^ X 9.4 X 10® 

to preclude oscillation. 
Such a small capacity value, however, cannot be reached with a triode, 
a normal value for C^g of a triode being 1 to 2 so that triodes 
are unsuitable for H.F. amplification. For radio- and intermediate- 
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Fig. 1G4 
Diagram of the partial eapaci 
tics of a pentode 

frequency amplification only capacity 

values of 0.003 jjifiY or less are of any use, 
and these can be obtained only with screen- 
grid valves such as pentodes for instance. 

(b) The Capacities of a Pentode 

Owing to the larger number of electrodes 

the diagram of the partial capacities of a 

pentode is much more complicated than 
that of a triode. Fig. 164 shows such a 
diagram. Not all these capacities arc 

directly of importance for the application of a pentode; for instance, 
the capacity between gg and ga is of no importance, because these 

electrodes are usually connected with the cathode capacitively or 
directly. It is of more importance to know the input and output capaci¬ 
ties. Of even greater importance is the capacity that causes feedback 

from the anode circuit, i.e. the grid-anode capacity C^gi. The data 
published for Philips pentodes generally include the grid capacity Cgi, 

the anode capacity and the maximum value of the grid-anode 

capacity C^gj. 

(a) The Grid Capacity 

The grid capacity Cgi of a pentode is defined as the capacity of the 

grid with respect to all other electrodes with the exception of the 

anode. Thus it is assumed that except for the anode and the grid all 

the electrodes are connected directly or capacitively to the cathode. 

(jS) The Anode Capacity 

The anode capacity of a pentode is defined as the capacity of the 

anode with respect to all other electrodes with the exception of the 
grid. 

(y) The Grid-anode Capacity 

The grid-anode capacity C^gi of a pentode is defined as the capacity 
between anode and control grid, provided that all the other electrodes 

(g2> gs k) are connected up to each other. 
As already explained in the case of the triodes, for H.F. amplification 
the value of C^^g^ of a valve has to be extremely small. The conclusion 

2 
that the C»-i must be smaller than --- in order to avoid oscil- 

lation, goiR, being the amplification of the valve, shows that if a large 
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amplification is to be reached the grid-anode capacity must be ex¬ 

tremely small. As mentioned when dealing with triodes, this can 

be attained with a screen grid such as is employed in pentodes. 

The screen grid forms a screen between the anode and the control grid, 

hence its name. It thus causes a considerable reduction of the capacity 

between these electrodes, the grid-anode capacity in modern H.F. 

pentodes being in fact less than 0.002 In manufacture particular 

care is taken to see that this limit is not exceeded, as otherwise there 

would be a risk of the valve starting to oscillate when used in a high- 

frequency stage. If, for instance, an I.F. amplifier consisting of a valve 

(pentode) with a transconduetance = 2 mA/V and having C^gi = 

0.002 jujuF, interposed between two single tuned circuits with an impe¬ 

dance of 400,000 ohms at the resonant frequency (e.g. 475 kc/s), then 

g^^RiRgCoCagi = 2 X 10“» X 400,0002 X 3 X 10* X 0.002 X 10“i2 = 1.92, 

which lies very close to the critical value 2. Usually, however, 

in I.F. amplifiers single tuned circuits are not used, but band-pass 
filters ^), consisting of two tuned circuits mutually coupled inductively 

or capacitively. When these band-pass filter circuits are coupled with 

each other almost critically and have equal impedances, then the 

impedance between their input terminals at the resonant frequency 

is equal to one-half of the single-circuit impedance, thus in the case 

of circuits of 400,000 ohms it is equal to 200,000 ohms. The factor 

gjj^RiRgO C^gi is therefore four times as small and there is much less 

risk of oscillation. These examples serve to illustrate the necessity of 

keeping the value of C^gi small in the case of H.F. pentodes. 

In power-output pentodes C^gi is generally greater than that in H.F. 

pentodes, due to the differing dimensions of the electrodes which are 

necessary to make pentodes suitable for power amplification. The value 

of Cagi of Philips output pentode EL 3N, for instance, has a maximum 

value of 0.8 fi/iF. As output amplifier it normally yields a 57-fold 

voltage amplification, so that with a capacity value of 0.8 fifiF there 

is an increase of the input capacity of about 46 fx/jiF. This may have 

a certain effect on the reproduction of high notes in low-frequency 

amplifiers. For this reason, as a matter of fact, the value of C^gi is 

limited for output pentodes. 

(c) The Capacities of an Octode 

In a mixer valve of the octode type there are two control grids, the 

control grid gj of the oscillator part and the control grid of the mixer 

part. The radio-frequency alternating voltage of the signal to be received 

See Appendix V. 
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is applied to g4, the I.F. alternating voltage is generated at the anode, 

whilst gi and gg carry alternating voltages of oscillator frequency. The 

capacity €^^4 of the grid is here defined as the capacity between grid and 

cathode that is found when all electrodes carrying no R.F. of I.F. alter¬ 

nating voltage or an alternating voltage of the oscillator frequency with 

respect to the cathode are connected to the cathode. 

These are the electrodes + gs, ge, the heater and the metallizing. The 

anode capacity is defined as the capacity of the anode with respect 

to the cathode when gg + ge? heater and the metallizing are 
likewise connected to the cathode. In the data published for an octode 

are also included the mutual capacities Cjjg4, Cgig4 and the capacities 

Cgi and Cg2 of the oscillator control grid and of the oscillator anode. 

^'ag4» ^gi> ^g2 are likewise the capacities found when the 
electrodes gg + gg, gg, the filament and the metallizing are connected 

to the cathode. The value of C\^g4 makes it possible to determine the 

feedback of the intermediate-frequency anode alternating voltage to 

the input circuit, which may be of importance for eliminating certain 

whistles (see Chapter XXI). Thus it will be seen that all capacities 

have some significance and it is of importance to know them in 

order to be able to determine their influence. 

(d) The Capacities of other Multiple-grid Valves and of Multiple 
Valves 

From the foregoing the significance of the capacities quoted in publi¬ 

cations concerning other types of multi-grid valves and multiple valves 

will be understood. Generally speaking the object is to indicate the 

electrode capacities which increase the capacities of connected circuits 

and those capacities which cause coupling between different circuits. 

The publication of these capacities is therefore usually intended to 

furnish the necessary data for the normal application of the valve. In 

the case of a double-diode-output-pentode, for instance, it is of impor¬ 

tance to know, among others, the capacities of the diode anodes with 

respect to the control grid and the anode of the pentode part, but it is 

equally of interest to know also the capacity between the two diode 

anodes. According to the purpose for which a valve is designed one will 

therefore find a more or less extensive publication of the capacities. 

78. The Influence of Space Charge upon the Capacities 

In the beginning of the previous section it was pointed out that the 

values of the capacities of valve electrodes given in the published data 

are all derived from measurements taken while the cathode is cold. 
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Strictly speaking this is not quite complete, for these capacities apply 

to the cases when there is no space charge in the valve. This condition 

may be due to the fact that the cathode is cold, but it may also be 

that the cathode is heated to normal temperature but owing to a very 

great control-grid voltage there is no anode current flowing and conse¬ 

quently no space charge. It will now be explained briefly how the 

capacities are affected by the presence of space charge. 

If we study a diode with parallel flat electrodes we find, as indicated 

in Fig. 11, an obliquely rising straight line from the cathode to the 

anode indicating the potential variation between these two electrodes 

when the cathode is not heated, that is, when it is not emitting any 

electrons. When the potential differenee between cathode and anode 

equals and the distance between these electrodes is a, the field 
V 

strength F at the anode and at the cathode is equal to —. The charges 
a 

on the anode and catliode surface per square centimetre are then given 

- / n — — £ F 
Qk 

Qa + fioF. 

(66) 

(67) 

Ignoring end effects, as is known, the capacity is given by 

C - (68) 

where S is the surface area of the electrodes and a the distance between 

the electrodes. If now the cathode is heated to such a temperature that 

electrons are emitted in sufficiently large numbers that the electron 

current is not saturated but limited by the space charge, then a po¬ 

tential distribution occurs between the cathode and anode which can 

be represented approximately by the curve of Fig. 17. According to 

Equation (12) of Chapter III the current between cathode and anode 

is given by ^ _ vv •/. 

Substituting for k the expression: 

k I 
|81 :;r X 10* ^ m^\ d* d* 

and substituting for d a variable distance x from the cathode, V being 

the potential at a distance x from the cathode, the equation of the 

These derivations are taken hrom Balth. van der Pol published in Physica 3, 1023, 
page 258 and in Jahrb. d. drahtl. Telegr. 25, 1925. 
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potential-distribution curve can be obtained from the formula of the 
spaoe-charge-limited current, i.e., 

In that case we obtain 

If" 
Ia = — 

X2 

V - (69) 

It appears that the potential in the space between cathode and anode 
is proportional to the ^/grd power of the distance x from the cathode 
and thus deviates from the potentials in this space indicated by the 
straight line in Fig. 11. At a distance x = a the potential is equal to 
Va and at a distance x = 0 it is zero, as is the case in Fig. 11. 
In Equation (69) we may now express the constant C also in terms of 
the field strength F obtaining in the space between cathode and anode 
with the anode voltage without space charge, multiplied by a certain 

Y 
factor. F being equal to —, therefore = Fa. For x = a, = Ca‘^* 

F ^ 
= Fa. Hence C == If, therefore, we fill in this value of C, Equation 

(69) becomes y _ F 
a 

By differentiation we find the field strength as a function of the 
distance x. This gives 

dx 3 a’^* 
(71) 

For X = 0, i.e., at the surface of the cathode, the field strength is 
zero, and for x = a, i.e. on the surface of the anode, it is equal to 
4F 
—. Consequently the charge density at the surface of the cathode is 

and at the surface of the anode 

Qa e„F. 

(72) 

(78) 

Hence the charge density on the cathode, instead of being — F, is 
equal to zero in consequence of the space charge, and the charge density 
on the anode has become % ^oF instead of e^F. This means that as a 
result of the space charge the charge density on the anode is */s times 
as great and thus also the anode capacity has become *1^ times as 
great. In Fig. 165 the curve a represents the potential distribution 
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between the two parallel flat electrodes 

of a diode as given by Equation (69). 

The tangent of the angle between the 

x-axis and the tangent b at the point 
Q of this curve, which lies on the sur¬ 

face of the anode, indicates the field 
strength at the anode. This tangent 
intersects the x-axis in the point P and 

now, according to the foregoing, OP is 

equal to ^/4 a. The field in the vicinity 

of the anode will not change if we 
leave out the space charge and place 

the cathode at the point P. This figure 
thus illustrates how, as a result of the 

space charge, a capacity increase takes 
place, since the distance between the 

imaginary cathode at point P and the 
anode of a diode without space charge, 
w'hich causes the same field strength at the anode, amounts to ®/4 the 

distance between cathode and anode of a diode with space charge. Not 
one of the lines of force passing from the anode of a diode with space 

charge in the direction of the cathode actually reaches the cathode; 
they all end on the electrons forming the space charge between cathode 

and anode. 
It might be concluded that as Jong as the current is limited by the 

space charge no change takes place in the anode capacity when the 
anode current is reduced, for instance by lowering the anode voltage, 

since the tangent on the potential distribution curve at the point Q 

will always intersect the x-axis at a from the point 0, In practice, 
however, one does actually find a capacity variation, for as a matter 

of fact the capacity drops uniformly with the decrease of anode current 

until a minimum is reached corresponding to the capacity value with 
a cold cathode. This is due to the velocity of emergence of the electrons, 
as a consequence of which the capacity variation takes place gradually 

as the anode current varies. 
Similar phenomena occur with triodes. In amplifying circuits the anode 
has a comparatively high voltage; the anode current, however, is 

determined by the effective potential in the control-grid plane. The 
space charge between cathode and control-grid plane causes a potential 
minimum, whilst owing to the high velocity of the electrons between 

the control-grid plane and the anode there is scarcely any space charge 

Cathode Anode 

Fig. 265 
Curve a: Potential distribution be¬ 
tween two parallel flat electrodes, 
the potential rising in consequence 
of space charge according to the 
*/q rd power of the distance from 
the cathode. 
Straight line b: Tangent at the 
point of the potential distribution 
curve lying on the surface of the 
anode. This tangent intersects the 
x-axis at x J a. 
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at all. Consequently the capacity of the 

anode when the valve is cold will differ 

but little from the capacity while it is 
warm. Also in screen-grid valves the 

velocity of the electrons between control 

grid and anode is usually so high that no 
variation in the anode capacity takes 

place. The grid capacity of a triode is 

determined by the density of the space 
charge between control grid and cathode. 
If the anode current falls owing to an 

aCgiif/itF) increase of the negative grid bias, then 
the capacity of the control grid will 

Tht control-grid capacity as a gradually drop with the anode current 
function of the anode current, ji^e to the velocity of emergence of the 
for valve type EF 9. , i i 

electrons, until ultimately a capacity 

value is reached corresponding to the 

capacity when the valve is cold. 

Thus we find that the value of the capacity of the control grid depends 

on the magnitude of the anode current. The same holds, of course, 
also for the control grid of a pentode or any other type of multi-grid 
valve. This capacity variation cannot always be disregarded. In radio- 

and intermediate-frequency circuits it happens that the amplification 
of the valves is regulated by varying the negative grid bias (see Chapter 
XXII); as a result the anode current and the grid capacity are also 

changed, and this may lead to an inadmissible detuning of the resonant 
circuit connected to the grid. It is therefore essential to know whether 
a change in the grid voltage alters the grid capacity. Fig. 166 shows 

the capacity variation A Cgi measured for the pentode EF 9 as a function 

of the anode current 1^. According to this curve the drop in the grid 
capacity of this valve caused by a variation of the anode current from 

6 mA to 0 amounts to about 1.3 juifiF. 
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CHAPTER XV 

Consequences of Curvature of the Characteristic 

79. Distortion 

In most cases the ideal shape of the 

dynamic transfer characteristic of 

a valve is a straight line (see Fig. 
167) . If a sinusoidal grid alter¬ 
nating voltage is applied to such a 

valve there occurs in the anode 
circuit an alternating current which 

is likewise sinusoidal. Usually, 

however, the dynamic transfer cha¬ 
racteristic is curved and the anode 
alternating current produced by a 
sinusoidal grid alternating voltage 

will not be sinusoidal (see Fig. 

168) . In that case the alternating 

current is said to be distorted. This 
distortion of an alternating curve 

(current plotted as a function of time) 
may be construed as an addition 
to the anode alternating current of 

alternating currents the frequencies 
of which are twice, three times, four 
times, .... as large as the original 

frequency of the sinusoidal grid 

alternating voltage. The original 
frequency is called the fundamental 

wave, whilst the frequencies that 

are added through distortion are 
termed higher harmonics, or simply 

harmonies. In Fig. 169 the full line 
represents the fundamental wave 

and the broken line the harmonic 

of a frequency which is three times 
that of the fundamental wave and 

of an amplitude a quarter of that of 

the fundamental wave. The dot- 

11 

Fig. 167 
A sinusoidal alternating voltage on the 
grid causes a sinusoidal anode alter¬ 
nating current if the transfer charac¬ 
teristic is rectilinear. 

Fig. 168 
Curved dynamic transfer characteristic 
of a pentode. Due to the curvature of 
the characteristic the anode alternating 
current is no longer sinusoidal and is 
therefore distorted. 
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and-dash line therefore comprises a 
fundamental wave with 25% third 

harmonic. From this figure it is seen 

that the upper and lower halves of the 

distorted curve are symmetrical. In the 
case of pentodes the shape of the dynamic 
transfer characteristic is usually similar 

to that shown in Fig. 168, i.e., relatively 
symmetrical, about the working point 
P, showing a curvature both at the top 

Fig. 169 
Full line: Curve of a sinusoidal 
anode alternating; current as a 
function of time (fundamental 
wave). 
Broken line: Curve of a sinusoidal 
alternating current of three-fold 
frequency and an amplitude of 
25% of the amplitude of the 
fundamental wave (25% third 
harmonic). 
Dot-dash line: The resulting curve 
of the fundamental wave and 25% 
third harmonic. 

and at the bottom. With such a charac¬ 
teristic one obtains an anode-current- 
versus-time curve which though dis¬ 

torted is still fairly symmetrical. From 
this it may be concluded that the dis¬ 
tortion of the anode alternating current 
with a pentode consists principally of 

odd harmonics and in particular the 

third harmonic, if the grid base of the 
valve characteristic is fully utilized. 
Fig. 170 shows the dynamic character¬ 

istic of a triode. As there is no curvature at the top of the transfer 

characteristic, the anode-current-versus-time curve is asymmetrical 
and the distortion is mainly due to the second harmonic. With a triode 
the distortion is, in fact, due mainly to the second harmonic. 

Fig. 171 shows a fundamental-frequency 
wave (full line) accompanied by a sinu¬ 
soidal alternating current (broken line) 
the amplitude of which is 25% of that 
of the fundamental wave and the 

frequency twice as great (second har¬ 

monic). The dot-dash line represents 
the alternating current formed by the 

fundamental wave and the second 
harmonic together. This alternating 

current therefore comprises a funda¬ 
mental wave with 25% second har- 

Fig, 170 monic. 
Dynamic transfer characteristic of As stated earlier, in consequence of the 

curvature of the transfer characteristic 
ciuTenttowyiiuiietTicallydistorted. the anode current of a valve is distorted 
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and therefore composed of an alter¬ 

nating current Ii of fundamental fre¬ 
quency and a number of alternating cur¬ 

rents I2, I3, I4, etc. having twice, three 
times, four times, etc. the frequency of 

Ii, i.e., a number of harmonics. The 
effective (r.m.s.) value of the total anode 

alternating current 1^ is then, as is well 
known, equal to 

I. - /v + v + v + v..” 
in which Ij, Ig, I3, I4 etc. represent the 
effective current values. 
The magnitude of the total distortion 
will be indicated by d^^^, that of the 

second harmonic by dg, of the third 
harmonic by dg, and so on. The dis¬ 

tortion factor d^Qt is defined by 

+ 14^ +- 
^tot ■ 

ii* 

Fig. 171 
Full line: Curve of a sinusoidal 
anode alternating current as a 
function of time (fundamental 
wave). 
Broken line: Ciu^e of a sinusoidal 
alternating current with twice 
the frequency and an amplitude 
of 25% of the fundamental wave 
(25% second harmonic). 
Dot-dash line: The resulting curve 
of the fundamental wave and 
25% second harmonic. 

i.e. by the square root of the ratio of the sum of the squares of the 
alternating currents with harmonic frequencies and of the square of 
the alternating current with the fundamental frequency ^). The dis¬ 

tortion associated with the second harmonic is defined by 

d2 == ^2/^19 

that associated with the third harmonic by 

ds == I3/I1J 

and so on, so that the total distortion may also be written as 

^tot “ / ^2^ + dg* + d4* + ... . 

The distortion arising in a valve can be determined by computation 
from the dynamic transfer characteristic. Generally, however, it is 

determined by measurements. In principle it is measured in the follow- 

^) Often distortion is defined as the square root of the ratio of the sum of the squares 
of the alternating currents with harmonic frequencies and of the square of the total alter¬ 
nating current Itot* At distortion percentages smaller than 10 it is immaterial which of the 
two definitions is used. 
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Fig, 172 
Schematic diagram of a system for measurinpr the distortion arising in the anode current 
of a valve (B) owing to the curvature of the characteristic. 

ing way and is diagramniatically represented in Fig. 172. The signal 
of an oscillator having a frequency of 500 c/s is fed to the grid of the 

valve to be examined via a filter that suppresses the harmonics of 
this signal very effectively. The anode of this valve is fed with direct 
current via a choke coil so dimensioned as not to cause any increase 

of the distortion; the alternating-current load resistance of the valve 
is coupled to the anode by means of a condenser. In this way the 

output power can be determined by measuring the alternating 

current in the load resistance. Since the impedance of the choke coil 
for 500 c/s and higher frequencies is very much greater than the load 

resistance Rj, the anode alternating current will flow almost entirely 
through Rj^. The load resistance is coupled to two filters each followed 

by an amplifier. The channel with the low-pass filter is for the funda¬ 
mental frequency, while that with the high-pass filter passes only the 
harmonics. The high-pass filter in the latter channel can be replaced 
if desired by another filter that allows only a certain harmonic of the 

fundamental frequency to pass. With the aid of filters adjusted to the 

second, third and higher harmonics the distortion can be analysed into 
its various components and the contribution of each of these harmonics 

to the total distortion can be determined. 

The output side of each of the two amplifiers is coupled to the heater 
of a thermo-couple via a transformer. On the secondary side the two 

thermo-couple elements are connected in antiphase (i.e., the thermo 
voltages are acting in series in such a manner that the resulting voltage 
is the difference between the two). Their terminals are connected on 

By thermo-couple is meant an element consisting of two different metals, between 
which is a potential difference that sets up a current in an external circuit and which 
depends upon the temperature obtaining where the metals are in contact. This point of 
contact in a thermo-couple is heated by a filament carrying the current to be measured. 
Thus the potential difference between the metals is a measure of the current passing 
through the heater. 
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one side to each other across a 
sensitive indicator instrument with 

its zero point in the middle of the 
scale so that the pointer may be 

deflected to either side. 
The amplification of the high-pass 

channel is adjustable. This amplifi¬ 
cation is so adjusted that the pointer 
indicates zero. In that case the dis¬ 

tortion can be calculated from the ratio 
of the gains of the two amplifiers. If, 

for instance, the amplifier for the har¬ 
monics has 20 times the gain of that 

for the fundamental frequency, then 

the distortion amounts to 5%. 
Owing to the curvature of the characteristic there is always dis¬ 

tortion, but with R.F., I.F. and mixer valves other phenomena 

also arise from it, namely hum-modulation, modulation rise, modu¬ 
lation distortion and cross-modulation; in the case of many mixer 

valves the actual mixing is in fact based on the curvature of the 

characteristic. 

80. Application of two Signals to the same Grid 

If one examines the transfer characteristic of a valve it will be clear 

that the transconductance would be the same throughout if this 
charaeteristic were a straight line. The transconductance of a valve 

can be plotted as a function of the negative grid bias. Fig. 173a repre¬ 

sents a transfer characteristic with constant transconductance, whilst 
Fig. 173b gives the transconductance characteristic that can be derived 
therefrom. 

A transfer characteristic follows a square law if the transconductance 

characteristic that can be derived from it is rectilinear (Figs 174a 
and b). If two signals, one of which has a frequency fj and an amplitude 

Vi and the other a frequency fg and amplitude Vg, are applied to the 
grid of a valve with a square-law characteristic, in consequence of the 
alternating voltage Vg the transconductance according to Fig. 174 
will vary with the frequency fg. As a result the amplification of the 

signal Vi will fluctuate between a greater and a smaller value (the 
transconductance at point a is smaller than that at point b). 

Fig, 173 
a) Rectilinear transfer characteristic 

of a valve. 
b) The corresponding transconduc¬ 

tance characteristic. 

That is to say, the anode current is proportional to the square of the grid voltage. 
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Fig, 174 
a) Square-law transfer characteristic of a valve. 
b) The corresponding transconductance characteristic is linear. 

With a sinusoidal alternating voltage (amplitude Vg) 
applied to the grid, the amph’fication of the valve for 
a small signal (ampl. V^ not shown here) varies between 
a large and a small value with the frequency of the signal Vj. 

Figs 175 a and b represent two voltages, V2 and Vg, as functions of time, 

both of which are applied to the grid, whilst Fig. 175 c gives the wave 
form of the anode current. From this it appears that the anode current 

as a function of time, due to the curvature of the characteristic, is of the 

same form as the voltage Vj modulated by the voltage Vg. As already 
shown (see Chapter IX), owing to the modulation of a signal of fre¬ 

quency fi with another signal of frequency fg, two additional frequencies 
are produced, one of f^ + fg and the other of fj — fg. Hence, if a H.F. 

signal induced in the aerial and another signal having a different fre¬ 

quency (local-oscillator frequency) are applied to the grid of a valve 
with a square-law characteristic, the alternating current produced 
in the anode circuit will contain components having the sum frequency 

and the difference frequency. 
In the case of a mixer valve a resonant circuit tuned to the difference 
frequency is connected in the anode circuit, so that across this circuit 

an alternating voltage of the latter frequency is formed and this can 
be further amplified. The sum frequency lies outside the resonance 
curve of the anode load and therefore is rejected. 
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Pig. 175 
a) Signal with amplitude V2 and frequency f2. 
b) Signal with amplitude V1 and frequency f 1. 

The amplitude of this signal is noticeably 
smaller than that of the signal V2 (for 
instance, V2 is a strong signal and Vi a 
weak one). 

c) Resulting anode alternating current with 
frequency fx and an amplitude that varies 
with frequency f2. The result is therefore 
a modulation of the voltage Vi by the 
voltage Vo. 

81. Hiim»moduIation 

If, in addition to the R.F. signal 

that is to be amplified, an alternating 

voltage originating from the a.c. 

mains is also applied to the grid of 

an amplifier valve then, if the charac¬ 
teristic follows a square law, in con¬ 

sequence of the curvature of the 
characteristic the R.F. signal will 

be modulated by the voltage of 

mains frequency. Since the mains frequency lies within the audible 
range it creates a hum in the loudspeaker. This modulation of a hum 

frequency on the carrier wave is called hum-modulation. In the manu¬ 
facture of R.F. and I.F. amplifiers care has therefore to be taken that 

no voltage having the mains frequency can be induced in the grid 
circuit. 

The depth of modulation of the interfering voltage in the carrier wave 
depends upon the curvature of the characteristic. Since in practice the 

shape of the transfer characteristic is usually such that the hum- 

modulation depth of the carrier wave produced by the mains alter¬ 
nating voltage varies for different values of negative grid bias and 

the corresponding transconductances, the hum-modulation as a function 

of the transconduictance is published in the form of a curve. Such a 
curve gives the r.m.s. value of the hum voltage in volts which produces 

a modulation depth of 1% as a function of the transconductance (in 
earlier publications the alternating voltage is often given for a hum- 
modulation depth of 4%). Such a curve is shown in Fig. 176 for a H.r. 

pentode. Besides being dependent upon the curvature of the charac¬ 
teristic, the modulation depth of the interfering voltage in the carrier 
wave also varies with the intensity of the interfering voltage. Hum- 

modulation depth is directly proportional to the interfering hum voltage; 
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Fi&, 176 
Curve representing the r.m.s. value of the alternating 
voltage of an interfering signal at the grid of a valve EF 9 
for 1% hum-modulation as a function of the transeon- 
ductance. 

it is independent of the carrier-wave voltage itself on which the hum 
is modulated. It can be proved that 1% hum-modulation corresponds 
to J% distortion due to the second harmonic, so that a curve for 1% 
hum modulation gives at the same time the alternating voltage on the 

grid, as a function of the transconductance and consequently of the 
negative grid bias, which produces an alternating current with J% 
distortion by the second harmonic in the anode circuit. With the aid 

of the grid alternating voltage for J% distortion by the second har 
monic derived from the hum-modulation curve it is possible to calcu¬ 
late also the alternating voltage for a greater or smaller distortion, 
because this is proportional to the grid alternating voltage. For a 
distortion 10 times as great, a 10 times greater alternating voltage 

can be allowed. 

82. Consequences of the Curvature of the Transconductanee Charae-* 
teristie 

In practice the characteristic of a valve never truly follows a square 
law. Consequently the transconductance characteristic {transcon¬ 
ductance as a function of the negative grid bias) will not be rectilinear 

but will show a certain curvature. As a result, apart from the afore¬ 
mentioned possibilities of mixing and hum-modulation, other pheno¬ 
mena also occur: modulation distortion, modulation rise and cross<- 
modulation. 

184 



MODULATION DISTORTION AND MODUI.ATION RISE 

(a) Modulation Distortion and Modulation Rise 

It is readily realised that in the case of a square-law transfer charac¬ 
teristic, i.e., when the transconductance characteristic [g^ 
derived therefrom is rectilinear, the amplification is independent of 
the grid alternating voltage. If the alternating voltage between grid 
and cathode is sinusoidal then the average transconductance is inde¬ 
pendent of the amplitude of the alternating voltage. For a certain 
negative grid bias the amplitude of the alternating current 1^^ in the 
anode circuit that is tuned to the frequency of the grid alternating 
voltage can be plotted as a function of the amplitude of the grid 
alternating voltage V^. Given a square-law characteristic a straight line 
will be obtained (see Fig. 177), since I^ = The average trans¬ 

conductance remains the same for all grid alternating voltages, 
so that the anode alternating current increases linearly with Vj. In 
Fig. 177 suppose that OA is the amplitude of a carrier-wave voltage 

on the grid. If this carrier wave is modulated sinusoidally this can be 
represented in the figure by a sine curve, such as is shown on the right 
below the horizontal axis in Fig. 177. 

The amplitude of this modulation in Fig. 177 is equal to AB or AC, so 
that the modulation depth of the 
grid alternating voltage is equal to 
AB 

, This modulated carrier wave 
OA 
sets up a modulated anode alter¬ 
nating current, and from Fig. 177 
it follows that the modulation 
depth of the anode alternating 
current is equal to 

A'B' AB 

The modulation depth of the 
anode alternating current is thus, 
with a square-law characteristic, 
equal to the modulation depth of 

the grid alternating voltage. From 
Fig. 177 it also follows that the 
shape of the modulation curve 
of the anode current (see the left 

side of Fig. 177) is the same as 

Fig, 177 
The relation between the amplitude of the 
anode alternating current and the ampli¬ 
tude of the grid alternating voltage Vi 
for a square-law characteristic. When, for 
instance, the alternating voltage OA is 
sinusoidally modulated at low frequency 
with an amplitude AB — AC, a modulated 
anode current is produced and its modu¬ 
lation depth is the same as that of the 
grid alternating voltage having a modu¬ 
lation curve of the same shape. 
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that of the modulation curve of the alter¬ 

nating voltage at the grid, so that with a 
square-law characteristic there is no dis¬ 
tortion of the modulation. 
When the transfer characteristic does not 
follow a square law the transconductance as 
a function of the grid voltage will no longer 

be rectilinear but curved. The transconduc¬ 
tance characteristic will then be as repre¬ 
sented in Fig. 178. As a consequence of this 

curved characteristic the average transcon¬ 
ductance will no longer be independent of the 

amplitude Vj of the grid alternating voltage and may, for instance, 
rise as that voltage increases. If, in such a case, the anode alternating 
current 1^^ is plotted as a function of the grid alternating voltage Vi, 
then a curve is obtained as shown, for example, in Fig. 179. If, again, 

a high-frequency carrier wave, say OA in Fig. 179, is sinusoidally 
modulated so that the amplitude of the modulation is equal to AB = AC, 
owing to the curvature of the line giving the ratio of the grid alter¬ 
nating voltage to the anode alternating current the modulation of the 
anode current will no longer be sinusoidal (see, for instance, in Fig. 179 
the wave form of the modulation current on the left of the vertical 
axis). In that case the modulation is distorted and one refers to 
modulation distortion. In this case the modulation of the anode alter¬ 
nating current therefore contains harmonics in addition to a fundamental 
wave of the same frequency as the modulation of the high-frequency 
alternating voltage applied to the grid. 

Owing to the curvature of the transfer characteristic, with a sinusoidal 
high-frequency alternating voltage Vj the alternating anode current 
will be distorted. With a square-law transfer characteristic a second 
harmonic (having double the frequency of Vj) will be produced in the 
anode circuit. Since it has been initially assumed that the resonant 
anode circuit is tuned to the frequency of the high-frequency alter¬ 
nating voltage, the harmonics in the anode alternating current will 

not give rise to any appreciable alternating voltages across the anode 
impedance and thus will not have any noticeable effect. 
Accompanying the modulation distortion we have also the phenomenon 

of modulation rise, which is an increase of the modulation depth of a 
modulated carrier wave after this has been amplified by the valve. 
Owing to the curvature of the characteristic indicating the relation 

between the anode alternating current and the grid alternating 

Fig. 178 
Transconductance 
characteristic of a 
valve with a 
transfer cha¬ 
racteristic de¬ 
viating from 
the square-law 
shape. 
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voltage Vj, the ratio of the fun¬ 
damental-wave amplitude of the 
anode-current modulation to the 
amplitude of the unmodulated 

anode alternating current (carrier 
wave) becomes greater than the 
modulation depth of the grid 

alternating voltage. If the modu¬ 
lation depth of the grid alternating 
voltage is represented by m^ and 
that of the anode alternating 

current or voltage by mg, the 
percentage of modulation rise 

can be expressed by 

M = 100%. (74) 
mi 

The modulation distortion, which 
we shall term D, is proportional 

to the square of the carrier-wave 
voltage at the grid and propor¬ 
tional to the modulation depth 
of that voltage. For the modu¬ 
lation distortion we have the fol¬ 
lowing simple formula 

D=F Vi^nn X 100%, (75) 

Vtg, 179 
The relation between the amplitude of the 
anode alternatinpj current I» and the ampli¬ 
tude of the grid alternating voltage Vi 
when the shape of the transfer character¬ 
istic deviates from the square law. In this 
case when the grid alternating voltage 
is modulated at low frequency (e.g., in 
accordance with the sinusoidal curve with 
amplitude AB = AC drawn below the 
horizontal axis) a modulated anode current 
is produced and its modulation wave devi¬ 
ates from the sinusoidal form, so that 
distortion of the modulation occurs. More¬ 
over, the ratio of the fundamental wave 
of this distorted modulation to the H.F. 
anode-current wave (carrier) is greater than 
the modulation depth of the grid alternating 
voltage Vi (thus modulation rise is oc¬ 
curring). 

in which F is a factor related to 
the shape of the transfer characteristic (i.e., the curvature of the 
transconductance characteristic), Vj the carrier-wave voltage on the 
grid and mi the modulation depth of that voltage. 
The modulation rise is likewise proportional to the square of the carrier- 
wave voltage on the grid and depends, moreover, upon the modulation 
depth. For the modulation rise the formula is 

M=: V3FV1MI —VsmA (76) 

in which F is the same factor as in Formula (75). In the case of small 
modulation depths the term in parentheses is practically equal to 

unity, so that we then have 

M-VaFV,*. (77) 
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(b) Cross-modulation 

By cross-modulation is understood the phenomenon whereby—after 
amplification by the valve—^the carrier wave of the desired signal 
contains also the modulation of a (generally) very powerful transmitter 

operating on an adjacent frequency. If the carrier wave of the desired 
transmitter is not present then, given the same tuning position and the 

same sensitivity of the receiver, the interfering A.F. signal will be 
much weaker or absent. The risk of the modulation of the undesircd 
transmission being superimposed on the carrier wave of the desired 

transmission is generally greatest in the first valve of the receiver. The 
selectivity of the tuned circuits preceding this valve is as a rule not 
great enough to prevent a carrier w^ave of great intensity working on an 

adjacent frequency from reaching the grid of the input valve. Conse¬ 
quently the selectivity of the tuned circuits following the first valve 
can no longer separate the undesired modulation from the desired 

signal. Sometimes this phenomenon is wrongly regarded as a lack of 

selectivity in the receiver as a whole, whereas it is only due to the 

properties of the first valve and possibly inadequate selectivity before 

that valve. Therefore, high selectivity in the circuits preceding the 

first valve is desirable. For this reason two circuits coupled as a band¬ 
pass filter are often utilized before the first valve, and in the design 
of valves for the first stage of receivers, special attention is devoted 

to a favourable shape of the 

transfer characteristic with a view 

Ai = f(t) . /Aizzffv2) avoiding cross-modulation. 
Cross-modulation arises in the 

following way. Let us suppose 

that on the grid of a valve having 

a curved transfer characteristic 
we have a desired signal with a 

carrier-wave voltage and an 
interfering signal with a carrier- 

wave voltage V2 (orginating, for 
Fig, 180 
Amplification Ai of a desired signal Vi 
in a valve with a square-law transfer 
characteristic as a function of the 
carrier-wave voltage Vs at the grid. 
If V2 is modulated (if consequently V, 
varies, for instance, between OB and OC) 
then in this case the modulation does not 
affect the amplification, because this is 
independent of Vs* 

example, from a local transmitter). 

The amplification A, of the desired 
signal V, in the valve can be plotted 

as a function of the carrier-wave 
voltage of the interfering signal 

y,. As already stated (see Section 
82a) in the case of a square-law 
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transfer characteristic, i.e., where the transconductance characteristic 

is rectilinear, the average transconductance, and thus also the ampli¬ 

fication, is independent of the amplitude of the grid alternating 
voltage. Therefore in the case of a square-law characteristic Aj will 

be independent of V2 and we obtain the horizontal line drawn in 
Fig. 180, in which OA represents the amplitude of the carrier wave 

of the interfering signal Vg at the grid and AB = AC is the amplitude 

of the modulation of that carrier wave. 
Since the amplification is independent of the amplitude Vg, this will 

not be affected by the amplitude variation of Vg due to the modulation. 

If, however, the transfer charaeteristic does not follow a square law 
(i.e., in the case of a eurved transconductance characteristic) the ampli¬ 
fication Ai will depend upon the amplitude Vg of the interfering signal. 

In that case the line representing the amplification Ai as a function 
of the amplitude Vg of the interfering signal will be curved, as shown 
in Fig. 181; here OA is again the amplitude of the interfering earner 

wave Vg and AB = BC is the amplitude of the modulation of that 
carrier wave. The amplitude variation of Vg caused by this modulation 

results in a variation of the amplification Aj of the desired signal Vj, 

as may be seen in Fig. 181, this amplification fluctuating with the 

modulation frequency of Vg, This leads to a modulation of the signal Vj 

the frequency of which corresponds to the modulation frequency of Vg. 

Thus we find the modulation of 

Vg superimposed on the signal 
Vj. This modulation transferred 

from Vi to Vg will as a rule be dis¬ 

torted owing to the curvature of 

the Ai/Vg characteristic. The mo¬ 

dulation depth produced by the in¬ 
terfering barrier wave upon the de¬ 

sired carrier wave is proportional 

to the square of the amplitude Vg 
of the interfering signal and to its 
modulation depth. The modu¬ 

lation depth of the desired carrier 
wave caused by the interfering 

transmitter will now be indicated 

by mjj. According to the fore¬ 

going this modulation depth is 

equal to 
mjg eVg* mg, (78) 

Fig. 181 
Amplification Ai of a desired signal Vi in 
a v^ve with a transfer characteristic devi¬ 
ating from the square-law form as a function 
of the carrier-wave voltage Vg at the grid. 
If Vg is modulated, for instance, as indicated 
by the full-line curve below the horizontal 
axis, the amplification Ai of the signal Vi 
is likewise modulated. This is equivalent 
to a modulation of the signal Vi. 
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where C is a constant depending on the shape of the valve character¬ 
istic. This formula holds only for small amplitudes of the desired 

carrier wave (see Chapter XVI). 
The degree of interference caused by cross-modulation is determined 

by the ratio of the modulation depth mj^ on the desired carrier wave due 
to cross-modulation and the modulation depth m^ of the desired carrier 

wave, thus by 
_ CVg^mg 

mi mi 
(79) 

If the modulation depth of the interfering carrier wave is equal to 
that of the desired carrier wave, as approximately occurs in practice 

in many cases, then Equation (79) is simplified and becomes 

= CVA (80) 
mi 

This ratio, where mg = mi, is termed the cross-modulation factor and 

is represented by the letter K. Thus the cross-modulation factor is 

defined as the ratio of the modulation depth brought about by the 
interfering transmitter on the desired carrier wave to the modulation 

depth of the desired carrier wave itself, assuming that the modulation 

depth of both carrier waves is equal. According to Equation (80) the 

cross-modulation factor is independent of the signal strength of the 

desired station, but is proportional to the square of the signal strength 
of the interfering station. If the modulation depth of both stations 

is 80% (mi = mg = 0.80) a cross-modulation factor of 1% for a given 

voltage of the carrier wave from the indesired station means, therefore, 
that the modulation depth of the undesired station on the desired 

carrier wave amounts to 0.01 X 0.8 X 100 = 0.8%. 

Just as with modulation distortion and modulation rise, cross-modula¬ 

tion is determined by the curvature of the transconductance charac¬ 
teristic. Consequently these factors are related to each other, i e. 1 % 

cross-modulation corresponds to i% modulation rise and */«% modu¬ 
lation distortion; hence the factor C of the Equations (78), (79) and 
(80) is equal to times the factor F of Equation (75) and for (78) 

can also be written 
m^ = Va FVg® mg. (81) 

For (80) we may write 

= (82) 

Generally we shall require to know what voltage from an interfering 

station produces a certain percentage of cross-modulation on the grid 
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K(mKrynft] 

Fig, 182 
Curve indicating the r.m.s. value of the voltage of a 
modulated interfering carrier wave at the grid of valve 
EF 9 producing 1% cross-modulation as a function of the 
transconductance of that valve, the modulation depth of 
the two carrier waves being 30%. 

of a valve. According to Equation (82) this voltage equals |/ For 

a given ratio of the interfering modulation level to the desired modu¬ 

lation level the value of the voltage of the interfering carrier wave 

producing that ratio can be calculated. Since the curvature of the 

transconductance characteristic varies for different values of negative 

grid bias and consequently for different transconductances, the factor 

F in Equation (82) will likewise vary with the grid bias or the trans¬ 

conductance. For a fixed value of the cross-modulation factor K this 

means that the voltage of the interfering carrier wave producing this 

cross-modulation factor depends upon the value of the negative grid 

bias and upon the corresponding transconductance. The r.m.s. value 

of the interfering carrier-wave voltage V, resulting in a certain cross¬ 

modulation factor K can be plotted as a function of the negative grid 

bias or of the transconductance (in Philips publications on valves V, 

is nearly always given as a function of the transconductance). Such a 

curve is called a eross>modula1ion curve. 

Cross-modulation curves are published on a double logarithmic scale 

for 1% cross-modulation (see Fig. 182), because the ratio of 1:100 

between the interfering and the desired output signals complies best 

with the requirements met in practice (formerly the r.m.s. value of 

the interfering carrier-wave voltage at the grid of the valve as a function 

of the transconductance was given for 6% cross-modulation). 

191 



CONSEQUENCES OF CURVATURE OF THE CHARACTERISTIC CH. XV 

The cross-modulation curve applies also to the modulation rise and to 

the modulation distortion; the r.m.s. voltages of the desired carrier 

wave for a certain value of modulation rise and of modulation distortion 

can also be read from the cross-modulation curve. It can be shown that 

the distortion by the third harmonic of the anode alternating current 

of a valve with sinusoidal input voltage is equal to 

d3 = ^FV,^ (88) 

where F is again the same factor as in Equations (81) and (82). Therefore 

the distortion of an unmodulated sinusoidal input voltage Vj due to 

the third harmonic is of the cross-modulation factor. Consequently, 

1% cross-modulation corresponds to 0.083% distortion due to the third 

harmonic (6% cross-modulation corresponding to 0.5% distortion). Ac¬ 

cordingly the cross-modulation curve can also be used to determine the 

third-harmonic distortion occurring with an unmodulated sinusoidal volt¬ 

age on the grid. If a R.F. amplifying valve with variable transconduc¬ 

tance, the cross-modulation and hum-modulation curves of which are 

published, is to be used in an A.F. stage with controlled amplification, 

then with the aid of these curves it is possible to determine the distortion 

values due to the second and third harmonics for any negative grid bias 

or amplification and for any value of the grid alternating voltage. 

For those valves which are used as variable-gain amplifiers it is stated 

in the data how far the transconductance can be reduced without 

serious distortion occurring. The range of transconductance variation 

in which no serious distortion takes place will be called the useful 

gain-control range. For the H.F. pentode EF 9, for instance, with a 

supply voltage of 250 volts the limit of the useful gain-control range 

is given as ^/soo of the initial transconductance in the non-regulated 

condition. At the same time the corresponding negative grid bias is 

given. In the preliminary design of a receiving set the indication of 

the limit of the useful gain-control range gives an idea of the scope of 

gain control for each valve. 

In the final design of receiving sets one must, of course, take account 

of the cross-modulation curves of the various valves. If the signal 

voltages to be handled are very high it is possible that in certain sets 

the gain-control range indicated cannot be used in its entirety. The 

limit of the useful gain-control range likewise indicates where the 

cross-modulation curves and the curves for the related magnitudes 

(modulation distortion etc.) of various valves of the same type begin 

to show a fairly large dispersion. 
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CHAPTER XVI 

Representatioii of the Transfer Characteristic by an Exponential 
Series, and its Application 

83. The Exponential Series Used 

It is well known that a function y = f (x) can be approximated as 

a series by a suitable choice of exponents. The function y = cos x, 

for instance may be represented by 

_ ^ _X*_X*_ 

1X2’^1X2X8X4 1 X 2 X 8 X 4 X 5 X 

_?!_etc 
1X2X8X4X5X6X7X8’ ’’ 

the accuracy of the approximation depending upon the number of 

terms chosen; two or three terms generally suffice. 

The static or dynamic transfer characteristic of a valve is likewise a 

function y = f(x) or 1^^ = f(Vg), and this can also be represented 

by an exponential series, the degree of accuracy being all the greater 

as more terms are used. The advantage of expressing a transfer charac¬ 

teristic as a series is that various effects can then be deduced both 

as to existence and magnitude, and conclusions drawn as to what 

should be done to get any desired effect or avoid any undesired ones. 

If, for instance, there is on the grid a sinusoidal alternating voltage 

V^ cos ft)t, where = amplitude, then with the aid of a trans¬ 

fer characteristic written as a formula we can determine the nature 

of the alternating current at the anode. If the transfer character¬ 

istic proves then to be non-linear this current will no longer be 

sinusoidal. 

Various exponential series could be considered for representing a 

characteristic. In this book we will use the series 

y = Yo + + y** -f 3x* + ex®.... etc. 

In most cases this yields simple results that are found by standard 

mathcmatica.1 means. 

Thus we may write a (static or dynamic) transfer characteristic as 

I. = lo + aV, + /9Vg* -b yV,» -f- SV,* + eV,®.... (84) 
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This equation applies for the working point P (see, e.g., Fig. 183) 

where the anode current is for if in (84) Vg == 0 then 1^^ Given 
a valve with a characteristic expressed by (84), where the coefficients 

a? 79 ^9 ^9 etc. are assumed known, and applying to the grid a 
sinusoidal alternating voltage Vg = cos cot, then by substituting 

Vjjjcoscot for Vg we get 

1^ = 1^, + aVj^ cos cot + )8Vjn^ cos^ cot + yV^^® cos® cot + • • • • (85) 

Considering the first four terms only, 
since cos® cot = ^ | cos 2 cot 

and cos® cot = | cos cot + J cos 3 cot, 
and substituting these in (85) we obtain : 

la = Iq + -f-V,n® + (aVjjj + *|">'V^^) cos cot + -f-V^® cos 2cot + 

+ -“Vm®cos3cot (86) 

From this equation several conclusions are to be drawn, viz: 

a. The d.c. component of anode current varies with the square of the 

amplitude of the grid alternating voltage; rectification consequently 

takes place. With very small alternating voltages, where A V^^® is 

extremely small, the anode d.c. component will be practically 

equal to I^. 

b. The transconductance of the valve, which is equal to the amplitude 

of the fundamental component of anode alternating current of 

angular frequency o divided by the amplitude of the grid alter¬ 
nating voltage, is 

= = a + (87) 
V m 

and thus varies with the square of 

the amplitude of the grid alternating 
voltage VjQ. If the value of Vj^ is 
very small then in most cases also 

I yV„® is likewise extremely small 
and the transconductance is practi¬ 

cally equal to a. In the case of a 
square-law characteristic, where only 

the first three terms of Equation (85) 

occur, the term | yVj^® of Equation 
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(87) does not exist and consequently = a. The transconductance 
is then independent of the amplitude of the grid alternating voltage. 

o 
c. In addition to a direct-current component !„ + -y and a funda¬ 

mental wave of amplitude aV„ +-|-yVm®, the anode current 
o 

contains a second harmonic (frequency 2ft>, amplitudeand 

a third harmonic (frequency 3tt>, amplitude-—Vj,,®). Still higher 

harmonics would be found in the anode current if more terms were 

used in Equation (85). Equation (86) thus shows that, as explained 

in Section 79, Chapter XV, the curvature of the characteristic 

results in distortion of the anode alternating current. 

84. Distortion due to Curvature of the Characteristic 

As follows from Section 79, distortion is defined by: 

+13* +14^ + • • • • 
'‘tot 

II* 
da^ + dg^ + d4* -f-.... 

where dg = and dg = (Ii = fundamental, I2, 13 = amplitudes 
ii 

of second and third harmonics, respectively). 

Hence, as follows also from Equation (86), 

P Vm 
d«--= 

and 

jg/aVm^ __ 

aV„ (1 + i y/aV^2) 2a 1 + f y/aV^* 

_y 
" aV^ (1 + i y/aV^2) 4a 1 + 2 ylaY^^ 

For small values of Equations (88) and (89) may be simplified to 

/3 

and 

2a 

d, = 
4a 

(88) 

(89) 

(90) 

(91) 

85. Hixing two Grid Alternating Voltages of Different Frequeney 

When there are two sinusoidal alternating voltages, Vi cos wit, and 
V, cosa>jt, on the grid of a valve, then by substituting cos tt»it-f 
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V2COStt)2t for Vg in Equation (85) and for simplicity disregarding the 

terms with Vg® and higher, we obtain 

= Iq + aYi cos (Oit + aVg cos cogt + /8Vi® cos® (o^ + 

jSVg^ cos® Ogt + 2 /SViVg cos ft>it cos coji (92) 

Substituting in this equation 

cos® ft>it = i + J cos 2ft>it, 

cos® Ogt == i + J cos 2a>2t, and 

coscoit coscogf = i cos {(Oi — Og) t + i cos (ct>i Og) t, 

we obtain 

= Iq ”t“ (Vi® “}“ Vg®) + aVj cos ft>it -f" aVg cos cwgt + 

Vi® cos 2 (Oit + *^ Vg® cos 2 ft)gt + p VjVg cos (coi — co^) t + 

/9V,Vg cos (g>i + Og) t (93) 

In the anode circuit there are therefore alternating currents with six 

different frequencies, viz, the fundamental frequencies, and the second 

harmonics of the two original grid alternating voltages; and, in addition, 

the frequencies equal to the difference and the sum of those at the 

grid. 

As already indicated in Chapter XV, Section 80, in the case of a mixing 

valve the practice is to insert in the anode lead a resonant circuit tuned 

to the difference frequency in order to eliminate all others. In such a 

case, therefore, the only term of importance in Equation (98) is 

cos(a>i — co2)t. If the amplitude of the R.F. signal on the grid of a 

mixing valve is Vj, then the conductance of the valve circuit operating 

with an anode circuit tuned to (oi — cog) [i.e., the anode-current com¬ 

ponent of frequency (coi — (o^) divided by the grid-voltage amplitude 
of frequency coi] is equal to 

gc Vi 
(94) 

The quantity is called the conversion conductance (see Chapter 
XXI). 

86. Amplitude Modulation by Grid Injection of two Alternating Voltages 
of Different Frequency 

When there are at the grid two alternating voltages ViCosa>it and 
YiCosoijt, a>t being for instance sihall with respect to a>i, and 
-Y, cos Q>|t bring in that case the modulating signal, and udien we have 
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in the anode lead a resonant circuit which has an impedance only at the 

frequencies coi, (eoi — Og) («0i + ^2) currents of these frequen¬ 
cies being consequently of interest). Equation (93) is simplified into 

la = a ViCOS Oit + jS ViV2COs(a>i—0)2) t + /? ViVgCOS (coj +co2)t (95) 

According to Equation (28) of Chapter IX, a modulated R.F. signal 

with modulation depth m is represented by 

i = cosco^t + i m cos (co^—p) t + i m cos (co^ +p) t, (96) 

when current flows are substituted for voltages. Putting 1^ = aVj, 

i = la, = a)i and p = (O2 then Equation (96) becomes 

la == aVi cos t 4“ i HI aVi cos (coi—^>2) t + J m aVj cos (coi-i-co2) t. (97) 

From (95) and (97) it follows that 

^ma = /SV2orm = — Vg. (98) 
a 

In that case, if /3 Vg is substituted for i m a in the second and third 

terms of Equation (97), we obtain Equation (95). 

Where Vg cos cogt is a hum voltage on the grid of the valve, then the 
2 p 

hum-modulation depth is equal to — times the amplitude of the 
a 

hum voltage. 

87. Modulation Distortion and Modulation Rise 

If there is on the grid a modulated alternating voltage 

V„ (1 + m cos pt) cos tut and in the anode lead a resonant circuit tuned 

to to, then, by substituting V^, (1 -f m cos pt) for the third term 

of Equation (86) which is alone important becomes 

I, == aV„|(l -|- mcospt) + (1 + m cos pt)*|cos tut. (99) 

By expansion we obtain 

I. = «V„costut[|l +-|-JV„*(1 -ff m*)|-f 

mcosptjl -f|-^V^*(14-jm»)|-f|-Jm*V„*cos2pt-f- 

n-r“*Vin*cos3pt] (100) 

Within the square brackets there are four terms, the first two of which 
B 

have the form A -f B m cos pt or A (1 -f — m cos pt), which means 
A 
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that the depth of modulation is equal to — m. Consequently the modu- 

lation depth of the anode current is equal to 

m a 
l+f-fVmMl+fni*) 

(101) 

According to Equation (74) in Chapter XV the modulation rise 

M equals 

that 
m. 

-i or, in the terms used above, —--, which means 
m 

m m 

M 
4 a ™ 3 Zv'2(i —Ain2\ 2 a 8 “ / 

m 
(102) 

For small values of V^, the denominator is about equal to unity, so 
that in this case 

M 3 y 
V„*(l-|m*) (108) 

If the depth of modulation is also small then the modulation rise is 
equal to 

M (104) 

(For m = 0.8, -f-m^ equals 0.375 X 0.09 = 0.08375 and is almost 

negligible compared with unity.) 

The third and fourth terms within the square brackets in Equation 
(100) contain respectively the double and triple values of the modu¬ 
lation frequency p. Since they relate to the amplitudes of the second 
and third harmonics of the modulation of the anode alternating current, 
they show that the modulation will be distorted. The second-harmonic 
modulation distortion equals 

D* 

2 
8 a “ 

m{l + |-JV,Ml+T""^)} 
(105) 

For small values of V^ the denominator can again be taken as approxi¬ 
mately unity. In that case (105) becomes 
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in which — is the factor F in Equation (75) of the previous chapter. 

In the same way we find that for small values of V„, the third-harmonic 
modulation distortion equals 

= = (lOT) 

Generally, distortion due to the third harmonic is negligible compared 
with that caused by the second harmonic, which may therefore be 
regarded as the determining factor here (Equation 106). 

88. Cross-modulation 

As indicated in Section 82(b), Chapter XV, cross-modulation arises from 
the presence of two R.F. signals on the grid of the valve, namely 
V„i cos toit and V^2 cos (Ost, of which the latter may be, for instance, 
the interfering voltage. If this interfering voltage is modulated we may 
write it in the form cos fojt (1 -f m^ cos pt). Departing again from 
Equation (84) and substituting V„i cos tojt -f- V,„2 cos o)Jt for Vg— 
while considering only the terms with cos toit and ignoring those of a 
higher order than the third—^we obtain 

la = «V„., cos e>,t (1 V„,* -f fV„2*) (108) 

Since cross-modulation is only noticed when a weak signal is being 

received, is small and ^ can be disregarded, so that (108) 

is simplified and becomes: 

la = « cos ft),t (1 -f I V„2*) (109) 

Hence it follows, as explained in Chapter XV, Section 82b, and in 
Fig. 180, that the amplification Ai for the desired signal depends upon 
the amplitude of an interfering signal Vg, provided that a term with 
y occurs in the equation for the anode current, which means that the 
characteristic does not follow a square law, or is not a straight line. 
If the interfering signal is modulated then in Equation (109) 
to be replaced by (1 + nig cos pt), and we obtain 

Ia = “V„iCOSfi>it[H-|-J-V„2*(l -|-|mj)-|-8-|-V„2*m2Cospt] (110) 

The expression between the square brackets is again of the form 
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SO that the modulation depth of the anode alternating current of 

frequency (Oi is equal to ~ mg, or 

mt 

aZ. V 2 
^ a 

-mo (111) 

For relatively small values of V„2 Equation (111) can be simplified to 

mi. m*. (112) 

According to Equation (82) of Chapter XV the cross-modulation factor 

is K = —, where m^ represents the modulation depth of the desired 
m^ 

signal V„x COS Ojt, so that if m^ = mg the cross-modulation factor is: 

K=3-^V„2* = |FV„2*. (118) 

89. Determining Coefficients of the Exponential Series 

In the foregoing sections the various factors derived from curvature 

of the characteristic have been expressed in terms of coefficients a, 

and y of an exponential series representing anode current as a function 

of grid voltage, but to get quantitative as well as qualitative results 

the actual values have to be known. These can be determined, for 

instance, by measuring the distortion caused by second and third 

harmonics, dj and dj, in the anode alternating current for a given 

grid bias with a small superimposed sinusoidal voltage V^ cos tot at 

the grid, as indicated in Chapter XV, Section 79 (see Fig. 172). By 

this means it is possible to determine the ratios — = and — = , 
o V ID a 

where V^ is again the amplitude of the grid alternating voltage. The 

coefficient o is the transconductance of the valve, arrived at by dividing 

the fundamental-frequency component of anode alternating current 

by the grid alternating voltage. The quotients ~ and — can also be 
a a 

determined from curves for hum-modulation and cross-modulation 

published for the valve concerned (see e.g. Figs 176 and 182). 

According to Equation (98) m^ = —V* or — = From Fig. 176 
a a 2V» 

it follows that with g^=z a — 1000 ^A/V the r.m.s. value of the grid alter- 

natingvoltage for 1% hum-modulation amounts to 80 mV. Thepeakvalue 
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V2 = Vi I/2 is therefore 0.0425 V, so that ~ = 0.118. 
* ^ r a 2 X 0.0425 

Since a « 0.001 A/V, therefore p = 0.118 X 10-“» = 118 X 10“« A/V^ 

According to Equation (118) K = 8 — ¥^^2^ or ^— . From 
a a S Vm2® 

Fig. 182 it follows that with g^ = 1000 ywA/V (a = 10“®) the r.m.s. 
value of the interfering carrier-wave voltage on the grid of the valve 
EF 9, for 1 % cross-modulation, amounts to 870 mV, corresponding to a 

peak value V,„2 = 0.524 V. Consequently — == --- -"ttt == = 
^ ^ a 8 X (0.524)2 0.825 
= 0.0121. Therefore, since a = 0.001, y — 0.0121 X 10“® = 1.21 X 

10“® A/V®. 
The curves for hum-modulation and cross-modulation show that the 
coefficients a, ^ and y vary with the working point on the valve charac¬ 

teristic. From Figs 176 and 182 we find that for g^ = 100 //A/V 
(a = 10“^) jS = 7 X 10~® and y — 8.9 X 10“’. Measuring the dis¬ 
tortion produced by second and third harmonics with apparatus such 
as that shown in Fig.* 172, we can determine the coefficients a, jS and 
y for any setting of the valve operating point. 
Such apparatus are not, however, always available, and we are then 

obliged to work with the hum-modulation and cross-modulation 
characteristics. These, however, hold good only for certain electrode 
voltages, and for static valve characteristics, so that we cannot derive 
the necessary data for any appreciably different cases, for instance with 

resistance coupling of a valve, or for different screen-grid voltage. If 
the static or dynamic characteristic is known for the adjustment with 
which we desire to work, then the amplitudes of the fundamental wave 
and the harmonics in the anode alternating current can be determined 

graphically, and from those the distortions dg, da, etc., and thus, if 
required, one can calculate the coefficients a, P and y. 
From Equation (86) it follows that the anode alternating current can 

be represented by the equation: 

= Ig + Ii cos (ot + I2 cos 2ct)t + I3 cos 8o>t + ...., (114) 

I. = Io + TVm*. (115) 

= (116) 

I* = 4V„*, (117) 

= etc. (118) 
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Fig, 184 
Transfer characteristic of pentode EF 6 for Vg* ~ 100 V. Tfje working point P chosen 
is lo = 3 mA, Vgo = —2 V, On the grid there is a sinusoidal alternating voltage with 
an r.ni.s. value of 1 V. Below the Vg^-axis the grid voltage is drawn as a function of time 
and to the right of the I.-axis is the anode current also as a function of time. By dividing 
the cycle T of the alternating grid voltage into 12 equal parts and determining the anode- 

T 
current value for each period of time t = n (n = 0, 1, 2 . .. with the aid of the 

12 
formulae given in the text it is possible to determine the amplitudes of the fundamental 
wave and the harmonics, as well as the direct-current component. 

Fig. 184 shows the transfer characteristic of a pentode (EF6). The 
working point has been chosen at 1^^ = 8 mA, Vg = —2 V. Below 
the Vg-axis a half cycle has been drawn of a sinusoidal alternating 

voltage cos cot with amplitude = 1.42 V, which is projected 
on the transfer characteristic. To the right of the I^-axis we have 
the resultant anode alternating current drawn as a function of time 
for the interval T/2. Its wave form is noticeably distorted. If 
the half-cycle T/2 is divided into 6 equal parts, each corresponds to 
cot == 80^ 

Now 

cos0° = 1, cos 80® = i C03 60® = cos 90° = 0, cos 120° = — 
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COS 150® = —J ^ 8 and cos 180® = —1, so that the grid voltage has 

successively the values: 

v„. il/8V„, iV„, 0, -iV„, -V„. 

Now we call: 

anode current for Vg = Vg^ + 

V = V _V »» 99 ^ g ▼ go 

»» Vg = Vgo + 4 

» » Vg = Vg„—.4j/8 V„, 

99 

99 

99 99 

99 99 

Vg = Vg„ + iV„. 

V« = Vg„-iV„and 

V. = v,„. 

These anode current values can be read from the characteristic (see 

Fig. 184). 

By derivation: 

Ig = 1/12 {(Imax + Imln) + 2 (Ip + Iq) + 2 (Ij + Ig) + 2 I^} \ 

II = 1/6 {(I.a. -Imln) + fS (I, - I,) + (I, - 1.) } 

Ig = 1/6 {(Imax + Imln) + (I^p + Iq) — (Ir + I») — 2 Ip} I 

13 = 1/6 {(I^^^_I„,„)_2(I,-Ia)} 

h - 1/6 {(I„ax + Imin) “ (Ip + Iq) “ (Ir + I») + 2 Ip} 
I* = 1/6 {(Im«x-Im.n)-/8 (Ip-1,) + (Ix-Ia)} 

Ig = 1/12 {(Imai + Imln) — 2 (Ip + I,) + 2 (I, + I,) — 21,} ; 

(119) 

Once these values have been determined by means of the transfer 

characteristic we find the distortion from the second harmonic da = — 
I 

and that from the third harmonic do = —, and so on. 

With the aid of the values found for Ij, Ig and I3 and Equations (116), 
(117) and (118) it is possible to calculate the coefficients a, ji and y 
of the exponential series: 

Ij 8I3 

a - -rr > (120) 
Vm 

a 213 j 
3 =-1— and t' y 2 

(121) 

4 I3 

^ ~ Vm* 

(122) 
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In this way we can determine the coefficients a, /? and y for a given 

static or dynamic characteristic. For the characteristic shown in Fig. 
184 we find: 

Imax = mA, Ip = 5.95 mA, 1^ == 4.65 mA, I© = 8 

I„jn = 0.6 mA, Iq = 0.8 mA, Ig = 1.55 mA. 

From this we calculate: 

I. = 8.24 mA; Ij = 2.98 mA; 1*= 0.267 mA; I3 = 0.058 mA, so that: 

2.98—0.174. . „ 2 X 0.267 . 
a =-r-:--- = 1.985 mA/V; /3 = ^ = 0.27 mA/V* 

1.414 (1.414)* 

j 4 X 0.058 
and y = —--3— = 0.0825 mA/V*. 

(1.414) 

The distortion of the anode current due to the second harmonic d, 
is equal to 

I2 , 0-267 
X 100% = X 100% = 9%, 

and that due to the third harmonic d, equals 

I, 0.058 
--2- X 100% = X 100% = 1.95%. 
XI «««70 
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CHAPTER XVII 

Final or Power Amplification 

90. The Purpose of the Final Stage and the Valves Used 

The final stage or power amplifier in a receiver must be capable 
of supplying sufficient power to the loudspeaker. The power output re¬ 
quired depends upon the loudspeaker system used and the sound 
volume desired. It will be clear that the more sensitive the loudspeaker, 

the less power output will be needed for a given volume of sound. 
Generally speaking, in normal receivers a power output to the loud¬ 
speaker of about 4 watts is required for reproducing the loudest 

passages in music or speech. With a loudspeaker of normal sensitivity 
this produces the right volume of sound in living rooms of normal 
dimensions. In larger rooms a higher power output may often be 

required, whereas in many cases a lower power output suffices. (For 
receivers fed from dry batteries, e.g., portable radios, the output power 
is limited to much less than 4 watts so as to avoid using very heavy 

batteries; to get a reasonable volume of sound an extremely sensitive 
loudspeaker is often used.) 
The final stage is generally controlled (modulated) by the pre-ampli- 

fying stage without any appreciable supply of energy, but the incoming 
alternating voltages have to be converted into alternating-current 
power of sufficient magnitude to operate the loudspeaker. In H.F. 
or L.F. pre-amplifying stages on the other hand the power supplied 
to the coupling resistance or coupling impedance is much less. It is 
therefore necessary to use for the final stage one or more special valves 
constructed to deliver a large power output. 
In the final stage of receiving sets usually only one power-amplifying 
valve is used, while in the highest-class receivers two are often used 
and in public-address amplifiers nearly always two. Where two power 
valves are employed they are connected in push-pull, as this offers very 
many advantages. In some cases two or more valves are connected in 
parallel (see also Section 96). In the following pages a distinction will 

be made between single-ended stages^ i.e., those where only one valve 
is used in the final stage, and push-pull stages. 
Nowadays triodes and pentodes, or tetrodes with pentode properties, 
are used almost exclusively as power-amplifying valves. Triodes have 
almost entirely disappeared from receiving sets because the pentode 

offers such great advantages over the triode. For the same reason 
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triodes are being used less and less in public-address amplifiers, since 

the advantage of the lower internal resistance of a triode, which for 

some applications of amplifiers is essential (greatly fluctuating load, 

e.g. in radio relay systems), can also be obtained by employing pentodes 

with feedback (see Chapter XXVII). 

The advantages that a pentode has over a triode are: 

1) higher efficiency (about twice as great) and 

2) greater sensitivity, i.e., for a given power output a much smaller 

grid alternating voltage is needed for a pentode than for a triode. 

91. Matching the Loudspeaker to the Output Valve 

Nowadays electrodynamic loudspeakers are almost exclusively used. 

Such a loudspeaker comprises a small coil attached to a conical dia¬ 

phragm and placed in a constant magnetic field. The alternating current 

from the amplifier flows through this coil, which for constructional 

reasons is generally so dimensioned that a large current at a relatively 

low voltage flows through it. The coil is consequently made of a small 

number of windings of heavy copper wire, so that its impedance (a.c. 

resistance) is relatively low and generally of the order of 2—10 ohms. 

Now this impedance is much lower than that necessary to obtain the 

maximum power output from the anode circuit of the final-stage valve, 

so that the loudspeaker has to be matched to the final stage of the 

receiver. For this purpose an iron-cored transformer is used, which 

transforms the high alternating voltage in the anode circuit into a 

lower one for the loudspeaker circuit (see Fig. 140). This matching 

transformer must produce on the primary side a load impedance of 

such a value that the valve Can supply its maximum power with the 

least possible distortion. If the optimum load resistance of the output 

valve is termed and the impedance of the loudspeaker coil for the 

frequency considered is Rj, the loudspeaker transformer must have 

a ratio of 
(128) 

This holds only for the case of an ideal transformer, and no account 

is taken here of the various losses occurring in the transformer. Owing 

to these losses the impedance on the primary side with this calculated 

transformer ratio becomes somewhat greater, so that the ratio chosen 

must be slightly lower. The impedance of the loudspeaker coil is not 

the same at all frequencies and consequently the impedance on the 

primary side of the loudspeaker transformer also depends upon the 

frequency. 
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Furthermore it is only within a limited range that this impedance is 
a purely ohmic resistance. Fig. 185 shows the variation of the impedance 

Zj^ on the primary side of the combination of a loudspeaker and a 
matching transformer the primary winding of which is shunted by a 

condenser of 2000 fifjiF. This diagram also gives the phase angle of 
this impedance at various frequencies, i.e., the angle between current 
and voltage. From these curves it is seen that in the most important 

frequency range the impedance of the loudspeaker combination varies 
by a factor of 2 to 3. Cheaply constructed loudspeakers often show a 

larger impedance variation. Generally the impedance of a loudspeaker 

is indicated at a certain frequency, 800 or 1000 c/s. 

92. The Optimum Value of Load Impedance with Triodes in a Single- 
ended Stage 

As indicated above, a certain impedance is required in the anode circuit 
for obtaining the maximum power output. This impedance, assuming 

that it is purely resistive, is called 

the optimum load impedance. The 
value of the optimum load im¬ 

pedance can be determined expe¬ 

rimentally for any valve with 
given operating voltages. It is 

also possible to derive the appro¬ 

ximately correct value of the op¬ 
timum impedance from the valve 

data. For power amplifying triodes 
the optimum load impedance 

value is usually equal to twice the 

internal resistance of the valve. 

Ri^ = 2R,.i) (124) 

This holds, theoretically, for 
triodes with straight plate charac¬ 
teristics (see Fig. 186) and with 

a straight transfer characteristic. 
In order to prove that the op¬ 

timum load is equal to twice the 

internal resistance we have to 
determine for this family of plate 

Fig. m 
The impedance and the phase angle tp 
of that impedance as functions of the 
frequency, for the combination of a loud¬ 
speaker with a matching transformer the 
primary winding of which is shunted by 
a condenser of 2000 fifiY. 

q See B. D. H. Tellegen, Final Amplifier Problems, T. Ned. Radio-Genootschap 8,1928, 
page^ 141—100, or W. J. Brown, Proc. Phys. Soc., Vol. 86, 1924. 
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characteristics the required negative 

grid bias and the anode load 
for maximum power output at the 

anode supply voltage (assuming 

that Rl is formed by an ideal trans¬ 
former loaded on the secondary side 
with a resistance; Rj^ therefore opposes 

only the a.c. and not the d.c.). 
It is easy to realize that for a given 
direct anode voltage and direct 

grid voltage the anode direct 
current must be equal to: 

in which fi is the amplification factor and R^ the internal anode resis¬ 

tance of the valve. 

According to Fig. 186 = a + b. Now a = 1^^,^ tan a = lao^-a 

b = Vgo, so that V,<, = I^oR, + V,o, or =. — V^o, or 

T _ ^ao ^go 

Ra 
At maximum power output the following conditions have to be satisfied: 

a) The a.c. amplitude greater than the anode d.c., 
as otherwise during the negative halves of the anode-current cycles 

the peaks of the sine curve of the anode a.c. would be flattened; 
the resulting anode current cannot be smaller than zero (see Fig. 
187). 

b) The grid-alternating-voltage amplitude may not be greater 
than the grid direct voltage Vg^, as otherwise during the positive 

halves of the grid-voltage cycles the peaks of the grid alternating 

voltage would penetrate the positive-grid-voltage region and cause 
the flow of grid current (see Fig. 188). 

When regarding the triode as an a.c. generator with an internal resis¬ 
tance Rj^ and an external load Rj^, according to Equation (44) in Chapter 

XII the alternating current is equal to 

Fig. 186 
Idealized plate characteristics of a 
triode, with the straight line repre¬ 
senting the load resistance Rj,. The 
working point P is fixed by the 
voltages V^o and Vgo and by the 
corresponding anode current 1*0* 

R. _ 
+ Rj, R* + Rj, ’ 

_j{fVaiss_. 
“« R, + Ri 

(126) 

(127) 
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According to the conditions 
prescribed under a) and b) 

in Equation (127) has 
to be replaced by and 

by VgQ. We then obtain: 

Fig. 187 
Right: Idealized plate characteristics of a triode, 
with a load resistance Rl through the working 
point P. The grid alternating voltage is also 
given as a function of time. 
Left: The anode current as a function of time t. 
Owing to the unfavourable slope of the resistance 
line Rl and the wrong location of the working 
point P the peak of the sine cur^ e of tlie anode 
alternating current is cut off during the negative 
cycle; thus distortion takes place. 

From (125) and (128) it follows 

that 

f^^go __ ^ao go 

Ra + Rl Ra 

or that 

go 
^ao ^ ^a + 

^ 2R, + Rl 
(129) 

If we substitute this value of Vg^ in (128) we obtain for the alternating- 

current amplitude the formula: 

I = I ^-1»5- 
m«* ‘“O 2R. + R. 

(130) 

Now the power developed in the load resistance Rj, is equal to 

I * Pi,=%LR^, 

or 

Pt = 
V * * on Rr 

(2R, + RJ* 
(181) 

Pj, is maximum for Rj^ = 2Rg ^) and this maximum 

is then equal to 

Lmax 
Vao» 

16 R, 
(132) 

Fig. m 
Dynamic transfer characteristic of a triode with working point P. 
If the grid-alternating-voltage amplitude Ym^x is greater than Vgo 
grid current occurs. 

As is well known, this maximum can be found by differentiating Pl with respect to 
Rl and equating the differential quotient to zero. 
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From this equation it follows that the maximum output power is in¬ 

versely proportional to the internal resistance of the valve and directly 

proportional to the square of the anode direct voltage. It is therefore 

economical to use a triode with low internal resistance operated with 

a high anode direct voltage. 
From Equation (130) it follows that with the most favourable load 

V V 
impedance (Rj^ = 2Rjj) = -7"^ -. Now is equal to the anode 

current flowing when Vg ~ 0. Therefore the working point of a triode 

must be so chosen that the anode d.c. amounts to one-quarter of the 

anode current flowing when Vg == 0. From (132) it then follows that 

the maximum power output is equal to: 

Lmax i lao X 
(183) 

Since the power supplied, drawn from the H.T. source, is equal to 

I^oVjo* the efficiency rj of the valve at maximum power output is 

25%. 
In practice values for the maximum power output are to be found some- 

V 2 

what smaller than —, due in the first place to the fact that the 

characteristics of triodes have not the ideal shape upon which the 

above calculation, has been based, the curvature of the transfer 

characteristic causing distortion. Moreover the amplitude of the 

grid alternating voltage may never reach the value Vg = 0, because 

at a low value of negative grid voltage a considerable grid current 

begins to flow. This grid current causes a very marked distortion, 

which should be avoided. 

In the above calculation it was assumed that the current I^^ = —— 

is permissible so far as the maximum anode dissipation is concerned. 

If that is not the case then 1^^ must be kept lower. By means of a 

similar calculation to that employed above it can be shown that the 

most favourable value for Rj^ must then be greater than 2R^. The 
V 2 

power output is in that case less than —— and the efficiency greater 
16 Ra 

than 25%. 

If an output triode is completely controlled (or in other words fully 

modulated) the distortion at the optimum load impedance is usually 

5%. By complete control or full modulation is understood that the 

grid alternating voltage is of such a value that it swings between the 

grid-current starting point and the zero-anode-current point. 
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93. The Optimum Load with Pentodes in a Sinyle-ended Stage 

For the determination of the theoretical optimum load impedance of 

pentodes we likewise depart from the idealized conditions. We will 

assume that the pentode has an infinite internal resistance and that 

grid current occurs only when the grid voltage is positive. Further we 

assume that the transfer characteristic is straight (see Fig. 189), and 

that the screen-grid voltage has a fixed value. 

Since the internal resistance is assumed to be infinitely large, the 

transfer characteristic of Fig. 189 also represents the dynamic charac¬ 

teristic of the valve. Again we have the condition that the amplitude 

of the anode alternating current must not be greater than the anode 
direct current Further, the grid-alternating-voltage amplitude 

must not be greater than Vg^, and finally the anode-alternating-voltage 

amplitude must not exceed the anode direct voltage as otherwise 

during the negative half of the anode-alteriiating-voltage cycle the 

peak of the sine curve would be flattened. 

If we imagine that an alternating voltage is applied to the grid of such 

a value that the valve yields its full power output, then the anode 

current must vary between zero and the maximum value at Vg = 0. 

The grid alternating voltage must therefore vary between Vg = 0 and 

the value at which the anode current 

becomes equal to zero. 

Assuming further that in the anode 

circuit a load resistance is introduced 

which offers an ohmic resistance 

to alternating current but none to 

direct current, the maximum power 

dissipated in that resistance then 

equals: 

(II* I * 
= (1«‘) 

^^max being the amplitude of the anode 
alternating current. The amplitude 

of the anode alternating voltage 

equals = Iao®L* According to 
the foregoing conditions this ampli¬ 

tude must not exceed the anode 

direct voltage. Thus we have; 

I.o«x = V.0 (185) 

Fig. 189 
Idealized transfer characteristic of a 
pentode. To the left below, the grid 
alternating voltage as a function of 
time is represented at full excitation 
of the grid base. To the right above, 
the resultant anode alternating current 
as a ftmction of time is shown. 
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or: (186) 

According to Equation (134), when 

maximum power output is equal to: 

is substituted for R^, the 

Lmax ilaoV, ao ’ ao * (187) 

Since the power supplied by the d.c. source to the valve is equal to 

laoVao the maximum efficiency equals 50%. 

This efficiency figure applies only for a pentode possessing the ideal 

properties given above. Actually, however, pentodes have a more or 

less curved transfer characteristic and consequently their efficiency 

is always below the theoretical value of 50%. 

When considering the efficiency of pentodes in comparison with triodes 

account has also to be taken of the power dissipated by the screen grid, 

as this too has to be supplied by the d.c. source feeding the anode. 

With many Philips pentodes, such as the EL8N, EL 5 and EL 6, 

the screen-grid current equals ^/gth to ^/loth of the anode current and 

the screen-grid voltage equals the anode direct voltage. The total 

power supplied by the d.c. source to the pentode is therefore about 

10% greater than and consequently the theoretical efficiency is 

also 10% less than 50%, or about 45%. Further, it has to be borne 

in mind that the efficiency figure of 45% holds only for the maximum 

permissible grid swing. With small grid alternating voltages the effi¬ 

ciency decreases proportionately to the square of the grid alternating 

voltage (this applies both to triodes and to pentodes in a single-ended 

stage). 

In practice grid current does not generally occur in pentodes until 

there is a distortion of more than 10% (see Section 94b). 

94. Distortion in Output Valves in a Single-ended Stage 

(a) Concerning the Admissible Distortion ^) 

What is understood by distortion has already been explained in 

Chapters XV and XVI, where the distortion factor d^^^ is defined. The 

distortion factor is not in every case a correct criterion for the 

quality of the reproduction. Distortion due to discontinuous phenomena, 

such as the occurrence of grid current during part of the altematiiig- 

Cf. A. J. Heins van der Ven: Output Stage Distortion, Wireless Engineer 16, 1939, 
pp. 3SB—Q90 and 444—452. 

212 
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voltage cycle at the grid or a flattening of the peaks of the sine curve 

of the anode voltage is much more disturbing than might be deduced 

from the magnitude of the distortion factor alone. This may be ascribed 
to the fact that with such discontinuous phenomena a great many 

harmonics of a high order occur. 

Apart from these discontinuous phenomena however, the distortion 

factor is valuable as a measure for judging the quality of the power 

supplied by an output valve to the loudspeaker, which is then dependent 

upon a more or less pronounced curvature of the characteristic in its 

operating range. 
Now, according to what has been said in Chapter XV, with triodes 

mainly the second harmonic predominates and with pentodes the 

third harmonic. The question then arises which of these two harmonics 

is the most detrimental to the quality of reproduction. Several authors 

have made a study of this subject ^). According to their conclusions 

the greatest distortion is admissible in speech. When non-distorted 

and distorted reproductions are compared about 5% of second har¬ 

monic or 3% of third harmonic are just perceptible. In the case of the 

reproduction of music 4% second or third harmonics can just be dis¬ 

tinguished from the non-distorted reproduction. 

The interference due to distortion does not lie so much in the formation 

of harmonics, because the tones brought out by musical instruments 

or by speech also contain harmonics. There arise, however, in addition 

to the harmonics themselves, new tones—^the so-called combination 

tones—as a consequence of the sum and difference frequencies caused 

by the presence of voltages of different frequencies at the grid of a 

valve with a curved characteristic (see Chapter XVI, Section 85). This 

results in a change of timbre. If the distortion is not strong the 

accompanying change of timbre is not marked. Distortion becomes really 

troublesome when the formation of combination tones leads to huski¬ 

ness in the reproduction. Such is the case if one of the original tones 

has a low pitch. Then the sum and difference frequencies will differ 

little from the original frequency. If, for example, the grid of an output 

valve carries simultaneously a frequency of 100 c/s and another of 

1,000 c/s then for a square-law transfer characteristic new tones are 

formed having frequencies of 900 and 1,100 c/s in addition to the 

harmonics with frequencies of 200 and 2,000 c/s. This means that the 

frequency of 1,000 c/s appears to have been modulated by 100 c/s. 
When this modulation frequency lies between 40 and 100 c/s a certain 

W. Janovsky, E. N. T. 1929, 6, page 421; F. Massa, Proceedings Inst. Radio Eng. 
1938, 21, page 682; H. v. Braunmdhl and W. Weber, Akust. Zeitschr. 1937, 2, page 185. 
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huskiness arises, which is very troublesome. If the transfer charac¬ 

teristic is not purely square-law, additional tones of 800 and 1,200, 

700 and 1,300 c/s, etc. may arise. 
Experience shows that for normal radio reception a distortion factor 
of 4 to 5% at the maximum grid-voltage amplitude occurring is 
sufficiently low. In cases where very high demands are to be met as 
regards reproduction quality the distortion factor should not be more 

than 1 to 1.5% at the maximum grid-voltage amplitude. It is always 
important, however, that there should be no flattening of the anode- 
alternating-voltage curve due to grid current or to the anode alternating- 

voltage amplitude exceeding the anode direct voltage. 

(b) The Belation between Power Output and Distortion 

It will be evident that the distortion taking place in the anode alter¬ 

nating current of an output valve will be greater with high grid alter¬ 
nating voltages than with low ones; when the grid alternating voltage 

gradually rises from zero to a maximum value the distortion increases 

similarly. (It sometimes occurs, however, that after having reached a 

certain value the distortion decreases again over a certain range of 

values of the grid alternating voltage, after which it begins to increase 
anew.) It is evident that the reason for distortion being less with low 

alternating voltages than with high ones is that the former traverse 
an almost straight part of the characteristic whilst the latter pass also 

through those parts of the characteristic having a marked curvature. 

In the case of very high alternating voltages distortion also arises 

through the amplitude of the anode alternating voltage becoming too 
great with a consequent marked flattening of the anode voltage wave 

form and/or due to the occurrence of grid current. 
In the data published for 
an output pentode it is 

stated that the power 

output of this valve a- 
mounts to a certain watt¬ 
age at 10% distortion. 

It sometimes happens, 

Fig. 190 
The total distortion dtot and 
the requisite grid alternating 
voltage Vi as a function of tte 
power output of triode AD 1 
used as a single-ended final- 
stage amplifier. 

214 



94(c). MATCHING IMPEDANCE DIFFERING FROM THE OPTIMUM VALUE 

however, that grid current occurs before that distortion figure is 

reached, and in that case the power output is given for the grid-modula¬ 

tion voltage at which grid current begins. In that case the distortion 
that then takes place is also quoted. Sometimes, too, the power output 

is indicated for the grid-modulation voltage at which grid current starts 
when the distortion is greater than 10%. For triodes it is usual to 
quote the power output at 5% distortion, as already mentioned in 

Section 92. 
For the designer of receiving sets or power amplifiers it is, of course, 
of great importance also to know how much the distortion is for 

smaller power outputs. Therefore it has become customary to indicate 

the distortion as a function of the power output in the form of a curve. 
At the same time the grid alternating voltage required for each power 

output is shown in the form of a curve. 

Fig. 190 shows such curves for the Philips output triode AD 1 and 
Fig. 191 those for the Philips output pentode EL 3N. As it may, 

moreover, be of importance to know how this distortion is split up 

into second and third harmonics, curves are frequently given also for 

distortion due to the separate harmonics; such curves are included in 
Fig, 191. 

(c) Power Output and Distortion for Values of the Matching Im^ 
pedanee Differing from the Optimum Value 

If one regards the loudspeaker as a constant purely resistive impedance 

then the choice of the optimum matching is extremely simple. In 

reality, as will be seen from Fig. 185, this impedance is not of the 
same value for all frequencies and, moreover, at different frequencies 

it causes different phase angles between current and voltage. As 

already indicated in Chapter XII, when the anode impedance has a 
reactive component the 

dynamic plate , charac¬ 

teristics will be ellipsoidal 

(see Fig. 188) and a 

Fig. 191 
The total distortion dtott the 
distortion due to the second 
harmonic d2, that due to the 
third harmonic ds, and the 
requisite grid alternating volt¬ 
age Vi as Unctions of the power 
output of pentode EL8N used as 
a single-ended final-stage am¬ 
plifier. 
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Fig. 192 
Oscillogram of the dynamic 
plate characteristic of a 
power pentode loaded by a 
loudspeaker when two alter¬ 
nating voltages of frequen¬ 
cies having a ratio of 6 to 
1 are simultaneously applied 
to the grid. 

certain area of the 

plate-characteristic di¬ 
agram of the output 

valve will be covered. 
If voltages with differ- 

' ent frequencies are 

applied to the grid 

simultaneously the area of the family of plate characteristics occupied 

will be still greater. Fig. 192 gives an idea of the form of the dynamic 

plate characteristic when two alternating voltages with frequencies 

having a ratio of 6 to 1 are applied to the grid. 

The influence of the value of the impedance in the anode circuit of 

an output pentode can best be shown by a family of curves, the most 

suitable being those which give the power output as a function of 
the load resistance for a given constant distortion d^^^. For values of 

load resistance smaller than the optimum value the power output 
Pq of a pentode is limited to i Rj^, because the anode current cannot 
become negative and consequently the anode a.c. amplitude can be 

at the most equal to the anode direct current 1^^. With load resistances 
V 2 

greater than the power output P^ is limited to i —because 
Rl 

the anode voltage cannot become negative and the anode-alternating- 

voltage amplitude can at the most be equal to the anode direct voltage 

A curve indicating distortion as a function of load resistance for 
a certain power output P^ has therefore little practical significance, 

since the distortion can only be a useful measure of the quality of 

reproduction when it remains small and consists of harmonics of a 

low order (e.g., up to the fifth). If a curve is constructed showing the 
distortion as a function of the load resistance for a certain constant 

power output P^, then at small values of the load resistance the limiting 
value of the power output i is smaller than the output power 

V ^ 
P^. At high values of the load resistance the limiting value i 

is also smaller than the given constant output power P^. In these 
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cases there would be a large number of harmonics of a very high 

order and the distortion factor would no longer be any guide to the 

quality of reproduction. If one examines the plate characteristics of 

an output pentode it will be seen that the anode voltage cannot drop 

below a certain positive value, which for most modern pentodes is 

about 20 volts. Therefore, instead of the above limit of i —for 
Rl 

(V _20)^ 
such valves it is more correct to take the limit as i -- • 

Rl 
Fig. 198 shows a number of curves giving the power output of the 

Philips output pentode EL 3N as a function of the load resistance 

for distortions of 5, 2.5 and 1%. The same diagram also shows 

the limits J and J (here the symbols and have 

the meaning of and respectively). It will be evident that the 
higher a curve lies for a certain distortion the more favourable the 
valve will be as regards its power output for that distortion factor. If 

the curve showing the impedance as a function of the frequency for 
a certain loudspeaker is available, then with the aid of a family of 

curves as shown in Fig. 198 one can determine for every frequency 

the maximum power output 

for any given distortion, e.g., 

5% or 2.5%. In this way the 

related intensities of high and 
low notes in the reproduction 

of music or speech, as compared 
with the intensity at a fre¬ 

quency where the loudspeaker 

has the optimum impedance 
value,'can be ascertained. 

By varying the ratio of the 

matching transformer the fre¬ 

quency at which the impedance 
value of the loudspeaker com¬ 

bination corresponds to the 

optimum load for the valve 

can be selected. By this means 

it is possible to vary the ratio 
between the maximum output 

powers at different frequencies. 

In Fig. 185, for instance, at a 
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Fig. 193 
The power output Pq as a function of the load 
resistance Rl for harmonic distortions of 1, 
2} and 5% and limit lines (broken) ^la’RL 

/y _20)* 
and 1 ---— for the power pentode 

Rj, 
EL 8N. These curves apply to the case when 
the loudspeaker impedance does not produce 
any phase angle (cos ip ^ 1). 
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Hfilllll 
BSillll 

I 11 j 111 r I f I illl frequency of 800 c/s the loud- 
~(»5^Q7 eL3N speaker has an impedance Zj^ 

‘ ■ ■■■' Ui44Al444-lu. IA.O ocniiil 7,000 ohms, which corres¬ 

ponds to the optimum load 

impedance for the EL 3N. 
At 3,000 c/s, however, the im¬ 
pedance has risen to 20,000 
ohms and, according to the 
curve in Fig. 193, if a maximum 
distortion of 5% is permissible, 

with this load resistance an out- 
zoo put power of only 1 watt can 

be obtained. For the same dis- 

Tl^' apparent power output as a ® “"‘P"* 
function of the load impedance Zl for 21 and would be obtainable for high 
5% distortion in the plate euiront a^ limit frequencies if the matching im- 

lines (broken) il.’Zi, and J for pedance for 800 c/s were chosen 

the power pentode EL 8N when the loud- lower, SO as to lower the whole 
speaker eombination has eos q> equal to 0.7. »t-i- , «» n .1 

^ ^ curveofFig.l85.Fromthecurve 
for 5% distortion in Fig. 198, 

however, it follows that having regard to the intensity of the low notes 
this would not be very desirable; generally speaking, the high notes in 
music or speech to be reproduced are of less intensity than the low notes. 

The influence on the power output of the phase angle between the 
current and voltage across the primary winding of the loudspeaker 

transformer produced by the loudspeaker impedance, is best expressed 
when the power output is measured for different distortion factors and 
different phase angles as a function of the load impedance Zj_. Since 
the acoustic power is proportional to the current through the loudspeaker 
coil it is possible to measure the distortion of the alternating current. 
In order, however, to draw a comparison between different cases, wher¬ 
ever eos q> is less than unity we have to work with the apparent power 

^aeff* Zi, instead of the effective output power as a function of the load 

resistance. This simplifies the comparison with the theoretical maximum 
power. Fig. 194 shows the result of such measurements taken with the 

03 £!5 1 2 3 5 10 20 30 50 m 

5S*i3 

Fig, 194 
The apparent power output as a 
function of the load impedance Zl for 2| and 
r3% distortion in the plate current and limit 

lines (broken) i VZl and J — 7 for 
IVL 

the power pentode EL 3N when the loud¬ 
speaker eombination has eos (p equal to 0.7. 

output pentode EL 3N for the case where cos tp of the loudspeaker 

combination is 0.7 (corresponding to a phase angle <p of about 45°). 

From these curves it immediately follows that in consequence of the 
phase angle between current and voltage the maximum apparent output 

power is considerably lower than in the absence of a phase angle. This 
will always have to be taken into account in practical cases. 

218 
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From what has been said above it should be clear that a simple statement 

of the output power of a valve for a certain distortion at the optimum 

matching resistance, where there is no phase angle between current 
and voltage, can hardly be a guide to the performance of the valve, 

and account must certainly be taken of the behaviour of the valve 

at other values of the load impedance and of cos 9?. This is of special 

importance in view of the fact that valves giving apparently identical 

output-power values may, when examined from the aspects discussed 

above, show considerable differences. 

95. The Requirements to be met by Output Pentodes used in Single^ 

ended Stages 

It has already been indicated that, particularly in the abseilce of 

oVimic resistances, we have to consider the whole area of the plate 

characteristics. It is to be assumed, however, that the part of the 

family of characteristics for low anode current and low anode voltage 

will hardly ever be used. Fig. 188 shows that the dynamic character¬ 

istic for small amplitudes is an ellipse, whilst for larger amplitudes 

there is a noticeable deviation from the ellipsoidal shape. If the plate 

characteristics in the area used were parallel straight lines, lying at 

equal distances for certain equal increments of the grid-bias potential, 

there would be no distortion of the ellipse so long as this did not tend 

to go beyond the horizontal or the vertical axes. It is not possible, 
however, to obtain such families of characteristics in practice, because 

the anode current increases by the power of the effective potential 

in the control-grid plane. Consequently the plate characteristics can 

never be equally spaced. 

Nevertheless, from the point of view of freedom from distortion it is 

desirable that the plate characteristics should be as equally spaced as 

possible, that is to say, the transfer characteristic should be as straight 

as possible and have the sharpest possible bend at the lower extremity. 

Moreover, it is desirable that the plate characteristics should be as 

straight as possible. In order to achieve this the influence of the see^ 

ondary emission of the anode in the working range of the anode current 

and anode voltage must be entirely eliminated, as secondary emission 
phenomena may cause considerable deviations. This point is highly 

important, as the secondary emission may sometimes cause a deviation 

in the centre of the plate characteristics with a resulting distortion of 

the dynamic curve and consequently the occurrence of harmonics, 

even with small amplitudes of the grid alternating voltage. This will 

be the case particularly if the load line represents a high resistance. 
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Fig. 195 
Plate characteristics of a power tetrode with suppression of the 
secondary emission by the space charge between screen grid and 
anode. At the optimum load Rl = V*/!* we find that p =. q = r = 
s = t and consequently there is little distortion. For a load resist¬ 
ance equal to 3 Rj, we find that p' and r' are greater than q', which 
entails distortion. 

Fig. 195 shows a family of plate characteristics of a tetrode output 

valve in which the secondary emission has to be suppressed by the 

space charge between screen grid and anode (see Chapter XIII, Section 

73d, Fig. 156). On this family of characteristics load lines are drawn 

corresponding to the optimum resistance Rj^ = V^/I^, to 8 Rj^ and to 

Rj^. The plate characteristics for equal increments of Vgi intersect 

the load lines, and when the intercepts are equal there will be no 

distortion. 
From Fig. 195 it is to be seen that this is practically the case for the 
load resistance Rj^ (p == q = r = s = t). For R = 3 Rj^, however, 

p' and r' are larger than q'. This means that distortion occurs due to 
the influence of secondary emission. With too small a value of the load 

resistance, for instance Rj^, the distortion is less pronounced. In 
a tetrode with limitation of secondary emission by space charge it is 
never possible to suppress the secondary emission over the whole 

area of the plate characteristics used, as is evident from Chapter XIII, 

Section 78d. This is possible, however, with a pentode and therefore 
this type of valve is more suitable for power amplification than the 

tetrode with limitation of secondary emission by space charge. This 

will not be so manifest with the optimum load impedance as with 
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the higher values of that impedance and also when a phase angle 
between current and voltage occurs. Fig. 196 gives a comparison of 

the efficiency X 100% == x 100%^ with 5% dis- 
\ input power / 

tortion and a load impedance having cos 9? equal to 0.7, a tetrode 
(6L6) and for a pentode (Philips EL 3N) as a function of the load 
impedance Zj^, expressed as a percentage of the optimum load impedance. 

Curve I in this diagram represents the efficiency for the EL 3N and 

curve II that for the 6L6. This comparison shows that the pentode is 
to be preferred. 

As is clear from Section 94a, the sudden occurrence of grid current 
results in a very troublesome form of distortion, as harmonics of a 
very high order then occur. For this reason the available grid swing of 

the dynamic transfer characteristic must be sufficiently large so that 

the maximum output power is not restricted by the occurrence of grid 
current, but only by the less troublesome occurrence of harmonics 

due to the curvature of the characteristic. Too wide a control-grid- 
voltage sweep then has a less adverse effect. 

With large amplitudes of the grid alternating voltage the output power 

will then be limited by the crowding together of the plate character¬ 
istics for large and for small anode currents. This produces a top and 

a bottom bend of the dynamic transfer characteristic (see Fig. 135). It 

is therefore of importance that 
the region where the load line 
crosses the crowded parts of 

the plate characteristics at 

low anode voltage, and where 
as a result the top bend is 

marked, should lie as far as 

possible to the left in the 

plate characteristic diagram, 
so that the plate characteris¬ 

tics for small grid potentials 
are sloping down at the 

lowest anode voltage possible. 
This requirement has been 

given serious consideration in 

the designing of the modern 

Philips pentodes,whilst at the 

same time suppressing the 

secondary emission in the 

Fig, 196 

The efficiency (?;=~xl00%), for 6% 
* » 

distortion, of a pentode (curve I) and of a 
tetrode (curve II) as a function of the load 
impedance (expressed as a percentage of the 
optimum impedance Va/Ia) for a load impedance 
having cos equal to 0.7. 
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whole working area of plate characteristics, thereby raising the maximum 

efficiency. 
Suppression of the secondary emission has been attained by coating 
the anode with a substance having a low secondary-emission factor 

(by blackening of the anode with a layer of carbon) and by forming 

a potential minimum between screen grid and anode with the help of 
the combined effect of a suppressor grid and space charge. 

96. Output Stages in Push-pull Connection 

In the foregoing we have been dealing with single-ended output stages 

consisting of one valve, a pentode or a triode. Of course it is possible 
to connect two or more valves in parallel in order to get a higher 

power output, and sometimes this is done where the anode voltage is 

low. 
Such output stages are in essence single-ended final stages. Further it 

is possible to connect two valves in push-pull. Push-pull connection 

offers the advantage of a higher output from the stage than is attainable 

with a single output valve, whilst moreover the distortion may be 

appreciably less. 
Fig. 197 represents the principle of a push-pull output stage employing 

two pentodes. The grid alternating voltage is applied to the grids of 

the two output valves via a transformer, the secondary of which has 

a centre tap. This centre tap is earthed for low-frequency (at cathode 

potential); when the voltage at one grid changes in the positive direc¬ 

tion that at the other grid changes symmetrically in the negative 

direction. In the anode circuit we again have an output or matching 
transformer, the primary of which is tapped exactly in the centre. The 

anode direct voltage is applied to the anodes via this tap. Across 

the upper half of the primary of the output transformer an alternating 
voltage occurs which increases in 

the positive direction if the grid 

voltage of the upper valve changes 

negatively. At the same time the 

grid voltage of the lower valve 

changes in the positive direction, 

as a consequency of which the 

anode voltage of the lower half of 

the primary of the output trans¬ 

former changes negatively. Conse¬ 

quently the voltage at point a in¬ 
creases symmetrically with respect 

Fig. 197 
Baidc circuit of a push-pull final stage 
using two pentodes. 
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to point c at the same time as the voltage at point b decreases with 

respect to point c. The alternating currents of the two primary trans¬ 

former windings each induce alternating currents in the secondary, and 

in such a way that these are added together. With push-pull stages both 

halves of the primary of the output transformer carry equal direct 

currents. Their directions are however opposed to each other so that 

no d.c. pre-magnetization of the transformer core occurs, which is 

favourable as regards distortion in the transformer. 
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If, now, the dynamic transfer characteristics of the two valves are 
combined in such a way that the characteristic of the lower one is 
turned through 180° and the two working points lie on the same vertical 
line (see Fig. 198), and an alternating voltage is applied to the grids, 
distorted alternating anode currents are generated in the anode circuits 
of each of the two valves, as indicated in Fig. 198. In this diagram it 
has been assumed that the distortion of the anode current consists 
exclusively of the second and third harmonics. If the two alternating 
anode currents are added together the two second-harmonic components 
neutralize each other, whilst the two third-harmonic components are 
added together (Fig. 198). 
In the case of push-pull output stages the even-harmonic components 
neutralize each other and the odd-harmonic components, and thus also 
the fundamental-frequency components, are added together. It is 
therefore advantageous to use in push-pull output stages valves whose 
distortion consists principally of the second harmonic. With such valves 
the resultant distortion will consist exclusively of the third and higher 
odd harmonics and thus be extremely small. With triodes it is mostly 
the second harmonic that is predominant, so that in so far as distortion 
is concerned these valves are eminently suitable for push-pull stages. 
With most pentodes the third harmonic will be greater than the second 
if the load resistance is equal to V^/I^. 

For push-pull final stages using pen¬ 
todes the load resistance per valve is 
therefore chosen lower than V^/I^; 
the pentode has then the advantage 
of an appreciably greater efficiency. 

97. Class-A Operation 

In Class-A operation the negative 
grid bias of the valve is chosen in 
such a way that anode current flows 
during the whole cycle of the alter¬ 
nating grid voltage. Consequently 
the amplitude of the alternating 

Fig. 199 
Location of the working point P for Class-A 
operation. 

In this connection it is to be noted that with push-pull stages the dynamic charac¬ 
teristic cannot be determined in such a simple manner as with output pentodes in a single- 
ended stage, since in those cases the load line on the plate diagram is no longer straight. 
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Fig, 200 
Location of the working point P for Class-B 
operation. 

grid voltage does not exceed the grid 

bias, at which the anode current is 

zero (Fig. 199). 
Usually with Class-A operation the 

instantaneous grid voltage does not 

exceed the grid-current starting point. 

Therefore the grid signal voltage can 

swing only between the grid-current 
starting point and the point where 

the anode current is zero. 

In the ideal case, according to Sections 
92 and 93, when operation of the valve 
is limit ed to the negative grid-bias range the efficiency (the relation between 

the power delivered to the valve and the power output) at maximum grid 

excitation is 50% for pentodes, whilst for triodes the efficiency is lower. 

98. Class-B Operation 

With an amplifying valve the working point can be selected in such 

a way that the negative grid bias has approximately the value at 

which the anode current becomes zero (see Fig. 200). This mode of 
operation is described as Class-B. If the alternating grid voltage is 

sinusoidal the alternating anode current is found to consist exclusively 

of half waves. These half waves are equivalent to a sinusoidal anode 

alternating current with a frequency equal to that of the grid signal 

and containing a large number of higher harmonics, almost entirely 

even ones. Therefore if one single valve were used in a Class-B output 

amplifier, there would be considerable distortion. When, however, two 

valves are used in push-pull connection the two half-waves combine 

and a complete sinusoidal curve is formed with practically no dis¬ 
tortion. In this manner an output amplifier is obtained having an 

efficiency much higher than that resulting from the use of two valves 

in a Class-A push-pull amplifier. Fig. 201 shows how the second valve 

supplies the other half-wave of the anode alternating current as soon 

as the anode current of the first valve ceases. The two valves supple¬ 

ment each other on the anode side, so that there is practically no 

distortion. When there are small signals at the grid the distortion is 

sometimes slightly greater, owing to the relatively greater effect of 

the curvature in the lower part of the characteristics. 
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The advantage of a Class-B final 

stage is that with two valves a 
much greater power can be sup¬ 
plied than with two identical 

valves in a Class-A amplifier, 
without overloading the valves. 
This is connected with the fact 

that in a Class-B final stage the 

power input increases as the signal 
voltage is increased, whereas in a 
Class-A final stage that power 
remains constant. The anode dissi¬ 
pation (the difference between the 
power input and power output) 
is a measure of the heating of the 

anode, and the output power of a 
valve is limited by the maximum 

value of the anode dissipation. 

The power output is dissipated in 
the loudspeaker and therefore does 
not contribute towards the heating 
of the valve itself. In the case of a 

Class-A amplifier the power input is 
constant, because the anode direct current remains constant. If, there¬ 
fore, there is no signal at the grid the valve does not supply power to 

the loudspeaker and consequently the anode dissipation equals the 
power input (1^^ X V^^). With the maximum efficiency of 50% of a 
Class-A amplifier the maximum power output is thus equal to 50% 
of the power input and also 50% of the maximum anode dissipation 
of the valve. 
In a Class-B amplifier (see also Fig. 201) semi-sinusoidal anode current 
pulses flow through each valve. In this case the mean value of the 
anode current of a valve determines the heating of its anode. This 
mean value is much lower than the peak value of the anode current 
pulses, in the case of a half sinusoidal wave per period being equal to 

1 jn times the peak value. When the mean value of the anode current 

per valve amounts to 1^^ — (I^ = peak value of the anode current) 
7Z 

the input power per valve is 

I V P*^a ^ ao 
1 --* 

Fig, 201 
Combination of the dynamic character¬ 
istics of two Class-B power valves con¬ 
nected in push-pull With a strong signal 
Vn there is comparatively little dis¬ 
tortion of the anode current; with a weak 
signal (e.g., Vi2) a relatively larger dis¬ 
tortion results from the curvature in 
the lower bend of the characteristic. 
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(Vgo = anode direct voltage) and the power input supplied to the whole 

stage is twice as large. 

If the maximum anode current amplitude is which is limited 

by grid current, distortion or anode dissipation, then the maximum 

power that can be supplied is equal to 

• (189) 
71 

The output power naturally depends upon the load resistance Rj^. We 

will assume that the optimum value is chosen. The amplitude of the 

alternating voltage across this load resistance may never be greater 

than the anode direct voltage, in order to avoid flattening of the peaks, 

so that the maximum output power per valve will amount to 

i X 
I V max ’ ao I V ‘‘a max ^ ao 

With small amplitudes the output power is equal to 

P 0 

(140) 

(141) 

where is the amplitude of the anode alternating voltage. 

The efficiency j/ with the maximum output power is thus found to be 

»7(Po = max) = 100% = X ' = 78.5%. (142) 

In order to attain the maximum a.c. power indicated by Formula (140) 

the load resistance (i.e. the load resistance per anode, from anode to 

centre tap on the output transformer and not from anode to anode) 

must be such that with the amplitude of the anode a.c. I, obtaining 

for this power output the alternating-voltage amplitude is equal to 

Thus it is found that the load resistance per anode should be 

equal to 

Rl==-Y^- (148) 
-^amax 

From (141) it follows that 

= (144) 
4 

Now the input d.c. power is equal to the a.c. power output plus the 
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power that is converted into heat in the valve itself, i.e., the anode 

dissipation. From this it follows that 

T .V 12 
Pa - Pi — Po = (145) 

7t 4 

The anode dissipation P^ has a maximum when 

T — I ■*^a (Pa max) ■■•a max (146) 
71 

(this can be found by differentiating P^ from Formula (145) with respect 

to 1^ and putting the differential coefficient equal to zero). By 
dia 

taking the value found for in (146) and substituting it in (145) one 

finds for the maximum anode dissipation 

P — -1 P ■^amax— _ -^imax* 
71 

(147) 

From Equations (146) and (147) it follows that the maximum 
anode dissipation does not 

occur at the maximum 

anode a.c. amplitude I 

2 . 
but at 

7t 

a max 

= 64% of 

la max amounts to 

—- = 82 % of the max. power 
7t 

input Pi max- ®y plotting the 
magnitudes of Pj, P^ and Pa 
given by Equations (188), 
(144) and (145) as functions 

of the amplitude of the 

anode a.c. the curves I, II 
and III of Fig. 202 are ob¬ 
tained. From this diagram 

Fig, 202 
The power input Pi (curve I), the power output 
Po (curve II) and the power dissipated in the 
valve Pa (curve III) expressed as a percentage 
of the maximum power input Pi max as a function 
of the amplitude of the output alternating 
current expressed as a percentage of the am¬ 
plitude at the maximum output power for 
Class-B amplification. The efficiency is like¬ 
wise shown (curve IV). 

it is clear that the maxi¬ 
mum power input occurs at 
the maximum amplitude of 

the anode current; the maxi¬ 
mum anode dissipation, how¬ 
ever, appears to lie at about 

64% of the max. ampli- 
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tude of the anode a.c. At full grid excitation the efficiency of the 

Class-B final stage according to Equation (142) is theoretically 

equal to 78.5% (ratio of output power to input power), so that 

in such a final stage with two valves a power of 2 X 
78.5 

32 
4.9 times 

the max. anode dissipation of one valve should theoretically be attain¬ 

able. With two Class-A-operated amplifier valves the theoretical 

maximum power to be supplied is equal to the max. anode dissipation 

of one valve. 

99. Control in the Grid-'Current Region 

Usually amplifying valves are driven only as far as the point where grid 

current begins to flow. The quoted theoretical maximum efficiency of 

78.5% then applies exclusively when two pentodes are used as Class-B 

amplifiers. When two triodes are used the maximum efficiency is 

lower, because then only a small part of the anode-voltage range 

available can be used- If, however, the grids of triodes are driven right 

into the region of positive grid current the entire available anode-voltage 

range can be used and the efficiency may then in fact approximate 

78.5%. The operation of valves in this manner right into the region of 

positive grid voltage involves the flow of grid current and the source 

of grid-signal voltage has to supply a certain amount of power. To 

meet this, therefore, the Class-B output stage is preceded by a so-called 

driver valve capable of supplying a certain power. In order to get an 

approximately correct matching, this valve is coupled to the Class-B 

output stage via a step-down transformer provided with a centre tap 

on the secondary winding. Owing to the fact that as soon as the starting 

point is passed the grid current always begins to increase fairly suddenly, 

voltage pulses which are liable to cause very undesirable distortion 

occur' across the impedance of the transformer. In order to limit these 

voltage pulses, the impedance between the secondary terminals of the 

transformer must be kept as low as possible. Therefore a driver valve 

is chosen with the lowest possible internal resistance and a transformer 

that steps down and has a very small stray field. Further, the two 

secondary transformer windings are shunted with damping resistances 

and condensers, which constitute a low-impedance path for the very 

high harmonics. 

When applying the principle of Class-B amplification with grid current, 

triodes can be used which have a very high amplification factor. At 

zero grid voltage such a triode has a very low anode current, so that 

this point of the characteristic can be regarded as the cut-off point 
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Fig, 203 
Transfer characteristic of a triode part of the double 
power triode KDD 1 for Class-B power amplification 
with grid current. The grid-current characteristic is 
represented by a broken line. 

of the anode current for Class-B operation. 
Thus the grid-bias battery can be dispensed 

with. An example of such an output valve 
is the double triode KDD 1 for battery 

sets. The characteristic of one triode part 
of this valve is shown in Fig. 203. Grid- 

current-operated Class-B final stages are 
almost exclusively applied in battery sets, 

because for these sets high efficiency of the 
output stage is of paramount importance, 
whilst the property of a Class-B final stage 

that the anode current increases and de¬ 

creases approximately proportionally to the 
grid signal is also of importance. This saves 

the anode battery, as the valve is only oc¬ 
casionally fully driven and the average anode battery drain is con¬ 
sequently much lower. 

In the case of the Class-A amplifier the anode battery drain is practically 
independent of the grid signal, so that for battery sets this final stage 

is less economical. It is to be noted that in consequence of the current 

supply required by the driver stage a Class-B final stage with grid 
current is not so economical as might be expected. Two pentodes in 

Class-B without grid current would be just as economical, with the 
same efficiency, whilst distortion due to grid current is avoided. Further¬ 
more, the sensitivity is greater, particularly because it is possible to 
use step-up transformers. For these reasons this solution has been 
given preference in some modern developments of output valves for 
battery sets (cf. Philips double output pentode DLL 21). 
For a.c. sets the Class-B final stage has the drawback that a fixed 
negative grid bias is essential; owing to the highly fluctuating anode 
current this can be obtained only at the cost of additional measures. 
Owing to the fluctuating anode current it is also necessary to keep the 
internal resistance of the anode-supply rectifier low in order to avoid 
too great a variation of the anode voltage. In high-power amplifiers, 

therefore, gas-filled rectifying valves are often used, the internal 
resistance of which is very low. 

230 



100. CLASS-AB OPERATION 

too. CIass>-AB Operation 

If the working point of an ampli¬ 
fying valve is so chosen that with 

small signals the anode current 
flows during the whole cycle of 
the grid alternating voltage but 
with large signals it becomes zero 

during part of the cycle, the mode 
of operation is described as Class- 

AB. From this definition it follows 

that with large signals the anode 
current must be equal to zero 
during less than half the grid alter¬ 

nating voltage cycle (see Fig. 204). 
Once again, in output amplifiers 

two push-pull connected valves 
must be used in order to eliminate 
the distortion which would other¬ 

wise occur due to the absence of 
anode current crests. 
Class-B amplification has the dis¬ 

advantage that a considerable per¬ 
centage of distortion occurs when 

the signals are small. This distortion can be avoided by applying 

Class-AB operation, for then the valves operate in Class-A with small 
signals. Class-AB operation has the additional advantage that the 
anode-current variation due to the grid-signal-voltage changes is 

smaller than that with Class-B operation, so that less stringent require¬ 

ments have to be met by the 
rectifier circuit. Furthermore this 
system offers the possibility of 

applying automatic negative grid 
bias (see Fig. 205). 
With automatic negative grid bias 
this voltage increases as the anode 
current increases, so that a common 
cathode resistance has to be found 
of such a value that at full grid 
excitation the maximum power 
output is reached. 

Fig» 205 
Fundamental circuit of the push-pull 
stage with self bias. 

Fig, 204 
Location of the working point P for 
CJass-AB amplification. With a weak 
signal (e.g., Vn) current will flow during 
the whole griialternating-voltage cycle, 
whilst if the signal is strong, current will 
flow during only part of the alternating- 
voltage cycle; this part of the cycle, 
however, is greater than one-half. 
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On the other hand, care has to be taken 

that the maximum anode dissipation is not 
exceeded and that the distortion at full grid 
excitation is not too great. (With the maxi¬ 

mum signal the working point must still 
lie on the characteristic, that is to say, 
the anode current corresponding to the 
working point may only just be equal to 

zero.) 
The maximum power output is usually not 
so great with Class AB as with Class-B 
operation without grid current, as in the 
former case one has to take account of the 
fact that in the absence of a signal the maximum anode dissipation 
must not be exceeded. Usually, however, the maximum power output is 
greater than that with two Class-A valves connected in push-pull. 

101. Matching of the Loudspeaker to Class-B and Class-AB Output 
Stages 

For two triodes in a Class-B power amplifier the following considerations 
apply for matching the loudspeaker. Let us put the total number of 
primary turns of the transformer as nj and the number of secondary 

turns as ng (see Fig. 206). Since in principle the working point is chosen 
at = 0 (quiescent current), 
the valves work for half a cycle 

alternately. If no grid current is 
allowed the amplitude which can 
be applied at each grid may be 
at most equal to Vg^ (see Fig. 
207). 
The greatest power output is ob¬ 

tained if Rj^ = (see Appendix 

II/7). In that case the slope of the 
dynamic characteristic amounts 
to half that of the static charac¬ 

teristic. The amplitude of the 
anode current is therefore 

(148) 

The alternately acting halves of 

Fig. m 
Static and dynamic characteristics of a 
power triode for Class-B operation. 

V9 

Fig. 206 
Two power triodes conneeted 
in push-pull with an output 
transformer. 
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the loaded push-pull output transformer may also be regarded as a 
single load resistance Rj^ with the total alternating current flowing 
through this resistance having an amplitude equal to The maxi¬ 
mum power output is then 

P — M 2R 
0 max — 2 

V 2 
i- ~~ J. V T 
y -p — g ao max • 

xVa 

(149) 

Owing to the fact that with Class-B operation the valves are not 
working for alternate half cycles, one half of the primary of the output 
transformer can be left out of consideration during each half cycle. 

Therefore the load formed by one half of the primary winding must 
have the indicated value of Rj^ = R^ where the other half is not 
connected. Thus we obtain 

\ 112 / 
(150) 

hence 

Ha 

in which Rj represents the resistance of the speech coil of the loud¬ 
speaker. From this it also follows that with Class-B operation the 
anode impedance on the total primary side of the transformer (calcu¬ 

lated) between the anodes is equal to four times the optimum matching 

impedance for each single valve. 

f, 4V. 
(151) 

For the application of Philips valves in push-pull stages (Class-A, 
Class-rB or Class-AB) the figure quoted as optimum matching impedance 
is always the impedance between the two anodes. 

With pentodes in Class-B the anode alternating current is equal to 

la niax> regardless of the load resistance R^, if the grid is fully excited. 
The voltage amplitude across Rj^ may not, however, become greater 
than Vao (the anode voltage may not become negative). The requirement 

for optimum matching is therefore that with an a.c. amplitude la max 
there must be an alternating-voltage amplitude equal to Vao, thus 

V 
R^ = [see Equation (143)]. 

•■•a max 
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From this the ratio of the output transformer can be calculated as 

follows: 

^ Jtx ^ Vao 

max 

(152) 

and 4V. 
Ri 

(153) 

The same formulae apply for triodes in Class-B push-pull connection 
with grid current. 
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CHAPTER XVIII 

Rectification of the R.F. or LF. Signal 

102. Rectifying Action of the Diode 

As already explained in Chapter IX, the modulation signal is separated 
from the carrier wave in the detector valve. In order to effect this the 

modulated H.F. or I.F. signal has to be rectified. The direct voltage 
thereby obtained, however, has not a constant value. Due to rectifi¬ 
cation the lower half-cycles of the alternating voltage of the signal, 

for instance, are suppressed, in which case only the upper half-cycles 
remain, and their amplitudes increase and decrease according to the 

superimposed modulation frequency 

Envelope f'ig* 208b). If the rectifying 
circuit consists of a rectif5dng valve 

with a buffer or reservoir condenser 
and a leak resistance and these ele¬ 

ments are proportioned so that only 
the H.F. fluctuations of the half¬ 
waves are smoothed and not the 
L.F. fluctuations, only a unidirectional 

voltage fluctuating in accordance with 
the modulation frequency remains 
across the resistance (see Fig. 208c). 

If this fluctuating unidirectional volt¬ 
age is applied to a coupling element 
consisting of a resistance and con¬ 
denser (CR element) (Fig. 209) the 

steady component of voltage will be 
blocked by the condenser C and across 

Fig, 208 
a) Modulated carrier wave. 
b) Owing to the rectifying action of the detector 

valve the negative half-waves are not passed 
through, so that only the signal remain. 

c) Due to the time constant of the leak resist¬ 
ance and the condenser used for detection 
there remains across the leak resistance a 
negative direct voltage with a low-frequency 
modulation superimposed upon it. 

d) After the blocking condenser there is only 
the L.F. modulation remaining. 
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the resistance R there will be a L.F. alternating voltage 

of the same frequency as that with which the carrier 

wave was modulated (see Fig. 208d). The process where¬ 
by the H.F. component of the rectified H.F. signal is 

smoothed by means of a condenser with a resistance 
in parallel—^which results in a direct voltage fluctuating 
in accordance with the modulation frequency—may be 

explained in the following manner (see Fig. 210). 
In Fig. 210a a sinusoidal alternating voltage is produced by the gener¬ 
ator G, connected in series with a valve V (the rectifying or detector 

valve) which allows the generator current to pass only in the direction 
of the arrow. This generator G in series with the valve V produces 

between the points 1 and 2 a pulsating direct voltage, the wave form 
of which is represented by the full-line curve in Fig. 210b. The internal 
resistance of G and V in series is here assumed very small compared 
with R in the conducting direction of V and infinitely large in the 

opposite or blocking direction. If now the condenser C is connected 

in parallel with R the former will be charged when the voltage pulse 
at terminal 1 is positive and as soon as the voltage of this pulse drops 

again it will partly discharge itself through the resistance R until it 
is re-charged by the next voltage pulse. Thus the voltage at the con¬ 
denser does not follow the full-line curve of Fig. 210b but the broken 

line and consequently has a more 

or less constant value. Obviously 

the discharge current through 
the condenser becomes smaller 

when the resistance is higher, 
so that the condenser discharges 

more slowly and after a certain 
discharge period the voltage 
across the condenser will have 
dropped less. It will also be 
evident that a certain discharge 
current in a given interval of 
time will cause less voltage drop 
with a large condenser than 

with a small one. In order to 

obtain a direct voltage as 
constant as possible one must 
therefore have a large condenser 

and a high resistance value. 

V 

Fig, 210 
a) Generator G of a sinusoidal alternating 

voltage having a low internal resistance. 
This generator is connected in series with 
a valve V (e.g., a rectifying valve) which 
allows the current from the generator to 
pass only in the direction of the arrow. In 
parallel with the series combination of G 
and V is a condenser C and a resistance R. 

b) Full line: Pulsating direct voltage, which 
in the absence of the condenser C is pro¬ 
duced by the generator G in series with 
the valve V between the terminals 1 and 
2, plotted as a function of time. 
Broken line: Voltage variation across the 
resistance R (between the terminals 1 
and 2) when a condenser C is connected 
in parallel with R. 

C 

Fig, 209 
CR circuit. 
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For the process of detection, however, these components may not be so 
large as to influence the much slower modulation fluctuations super¬ 
imposed upon the rectified voltage. 
The voltage across a condenser that discharges through a resistance 
is a function of time and, as already explained above, depends upon 

the capacity value C and the resistance value R. The formula for the 
voltage across the condenser is 

V - V 

in which is the voltage between the condenser plates at the be¬ 

ginning of the discharge, e the base of natural logarithms (e = 
2.7182 ....), t the time of discharge in seconds, R the resistance in 
ohms and C the capacity in farads. 

The constant RC of a smoothing filter consisting of a resistance and 
a condenser is equivalent to the time interval in seconds required for 
the voltage across the condenser to diminish to 1/2.72 of its original 

value, for when t — RC Formula (154) becomes == g-i == 

Vco/2.72. This time is very easily calculated from the product of the 
capacity in farads and the resistanee in ohms. For example, a condenser 

of 100 and a resistance of 1 megohm will have an RC constant 

of 100 X 10*"^^ X 10® = 10“^ second, that is to say, the voltage aeross 
the condenser will have dropped to 1/2.72 of its original value after 
l/10,000th of a second. A wavelength of 2,000 metres corresponds to 

a frequency of 150,000 c/s so that the duration of a cycle is 1/150,000th 
of a second. In this short time with the given CR smoothing circuit the 
condenser voltage will remain practically constant. At shorter wave¬ 
lengths the conditions for smoothing will be still more favourable. 

The highest modulation frequency occurring in practice in radio broad¬ 
casting is usually about 5,000 c/s. The condenser with leak resistance 
must therefore have such an RC constant that the condenser discharge 
is not slower than the drop of the sinusoidal wave for 5,000 c/s if the 

leak-resistance voltage is to follow precisely the modulation envelope 

for 5,000 c/s. If the RC constant is less than ^ times the duration 

of the modulation cycle the leak-resistance voltage follows the modu¬ 
lation envelope exactly when the modulation depth is 70%. With 
smaller modulation depths the RC constant may be chosen proportion¬ 
ately greater. From this it follows that for the CR circuit described 
above having an RC constant of 10~® second and for a modulation 
depth of 70% the upper frequency limit amounts to 1,600 c/s; in practice 

it is common to use a condenser of 100 /x/jiF and a leak resistance of 
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Fig. 211 
Connection of a diode, in series 
with a resistance, to an oscillatory 
circuit. 

0.5 megohm; consequently the time constant is half the value indi¬ 

cated above and since a modulation depth of 70% at the high frequencies 
hardly ever occurs, modulation frequencies of 5,000 c/s and higher 

are reproduced without distortion. 
In the rectification of a signal use is made of the property of the radio 
valve to pass electrons exclusively from the emitting cathode to the 
anode and not in the reverse direction. For this purpose a diode (valve 

with two electrodes) is therefore adequate. If a diode is connected in 
series with a resistance across a resonant circuit, as represented in 
Fig. 211, and if in that circuit an alternating voltage of the resonant 
frequency is applied, then the diode will allow the current to pass 

only in the direction of the arrow. As a 
result a pulsating direct voltage is de¬ 

veloped across the series resistance R. 
If now the resistance R is shunted by 
a condenser C (see Fig. 212) a smoothing 

circuit having a certain RC constant is 
obtained, and if this constant is chosen 
correctly the direct voltage across R will 
be practically steady. Thus we have at 
the anode of the diode a negative direct 
voltage and a H.F. alternating voltage 
(see Fig. 214). 
Assuming that the direct voltage across 
the condenser remains constant, only the 

shaded voltage peaks will cause a passage 
of current through the diode; consequent¬ 
ly, it is due to them that the direct 

voltage across the leak resistance is 
developed. If the diode alternating voltage 
drops the voltage peaks disappear and 

the current through the leak resistance 
falls until a new equilibrium is reached. 
When the alternating voltage across the 

resonant circuit is modulated it in¬ 
creases and decreases in sympathy with 
the modulation frequency; with the right 
choice of R and C the modulation fre- 

Circuit of a diode with leak quency will remain across R as a direct 

''<>“.8' flu»h»tion. The low-frequency 
a filter consisting of and Rj. voltage supenmposed on the direct voltage 

o 
o 
o 

Fig. 212 
Connection of a diode, in series 
with a resistance with a condenser 
in parallel with it, to an oscil> 
latory circuit. 
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can be separated by means 
of an RC circuit. Now¬ 
adays it is usual to con¬ 
nect the leak resistance 
R of the rectifying circuit 
between the cathode of 
the diode and the resonant 
circuit, so that the com¬ 
plete rectifying circuit is 
as represented in Fig. 
213. The negative direct 
voltage across R is then 
blocked by the condenser 

Cl and can be used in the set for special purposes (see Chapter XXIII). 

103. Effect of the Curront-^Voltage Curve of the Diode 

The current which causes the voltage drop in the leak resistance flows 
through the diode and is governed by the alternating voltage applied 
and the properties of the diode. The variation of H.F. voltage caused 

by the modulation should in principle result in an absolutely identical 
variation of the direct voltage across the leak 
resistance. In order to achieve this, however, 
account has to be taken of the properties of 
the diode, and these will now be examined. 
The direct current passing through the diode 
can be plotted as a function of the direct 
voltage applied. Such a curve, where I^ is 
plotted on a logarithmic scale, is shown in 
Fig. 215. Owing to detection, a negative direct 
voltage is produced across the leak resistance 
and this therefore exists between the anode 

and the cathode of the diode. At the same 
time there is the applied H.F. alternating 
voltage between anode and cathode. As a con¬ 
sequence of the superposition of an alternating 
voltage upon a negative direct voltage periodic 
current pulses flow through the diode from 
anode to cathode; the mean value of the 
current pulses flowing through the diode can 
be measured. When the diode receives large 
signals its anode will acquire such a strongly 

Fig. 215 
Current through a diode 
as a function of the direct 
voltage applied. 

Fig. 214 
H.F. alternating voltage and negative direct voltage 
at the anode of the diode as a function of time. 
Only the shaded voltage crests cause a current to 
flow through the diode. 
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-- negative potential that only the peaks of the 
alternating voltage will cause a current to 

^k)mcostjf flow through it. 
r If, as shown in the diagram of Fig. 216, the 

y direct current through the diode is measured 
- -||||-1 and plotted as a function of the applied 

negative direct voltage for a series of alter- 
nating voltage values (V^ = peak value of 

direct current through a the alternating voltage applied), a family of 
diode as a function of the curves is derived as shown in Fig. 217. These 
direct voltage for a number ^ 
of values of the simuitane- curves therefore show the relation between 
ousiy applied alternating mean diode current I, the direct voltage 
voltage. ^ across the diode and the amplitude of the 

H.F. signal V^. 
As already explained, owing to rectification the direct voltage across 
the diode is produced by the voltage drop across the leak resistance 

R, so that when the leak resistance is connected to the cathode the 
average current I through the diode should satisfy the equation 

Fig. 216 
Circuit for measuring the 
direct current through a 
diode as a function of the 
direct voltage for a number 
of values of the simultane¬ 
ously applied alternating 
voltage. 

—V = IR. 

In Fig. 217 this equation is represented by the straight line OP for 
R = 0.5 megohm. The point P gives, therefore, the value for I where 
the leak resistance is 0.5 megohm and the H.F. amplitude is 0.5 volt. 

If now there is a modulated 
H.F. alternating voltage 

across the diode the voltage 
will increase and decrease 

in accordance with the 
modulation frequency, and 
the direct voltage across the 

leak resistance will fluctuate 
correspondingly. Thus a di¬ 
rect voltage upon which 
the alternating voltage of 
modulation frequency is 

superimposed is set up 
across the leak resistance. 

If there is a single modula¬ 
tion frequency, for instance 
500 c/s, and the modulation 

depth is 40%, with an un- 

Si4S0 

Fig. 217 
Family of curves representing the direct current 
through the diode as a function of the negative 
direct voltage applied, for different values of the 
simultaneously applied alternating voltage. 
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modulated carrier-wave amplitude of 0.5 volt the voltage will fluctuate 
between 0.7 and 0.3 volt. Consequently the direct voltage across the leak 
resistor fluctuates 500 times per second between the point of intersec¬ 
tion of the straight line (OP) with the curve for = 0.7 V and that 

with the curve for Vj^ = 0.3 V. For undistorted reproduction of the modu- 
latiofl of the carrier wave across the leak resistor the resistance line 
should be uniformly divided by the curves I = f(V). The distances from 

— 0.5 to 0.6 and from 0.5 to 0.4 should therefore be equal, as also the 
distances from — 0.5 to 0.9 and from 0.5 to 0.1. From the curves of 
Fig. 217 it appears that in the case of large signals this requirement is 

satisfied but not in the case of small values of because the curves 
I — f (V) corresponding to these small values lie closer together and there 
is therefore no linear relation between the increase of and that of the 
direct voltage V. With signals smaller than 0.03 volt the direct voltage 

increases approximately in proportion to the square of the amplitude 
of the H.F. voltage; with signals greater than 1 volt the direct voltage 
increases directly proportionally to the H.F. alternating voltage. With 
values lying between these figures the direct-voltage increase is neither 
directly proportional nor proportional to the square of the H.F. voltage 

amplitude. Only when the relation between the H.F. signal amplitude 
and the direct voltage is linear will the carrier-wave modulation be 

With weak signals (< 0.03 V), square- 
law detection will cause serious dis¬ 
tortion; with a modulation depth of 
80% there is 20% second-harmonic 
distortion. For good quality of repro¬ 

duction it is therefore necessary to 
ensure that even with weak signals 
the amplitude is greater than 1 volt. 
For all Philips diodes characteristics 

are published from which the increase 
of the direct voltage across the leak 

Fig. 218 
Direct voltage V^ and increase J V of the 
direct voltage at the terminals of the leak 
resistance of a diode, as a function of the 
unmodulated H.F. alternating voltage. L.F. 
alternating voltage Vlp at the leak>resistor 
terminals as a function of the 80% modulated 
H.F. voltage. These curves apply to a leak 
resistance of 0.5 megohm. 

241 

reproduced undistorted. 



RECTIFICATION OF THE R.F. OR I.F. SIGNAL CH. XVIII 

resistance with respect to the 
direct voltage without a signal 
can be read off as a function 
of the effective (r.m.s.) value 
of the H.F. alternating 
voltage at the diode for a 
leak resistance of 0.5 megohm 

(see Fig. 218). These curves 
are obtained by measurement 
but can also be derived from 

the curves of Fig. 217 by 
reading off the increase of the 
direct-voltage values corres¬ 

ponding to the points of intersection of the 0.5-megohm-resistance 
line with the curves for For diodes, curves are also published 
indicating the direct voltage at the leak resistance as a function of 
H.F. voltage. Furthermore, a curve is given for each diode from which 
the L.F. alternating voltage at the leak resistance as a function of the 
r.m.s. value of the H.F. alternating voltage, 30% modulated, can be 
read off; this curve can also be derived from that giving the direct- 
voltage increase across the leak resistance as a function of H.F. voltage 
applied to the diode. 

104. Influence of the Coupling Element upon Detection 

In the foregoing it was assumed that the leak resistance of the diode 
is the only resistance in the diode circuit. For the L.F. range we have 
usually in parallel with that resistance the leak resistance of the ampli¬ 
fying valve that follows the diode (see Fig. 219) and sometimes also 
the smoothing resistance of the automatic-volume-control circuit (see 
Chapter XXIII). These resistances, it is true, are separated so far as 
d.c. is concerned by condensers, but as these condensers have to pass 
the low frequencies, (or, in other words, for good smoothing have to 
be chosen so large that their impedance to low frequencies is small) 
the resistance for the L.F. fluctuations across the leak resistance is 

changed. The L.F. resistance is calculated from the parallel connection 
of the diode leak resistance, the grid leak resistance of the following 
valve and any smoothing resistance used for the automatic-volume- 
control circuit. Where the modulation depth of the carrier wave is 
large this factor may result in considerable distortion, as will become 
evident from a study of Fig. 220, in which the curves I = f(V) are 
plotted once more with Vj„ as parameter. 

Fig, 219 
Connections of a diode rectifier with coupling 
elements to the succeeding I^.F. amplifier and 
to the automatic-volumc-control circuit. 
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Fig, 220 
Family of curves I = f(V) of a diode with Vm as parameter. The line OA 
represents the diode leak resistance which constitutes also the d.c. resis¬ 
tance of the circuit. The line XB corresponds tti the a.c. resistance. As soon 
as the L.F. amplitude exceeds PX serious distortion arises, owin^? to the 
modulation crests not being reproduced. This ligure applies to linear 
rectification. 

Here the line OA represents the current-voltage characteristic of the 

d.c. resistance Rg of the diode circuit, i.e., of the 0.5-niegohm leak 
resistance. When the voltage of the H.F. signal carrier wave amounts 
to, say, 5 volts the negative direct voltage across the leak resistance 
adjusts itself to the point P. If, now, the L.F. load is provided by the 
leak resistance Rg, the modulation fluctuations follow that line; thus 

with a modulation depth of 80% the point indicating the relation 
between the negative direct potential V, the H.F. alternating voltage 

and the direct current I will fluctuate between the points S and 
Q on the line Rg. As the lines for equal increments of in this region 

cut the load line into equal sections, when the modulation is sinusoidal 
the L;F. alternating voltage will likewise be sinusoidal. If, however, 
the a.c. resistance deviates from Rg and equals, for instance, R^,, the 

point indicating the relation between the direct current I, the negative 
direct potential V and the H.F. alternating voltage will move along 

the line R^. Given a certain critical modu¬ 
lation depth the “operating point’’ fluctuates 
as far as the point X. It will be evident that 
as the modulation depth exceeds this critical 
value there will be serious distortion, be¬ 
cause the peaks of the sinusoidal modulation 
curve are then no longer reproducedl across 
the leak resistance (see Fig. 221). The 

Fig, 221 
Digtortion due to flattening of 
the modulation crests. 
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modulation depth that 

can be applied without 
distortion arising from 
the flattening of the 

sinusoidal modulation 
curve crests is ap¬ 

proximately equal to 

tig 

If deviates from 
Rg the flattening of 
the modulation crests 
can be avoided, as 
shown in Fig. 220, by 
applying to the leak 

resistance a bias potential which is positive with respect to the 
cathode (OZ in Fig. 220). 

The permissible modulation depth is greater for small signals and may 
be equal to unity. From Fig. 222, which applies to small signals, it is 
seen that there is no distortion as a consequence of absence of the 
modulation crests. With small signals, however, there is distortion, 
already explained, due to non-linear rectification. Consequently diode 
detection is free from distortion only when the amplitude of the carrier 
wave is sufficiently large and the L.F. a.c. load of the diode deviates 

little from the leak resistance R. 

Fig. 222 
D.C. resistance and a.c. resistance with squarelaw de¬ 
tection. When the modulation depth is great the modu¬ 
lation crests are not cut off. 

105. Damping caused by the Diode Detector 

(a) Origin of the Damping 

The damping of an oscillatory circuit increases when a resistance 
is connected in parallel (see Chapter XXV, Section 148). If there 
is a diode with leak resistance and smoothing condenser (see Fig. 
228) in parallel with the oscillatory circuit, in consequence of the 
continuous discharge of the condenser C, a direct current Ig will 
flow through leak resistance R. The power dissipated by the leak 
resistance is then P = which has to be supplied by the 
oscillatory circuit. This entails an increase of the damping of the 
circuit. 
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(b) Equivalent Resistance for the Rectifying Circuit 

The damping caused by the rectifying circuit may be represented by 

a resistance called the equivalent resistance of the diode circuit. It 
is apparent that the value of the equivalent resistance varies for 
different values of alternating voltage. 

(a) Damping with Large Signals 

According to Section 103, with H.F. amplitudes greater than 1 volt 
the detection is linear. In that case the negative potential between 

the anode and cathode of the diode has such a large value that current 
flows through the diode during only a very small part of the a.c. voltage 
cycle. As may be proved both mathematically and by measurement, 
for such signals there is a damping resistance 

(157) 
» c-« 

in which R is the leak resistance, the diode-alternating-voltage 
amplitude, and the direct voltage on the smoothing condenser 
or leak resistance. With very large signals (V^ > lOV) the quotient 
Vm/Vc« approximates unity, so that R^ then equals ^R. 
From this it follows that a leak resistance of high value has to be 

used in order to keep the damping as low as possible. A satisfactory 
value in practice is 0.5 megohm. If this resistance is chosen too large 
there is the drawback that in consequence of the limited value of the 
grid leak resistance of the following amplifying valve distortion arises 
from the flattening of modulation crests when the modulation depth 

(P) Damping with Small Signals 

With small signals (amplitude <0.1 V) 

the negative direct voltage produced across 
the leak resistance is so low that the 
diode allows current to pass during the 

whole alternating-voltage cycle. [As ex¬ 
plained in Chapter IV, Section 17, where 
there is a low negative voltage at the 
anode, current (the potential-barrier cur¬ 
rent) flows owing to the emergence veloci¬ 
ty of the electrons from the cathode.] From 
the anode - current - anode - voltage curve 

is great (see Section 104). 

Fig. 223 
Connection of a diode detector 
in parallel with the preceding 
oBcillatory circuit. 
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(plate characteristic) of Fig. 215 it appears that with a negative voltage 
of 0.7 V this current has a value of 2.5 //A. In Fig. 224 the same curve 
is plotted afresh on a linear scale, with the resistance line for R = 0.5 
megohm added. The point where the resistance line intersects the plate 

characteristic lies at = —0.74 V, so that according to this figure the 
diode adjusts itself to this voltage when there is no signal. With small 
signals, sueh as are represented by Vjg, current flows during the whole 

cycle, even when taking into account the fact that the point P is shifted 
somewhat farther to the left owing to the direct current generated by the 
rectifying action. Since current is flowing during the whole of the alter¬ 
nating voltage cycle, with small signals the damping of the rectifying 
circuit on the oscillatory circuit is determined by the alternating 
current resistance R^ of the diode (for 
an alternating voltage the leak rcsis- j 
tance is shunted by the condenser C). 
The alternating-current or internal re- I 
sistance R^ can be determined approxi- I 
mately by drawing the tangent to the I 
curve' through the point P. From this 
figure it is then seen that the a.c. resis- 
tance amounts to 55,000 ohms, whereas 
measurement on a normal diode gives 
a value of 70,000 ohms (see also Fig. 
225). 
Fig. 225 gives the damping re- /_ 
sistance as a function of the / 
H.F. voltage at the diode 
with a leak resistance of 0.5 
megohm. The dot-dash line -{cw[ nOs j-aV -02 

gives the damping resistance [ |_ 
as a function of H.F. voltage j ! 

for the case where a positive U—}*Ti 
bias of 1.8 V is applied to the 
anode of the diode. [A posi- 
tive bias may be applied in 
order to avoid the modulation 
crests not being reproduced 
when the a.c. and d.c. resis¬ 
tances are unequal (see Sec¬ 
tion 104)]. 
From Fig. 225 it appears that 

Fig. 224 
Current Id through the diode as a function of 
applied direct voltage Vd. The line for the leak 
resistance R = 0.5 megohm is also drawn. 
With small alternating voltages current flows 
through the diode during the whole cycle (see 
loi and Io2)« The a.c. resistance of the diode is 
then approximately equal to the internal 
resistance R^. 
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with small signals the 
damping resistance 
without bias is 70,000 
ohms and with large 

signals J x 0.5 = 0.25 
megohm. In order to 
keep the damping as 
small as possible it is 
therefore advisable to 
work with large signals 

on the diode (this is 
also advisable from the 
point of view of mini¬ 

mizing distortion). 
This figure further 
shows that with small 
signals a diode to 

Fig. 226 
Principle of the circuit of 
a diode detector connected 
to an earthed oscillatory 
circuit. 

19199 

Fig. 227 
Equivalent circuit of a 
diode detector which is con¬ 
nected to an earthed os¬ 
cillatory circuit. The total 
damping resistance is 
formed by the combination 
of R and Rd« 

£L 

Full line: H.F. resistance or damping of a diode detector 
as a function of the signal voltage. 
DoUdaih line: H.F. resistance as a function of the a.c. 
voltage, if the leak resistance is connected to f 1.3 V. 

which a positive bias is applied gives much 
greater damping. 

(c) Damping when the Leak Resistor is 
Parallel to the Circuit 

A rectifying circuit as represented in Fig. 226 
is often employed. It is used, for example, 
when one side of the oscillatory circuit is 
earthed or with rectifiers for delayed automatic 
volume control. In that case the damping 
resistance of the rectifier alone amounts to 

R/2 with large signals. Moreover, the leak 
resistor R is then in parallel (see Fig. 227), so 
that the resultant damping is equal to 

R 

-[“ R 
2 

With small signals R is usually much greater 
than the a.c. resistance of the diode, so that 
in practice this latter figure can be used for 
calculations. 
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106. Anode Detection 

An alternating voltage can also be rectified by utilising the curvature 
of the transfer characteristic of a valve. In Fig. 228 for instance, by 

means of the negative grid voltage (adjusted to Vg = Vg^,) the working 
point P has been so chosen as to give zero anode current when no 
grid alternating voltage is present. 
If now an alternating voltage is applied to the grid, anode current can 
flow only during the positive half-cycles. Consequently this gives rise 
to a unidirectic»nal pulsating anode current which is equivalent to a 
mean steady anode current I. If a coupling element with sufficiently 
large time constant is provided in the anode circuit, for example a 
resistance parallel to a condenser (see Fig. 229), the anode-current pulses 
will give rise to a mean direct voltage V across that coupling element. 
Obviously, the anode-current peaks increase in size according to the 
rise in amplitude of the grid alternating voltage and this is accompanied 
by an increase in the mean steady anode current. 
If, in Fig. 229, is a L.F. modulated H.F. alternating voltage and 

the time constant RiCj of the 
anode coupling element is so 
chosen that the H.F. ripple 
across the condenser is smoothed 

out, but not the modulation 
ripple, then there arises across 
the coupling element RiCj a L.F. 

alternating voltage superim¬ 
posed on the direct voltage V. 
This L.F. alternating voltage 

can be separated from the direct 
voltage V by means of a con¬ 
denser-resistance coupling (Cg 
and Rg in Fig. 229), as is done 
in the case of diode detection. 
The anode detector has the ad¬ 
vantage that there is no damping 
of the grid oscillatory circuit, pro¬ 
vided that care is taken to hold 

the amplitude of the alternating 
grid voltage below the absolute 
value of VgQ, that is to say, pro¬ 

vided that no grid current flows. 

Fig, 228 
Transfer characteristic of an amplifying 
valve. The working point P is adjusted to 
the grid voltage Vgo, at which the anode 
direct current is zero. Consequently only 
the positive half-cycles of an alternating grid 
voltage Vi can cause anode current to flow. 
Thus there arises a unidirectional pulsating 
anode current equivalent to a continuously 
flowing direct current I. 
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Fig, 229 
Circuit diagram of an anode detector. In the anode 
circuit a coupling element RiC^ has been introduced 
with a time constant large enough to obtain a 
steady direct voltage V. 

In order to avoid grid cur- 
rent at a certain ampli- “t J—a r-r—) -—HI—pT 
tude of grid alternating o § I ^ L 2 I 
voltage, the working point | | „ |/% "c, -I Y 
P has to be chosen suffi- ? u 
ciently far to the left. _ I 

Should the working point 
happen to be at the same ^ 

. . Circuit diagram of an anode detector. In the anode 
time the cut-off point, the circuit a coupling element RjCj has been introduced 

direct anode voltage must ^ constant large enough to obtain a 
. ® steady direct voltage V. 

be fx times as great as the 

grid bias chosen, where 
(jL is the amplification factor. To get the desired result with the lowest 
possible anode voltage, we must choose a valve with small amplification 
factor, but then this means a low gain, so that it is necessary to seek 
for each individual case the best compromise between amplification and 
anode voltage. 
For rectifying a signal with an r.m.s. value of 5 V, or a peak value 
of 7 V, when using a triode with an amplification factor of 20 and with 
grid current beginning to flow at —1.3 V, an anode voltage of at least 
20 X (7 + 1.3) = 166 V is needed to avoid grid-current damping. 
Another advantage of the anode detector according to Fig. 229 is that 
amplification takes place in the valve simultaneously with the detection. 
With a pentode used for anode detection (see Fig. 230) a detector- 
amplification factor of about 8 can be obtained. By detector amplifi¬ 
cation is to be understood the ratio of the L.F. output alternating 
voltage to the 30% modulated H.F. input alternating voltage. When 
using the pentode AF 7 in a circuit as illustrated in Fig. 230, at a H.T. 

supply voltage = 250 V, 

■ I 10000® screen-grid voltage Vg* = 
__r^:iJ__ _Hhrnr resistance 
^ t I § 2 I “ 10,000 ohms and an 
g 9- Vi g i-Ej anode coupling resistance 
^_V I I Rj^ = 0.32 megohm, the 

^ _L detector amplification a- 
mounts to 8.4. With an 
alternating output voltage 

_jjf_J_of 14 V the distortion is 
5.6O/0. 

Cii^t diagram of a H.F. pentode used for anode Generally speaking, the L.F. 
detection. distortion with anode detec- 

lOOOOpfiF 
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tion is greater than that with diode detection, because there is no 

question of any Knear detection, even with comparatively large 

alternating grid voltages. 
When a pentode is used as anode detector, the screen grid has to be 

fed via a voltage divider of low internal resistance, because when 
feeding through a series resistance the screen-grid voltage drops as 
a result of the increase in screen-grid current accompanying a rising 
alternating grid voltage, and with that the grid range is also reduced. 
The application of automatic grid bias (self bias) as indicated in Fig. 
230 has the advantage that with increasing signal the negative bias 
rises, consequently larger signals can be rectified, without involving 
grid current, than is possible with a fixed negative grid bias and the 
same anode voltage. This is mainly of importance when it is desired 

to rectify very large alternating voltages, say of the order of 80 to 
100 volts, while retaining a high input impedance and thus avoiding 
grid current. With a fixed grid bias and a valve having an amplification 
of 20, for an alternating grid voltage of 100 volts we would require an 

anode voltage of 100 ^^2 X 20 = 2800 V, which is prohibitive for 
valves of normal dimensions. 
The same alternating grid voltage however can be rectified with a 

direct anode voltage of 350 V and a valve having an amplification 
factor of 20 by applying self bias. The only conditions are that the 

transconductance of the valve and the cathode resistance must be 

large enough. It is to be deduced that the product g^Rk (transconductance 
X cathode resistance) must satisfy the requirement: 

7c^ I /zVi Y2 
21/2 I V, ; ’ 

(159) 

where V| is the r.m.s. value of the alternating input voltage, fi the 
amplification factor and the direct anode voltage. 

(Va = V,-V,«V,-Vil/2). 

Further, for the circuit of Fig. 231 it can 

be deduced that if the grid is earthed, thus 

V, = 0, 

R. + (^ + l)Rk 
(160) 

and 

V __ 
R./Rk + /* + 1 

(161) 

Fig, 231 
Fundamental circuit dia¬ 
gram of an anode detector 
with self bias. 
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If Rjj then (160) resolves into: 

* (// + 1) Rjc 

and (161) into: 

+ 1 

(162) 

(163) 

From this last equation it appears 

that the cathode voltage Vj^ is then 
independent of the value of the 

cathode resistance. 
A family of rectification curves 

can be measured for anode de¬ 
tection, just as has been done for 
diode detection in Fig. 220. 
Fig. 232 shows the principle of the 

measuring circuit and Fig. 233 
gives a family of curves for the 

experimental triode EC 51. This 
indicates the relation between the 

mean direct anode current 1^, the 

negative bias voltage Vg applied to 
the grid and the r.m.s. value 
of the alternating voltage cos cot 

likewise applied to the grid. 
The direct anode current and 
hence the detection characteristic 

can be determined from this family 
of curves as a function of the alter¬ 
nating grid voltage for any value 

of cathode resistance. From the 
characteristic we can also find the 
detection curve for a fixed bias, by 
dropping a vertical line through the 
point Vgo on the x axis correspond¬ 
ing to the assumed value of grid 
bias (see the dotted line in Fig. 283). 

Fig, 232 
Circuit for measuring the direct current 

through a triode as a function of 
the direct grid voltage Vg for a number 
of values of the grid alternating voltage 
Vm coscot applied simultaneously. 

Ia(mA) 

Fig, 233 
Family of curves representing the direct 
anode current 1» through a triode as a 
function of the negative direct voltage 
applied to the grid, for various values 
of the alternating voltage applied simul¬ 
taneously to this grid. These curves apply 
for the experimental triode EC 51 with 
V, = 100 V. 
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107. Grid Detection 

Grid detection is in essence the same as diode detection. The grid and 
cathode of an amplifying valve, e.g. a pentode, are used as two electrodes 
of a diode, the anode current of the valve being thereby controlled by 

the direct voltage on the grid resulting from rectification. Fig. 234 
shows the principle of the circuit. A direct voltage is produced across 
the leak resistance, which may be, for instance, 1 megohm, the grid 

being negative with respect to the cathode. If the time constant of 
is so chosen as to be large for the carrier-wave frequency of the 

input alternating voltage but small for the modulation frequency, then 
there arises across Rgi an alternating voltage that fluctuates with modu¬ 
lation frequency. At the same time across Rgi there is the applied 
alternating voltage with the carrier-wave frequency, and this has to 
be smoothed out in the anode circuit by means of the capacity 
(= 250 jW/zF). The modulation-frequency voltage across Rgj is ampli¬ 

fied in the anode circuit. 
With such a circuit used for pentodes showing a transconductance of 
about 2 mA/V and having an anode coupling resistance of about 0.2 

megohm a detector amplification of 20 to 30 can be reached. The 
screen-grid voltage has to be chosen fairly low, about 37.5 V, so as 
not to obtain too large a steady anode current in the absence of an 

alternating input voltage. In that case, owing to grid current, the 
grid adjusts itself to a negative voltage of about —0.7 V. Moreover, 
under these conditions, with a higher screen-grid voltage the working 

point would come to lie higher in the upper bend of the transfer charac¬ 
teristic, so that the transconductance would be very small and the 
L.F. distortion very large for small signals (see Fig, 235). 

For rectifying signals that are not so small it is desirable to have 
a larger grid range of the transfer characteristic. In the case of a 
fixed screen-grid voltage, as results from Fig. 235, the working point 

shifts towards the lower 

bend of the transfer charac¬ 
teristic, due to rectification. 

This results in a simultane¬ 
ous occurrence of anode de¬ 
tection. The L.F. alternating 

voltage obtained in the 
anode circuit as a result of 
this anode detection is in 

anti-phase with respect to 
Fig, 234 
Circuit diagram of a pentode used as grid detector. 
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that obtained by grid detection, so 

that the resulting alternating voltage 

is much smaller than that obtained 
with grid detection alone. In order to 

avoid this undesirable effect the 
supply to the screen-grid has to be 
effected by means of a series resis¬ 

tance. Since with increasing input 
alternating voltage the negative grid 
voltage also increases, the direct anode 

current and the screen-grid current 
will drop. When the screen grid is fed 
via a series resistance the screen 

grid voltage is able to rise, and con¬ 
sequently the grid range expands 
automatically. This avoids shifting 
of the working point to the lower 

bend of the characteristic. Fig. 235 
gives a family of transfer character- Fig, 235 

istics for various screen-grid voltages Transfer characteristics of pentode 
j? 1 j j ^ various screen-grid voltages 

01 valve il<r 6 used with an anode and for an anode series resistance of 

series resistance of 0.2 megohm. The megohm connected to the H.T. 
, supply of 250 volts, 

obliquely ascending curve represents 
the anode current as a function of 

the negative grid voltage when the screen grid is fed via a series resis¬ 

tance of 0.6 megohm from a H.T. supply source of 250 V. It is to be 
seen that for each negative bias the screen-grid voltage adjusts itself 
in such a way that the working point lies roughly in the straight part of 
the transfer characteristic corresponding to that particular voltage. 
In this'Way one gets the least distortion and anode detection is avoided. 
The maximum L.F. alternating anode voltage obtained with a certain 

admissible percentage of distortion (say 5%) depends upon the length 

of the straight part of the transfer characteristic between the upper 
and lower bends. When using an EF 6 as grid detector, for = 250 V, 

Rj^ = 0.2 megohm, R^g = 0.6 megohm, a maximum alternating anode 
voltage of 16 can be obtained. The detector amplification is then 
about 32, but it becomes smaller as the signal is weaker, because the 
detection is not linear. Since the alternating grid voltages are small, 
the grid rectification follows a square law and the distortion is much 
greater than in the case of diode detection, where a linear detection can 
be obtained by applying larger signal voltages. 
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With grid detection it is not possible to apply large signals, because 

these would cause too large a grid swing by the L.F. alternating voltage, 

accompanied by excessive distortion. With grid detection the sensi¬ 
tivity of the circuit can be considerably increased by employing 

back-coupling, to which we shall revert in Chapter XX when dealing 

with oscillators. 
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CHAPTER XIX 

Mains-voltage Rectifiers 

108. Introduction 

Generally the only source of supply for energizing the valves of a 

receiving set is the alternating voltage from the lighting mains. An 
a.c. supply has the advantage that with the aid of transformers the 
voltage can easily be stepped up or down to the desired value. The 
electrodes of radio valves, however, have to be fed with direct current. 

In order to transform the a.c. voltage into d.c. voltage use is made of 
the rectifying action of diodes discussed in the preceding chapter. 

Since the power required for feeding radio valves is much greater than 
the power supplied to the leak resistor by rectification of the R.F. 
or I.F. signal, for rectifying the mains voltage valves which are able to 
pass a much higher current have to be employed. These valves are 
called rectifying valves. 
Although in principle it is feasible to use rectifying valves which are 
filled with gas, thereby reducing the power dissipation in the valve, 
high-vacuum valves are usually employed in receiving sets, because 

gas-filled rectifying valves lead to high-frequency disturbances. 

109. Singlc«-phase Rectifying Valves 

In essence the circuit of a mains-voltage rectifier is the same as that 

of a rectifier for R.F. or I.F. signals. Fig. 236 shows a diagram of the 
circuit of a single-phase rectifier valve. The a.c. voltage from the mains 
is changed by the transformer to such a value that after rectification 
the desired direct voltage is obtained. The condenser C serves as a 
reservoir. If such a condenser were not provided the power supplied 
to the resistance R would be pulsating. The positive half waves of 

the alternating voltage between anode and cathode produce a flow 
of current through the valve in 
the direction of the arrow, from 

anode to cathode; the negative half 
waves do not produce any current. 
Without a condenser current would 
flow through the load resistor 
during alternate half-cycles only. 
The condenser, which acts as a 
reservoir, is charged during the 

ConMctm io o{ 
AC Mams ^Loaa 

Fig, 236 
Diagram of a single-phase rectifying 
valve circuit. 
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positive half-cycles and continuously discharged via the load resistor, 

so that the current supply to this resistor is uninterrupted. It has 

already been explained in the preceding chapter that the condenser 

voltage does not remain constant. This voltage drops during the 

discharge until the condenser is recharged by the next successive 

positive voltage pulse and the condenser voltage rises again. 

Thus the condenser voltage fluctuates between two limits; across the 

condenser is a d.c. voltage with a superimposed a.c. voltage the wave 

form of which (voltage as a function of time) is not sinusoidal. This 

superimposed alternating voltage, which has the shape of a series of 

saw-teeth, is called the ripple of the rectified voltage. In the previous 

chapter it was also mentioned that the fluctuations of the d.c. voltage 

become smaller as the resistance R is made greater. A large resistance 

R corresponds to a low current, so that conversely the ripple with a 

higher current will be large. The larger the condenser the smaller the 

ripple. In a circuit as illustrated in Fig. 236 the frequency of the 

ripple voltage equals that of the mains voltage. During the positive 

half-cycles the voltage rises, and during the negative half-cycles it 

falls. 

From what has been stated above it follows that the ripple voltage 

depends entirely upon the capacity of the condenser and upon the 

current supplied, and not upon the condenser voltage. Between the 

anode and cathode of the rectifying valve there are in fact three 

voltages, viz.: 

1. the a.c. voltage Vtr. which is supplied by the transformer and 

reaches the cathode via the condenser C; 

2. the negative d.c. voltage, which reaches the anode via the trans¬ 

former winding; 

3. the ripple voltage. 

During the negative half-cycles of the transformer voltage the d.c. 

voltage and the negative voltage are added, so that between anode 

and cathode there is a high negative voltage at the peaks of the negative 

half-cycles. This so-called peak^inverse voltage is very little affected 

by the ripple voltage. With this peak-inverse voltage there must be 

no breakdown and the insulation in the rectifier and the distance 

between cathode and anode must be calculated to safeguard against it. 

During the positive half-cycles the negative d.c. voltage and the 

positive peak voltage counteract each other more and less and the 

voltage between anode and cathode is very low. This is graphically 
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illustrated in Fig. 287. 
During the intervals 
t2 tj, t4 —13, etc. the 
condenser is charged and 
consequently the voltage 
of the negative condenser 
plate with respect to the 
cathode rises. During the 
intervals tg — tg, tg —14, 
etc. the condenser voltage 
drops. From this illustra¬ 
tion it is evident that 
between the anode and 
cathode only low positive 
V outages and high negative 
voltages occur. From the 

same figure it is »een that the intervals tg — ti during which the con¬ 
denser is being charged are much shorter than the intervals tg — t j during 

which the reservoir condenser is being discharged via the load resistance. 
During the charging period a charge has to be supplied to the condenser 
which is equal to that lost during discharge. Since the current intensity 
means the displacement of charge through a conductor per unit time, 
it follows that during the charging of the condenser considerably higher 
current intensities occur than during the discharge. 
The mean value of the charging current is equal to the ratio of the 
intervals 

tg ti 

Fig, 237 
Full line: Transformer voltage applied to the 
rectifying valve anode as a function of time. 
DoUdash line: The mean negative voltage of anode 
with respect to cathode. 
Broken lines: The resulting a.c. voltage at the anode 
of the rectifying valve and the ripple of the direct 
vohage across the reservoir condenser. 

times the direct current supplied, and as this ratio is very high the 
rectifying valve must be capable of supplying the high value of the 
current throughout, particularly since the peak value of the current 
is still higher than the mean value during the period tg — tj. The vari¬ 
ation of the ripple voltage is likewise indicated in Fig. 237 and the 
variation of the condenser voltage resulting therefrom is indicated by 
A V^j. Hence the peak value of the ripple voltage is equal to\A The 
plotted wave form of the ripple voltage applies only approximately. 
As the ripple voltage is conducted to the various electrodes of the 
valves together with the d.c. voltage, if it assumes high values the 
loudspeaker will reproduce it in the form of hum. In order to avoid 
this interference condensers of high capacity are usually employed, 
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for instance electrolytic condensers of 
16 or 82 /iF. Usually even these high 
capacities are inadequate for smoothing 
the ripple sufficiently and a smoothing 
circuit, consisting of a choke coil or a 
resistance with a condenser, is intro¬ 
duced after the reservoir condenser. 
Generally this second condenser is also 

electrolytic. 
Fig. 288 shows the diagram of a recti¬ 
fying system with smoothing circuit. The choke coil has a high im¬ 
pedance to the alternating ripple voltage, whilst the impedance of the 
condenser Cg is very low to that voltage; these two together form a 
voltage divider for the ripple voltage to the condenser Ci and only a 
small part of this voltage will reach the load R. 

The degree of smoothing provided by a filter consisting of a choke coil 
of inductance L (corresponding to the d.c. flowing) and capacity Cg 
is given by 

\Ci \C2 

S4481 

Fig. 238 
Rectifying circuit with smoothing 
circuit consisting of a choke coil (L) 
and a condenser (C2). 

1 

co^LCg — 1 
(164) 

in which Vj is the alternating voltage input to the filter and V2 the 
alternating voltage across the output side of the filter, i.e., across the 
condenser Cg. 

Now according to Fig. 237 the ripple voltage across the reservoir 
condenser Cj is not sinusoidal; it is approximately sawtooth-shaped. 
This voltage, however, can be analysed into a sinusoidal fundamental 

wave with higher harmonics. The harmonics have at least double the 
frequency of the fundamental wave and according to Equation (164) 
the second harmonic is therefore smoothed about four times more 
efficiently than the fundamental 
wave. Moreover, the amplitudes of 
the harmonics will be smaller than 
that of the fundamental wave. In 
practice, therefore, one has to take 
into account mainly the smoothing 

of the fundamental wave. 
In the diagram of Fig. 288 the cathode 
of the rectifying valve is connected 
to the transformer winding and the 
anode to the first smoothing condenser. 

Rt 
--- 

— 
r--njiJirLriJ^ -L 

0 
0 

/ § 

1 
<=> 

Vir g L/1 I tr 

0 

J 1^ 1 
0 

Sl_ 

c 

r 

Fig. 239 
Rectifying circuit in series with a 
resistance Rt, representing the in¬ 
ternal Iresistance of the transformer 
and that of the valve. 

258 



109. SINGLE-PHASE RECTIFYING VALVES 

Fig. 240 
Direct voltage across the reservoir condenser 
as a function of the current supplied from 
the rectifier for different no-load voltages 
and for different internal resistances of the 
transformer (Rt = Rg + Rp). 

The advantage of this is that the 
valve-heater winding can be con- 

iiccted to the transformer second- f 
ary winding. This is the circuit 
usually employed with single-phase . 11' 5 i |: J ^ i: 

rectifying valves. |Tf~V... 
Instead of a choke coil a resistance 
can be used in smoothing filters. 
The advantage of a resistance is its _t j_ t. pi f 

low cost, but the voltage drop '-h 

across the resistance is greater T 
than across the choke, so that in oj l]l}ll.jJiiillw 

order to get a certain direct voltage 
across the second smoothing con¬ 
denser C2 provision has to be made for a higher voltage across the 
first condenser. The degree of smoothing of a filter consisting of a resis¬ 

tance R and capacity C is given by 

Vi y{coRC)^ + l 

In the foregoing no account has been taken of the internal resistance 
of the rectifying valve and the transformer. In the diagram of Fig. 239 
the resistance represents the total resistance formed by the internal 
resistance of the rectifying valve and that of the transformer. The 
latter is determined not only by the ohmic resistance of the secondary 
winding, but also by that of the primary winding. It is true that the 
internal resistance should also include the stray reactance of the trans¬ 
former, but this is relatively low and is generally ignored. The internal 
resistance R^ of the transformer can therefore be written as 

Rt = B.(6ec.) + K-Cprlm.)’ (1^^) 

in which n represents the ratio of the number of turns on the secondary 

to that on the primary. 
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Owing to the voltage drop in this internal resistance the direct voltage 

at the condenser will be lower than if there were no internal resistance. 

Further the d.c. voltage is lower if the size of the reservoir condenser 

is reduced. When normal electrolytic condensers are used this effect is 

not noticeable (if there were no reservoir condenser the average d.c. 

voltage would amount to l/^r times the peak value of the alternating 

voltage). 
For a rectifying valve curves can be plotted which give the d.c. voltage 

across the first smoothing condenser as a function of a certain alter¬ 

nating voltage across the transformer secondary winding, for any 

desired current and for different values of the transformer internal 

resistance Rg + Rp, in which Rg represents the resistance of the 

secondary winding and Rp that of the primary. Fig. 240 shows such a 

family of curves with the transformer internal resistance and the 

voltage induced in the secondary winding as parameters. From these 

'curves it can be seen that if no current is supplied the d.c. voltage 

across the reservoir condenser is equal to the peak value of the alter¬ 

nating voltage across the secondary winding. 

110, Double-phase or Full-wave Rectifying Valves 

So far we have been dealing with single-phase rectifying valves, and it 

has been seen that only the positive half-cycles of the alternating voltage 

cause a flow of current between anode and cathode, the current being 

blocked during the negative half-cycles by the valve and the condenser 

discharging itself via the load resistance. Now two single-phase rectifiers 

can be connected in such a way that the reservoir condenser is charged 

by both half-waves, in which case the circuit is referred to as a double¬ 

phase or full-wave rectifier. Such an arrangement is represented in 

Fig. 241, whilst Fig. 242 shows the variation of the voltage across the 

reservoir condenser as a function of time with full-wave rectification. 

This wave-form can be obtained from the wave-forms in the case of 

two single-phase rectifiers whose input voltages are displaced 180° in 

phase with respect to each other. From this diagram it appears that the 

ripple at the condenser has a frequency 

twice as high as that obtained with 

single-phase rectification. As a con¬ 

sequence the ripple can be smoothed 

more easily. Moreover, the ripple is 

smaller than that with single-phase 

rectification, because the discharge 

time of the condenser is not so long, the 
Fig. 241 
Diagram of a full-wave rectifier. 
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next successive charg¬ 
ing pulse beginning much 
earlier. Since the dis¬ 

charge time is so much 
shorter the current peaks 
in full-wave rectification 
during the charging of 
the reservoir eondeiiser 
are much smaller. Con¬ 
sequently not such heavy 
demands are made on 
th' cathode of full-wave 
rectifying valves. Seeing 

that full-wave rectifica¬ 
tion offers iniportant advantages this is almost exclusively employed in 

modern receiving sets. Single-phase rectifying circuits are still used 
occasionally for producing the negative d.c. voltage required by output 
valves and in D.C./A.C. receivers working without a mains trans¬ 

former. 

111. Voltage Doubling 

It is often desired to produce from an alternating voltage a higher d.c. 
voltage than is normally possible with a single- or double-phase recti¬ 
fying circuit. This is of importance, for instance, if there is no trans¬ 
former for stepping up the alternating voltage and the rectifier has to 
be connected directly to the a.c. mains. In this case a system for 
doubling the voltage can be employed. There are two methods available. 
The so-called Greinacher circuit, which is the better known, is shown 
in Fig. 243, where two rectifiers are connected in parallel with each 
other and to the alternating voltage source in such a way that the 

anode of one rectifier and the cathode 
of the other are connected to the same 
mains terminal. Across the condenser Ci 

there is a d.c. voltage which is positive 
and across the condenser Cg there is a 
voltage which is negative with respect 

to the other mains terminal. The two 
condensers Ci and Cg are connected in 
series between the points A and B, and 

the d.c. voltages across these two con¬ 
densers are additive. Between A and 

Fig. 243 
Diagram of the Greinacher circuit 
for voltage-doubling. 

Fig. 242 
Full line: Ripple voltage across the reserv^oir con¬ 
denser of a full-wave rectifier as a function of time. 
Dol-d(zsh line: Mean d.c. voltage across the reservoir 
condenser as a function of time. 
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B, therefore, there is a d.c. voltage twice 
as great as the voltage between A and 
the lower mains terminal 2. Hence the 
load R is connected between A and B. 
By plotting the wave-form of the voltage 
across the two condensers Cj and Cg we 
obtain the eurves I and II of Fig. 244, 

Since curve II is disjJaccd 180® in phase 
with respect to curve I, the resultant 

curve will have a wave-form like the 
lowermost saw-tooth line; this line was 
construeted by adding up the voltages 

across Cj and Cg taken from curves I 
and II. These curves show that the re¬ 
sultant ripple is smaller than that ob¬ 

tained with single-phase rectification. 
Moreover, it is to be noted that the 

frequency of the ripple is twice the 
mains frequency and is therefore the 
same as that obtained with full-wave 
rectification. 
Another system of voltage doubling is 

shown in Fig. 245. Here the action is 
as follows: 

Imagine, first, a half-cycle of a.c. with 
terminal 2 of the mains positive with 

respect to terminal 1, The condenser Cj is then charged by rectifier 
I to a voltage During the next half-cycle terminal 1 is positive 
with respect to terminal 2. This voltage reaches the anode of rectifier 
II, via the condenser Ci. The anode of rectifier II receives at the same 
time the d.c. voltage produced during the preceding half-cycle across 
Cl, so that the two voltages add up. As a consequence the d.c. voltage 
across the condenser Cg is approximately doubled and is applied to 
the load R. In practice it will frequently be found that the voltage 
obtained in this way is slightly lower than that obtained by the Grein- 
acher circuit. By employing a condenser of twice the capacity for 
Cl and C2, however, a load characteristic practically identical to that 
formed by the Greinacher circuit is obtained. 
With this voltage-doubling system the ripple has the same frequency 

as occurs with a single-phase rectifier, that is to say a frequency equal 
to that of the mains. The amplitude is greater than that with the 

Fig. 244 
Top: Wave-form of the d.e. voltage 
aeross the reservoir condenser Cj 
of rectifier I in the voltage-doubling 
system of Fig. 24S. 
Middle Wave-form of the d.c. 
voltage across the reservoir con¬ 
denser Ca of rectifier II in the 
voltage-doubling system of Fig. 248. 
Bottom: Sum of the voltages across 
the condensers Ci and Ca. The saw¬ 
tooth line represents the wave form 
of the ripple voltage across the 
load resistance. 
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Greinacher system, so that the 

smoothing should be better. The ad¬ 
vantage associated with this system 

is that on one side the load is con¬ 
nected directly to the mains. If that 
mains terminal is earthed the load is 
also earthed. This is not the case with 
the Greinacher circuit, as may be seen 

from Fig. 243. 

112. Calculating the Ripple Voltage 

As is evident from Figs 237 and 242, the wavc-foi -r of the ripple voltage 

is saw-tooth shaped. This can be anahsed into a sinusoidal fundamental 
Wi’ve and harmonics. The latter have higher frequencies and smaller 
amplitudes than those (^f the fundamental wave and with the smoothing 
components employed are much better suppressed, so that after this 
smoothing very little r^nruims of the already smaller amplitudes. For 

calculating the smoothing element it is of importance to know the 
amplitude of the fundamental wave. This can easily be determined with 

the aid of a few simple rules of thumb 

a) With a single-phase rectifier the r.m.s. value of the fundamental 
wave is approximately 4.5 V per mA of the d.c delivered per 

microfarad of the reservoir condenser. 

b) With a double-phase rectifier the r.m.s. value of the fundamental 
wave is about 1.7 V per mA of the d.c. delivered per microfarad 

of the reservoir condenser. 

c) With the Greinacher circuit for voltage-doubling the ripple is about 
two thirds of that with a single-phase rectifier. Therefore the ripple 
per mA per microfarad of the condenser for the Greinacher circuit 

is about 3 V. 

d) With the other system of voltage-doubling the ripple is about 
times as great as that with the Greinacher circuit, i.e., about 4.5 V 

per mA per microfarad of the reservoir condenser. 

Examples: 

For a double-phase rectifier wdth a load of 60 mA and a 16 (jlY reservoir 
condenser it can be calculated from the foregoing rules that the r.m.s. 
value of the fundamental wave of the ripple amounts to approximately 

1.7 X f^ = 6.4V. 
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With the Greinacher system for voltage-doubling, a load current of 
40 mA and 16 /xF condensers the r.m.s. value of the fundamental wave 

is found to be approximately 

3 X = 7.5 V. 

113. The Average, Effective and Peak Currents in the Rectifying Circuit 

For a total d.c. supplied, lu, the average current flowing through the 
rectifying valve per anode is equal to in the case of a single-phase 
rectifier but only \ in the case of a double-phase rectifier. 

It is important to know, however, also the peak value and the effective 
(r.m.s.) value of the current. The latter determines, for instance, the 
heating of the transformer winding and consequently the minimum 
gauge of the wire needed. The former is of importance in determining 

the surface of the rectifying-valve cathode. 
In Fig. 246 the shaded areas represent the current peaks with which 
the reservoir condenser in the rectifying circuit is charged. It will be 

evident that the peak value of the charging current pulses, I^, is at 

the same time the maximum value of the current passing through the 
valve. The period T of the mains alternating voltage corresponds to 
2 n radians. If the time tg — ti during which a charging current is 
flowing corresponds to 2 a radians, then current is flowing through the 
valve during the fraction ajn of the period T, The shaded current pulses 
in Fig. 246 are truncated peaks of a sine curve. 

The shape of these current pulses, however, can be approximated with 
sufficient accuracy by assuming that they represent half-sine curves. 
The shaded area of such a current pulse represents the charge conducted 

per cycle to the reservoir condenser. If the peak value of the current 
pulse is IjQ, it is found by integration that the charge acquired per 

cycle is equal to o T 

Q = (167) 

This acquired charge should be equal to the discharge per cycle and 
per phase through the load resistance. If n is the number of phases of 
the rectifier (with full-wave rectification n is equal to 2) the ac- 

quired charge is equal to ~ T. 
n 

Thus we have: o ^ t t 
Q- “ 

71^ n 
(168) 

71* I T 71 

— a 2a n 
(169) 
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In practice ajn is usually found to 
be equal to 0.25, so that the peak 
value of the current pulse throuprh 
the rectifying valve is found to be 

Fig- ^ 6 X . (170) 
Charging current pulses flowing through 11 

the rectifying valve to the reservoir con¬ 
denser as a function of time. With a double-phase rectifier 

supplying 60 mA d.c., i.e. 30 mA 
per phase, the peak current will be about 6 X 30 = 180 mA. 

The effective current per phase is the current which during the period 
T would develop the same heat as the current pidsc shown in Fig. 246 
develops during the time tg — tj. A simjde calculation shows that the 
effective current for a current pulse having iipproximately the shape 
of a half-sine wave (see Fig. 246) is *qual to 

(ITl) 

If, with the aid of Equation (169), the effective current is expressed as 
the d.c. 1,4 supplied to the load it is found that 

Assuming again that ajn is in most cases equal to 0.25, it is found that 
the effective current per phase is approximately 2.2 X the d.c. per 
phase. If this is checked by measurement it will be found to be in 
good agreement with the calculated result; therefore the wire gauge 
of the transformer secondary winding must be chosen for 2.2 times the 

d.c. per phase. 
For voltage-doubling circuits as a rule afn has a value of 0.22, so that 
the maximum I^^f = 2.36 1^. The permissible current quoted in publi¬ 
cations for Philips rectifying valves always relates to the total average 
d.c. supplied by the rectifier. This corresponds, therefore, to the 

current indicated above by I^. 
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CHAPTER XX 

Generation of Oscillations 

In the technique of radio reception the generation of oscillations is 
employed in superheterodyne reception and in measuring instruments. 
As already explained in Chapter IX, the principle of superheterodyne 
reception is based on the fact that the modulated R.F. signal received 
from the aerial and an unmodulated H.F. signal produced in the receiver 
itself are combined in a valve. In telegraphy-receiving apparatus 
oscillators are also employed for other purposes. The unmodulated H.F. 
oscillations are generated by means of a radio valve. 

114. Regeneration by an Amplifying Valve 

We will consider the case of an oscillatory circuit consisting of a con¬ 

denser C and a coil having inductance L and ohmic resistance r (see 
Fig. 247). If through any cause an oscillation at the resonant frequency 

of the circuit commences and the cause of that oscillation is suddenly 
removed, the oscillation amplitude will very soon drop to zero, because 
the a.c. circulating through the circuit becomes transformed into heat 
owing to the unavoidable resistance of the coil (represented in Fig. 247 
by r) and consequently power is dissipated. The lower the resistance 
the longer it will take for the oscillation to stop. This is expressed by 

saying that with a small resistance the damping is small. Fig. 248 gives 

an example of a damped a.c. voltage. 
An oscillatory circuit comprises capacity, inductance and resistance. If 

the condenser is given a certain charge and the circuit is then left to 
itself, the condenser discharges itself through the inductance and the 
resistance, after which the e.m.f. of inductance within the coil still 
maintains the current through the coil, which results in the condenser 
being charged with the opposite polarity. The voltage of opposite 
polarity between the condenser plates reaches its maximum as soon 
as the current flowing through the coil is reduced to zero. At that 
moment the condenser discharges itself again through the inductance 
and the resistance. In this manner an oscillation is gener¬ 

ated the amplitude of which, however, as already indicated, 
decreases gradually to zero (see Fig. 248), because the 

Fig, 247 
Oscillatory circuit consisting of a coil of inductance L and resistance 
r and a condenser of capacity C. 
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energy originally stored in the condenser 
is lost in the resistance as thermal 
energy (damping). The resistance thereby 
manifests itself by the voltage drop taking 
place across it. Owing to the a.c. flowing 
through the resistance this voltage drop 
is an alternating voltage in phase with 
the current (this a.c. voltage will be termed 
degenerating voltage). If now in some 

to damping dies out in an oscih "way or Other a voltage IS applied to the 
latory circuit. circuit which is in scries with the degene¬ 

rating voltage and last neutralizing the 
latter (being of equal amplitude and in antiphase to the degenerating 
voltage), then the oscillation in the circuit will continue. If this com¬ 
pensating voltage were greater than the voltage across the resistance the 
oscillation amplitude w'ould increase until equilibrium was restored be¬ 
tween the compensating voltage and degenerating voltage in the eireuit. 
The compensating voltage can be fed to the oscillatory circuit by 
connecting the latter, for instance, between grid and cathode of a 
valve and introducing in the anode circuit a coil coupled inductively 
to the grid-circuit coil. An oscillation in the grid circuit produces an 

alternating current in the anode circuit which in turn induces an a.c. 
voltage in the grid circuit. This is called back-coupling the anode circuit 
to the grid circuit. In order to excite in the grid circuit an oscillation 
that maintains itself, the back-coupling voltage must have the right 
phase and amplitude with respect to the degenerating voltage in the 
circuit. Fig. 249 indicates a circuit as described above. 

115. Automatic Grid Bias 

In the circuit of Fig. 249 the grid acquires no 
negative voltage in respect to the cathode, so that 
the point a in respect to the cathode (point b) 
is alternately positive and negative. During the 
positive half-cycles of the grid a.c. voltage grid 
current is flowing and the oscillatory circuit LjCj 
is heavily damped. This damping makes it essential 
to apply a tight back-coupling in order to get a 
proper alternating-voltage amplitude. Moreover, 
the efficiency wdth Class-A operation, represented 
by the circuit of Fig. 249, is comparatively small. 
By efficiency is to be understood the ratio of the 

+5 

Fig. 249 
Fundamental circuit 
diagram of an oscil¬ 
lator operating with 
an amplifying triode. 
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useful a.c. power in the anode circuit to the total 

power input. This would be much better for a 
Class-B operation, but the greatest efficiency is 

attained with Class-C operation. By Qass-C oper¬ 
ation is understood adjustment of the working 
point in such a way that the negative d.c. voltage 

between grid and cathode is greater than the 

grid voltage at which the anode current is practi¬ 
cally zero. The greater the efficiency the smaller 
the anode dissipation for a given a.c. power in 
the anode circuit. When Class-C operation is 

chosen, in consequence of the better efficiency 
a much smaller valve can be used than with Class-A operation. 
In Class-C operation the oscillatory circuit is damped only during a 

very small part of the a.c. voltage cycle. This damping is analogous to 

the diode damping. On the other hand with Class-C operation the 
effective transconductance is less, which practically neutralizes the 

advantage of less damping. Usually the negative grid bias for Class-C 

operation is automatically produced, by connecting the grid to the 

oscillatory circuit via a condenser and to the cathode via a leak resis¬ 
tor (see Fig. 250). Since the electron current can flow only from the 

cathode to the grid, the condenser Cg is charged merely by the positive 
half-cycles, the condenser plate connected to the grid receiving the 
negative charge from the electrons. During the negative half-cycles 

the condenser Cg partially discharges itself via the resistance Rj; 

consequently a current flows from b to a, because the plate of Cg 

connected to the grid is negative. In this manner a constant negative 

direct voltage is obtained at the grid, as in most cases the RC constant 
of the resistance-condenser combination is very great compared with the 

duration of the cycle (see also Chapter XVIII, Section 102). The grid- 
cathode path of the valve thus acts as a rectifier. Fig. 251 shows how 

the voltage of the grid adjusts itself to a mean negative value. On the 

assumption that grid current begins to flow at —1 volt, this current 
will flow as soon as the amplitude in the positive direction exceeds 

—1 V. From this instant, t^, the condenser will be negatively charged 
until at tg the voltage drops again below —1 V and the charging of the 

condenser ceases. The condenser discharges itself via the resistance 
until charging begins again at the instant tg. If Q is the charge applied 

during the time t, —1„ the negative voltage built-up across the 

Fig, 250 
Oscillator circuit with 
automatic negative grid 
bias obtained by means 
of a grid-leak resistor 
and condenser. 

leak resistor is equal to 
Q 

ts-tj 
X R. 
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7-^ is the direct current flowing through the leak resistor from 

b to a. This can be measured and by multiplying it by the resistance 
value we obtain the value of the negative direct voltage. This negative 

direct voltage is somewhat lower than the amplitude of the oscillation. 
By determining the direct current we can find the approximate ampli¬ 
tude of the oscillatory voltage. 

The slope of the Ig/Vg curve with respect to the horizontal axis has, of 

course, some influence upon the magnitude of the negative grid bias 

built-up. The smaller the slope the farther the amplitude penetrates 
into the positive grid-voltage range. 

In order to determine accurately the amplitude of the oscillator voltage 
from the d.c. measurement, curves are often published for oscillator 

valves used in superheterodyne receivers: the grid current is represented 
as a function of the oscillator voltage for a certain leak resistance 
(see Fig. 283). 

The advantage of automatic grid bias is that the negative grid voltage 

always adjusts itself to the value corresponding to the alternating 

voltage. If a fixed bias is applied which, in order to give Class-C oper¬ 

ation, is greater than the grid voltage where the anode current is equal 
to zero, the transconductance of the valve for low alternating grid 
voltages is also equal to zero. A small voltage impulse on the grid is 

then unable to cause the valve to oscillate. With automatic grid bias, 

on the other hand, the transconductancc without an alternating 

voltage on the grid is large enough 
and a small voltage impulse causes 

the valve to oscillate, provided 

that the back-coupling is sufficient 

to induce a voltage in the grid 
circuit which is greater than that 

required to compensate for the loss 
of power in the circuit at the mo¬ 
ment oscillation begins, i.e., when 

Vg = 0. Oscillation then starts in 
such a way as to cause an increase 
in the alternating voltage ampli¬ 

tude, accompanied by an increase 
of the negative grid direct voltage. 
Consequently both increase, and 

this continues until the average 

transconductance of the oscillator 

Fig. 261 
Adjustment of the grid-altemating-voltage 
amplitude and the negative grid bias 
of an oscillator valve with automatic 
negative grid bias. 
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valve (see Section 118) has fallen,owing to 

the increased automatically induced negative 
grid bias, to the point where the damping 

is just neutralized. The oscillatory voltage 
has then reached its final value. 
The automatic production of the oscillator 

grid bias has the great advantage that a 

very constant oscillator amplitude is ob¬ 
tained. Any deviation of the amplitude 

results in a variation of the effective trans¬ 

conductance due to the accompanying shift¬ 
ing of the negative bias. By this means 

the amplitude regains approximately its 
original value. 

With automatic bias there is a high negative 

voltage between grid and cathode and consequently the anode current 
and the space-charge density are small. The advantage of this is that 

variations in the space-charge density, for instance, owing to mains- 

voltage fluctuations, have little influence upon the grid capacity and 

thus upon the resonant frequency of the oscillatory circuit connected 
to it, so that frequency changes are appreciably reduced. Therefore in 

this respect, too, automatic bias is favourable. 
Sometimes it is advantageous to apply a negative starting voltage to 
the grid, for instance by interposing a resistance in the cathode lead 

(see Fig. 252). This is of importance if for example the transconductance 

of the valve at Vg = 0 is smaller than that at a low negative grid 
voltage of, say, —2 V and if, in consequence of this, the valve does not 

so easily begin to oscillate. 

116. Interposing the Oscillatory Circuit in the 
Anode Lead 

The oscillatory circuit can also be introduced 

in the anode lead, in which case the back- 

coupling coil is connected to the grid circuit. 
The arrangement of such a system is represented 

in Fig. 258. 
In essence the working of this system is the 

same as that of Fig. 250. Owing to the a.c. 
flowing through Lj an alternating voltage is 

induced in Lg, which is applied to the grid. 

This a.c. voltage produces a negative direct 

Fig. 253 
Oscillator circuit where 
the oscillatory circuit is 
interposed in the anode 
circuit and the back- 
coupling coil in the grid 
circuit. 

Fig. 252 
Circuit of a triode oscillator 
with automatic negative grid 
bias. The valve also receives 
an automatic negative grid 
bias via a by-passed cathode 
resistance so as to start os¬ 
cillation of the valve at a 
greater slope of the charac¬ 
teristic. 
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voltage on the grid and an alternating 

current in the anode circuit. 
In consequence of this alternating 
current an alternating voltage is ob¬ 

tained across the oscillatory circuit 

and, if the coils are correctly con¬ 
nected, damping is thereby neutral¬ 

ized. 
In this manner an undamped oscillation 

is again generated. The drawback of 

this system is that the oscillatory 
circuit has the anode direct voltage of 

the oscillator valve applied to it, 

unless the anode of this valve is fed 
via a resistance and condenser (see Rg 
and C3 in Fig. 254); this has the disadvantage that the oscillatory 

circuit is damped by the resistance R^, which is effectively in parallel 
with the oscillatory circuit so far as high frequencies are concerned. 

117. Conditions for Oscillation 

In the preceding sections of this chapter the underlying principles of 

the production of oscillations have been given and the basic circuit 

for automatic grid bias has been shown. 
We shall now consider in more detail the conditions for oscillation in 

a valve circuit. The fundamental circuit of a back-coupled valve as 
represented in Fig. 255 is used as a basis. In the circuit enclosed by 
the rectangle it is assumed that an oscillation arises. This oscillation 

results in an alternating voltage V at the grid, which in turn induces 

an anode alternating current I^, according to 

Ia = gmV. (178) 

This a.c. maintains the oscillation by setting 

up the voltage V between the terminals a 

and b. Now for a given circuit as represented 
by the rectangle in Fig. 255 there will al¬ 
ways be a certain relation between the a.c. 

I^ flowing through the rectangle from termi¬ 

nal c to terminal d and the a.c. voltage V 
between the terminals a and b of the rec¬ 

tangle. Between the terminals c and d there 
must be an impedance Z, as otherwise the 

Fig. 255 
Representation of an oscil¬ 
lator where the oscillatory 
circuit with back-coupling is 
drawn schematically by means 
of a rectangle. 

Fig. 254 
Oscillator circuit where the top of 
the oscillatory circuit LjCj is ca- 
pacitively coupled (by means of Cj) 
to the anode and the latter is fed 
from the direct-voltage source 4* B 
via a resistance Rg. The negative 
grid bias is automatically produced 
by means of Cj and Ri. 
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anode current would have no effect. This impedance includes the 

internal resistance of the valve, which is in parallel with the circuit 

between the terminals c and d. Owing to the anode current 1^ an alter¬ 

nating voltage 
V, = —ZL (174) 

occurs across the impedance Z. 

If now owing to the circuit inside the rectangle an a.c. voltage is pro¬ 

duced between the terminals a and b the value of which equals a 

fraction t, the back-coupling ratio, of the a.c. voltage between c 

and d, then we have 

V = tV,--tZI,. (175) 

In order to maintain an oscillation the alternating voltage V—^which 

according to (173) causes an alternating current I^ that in turn induces 

an a.c. voltage V between a and b—must be of equal value and of 

the same phase as the last-mentioned a.c. voltage V. Substituting in 

(175) the value found for I^ from (173), we get 

-tZg„V = V (176) 

-tZg„ = l. (177) 

Provision has now to be made that at the beginning of the oscillation 

—^t Z g^j is much greater than 1. As the amplitude V increases, the 

negative d.c. voltage between grid and cathode likewise increases, 

with the result that the effective transconductance of the valve de¬ 

creases until an amplitude is reached at which —^t Z g^ = 1 and the 

amplitude of the oscillation is constant. 

The phase of the a.c. voltage V which occurs, owing to the current I^, 

across the circuit inside the rectangle, given by Equation (175), must 

be in phase with the a.c. voltage V given by Equation (173). If there 

is no phase displacement due to the transit time of the electrons, as 

is the case for frequencies below about 30 Mc/s, then the anode current 

occurring in (173) is in phase with the a.c. voltage V. This means that 

the induced a.c. voltage given by (175) must likewise be in phase with 

I^. The factor —^t Z indicating the relation between I^ and V for the 

circuit within the rectangle of Fig. 255 must therefore be real. The 

phase of the voltage V according to (175) is determined not only by 

the circuit itself but also by the frequency of the alternating current 1^^ 

and the alternating voltage V. A stable situation can exist only when 

the frequency has so adjusted itself that the anode current and the 

a.c. voltage V are actually in phase. AU normal back-coupling circuits 
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118. THE EFFECTIVE TRANSCONDUCTANCE 

contain an oscillatory circuit, from which a grid a.c. voltage is obtained 

in such a way as to bring about the correct phase at a frequency equal 
to the resonant frequency of the oscillatory circuit. 

As gm and Z are positive quantities it follows from (177) that the back- 

coupling ratio t must be negative, which implies that the back-coupling 
must cause a phase shift of 180°. This can be attained in a simple 
manner by using an inductive back-coupling (see Figs 249 and 250). 
When the impedance Z consists of an oscillatory circuit connected to 

the anode then by means of an inductive back-coupling a smaller 
voltage is induced at the grid. In that case therefore t is smaller than 

unity. The impedance Z may, however, also be the back-coupling coil 
connected in the anode lead (see Fig. 250), whilst the grid circuit con¬ 

tains the oscillatory circuit. In that case the voltage from the anode 

to the grid is stepped up, so that t is then greater than unity. Equation 
(177) gives the transconductance g^ required for oscillation in a certain 

circuit. In the case of an oscillator whose frequency has to be variable 
over a very wide range, e.g., oscillators for superheterodyne receivers, 
as a rule the required transconductance will vary with the selected 

frequency, because the impedance Z depends upon the frequency. 

In Equation (177) t and Z are quan¬ 
tities dependent upon the circuit, whilst 

g^ is a quantity determined by the 

valve. In the next section it will be 
shown how this transconductance de¬ 
pends upon the amplitude of the grid 
alternating voltage and upon the valve 

transconductance where Vg = 0. 

118. The Effective Transconductance 
and the Mean Anode D.C. of the 
Oscillator Valve 

We will first consider a rectilinear valve 
characteristic. Further it will be as¬ 

sumed that the grid condenser with leak 
resistance yields a negative grid bias 
equal to the peak value of the grid- 

cathode a.c. voltage. 

Fig. 256 gives the anode a.c. as a 
function of time (right-hand upper half) 

when the grid has imposed upon it an 

alternating voltage whose peak-to-peak 

Fig, 256 
Top left: Rectilinear transfer charac¬ 
teristic of a valve with transcon¬ 
ductance gmo = tan a. 
Bottom left: Sinusoidal grid voltage 
as a function of time. The peak-to- 
peak value of this voltage is smaller 
than the grid voltage Vgo, where the 
anode current is zero. 
Top right: Anode alternating current 
resulting from the grid alternating 
voltage, as a function of time. 
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value is less than the 
negative grid voltage 
where the anode current 
is zero. In that case the 
anode a.c. as a function 
of time is sinusoidal. 
With large grid alter¬ 
nating voltage, on the 
other hand, the anode 
current consists of current 
pulses and the anode 
current as a function of 
time is considerably dis¬ 
torted. 
In the former case the 
relation between the 
anode a.c. and the grid 
a.c. voltage equals the 
transconductance of the 
valve. In the latter case 

only the fundamental wave of the distorted anode a.c. is of importance 
for maintaining oscillation, as this fundamental wave has the same 
frequency and phase as the grid a.c. voltage. 
The harmonics of the anode a.c. will cause practically no a.c. voltages 
across the oscillatory circuit owing to the selectivity of the latter. We 
must therefore know the amplitude of the fundamental wave. The 
useful or effective transeonduetance (gmeff) the ratio of the ampli¬ 
tude of this anode alternating current to the amplitude of the grid 
alternating voltage. If the latter is then in the anode circuit the 
fundamental component of the anode current Ii will have an amplitude 
equal to 

II = gn.e« V„. (178) 

When, as represented in Fig. 257, the grid alternating-voltage amplitude 
is greater than half the grid voltage Vg^, where the anode current is 
equal to zero—as is the case with most oscillators—^then for the 
transconductance g^ in Equation (177) we have to substitute the effec¬ 
tive transconductance gmeii choose such a magnitude of —^tZthat 
the condition for oscillation determined by this equation is satisfied. 
The effective transconductance is dependent upon the amplitude of 
the grid alternating voltage and upon the grid voltage Vg^, where 

Fig. 257 
Top left: Rectilinear transfer characteristic of a valve 
with transconductance g^o = tan a. 
Bottom left: Sinusoidal grid voltage as a function of 
time. The amplitude is greater than the grid bias Vgo, 
where the anode current is zero. 
Top right: Anode current resulting from the grid 
alternating voltage as a function of time. 
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the anode current is zero (determined by the amplification factor of 

the valve and the anode direct voltage applied). 

The current pulses occurring when the grid alternating-voltage ampli¬ 
tude is greater than half the grid voltage Vg^, where the anode current 
is zero, represent a certain average direct current. This mean direct 

current is supplied by the source of the anode current, and therefore 
constitutes a load of this source. It is dependent upon the transconduc¬ 

tance gjQo of the transfer characteristic where Vg = 0 and upon the 
magnitude of the grid alternating voltage with respect to the grid 

voltage Vgo where the anode current is zero. The current efficiency rj 
is defined as the ratio of the amplitude of the fundamental component 
Ii of the anode current to the mean d.c. value 1^. 

For practical oscillators one can 

n-^w measure the effectiv^e trems- 
conductance g^pff. the mean direct 
current and the cur»‘eni effi¬ 

ciency Tj for different values of 
the amplitude of the grid alter¬ 

nating voltage and plot these 
data in the form of curves. In this 
way an idea is obtained of the 

behaviour of the valve as an 

oscillator. In order to be able to 
compare easily the behaviour of 

different oscillator valves it is 
more practical to plot the ratio 

gm eff/gmo ^f the effective transcon¬ 
ductance to the slope of the trans¬ 

fer characteristic for Vg = 0 and 
also the ratio of the mean 

anode direct current to the anode 

current value for the transfer 
characteristic for Vg = 0 as func¬ 

tions of the amplitude of the 

grid alternating voltage. 
Fig. 258 shows such curves for 

the triode part of the valve 

ECH 8 (triode-hexode). 
From the curve for the effective 

transconductance gmeff/Smo 
seen that the oscillatory voltage 

Fig, 268 
The ratio gm ew/gmo between the effective 
transconductance and the transconductance 
of the transfer characteristic at the point 
on thw characteristic where Vg = 0, the 
ratio IJJm between the mean anode d.c. 
and the anode current value for the transfer 
characteristic, where Vg = 0, and the ef¬ 
ficiency r) as a function of the 
amplitude Vm of the grid alternating 
voltage for the triode part of the ECH 8 
valve, when automatic grid bias is ob¬ 
tained with the aid of a 50,000-ohm leak 
resistance and a SO-f^piF condenser. 
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Fig, 259 
The ratio gm efi/gmo between the effective 
transconductance and the transconductance 
of the transfer characteristic where Vg = 0, 
the ratio I*/I»o between the mean anode d.c. 
and the anode current value for the transfer 
characteristic where Vg = 0 and the ef¬ 
ficiency tf (Ii/Ift) for the triode part of 
the triode-hexode KCH 1 (a battery-oper¬ 
ated valve), as a function of the amplitude 
Vja of the grid alternating voltage when 
automatic grid bias is obtained with the aid 
of a 25,000-ohm leak resistance and a 50-////F 
condenser. 

Vjjj is approximately inversely 
proportional to the effective trans- 

conductance. (In superheterodyne 
receivers this voltage is of great 

importance.) If, therefore, the 
effective transconductance re¬ 

quired in a certain wavelength 
range increases in the proportion 

of 1 to 3 (due to the decrease of 

the impedance of the oscillatory 
circuit) the oscillatory voltage 

will fall to approximately one- 
third (when remains greater 

than half Vg^). With the aid of 

the curve g„cff/gmo plotted as a 
function of for a given valve 

—^so that gj^o is known—^it can 
be determined how large the 

product —^t Z has to be, since 
according to the foregoing, 

= (179) 

On the other hand with the aid 

of the curve gmea/gmo = f(V„) 
the amplitude of the oscillator 

voltage can also be calculated for 

a given circuit impedance and 

back-coupling ratio. If, for in¬ 

stance, the impedance of a tuned anode circuit in the short-wave range 

amounts to 5,000 ohms and the absolute value of the back-coupling ratio 
t = 0.6 (as a rule for practical reasons this will not be chosen greater 
than unity), then, according to Equation (177), the effective trans¬ 

conductance during oscillation will be 

ffm fiff = — 7^ ~ mA/V. Smeff 3000 ' 

Now, according to the data for the ECH 8 given in Fig. 258, g^^ equals 

2.1 mA/V, so that gmoff/gmo equal to 0.83/2.1 = 0.16. According 
to the curve of Fig. 258 this ratio corresponds to an amplitude 

Vnj =; 15 V, or an r.m.s. value of 10.5 V. 
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From the curves for and rj it appears 

that in a certain range of oscillator voltages 

the mean anode current and the efficiency 
remain fairly constant. From the curves for 

the triode part of the directly-heated valve 
KCH 1, however, (see Fig. 259) it is noticed 

that after a certain value of has been 

reached (assuming that increases from 

zero) the ratio la/Iao increases rapidly. At 
the same time Fig. 259 shows that the ratio 

Sm eff/^mo relatively greater than the corres¬ 
ponding value for the indirectly-heated valve 

ECH 3. The increase of the average anode d.c. 
leads one to suppose that at the positive 

peaks of the grid alternating voltage the grid 
l)ecomes very positive, as is confirmed by 
measurements of the grid current. Whereas 
with high oscillatory voltage values (V^^ — 15 

V) of the ECU 3 positive values of the grid 
voltage of about 2.5 V could be measured, 

for the KCH 1 a positive voltage of 7.5 V 
was found in the peak of the grid alternating 

voltage. This is due to the fact that with di¬ 
rectly-heated valves tlie grid-current charac¬ 

teristic [Ig = f(Vg)] is less steep than that of indirectly-heated valves. 

If these curves are now plotted again to show the relation between the 
effective transconductance and the transconductance at the point of 

the transfer characteristic where the positive peak of the grid alter¬ 

nating voltage lies, and also the relation between the mean anode d.c. 

and the value of the anode current at the same point of the transfer 

characteristic, then better agreement is found between the curves for 
directly-heated valves and those for indirectly-heated valves. Therefore 
gjjjQ has to be defined as the slope of the transfer characteristic at the 

point where the positive peak of the oscillatory voltage lies, and 
as the anode current at that point. 

119. Special Oscillator Circuits 

Figs 260 and 261 show possible circuits for oscillator valves other than 

those consisting of an oscillatory circuit connected to the grid or anode 

with a back-coupling coil in the anode or grid circuit. That in Fig. 260 
is the so-called Hartley circuit and that in Fig. 261 the Colpitts circuit. 

0^2 
e 
C/ Cj 

II 
II 

R2\ 

M4M 

Fig. 260 
Hartley oscillator circuit 

Fig. 261 
Colpitts oscillator circuit (L2 

is a h.f. choke coil). 
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Owing to the cathode being connected to a 
tapping point on the oscillatory circuit the 
voltages between grid and cathode and be¬ 

tween anode and cathode are in antiphase. 
As already explained, this is necessary for 
maintaining oscillation. There is, therefore, 
no back-coupling coil in these circuits. 

The drawback of the systems depicted in 
Figs 260 and 261 is that there is a H.F. 

voltage between cathode and earth, which 

is inadmissible in the case of indirectly- 
heated valves if the heater-current winding 

of the mains transformer is directly earthed. 

It is therefore advisable, where this is 
practicable, to earth the cathode and to 

disconnect from earth the earthed points of 
the diagram of Figs 260 and 261. 

In the diagram of Fig. 260 back-coupling 

takes place owing to the anode a.c. flowing to 

the cathode via the chassis (earth) through 
the coil Lj and thus inducing a regenerating 

a.c. voltage in the oscillatory circuit. 

In Fig. 261 the anode a.c. flows through Cg, 
so that across this condenser is an a.c. 

voltage in the correct phase, which via Cj 
is applied across the entire circuit. 

In the diagrams of Fig, 260 and those following, the leak resistance 

Ri is connected in parallel with the grid condenser instead of between 

grid and cathode. These two possibilities always exist. 

120. Making Use of the Induced Oscillator Voltage 

The a.c. voltage produced in the oscillator circuit can be taken off in 

different ways. First of all it is possible to couple a coil to the oscillatory 

circuit (see Fig. 262). The a.c. voltage induced in it can then be applied 
to the grid of the mixer valve or of an amplifying valve. 

Another method is to employ a capacitive coupling (Fig. 268). 

These coupling methods are often used but have the drawback that 
variations in the constants of the circuits coupled with the oscillator 

circuit affect the characteristic frequency of that circuit. 

So-called ‘^electronic coupling” is also often employed. The electron¬ 
ically-coupled oscillator corresponds, in fact, to a Hartley oscil- 

Fig. 262 
Oscillator circuit with a 
coupling coil Lg for obtaining 
the alternating voltage in¬ 
duced in the oscillator circuit 
LiCi. 

Fig. 263 
Use of a capacitor Cj for ob¬ 
taining the oscillatory voltage. 
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lator with a tetrode or a pentode con¬ 

nected as a tetrode (see Fig. 264). 
The screen grid of a tetrode is used 

as the anode of the oscillation gener¬ 

ator, which consists of cathode, grid 
and screen grid. An alternating voltage 

occurs at the control grid. The anode 
current is thus alternating and if the 
anode circuit contains an oscillatory 

circuit tuned to the oscillator fre¬ 

quency an alternating voltage is pro¬ 
duced across it, and this can be used 
to advantage. This type of circuit is 

much recommended on the grounds 
tliat the reaction of the anode circuit 

upon the oscillatory circuit is very 

small, due to the electronic coupling, 
so that this circuit is extremely stable. 
Further it is maintained that mains- 

voltage fluctuations have less effect 

upon the oscillator frequency than 
is the case with other types of cir¬ 

cuit. From a closer investigation of 
the conditions obtaining and from 

measurements made, however, it is 

to be seen that these assertions may 
not always be correct, as is shown 
also by Fig. 265. In addition to the electronic coupling between the 
anode circuit and the input circuit there is also a coupling across the 

internal valve impedance Z^. This internal valve impedance is formed 

mainly by the anode-cathode capacity Owing to the coupling 
across any variation in the anode circuit may result in a perceptible 

change in the grid circuit. 
As stated at the beginning of this chapter, the generation of oscillations 
in radio receivers is utilised principally in superheterodyne sets. The 
oscillations produced across an oscillatory circuit are fed to the control 

grid of a mixer valve, and the electron current flowing through this 
valve is therefore controlled by that alternating voltage (see Chapter 

XXI). With multiple valves composed of an oscillator triode and a mixer 

hexode or heptode the grid of the oscillator triode is often directly 

connected within the bulb to a grid of the mixer part. 

Fig. 264 
(’ircuit of an electron-coupled oscil¬ 
lator. 

Fig. 265 
Representation of an electron-coupled 
oscillator, indicating the impedance 
Zi, interposed in the anode circuit 
and the internal impedance Z* in the 
valve between anode and cathode, 
also the currents through the im¬ 
pedance Zl and Z*. 
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hi hs 

Circuit diagram of a regenerative grid detector. 

121. Regeneration with Grid Detection by Means of Back-coupling 

In Chapter XVIII, Section 107, it was pointed out that with grid 

detection the H.F. alternating voltage between control grid and cathode 

results in a H.F. anode alternating current, which has to be filtered 

out, so as to avoid a H.F. alternating voltage reaching the control grid 
of the next A.F. amplifying valve. This H.F. anode alternating current, 

however, may induce in the tuned input circuit an alternating current 
in phase with that induced in the grid circuit by the signal received. 
This gives rise to regeneration in the grid oscillatory circuit and conse¬ 

quently a considerable coil magnification factor, resulting in high 

sensitivity of the detection circuit and great selectivity. 

As appears from Fig. 266, the anode alternating current divides itself 

between the anode series resistance ^he back-coupling coil L3 

in series with the variable condenser Care has to be taken that L3 

is connected up correctly, i.e. it must induce in the tuning circuit an 
alternating voltage in phase with the anode alternating current. By 

means of fhe degree of back-coupling and consequently the sensi¬ 

tivity of the valve circuit can be regulated. The sensitivity can be 
increased until the point of oscillation is reached. The circuit must not, 

however, oscillate freely in its own frequency, because then, owing to 

the detection, the H.F. oscillation set up in the circuit would interfere 

with the input signal (it would mix with it) and one then gets in the 
anode circuit a strong signal with the differential frequency, causing 
a loud howling note in the loudspeaker. 

The regenerative detector is frequently employed in single-tuned-circuit 
receivers, where the aerial signal is induced in the tuned grid circuit 
without previous amplification (Lj in Fig. 266 then forms a part of 
the aerial circuit). 
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CHAPTER XXI 

Frequency Conversion 

122. Fundamentals of Frequency Conversion 

As explained in Chapters XV and XVI, if two signals of different 
frequencies are applied to the grid of an amplifying valve having a 
curved characteristic, alternating-current components with frequencies 
equal to the difference and the sum of the frequencies at the grid will 
be produced in the anode circuit. 
Superheterodyne reception is based on this prineii)le, for if, in addition 
to the R.F. signal received from the aerial, the grid receives a signal 
generated in the set its‘If, and means are provided for keeping the 
difference in frequency between the two signals always the same, 
then in the anode circuit of the valve there will be a signal with a 
fixed frequency. This constant-difference frequency is called the 
intenuediate frequency. The advantage of this method is that for the 
intermediate frequency a relatively low frequency can be chosen which 
can be easily amplified with the aid of circuits which are tuned to the 
fixed frequency and which have a high impedance at the resonant 
frequency. The process of converting a R.F. carrier wave into an I.F. 
carrier wave by modulation with a locally generated oscillation is 
called mixing, or frequency conversion. 
If, for example, the R.F. signal received has a frequency of 1,500 kc/s 
and an alternating voltage with a frequency of 1900 kc/s is gener¬ 
ated in the set itself, in the mixer anode circuit there will be an a.c. 
component having a frequency of 400 kc/s. If then a signal of, say, 
1,000 kc/s is received and provision is made for a signal with a fre¬ 
quency of 1,400 kc/s to be locally generated, there will likewise occur 
in the anode circuit an a.c. component having a frequency of 400 kc/s. 
If in the anode circuit there is an oscillatory circuit tuned to 400 kc/s, 
an alternating voltage will be produced across it. This voltage can be 
conducted to the grid of a following amplifying valve. 
In Chapter XV it was stated that in addition to the difference 
frequency a sum frequency also occurs. In the example just given the 
sum frequency at a radio frequency of 1,500 ke/s is 1,500 -f 1,900 = 
8.400 kc/s, and at a radio frequency of 1,000 kc/s it equals 1,000 -f 
1.400 = 2,400 kc/s. 
The sum frequency, and also multiples of the sum frequency, of the 
signal frequency, of the oscillator frequency and of the difference 
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frequency, differ considerably from the resonant frequency of the anode 

oscillatory circuit and consequently no appreciable alternating voltages 

of these frequencies are produced across this circuit. The frequency 

generated in the set is usually termed the oscillator frequency. Gener¬ 

ally the chosen value of this frequency is higher than the frequency of 

the received signal by an amount equal to the I.F., so that, given a 

signal of 1,500 kc/s and an I.F. of 400 kc/s, the oscillator frequency 

amounts to 1,900 kc/s. The valve in which the two signals are combined 

in order to obtain the intermediate frequency is called the mixer valve. 

Various types of mixer valves will be described below. 

The data and characteristics published for mixer valves have to be 

adapted to the particular requirements of such valves. In the first 

place the amplification obtainable is, of course, of importance. If there 

is a R.F. signal on the grid then, after mixing with the oscillator signal, 

there will be an alternating voltage of intermediate frequency across 

the I.F. circuit connected to the anode. The relation between the I.F. 

voltage across the I.F. circuit and the R.F. voltage at the grid is called 

the conversion amplification. The relation between the I.F. anode 

alternating current and the R.F. grid alternating voltage is called the 

conversion conductance and is generally indicated by the symbol g^. The 

conversion conductance depends upon the amplitude of the oscillator 

voltage and therefore can only be quoted for a definite oscillator voltage. 

The anode direct current of a mixer valve is likewise dependent upon 

the oscillator voltage. 

Given a certain oscillator voltage and direct voltage on the control 

grid and the screen grids, the anode voltage also has a certain influence 

upon the anode current. This influence can be indicated by quoting the 

ratio of a very small anode voltage change to the small anode current 

change resulting from it. This ratio is termed the internal resistance of 

the mixer valve. This internal resistance, denoted by the symbol R^ 

as in the case of other valves, therefore represents the differential 

resistance between anode and cathode inside the valve for a given 

oscillator voltage and given voltages on the electrodes. It is in parallel 

with the anode oscillatory circuit and thus reduces the resultant impe¬ 

dance of that circuit, as is the case also for the internal resistance of 

a R.F. valve, which reduces the resultant anode impedance. 

As has already been explained in Chapter XV, the action of frequency¬ 

converting valves is based upon the fact that the transconductance of 

the grid to which the RJF. signal is applied fluctuates at the oscillator 

frequency. In the case, for instance, where the oscillator voltage is 

applied to the grid to which the R.F. voltage is fed, the variation of 
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the transconductance at the oscillator frequency is due to the curvature 

of the characteristic showing the variation of anode current with 

control-grid voltage. The change of the transconductance with time 

will produce a sinusoidal curve only if the transconductance varies 

linearly with the voltage on the grid to which the oscillator voltage 

is applied, i.e., in the case quoted above, when the grid-voltage-anode- 

current characteristic follows the square-law. This is not usually the 

case, so that the curve showing the change of transconductance with 

time is not sinusoidal. If Vji cos coj^t represents the oscillator voltage, 

then with the aid of Fourier analysis the transconductance as a function 

of time may be written as: 

gm = gmO + gml COS "ut + g^* COS 2 Ct),.t -f- COS 3 £0,,^ 4- (180) 

in which cojj is the angular frequency of the oscillator signal. Since 

transconductance is an even function of time, that is to say it does 

not change if t is replaced by —^t, only cosinal terms occur. 

In the expression for transconductance as a function of time only the 

fundamental component cos Oj^t is of importance, as after mixing 

with the R.F. signal the terms involving a multiple of yield sum 

and difference frequencies greatly deviating from the intermediate 

frequency. 

If a R.F. signal cos coit (in which coj = the angular frequency 

of the RF. signal) is applied to the grid whose transconductance fluctu¬ 

ates periodically due to the oscillator signal, tlien if we consider only 

the fundamental wave cos ft>|,t of the transconductance variation 

we obtain the following anode alternating current: 

Ij^ •— "Vj cos C(^|t X gmiCOSWht. (181) 

As is well known, this is also equal to: 

i V,g„i cos (Wb — ft>i) t + i Vig^icos (<Wh + Wi) t. (182) 

Thus the resulting alternating current has two components, one of which 

has the difference frequency and the other the sum frequency of the 

signal alternating voltage and the oscillator voltage. 

By definition, the conversion conductance is equal to the ratio of the 

anode current of frequency (ojj, — coj) to the input alternating voltage 

Vj of frequency coj. According to Equation (182) the amplitude of the 

anode alternating current of frequency to,, — co, is equal to i Vig,„i 

and the amplitude of the R.F. signal is V,, so that the conversion 

conductance g, must be equal to 

go = igml. (188) 

288 



FREQUENCY CONVERSION CH.XXI 

Thus it follows from this equation 

that the conversion conductance 

equals half the amplitude of the 

fundamental component of the 

transconductance variation with 

time, where this transconductance 

variation is due to the oscillator 

voltage on one of the valve grids. 

It will be apparent that the am¬ 

plitude g^i of the fundamental com¬ 

ponent of the transconductance¬ 

time curve is dependent upon the 

amplitude of the oscillator voltage 

and also upon the negative bias of 

the grid to which the oscillator 

voltage is applied. 

Fig. 267 depicts the ease of a rec¬ 

tilinear transconductance charac¬ 

teristic where the negative grid 

bias Vg' and the amplitude of the 

oscillator voltage are so chosen 

that the transconductancc is always 

greater than zero. In this case the 

variation of transconductance with 

time is sinusoidal and consequently the conversion conductance is simply 

equal to half the amplitude gj^^^ of that curve. 
If, with variable amplitude of the oscillator voltage, the situation is 

always such that during the whole alternating voltage cycle the trans¬ 

conductance remains greater than zero, it is clear that the amplitude 

must be proportional to the amplitude of the oscillator alternating 

voltage. In that case, therefore, the relation between oscillator voltage 

and conversion conductance is very simple. 

With the frequency-converting valves used in practice, however, the 

transconductance curve g^ = f(Vg) is not a straight line (here we are 

concerned still with the transconductance of the grid to which the R.F. 

voltage is applied); neither is the condition satisfied that the grid bias 

is such as to keep the transconductance greater than zero during the 

whole a.c. cycle. The transconductance-time curve produced by a 

sinusoidal oscillator voltage is then greatly distorted (see Fig. 272); the 

relation between the amplitude of the fundamental component of the 

transconductance curve and the oscillator voltage is in that case no 

Ftg. 267 
Top left: Rectilinear transconductance 
characteristic (transconductance as 
function of grid voltage) for the grid of 
a valve to which the oscillatory voltage 
is applied. 
Bottom left: Oscillatory voltage as a 
function of time. The amplitude Vhm is less 
than half the value of the negative grid 
potential, at which the transconductance 
gm equals zero. The negative grid bias 
is so chosen that the transconductance 
during the whole grid alternating voltage 
cycle is greater than zero. 
Top right: Transconductance gm as a 
function of time. 
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longer a simple one. This effect is 
more pronounced where, as hap¬ 
pens in most cases, due to a 

resistance-condenser coupling, the 
negative bias is automatically 
dependent upon the oscillator- 

voltage amplitude. With small 
oscillator-voltage amplitudes and 
automatic bias the negative bias 

on the grid controlled by the 
oscillator voltage is still so small 
that the transconductance is 

greater than zero during the whole 
alternating-voltage cycle. With 
such a voltage, therefore, the am¬ 

plitude of the fundamental com¬ 

ponent of the transconductance¬ 
time curve increases practically 

linearly with the oscillator ampli¬ 
tude. This holds good until ampli¬ 
tudes are reached where the nega¬ 

tive grid voltage is so high that 

the transconductance is no longer 
greater than zero during the whole alternating-voltage cycle. The curve 

showing the conversion conductance as a function of the oscillator ampli¬ 
tude then bends downwards and shows a certain maximum. Fig. 268 

represents such a curve, g^ = f(Vh), for the triode-heptode ECH 4. This 
curve clearly shows the effect described above; the conversion conduc¬ 
tance reaches its maximum at an r.m.s. value of the oscillator voltage of 

about 8 V. Fig. 268 also shows the internal anode resistance as a func¬ 

tion of the oscillator voltage. Now it is known that the oscillator voltage 
varies considerably in a wave-range of the receiver owing to several 
factors. This may result in the conversion conductance not remaining 

constant in a wave-range, so that the sensitivity of the receiver will not 
be the same for all wavelengths. As this is considered undesirable it is 
fortunate that the conversion-conductance curve is fairly flat over a 

wide range of oscillator-voltage values. In Fig. 268 the conversion 
conductance varies from 750 to 670 /^A/V when the oscillator voltage 
changes from 8 to 15 V. This flat tendency of the conversion con¬ 

ductance can be favourably influenced by the shape of the curve 
connecting the transconductance of the grid to which the R.P. voltage 

Curves showing how, for valve ECH 4, 
the conversion conductance go and the 
internal resistance Ra depend upon the 
oscillatory voltage Vh. 
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is fed and the voltage on the grid to which the oscillator voltage is 

applied. 
The transconductance variation of the R.F. grid by means of the oscil¬ 

lator voltage can be obtained in two ways: 

1) by applying the oscillator voltage to the same grid as the R.F. 

voltage, and 

2) by applying the oscillator voltage to another grid introduced in the 

valve for that purpose. 

On this basis frequency-converting valves can be classified under two 
groups, viz: 

A) frequency-converting valves in which the oscillator signal and the 

R.F. signal are applied to the same electrode (grid); 

B) frequency-converting valves in which the oscillator signal and the 

R.F. signal are applied to different electrodes (grids). 

123. Frequency-converting Valves with Oscillator Voltage and R.F. 

Signal Applied to the Same Electrode 

If the oscillator signal, which is usually generated in a separate valve, 
is applied together with the R.F. signal to the grid of an amplifying 

valve, for instance a pentode, then in consequence of the curvature of 
the characteristic an alternating current with the difference frequency 
will occur, among others, in the anode circuit ^). Fig. 269 shows the 

essentials of a stage in which mixing is obtained in this manner. The 

oscillator voltage is fed between 
chassis (earth) and cathode via a 

coupling coil in the cathode lead. 

Thus the cathode voltage changes 
with respect to earth at the oscillator 

frequency. The R.F, tuned circuit 
is between grid and earth. Between 

grid and cathode we therefore have 
the R.F. voltage and the oscillator 
voltage in series. 

With this arrangement the oscillator 

voltage, which is usually fairly large 
(several volts), is, apart from other 

factors, not present between grid 

and earth. Even when there is no 

2Sa 

Fig, 269 
Circuit diagram of a mixer valve with 
separate oscillator, where the R.F. 
signal and the oscillator signal are 
applied to the same grid. 1 = R.F. 
oscillatory circuit, II = I.F. oscillatory 
circuit, III leads to the local oscil¬ 
lator. 

See Chapter XVI, Section 85. 
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R.F. amplifying valve preceding the mixing stage, radiation from the 
aerial due to the oscillator voltage may thus be avoided. Such radiation 
causes disturbances in the neighbouring receivers and is therefore 

undesirable. Consequently if mixing is to be obtained by introducing 

the R.F. signal and the oscillator voltage between grid and cathode, the 
oscillator voltage has to be applied between cathode and earth. 
Since the filament is usually earthed so far as high frequencies are 

concerned, the oscillator voltage between cathode and earth exists 

also between cathode and filament, and owing to the nature of the 
insulation between cathode and filament irregular currents occur which 

can be observed in the loudspeaker as rustling or crackling. 
With this arrangement, notwithstanding the ap]>lication of the oscil¬ 

lator voltage between cathode and earth, it is possible that a con¬ 
siderable part of this voltage exists between grid and earth, due to the 
grid-cathodc capacity. Therefore radiation from the aerial at oscillator 

frequency is still possible. 
Another and very considerable drawback is the great dependency of the 
conversion conductance upon oscillator voltage in the arrangement given 

in Fig, 269; in consequence provision has to be made in the receiver to 

keep this voltage very constant throughout the whole frequency range. 
Finally there is the disadvantage of a considerable influence of the 

alternating voltage in the R.F. circuit upon the voltage in the oscillator 

circuit. 
For all these reasons mixer valves with a common grid for R.F. signal 

and oscillator signal are very seldom used nowadays in receiving sets. 

Diode mixer valves are among the group of mixer valves in which the 
input signal Vj and the auxiliary or oscillator signal Vi^ are applied to 

the same electrode. Diodes are now 

also used for the mixing stage of 

superheterodyne receivers for 
ultra-short waves. When mixer 

valves are used for normal broad¬ 
cast receivers for wavelengths 

of the order of a metre all sorts of 
difficulties arise (see also Chapter 

XXV) owing to the long transit 

time of the electrons, and it is ad¬ 
vantageous to use diodes, in which 
the distance between cathode 

and anode may be very short. 
Fig. 270 shows the essentials of a 

Fig. 270 
Circuit diagram of a mixing stage using a 
diode. I = R.F. input circuit, II = inter¬ 
mediate-frequency transformer, III = leads 
to the local oscillator. 
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diode mixer circuit. The R.F. voltage Vj is in series with the oscillator 

signal Vh, which is applied between cathode and chassis (earth). 

In series with the diode is also an I.F. circuit tuned to the frequency 

difference between cojj and co^. Further, the negative bias of the diode 

anode with respect to cathode is obtained automatically by means of 

a leak resistance Rj in combination with a condenser Cj, the impedance 

of which is small at the intermediate frequency (o^. In consequence of 

the oscillator voltage applied between anode and cathode, due to the 

curvature of the plate characteristic of the diode, the transconductance 

of the diode (the ratio of the very small anode current increase to the 

corresponding very small anode voltage increase, i.e., the reciprocal of the 

internal resistance) for the H.F. voltage V| changes in sympathy with the 

oscillator frequency, and in this manner the desired mixing is obtained. 

The conversion amplification of the diode mixing stage is given by: 

Vo 

Vj gmo + 1/^*0 

(184) 

in which g^i is the fundamental component of the curve indicating the 

transconductance as a function of time, g^o the transconductance of 

the diode at the automatically adjusted bias (see e.g. Eq. 180) and 

Rq the impedance of the I.F. circuit at the resonant frequency. For 

high oscillator voltages g^^^ = J g^^i. When l/R^ is small compared with 

gjjjQ, as is the case when impedance of the I.F. circuit is large, the 

conversion amplification Vq/V| equals unity. This, therefore, is the 

limiting value of the conversion amplification of a diode mixing stage, 

and is generally achieved approximately in practice. 

124. Frequency-converting Valves with Oscillator Voltage and R.F. 
Signal Applied to Different Electrodes 

If the oscillator voltage and the R.F. signal are applied to two diffferent 

grids of a valve an alternating current with the difference frequency 

of these signals is likewise produced in the anode circuit. The electron 

current to the anode is then controlled by the two grids successively. 

In principle there are now two possibilities: 

a) the electron current is first controlled by the R.F. signal and then 

by the oscillator signal; 

See J. Haantjes and B. D. H. Tellegen, The diode as mixer valve and as detector, 
Tijdschrift Ned. Genootschap, 1948; M. J. O. Strutt, Moderne Kurzwellenempfangstechnik, 
publishers Julius Springer, p. 159, and M. J. O. Strutt, Diode frequency changers, Wireless 
Engineer 13, 1986, pp. 78—80. Further see M. J. O. Strutt, Empfhnger und Verstftrker, 
publishers Julius Springer, 1948, pp. 221 et seq. 
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b) the electron current is first controlled by the oscillator signal and 

then by the R.F. signal. 

To group b belong, for instance, the self-oscillating mixer valves, such 

as the octodes, whilst to group a belong the hexodes and heptodes, 

which work with a separate oscillator valve or with an oscillator built 

into the valve. 

(a) Frequency-converting Valves where the Eleetron Current is 

First Controlled by the R.F. Signal and then by the Oscillator 

Voltage 

The working of this kind of mixer valve will be described by taking 

as an example a heptode, i.e. a valve with five grids and a separate 

oscillator. The R.F. input signal is applied to the first grid and the 

os^^illator signal to the third grid. Fig. 271 illustrates the principle of 

a heptode connected a mixer valve, in which gi is the first control 

grid to which the R.F. signal is applied, gg and are screen grids and 

ga Is the control grid lor the oscillator signal. The electron current flows 

through the first control grid with the aid of gg. The electrons thereby 

attain such a velocity that they shoot through the meshes of the screen 

grid and arrive in the vicinity of the second control grid gg. Due to 

the negative voltage of gg, in front of this grid a space charge is formed 

whose density depends on the number of electrons passing through gj. 

The screen grid draws electrons from this pulsating space charge 

through the control grid gg. The alternating voltage at this grid further 

controls the electron current, which then continues its way to the 

anode. The screen grid between gi and gg serves the purpose of reducing 

as much as possible the capacity between those grids, in order to 

minimize the influence of the input-circuit voltage upon the oscillator 

circuit. Owing to the screen grid 

g4, which acts in a similar manner 

to the screen grid in a screen-grid 

valve, the valve has a high internal 

resistance. 

The grid gg, between and the 

anode, is a suppressor grid and its 

object is to render the secondary 

emission of the anode harmless. 

The first grid has a certain trans¬ 

conductance g^gi with respect to 

the anode, and this is apparently 

dependent upon the voltage on the 

Fig. 271 
Circuit diagram of a mixer heptode. 
I = R.F. input circuit, II = intermedi¬ 
ate-frequency circuit, III = lead to local 
oscillator. 
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Fig. 272 
Transconductance g.gi of the 
first grid of a heptode with 
respect to the anode, plotted 
as a function of the voltage 
Vg3 on the third grid, w'ith 
a certain fixed negative bias 
potential on the first grid. 
On the right is shown the 
transconductance ga^i of the 
first grid as a function of time 
when a sinusoidal alternating 
voltage with amplitude Vggm 
and a negative grid bias Vgso 
are applied to the third grid. 

third grid; where the negative bias on that grid is low more electrons 

will flow through the grid to the anode than is the case with a high 
negative bias. The controlling action of the first grid is naturally greater 

for a large anode current than for a small one. The transconductance 
g^gi can be plotted as a function of the voltage on gg, giving a curve 
as shown in Fig. 272. 

If the oscillator voltage is applied to grid 3 via an RC link in accord¬ 
ance with the diagram of Fig. 271, a negative bias with a superimposed 
alternating voltage is produced across the leak resistance. The trans¬ 

conductance then varies with the grid voltage, in the manner indicated 

in Fig. 272. 

At the positive amplitude of Vgg the transconductance of the first grid 
and the amplification of the alternating voltage on that grid are 

maximum. Owing to the alternating voltage on gg the transconductance 
of gi varies between a maximum and zero. 

On the right-hand side of Fig. 272 the transconductance is set out as a 
function of time. This transconductance-versus-time curve is not 
sinusoidal. It is possible, however, to determine the fundamental com¬ 

ponent of this curve by graphical means and to find from that the 
value of the conversion conductance. According to Section 122 this is 
equal to half the amplitude of the fundamental component of the 

transconductance-versus-time curve. If this curve is constructed for 
different oscillator voltages and the corresponding negative grid 
voltages, the relation between the conversion conductance and the 

oscillator voltage can be found. Usually this relation is determined by 
measurement and published in the form of a curve (see Fig. 268). 
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Fig. 273 
Anode current of the 
heptode of Fig. 272 as a 
function of the voltage 
on the third grid, with 
a certain fixed negative 
voltage on the first grid. 
On the right are shown 
the anode currents as 
functions of time when 
large and small siniis> 
oidal alternating vol¬ 
tages with the corres¬ 
ponding biases are ap¬ 
plied to the third grid 
and the direct-current 
components of these 
currents (dot-dash lines). 

The anode direct current depends also upon the oscillator voltage at the 

third grid. Fig. 273 gives the anode current of the same heptode as 

a function of the voltage at the third grid for a given negative voltage 

at the first grid. From the figure it is clearly seen that the anode direct 

current is greater with a small grid alternating voltage than with a large 

alternating voltage. The current peaks of the current-versus-time curves 

become narrower as the alternating voltage on the grid increases, and 

consequently the anode direct current drops. The conversion conduc¬ 

tance increases simultaneously until a certain maximum is reached. 

This figure 273 applies when automatic negative grid bias is derived 

from a leak resistor and condenser. If a fixed negative grid voltage 

is used it must have such a value that in the absence of oscillator 

voltage the anode current is practically equal to zero. The amplitude 

of the oscillator voltage is thereby chosen of such a value that the 

maximum conversion conductance is obtained. For smaller oscillator 

voltages the anode direct current will be lower than that with auto¬ 

matic negative grid bias. 

Modern mixer valves generally take the form of a hexode or heptode 

combined with a triode in a common bulb and with a common cathode. 

Examples of such combinations are the Philips ECH 3, ECH 4 and 

ECH 21. The modulating or mixing system is then built together with 

the oscillating system. Fig. 274 shows the essentials of a triode-heptode 

circuit (using the ECH 4 or the ECH 21). 
In the ECH 3 (triode-hexode) the grid of the oscillator system is con¬ 

nected directly with the third grid of the hexode system inside the 

valve. In the ECH 4 and the more recent ECH 21 (both are triode- 
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heptodes) these grids 

are not interconnected 

inside the bulb but have 

to be connected up out¬ 

side it (the advantage of 

this is that the valves 

can then be used also 

for other purposes). 

With this arrangement 

the oscillator voltage 

set up on the triode grid 

owing to the oscillation 

of the feedback circuit 

is applied directly to 

the third grid of the 

modulator part and thus influences its transconductance in the manner 

desired. Furthermore both grids automatically adjust themselves to 

the same negative grid-bias voltage. 
The conversion conductance of mixer hexodes and heptodes can be 

regulated by varying the voltage on the first grid (see Chapter XXII), 

because a separate oscillator is used which is mounted either in the 

same bulb or in a separate one. Therefore in these valves the electron 

current through the oscillator valve bears no relation to the voltage 

on the first grid of the mixer part, and consequently regulating of the 

mixer part has hardly any effect upon the transconductance of the 

oscillator triode and the oscillator voltage. 

(b) Frequency-converting Valves where the Electron Current is 

First Controlled by the Oscillator Voltage and then by the R.F. 

Alternating Voltage 

Another group of mixer valves are those in which, as previously 

mentioned, the electron current is first controlled by the oscillator 

signal. To this group belong the so-called pentagrid valves and octodes, 

in which a part of the electron current is used for generating the oscil¬ 

lation in the valve itself. Fig. 275 shows the essential circuit components 

of an octode (valve with 8 electrodes). In order to give an idea of the 

action of an octode the EK 2 will be described as typifying this kind 

of valve. 
An octode may be regarded as being a valve consisting of a “lower” 

part with which the oscillation is produced and an “upper” part in 

which the electron current, fluctuating at the frequency of the auxiliary 

ECH 21 in a frequency-conversion sta^e. A = lead to 
the automatic-volume-control-voltage source, see Ch. 
XXIII. 
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Fig. 275 
Circuit diagram of an oclode frequency converter (type EK 2). 
A =- lead to the automatic-volume-control-voltage source, 
ste Ch. XXJII. 

oscillation, is con¬ 

trolled by the R.F. 
signal. Grids 1 and 2 

act respectively as 
control grid and 

anode of a triode 
oscillator. The second 

grid absorbs part 

of the pulsating 

electron current flow¬ 
ing through the first 
grid and conducts it 

to the feedback coil. 
This second grid (ac¬ 
tually we can no 
longer strictly speak of it as a grid) is constructed in such a way that 
its controlling action upon the rest of the electron current passing 
to the “upper” part is limited to a minimum. For this reason this 

electrode consists merely of two parallel rods. The electron current 

is drawn off from the “lower” part by means of a screen grid gg and 
the electrons are concentrated in front of the negative control grid g4, 

where another pulsating space charge is created. From this space charge 

electrons are attracted by the screen grid gg via the control grid g4, 
and after being further controlled by the alternating voltage on g4 

these electrons rush through the screen grid gg and the suppressor grid 

gg, finally reaching the anode. 
The advantage of this arrangement is that with a self-oscillating mixer 

valve it is possible to regulate the conversion transconductance 
(Chapter XXII) by varying the negative voltage on the fourth grid, 

without appreciably affecting the oscillator transconductance. The 

oscillator voltage therefore remains practically constant even when the 

negative voltage on the fourth grid is high. 

125. Secondary Phenomena with Frequency-converting Valves ^) 

(a) Transit-time Current 

Transit-time current occurs particularly with frequency converters 

of the hexode or heptode type. Fig. 276 shows the principle of measuring 
the transit-time current with a heptode. In the case of very high fre- 

1) See the respective publications by M. J. O. Strutt quoted in the bibliography appended 
to this book. 
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quencies in the short-wave range it 

will be found that a considerable cur¬ 
rent flows through the microammeter. 

This current causes damping of the 

connected oscillatory circuit or such 

a negative grid voltage across the leak 

resistor that the working point is 

shifted considerably and consequently 

the amplification of the valve is very 

much reduced. This current is called 

transit-time current because it has to 
be ascribed to the finite transit time 

of the electrons in the valve. 

Owing to the high-frequency alternating voltage on the third grid, 

some electrons which turn back in front of the third grid may, on their 

relatively long path, reach such a velocity that they are able to over¬ 

come the negative potential of the first grid, reach this grid and set 

up a grid current. With a hexode or heptode the transit-time current 

is roughly proportional to the square of the frequency of the alternating 

voltage on the third grid and to the square of the magnitude of that 

voltage. Further, the transit-time current is proportional to the square 

of the distance between grids 2 and 3 and inversely proportional to 

the voltage on grid 2. With hexodes the transit-time current is usually 

much larger than with octodes. In a certain hexode and on a wavelength 

of 10 m, for instance, it amounts to 22 ^A, and in an octode to 3 or 

4 ^A. In hexodes and heptodes this current can be considerably reduced 

by shortening the distance between grids 2 and 3 and lowering the 

oscillator voltage; this results in a smaller space charge and thereby 

reduces the transit time of the electrons between these grids. 

(b) Induction effect 

In the case of mixer valves built on the octode principle an electronic 

coupling is observed between grids 1 and 4, especially in the lower 

bands of the short-wave range, as a consequence of which the conversion 

amplification is reduced. Owing to the induction effect there occurs 

across the input circuit an alternating voltage with a frequency equal 

to that of the oscillator circuit, which under certain circumstances 

may amount to several volts. This voltage is dependent upon the 

properties of the input circuit, the I.F. employed and the oscillator 

alternating voltage. 

If the frequency of the oscillator is higher than that of the signal 

Fig. 276 
Basic circuit used for measuring 
the transit-time current on a 
heptode. 
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received then the voltage on grid 4 will be in antiphase to the oscillator 

voltage on grid 1. In that case the disturbing voltage on grid 4 has 
the same effect as a lowering of the oscillator voltage on grid 1, this 
resulting in the reduction of the conversion amplification already 

mentioned. If the mixer stage is not preceded by a R.F. stage, owing 
to the induction voltage on the fourth grid there will also be inter¬ 
ference in neighbouring receivers. If this voltage assumes too high a 

value grid current may also occur, and this entails damping of the input 
circuit. 

The existence of the induction voltage on the fourth grid can be ex¬ 

plained as follows. The density of the electrons forming a space charge 

in front of the fourth grid changes under the influence of the oscillator 
voltage on the first grid. This electron cloud has a certain capacity 

wit^h respect to the fourth grid; thus a variation in the charge of this 
cloud also results in a variation of the fourth-grid charge. If the reso¬ 

nant frequency of the oscillator circuit is higher than that of the input 

circuit the impedance of the latter circuit will be capacitive for the 
oscillator voltage. The space charge in front of the fourth grid together 

with that grid itself forms a condenser. If now the fourth grid and the 

cathode form a capacity owing to the capacitive impedance of the 
oscillatory circuit between these electrodes, we have a capacitive 

voltage divider (see Fig. 277) between space charge and cathode. When 

the invStantaneous value of the alternating voltage on the first grid 
increases in a positive direction the density of the space charge in¬ 

creases, that is to say the negative charge becomes greater, and the 

same applies to the induced charge on the fourth grid. Consequently 
between the fourth grid and cathode an alternating voltage occurs 

which is in antiphase to that between the first grid and cathode. 

If, on the other hand, the frequency of the oscillator is lower than that 
of the signal received the impedance 

--^-- g4(odocie) of the input circuit will have, practi- 
± cally speaking, an inductive character rCathode for the oscillator voltage, so that the 

54487 voltage induced on the fourth grid is 
Fig, 277 
Representation of the capacitive 
voltage divider between the space 
charge in front of the fourth grid 
of an octode and the cathode, which 
occurs when the circuit between the 
fourth grid and cathode has a ca¬ 
pacitive impedance at the frequency 
of variation of density of the space 
charge. 

in antiphase to the voltage set up across 
the oscillatory circuit when it has a 

capacitive impedance. It is conse¬ 

quently then in phase with the oscillator 
voltage. Therefore it is advantageous 

to choose an oscillator frequency in the 

short-wave range lower than the fre- 
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quency to which the input cir¬ 

cuit is tuned. Considering the 
phase of the voltage that is 

induced on the fourth grid, the 
electronic coupling between grids 

1 and 4 may be compared to a 

negative eapacity between these 
grids. This capacity, however, 

does not exist in the reverse 

direction, i.e., from grid 4 to 
grid 1, since the fourth grid has 

little influence upon the elec¬ 
trons around the first grid. For 
an r.m.s. value of the oscillator 

voltage of about 8.5 V in the 

octode AK 2 the value of this 
capacity is about 2 /W/iF. If, now, 

a small condenser of the same 

value placed outside the valve 
is connected up between grids 

1 and 4, the electronic coupling 
in the medium-wave range will 

practically disappear, because 

then via the same condenser the oscillator voltage also is applied to 

the fourth grid, but in antiphase. In this way a neutralization is ob¬ 

tained by these two voltages on the fourth grid and there is no reduction 

of the conversion conductance. 
The following factors affect the magnitude of the disturbing oscillator 

voltage on the fourth grid: 

1) The induction voltage decreases according as the capacity of the 
tuning condenser in a wave range increases. The electronic coupling 

in a given wave range is inversely proportional to the third 

power of the frequency. 

2) With the tuning condenser across the input circuit set in a given 

position the electronic coupling is proportional to the frequency if 

this is varied by a change of the wave range (by means of the wave- 

range switch). 

8) The electronic coupling is inversely proportional to the value of 

the intermediate frequency, i.e., to the difference between the 

frequency of the signal received and that of the oscillator. 

Fig, 278 
Photograph of the electrode system of the 
battery octode I)K 21. The two rods of gs 
he parallel to the supporting rods of grid 
g4 and are connected with the first (oscillator) 
grid. O^ing to the capacity between ga andg4 

the induction effect is neutralized. 
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In the case of the octode EK 2 the unilateral negative capacity between 

grids 1 and 4 is very much reduced by a judicious choice of voltages 

on the electrodes. Further, in the EK 2 the electronic coupling is 

neutralized by means of a small condenser mounted in the valve 

between grids 1 and 4. In the battery octode DK 21 the negative 

unilateral capacity between grids 1 and 4 is compensated by setting up 

two small rods (gg in Fig. 278) close to the fourth-grid support rods 

and connecting them to the first grid carrying the oscillator voltage 

(this octode has no screen grid between the oscillator anode gg and 

the control grid g4). 

When the oscillator voltage varies the induction voltage changes 

only slightly. From this it follows that the unilat<ral negative capacity 

from grid 1 to grid 4 must vary considerably when the oscillator 

alternating voltage is changed. Therefore the positive capacity inserted 

between grids 1 and 4 in order to neut^^alize the induction effect can only 

do so at a determined vabie of the oscillator voltage. It is of importance 

that this neutralization point should be adjusted accurately at the 

bottom end of a wave range, because the induction voltage decreases 

with increasing rapidity when turning away the tuning condenser from 

the position corresponding to that wavelength (see above under 

factor 1). 

The inference that the induction effect in the medium-wave range 

is to be regarded as a unilateral negative capacity from grid 1 to grid 4 

no longer holds for the short-wave range, for there the induction effect 

can no longer be compensated by a positive capacity and an induction 

voltage always remains on the fourth grid. This phenomenon is to be 

ascribed to the finite transit time from grid 1 to grid 4, as a result of 

which at high frequencies the electrons are somewhat delayed in 

reaching the fourth grid. The induction voltage is retarded with respect 

to the alternating voltage on the first grid, so that it becomes displaced 

in phase. In this case the inductive action can be compared to a uni¬ 

lateral negative capacity in series with a unilateral negative resistance 

between grids 1 and 4, and it can be neutralized by interposing a 

capacitor in series with a resistor between those grids. 

When a fixed resistor is connected in series with a fixed condenser, 

however, there is only compensation of the induction effect at a fixed 

value of the oscillator voltage. It is advisable so to adjust the oscillator 

part that this value of oscillator voltage lies at the bottom end of a 

wave range. 

In one of the latest methods of construction of mixer valves on the 

octode principle, viz. the octode EK 8 with 4 electron beams, this 
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compensation is achieved by means of 

a resistor mounted in the valve in 
series with a condenser (see Fig. 279). 

By this means the induction effect of 

an average valve is compensated at an 
r.m.s. value of the oscillator voltage of 
about 12 V. 

Induction effect also occurs in valves 

constructed on the hexode or heptode 
principle. The electrons moving through 

the first (control) grid and the second 
(screen) grid to the third (modulation) 

grid partly turn back in front of the 
third grid when this is considerably 

negative during the negative half-cycle 

of the oscillator voltage. These returning 
electrons pass again through the second 

grid towards the first and, since this is 

likewise negative, partly turn back again 
towards the second grid. In this manner 

a negative space charge is set up be¬ 

tween grids 1 and 2 which varies peri¬ 
odically at the frequency of the oscillator 

voltage (see Fig. 280). 

This varying space charge induces a fluctuating charge on the first 
grid. 

When the circuit between cathode and grid g^ has a capacitive im¬ 

pedance at the frequency at which the space charge fluctuates we again 

have a capacitive voltage divider between space charge and cathode. 
Contrary to the case of an octode, however, the space charge between 

the first and second grids increases in density when the voltage on the 
third grid changes in a negative direction (with the octode the space charge 

in front of grid 4 increases when the voltage on the first grid changes 
in a positive direction). The charge induced on the first grid therefore 
increases when the voltage on the oscillator grid becomes more 

negative; the induction voltage on the first grid is consequently in 

phase with the oscillator voltage and thus more or less assists the 
mixing. However, this induction voltage of oscillator frequency is 

across the R.F, input circuit and may cause interference in neigh¬ 
bouring receivers. 

The induction effect of a hexode or heptode may be represented by 

Fig. 279 
Top view of the internal con- 
stnietiori of the octode frequency¬ 
converting valve EK 3 showing 
clearly the means used to com¬ 
pensate the induction effect. A 
points to the condenser and B to 
the resistor. 
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a positive capacity between grids 3 and 

1 acting in one direction (not from grid - 

1 to grid 3). In hexodes and heptodes =s —Cathoda 
this quasi-capacity is about 10 times _jJ 
smaller than that in the case of octodes, 

because the space charge formed in the 
... .1 /•• . ‘j j . Representation of the eapaeitive 

Vicinity ot the first grid due to the voltage divider between the space 
returning electrons is of much smaller charge outside the R.F. grid g, 

. TV V ’ jf or a hexode (or heptode) and 
density than the space charge in front cathode. This capacitive voltage 
of the fourth grid of an octode. divider is formed when the circuit 

With triode-hexodes and triode-heptodes capacmve^'impedanL at \he^ fre*^ 
there are capacitive couplings between quencyat which the density of the 

•11 . 1 J T> 17 ‘ .t. J space charge varies. 
oscillator anode and n.F. input grid 
gj, and also between oscillator grid and 

gi (see Fig. 281). If the R.F. oscillatory circuit between gi and the 

cathode has a capacitive impedance at the oscillator frequency (o^ > «>i) 
the coupling by the capacity will produce an alternating voltage 
at the grid gi in antiphase to the oscillator alternating voltage on 

the grid gg and thus having a tendency to reduce the conversion con¬ 

ductance. The coupling via the capacity Cgig^, on the other hand, 
produces at the grid gi a voltage which is in phase with the oscillator 
voltage at grid gg. 

It depends upon the magnitude of the capacities Cgi^^rp and Cgig^ and 

upon the alternating voltages at the anode and the grid of the triode 

part whether the resulting voltage at the grid gj of the modulator part 
is in phase with or in antiphase to the oscillator voltage at gg and whether 

consequently the conversion conduc- 

Fig, 280 
Representation of the eapaeitive 
voltage divider between the space 
charge outside the R.F. grid g, 
of a hexode (or heptode) and 
cathode. This capacitive voltage 
divider is formed when the circuit 
between gj, and cathode has a 
capacitive impedance at the fre¬ 
quency at which the density of the 
space charge varies. 

Fig. 281 
Representation of the capacitive 
coupling between the R.F. input 
grid and the oscillator anode, and 
also between oscillator grid and R.F. 
input grid of a triode-heptode. 

tance is increased or decreased. 

(c) Frequency Drift 

By frequency drift is understood the 

undesired changing of the oscillator 
frequency that may occur after tuning. 

This also causes the intermediate fre¬ 

quency to change and perhaps to fall 
outside the pass-band of the I.F, am¬ 

plifier. A small fluctuation of the 

oscillator frequency causes the inter¬ 
mediate frequency to lie beside the peak 

of the I.F. resonance curve and the 
side-bands are then no longer equal- 
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ly amplified. This leads to distortion in the detector. If there 

is a large oscillator-frequency drift the intermediate frequency produced 

by the mixer will be displaced so far outside the I.F. resonance curve 

that it can hardly be amplified at all by the I.F. amplifier. The signal 

will then have disappeared almost entirely and the oscillator tuning has 

to be readjusted to bring it back again. Let us take first the case of 

a separate oscillator valve. Here frequency drift may occur through 

a variation in the space charge before the first grid. This space charge 

may be regarded as an increase of the grid-cathode capacity, and when 

that capacity is directly in parallel with the tuning capacity of the 

connected oscillatory circuit the change in the spaec charge will affect 

the resonant frequency of that circuit. A variation of the anode voltage 

of the oscillator valve and of the heating voltage, as may be caused for 

example by a fluctuation of the mains voltage, influences the density 

of the space charge and gives rise to frequency drift. If the oscillatory 

circuit is connected to the anode and the feedback coil to the grid, 

then the capacity change is modified by transformer action between 

the oscillatory circuit and the feedback coil. If there is a step-up in 

the transformer from the feedback coil this will reduce the capacity 

change in the oscillatory circuit. Therefore, as regards frequency drift, 

there is an advantage in connecting the oscillatory circuit to the anode 

if the drift is not neutralized in some other way. The drawback, 

however, is that it makes the connections more complicated. 

Obviously a capacity change due to a variation in density of the spaee 

charge will have the greatest effect upon the tuning of the oscillatory 

circuit when the capacity of that circuit is smallest. It will also be 

apparent that the absolute change in frequency will be greater for 

high frequencies than for low frequencies, so that at high frequencies 

frequency drift may assume inadmissible proportions, especially in 

the short-wave range. 

If the oscillator valve and the mixer valve are built in one common 

bulb and both use the same electron current the space charge in front 

of the control grid of the oscillator valve may be affected not only by 

the voltage of the oscillator anode but also by the direct voltage 

variations on the other electrodes. Thus, for instance, the space charges 

in front of the first grid in the octodes AK 2 and EK 2 are affected by a 

negative gain-control voltage applied to the fourth grid, due to which 

frequency drift takes place. The electrons driven back in front of the 

fourth grid return partly to the space charge in front of grids 1 and 2 

and thus affect the density of the space charge and the tuning of the 

oscillatory circuit. On wavelengths of 200 m and higher very little 
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frequency drift is noticed with these octodes. In the short-wave range, 

however, frequency drift assumes inadmissible proportions. With the 

AK 2 for instance a capacity change of 0.2 to 0.3 fifiF was measured 

when the bias on the fourth grid was varied from —2 to —20 V. At 

a wavelength of 12 metres and with an oscillatory circuit having a 

total capacity of 50 [ifiY a capacity change of 0.2 causes a fre¬ 

quency drift of 50 kc/s. (This frequency drift increases in a given 

wavelength range in proportion to the third power of the frequency.) 

In view of the magnitudes that frequency drift may assume in the 

short-wave range when using the AK 2 the negative grid bias of this 

valve must not be altered in that range. 

In the case of hexodes and heptodes with separate oscillator valve 

the capacity change of the third grid can hardly have any effect upon 

the tuning of the oscillatory circuit. This capacity is little influenced 

by mains-voltage variations, and even if a negative gain-control 

voltage is applied to the first grid the capacity change of the third 

grid can be kept small by adopting a suitable valve construction. By 

keeping the coupling of the third hexode grid with the oscillatory circuit 

loose, for instance by connecting the oscillatory circuit to the anode 

of the oscillator valve and connecting the feedback coil to the grid 

of that valve, the influence of capacity variation can be greatly 

reduced. 

If, when using the ECH 3 (triode-hexode), the oscillatory circuit is 

connected to the anode and the feedback coil to the grid of the triode 

part, the frequency drift for a mains voltage variation of 10% and for 

a wavelength of 15 metres is less than 1 kc/s. At full down-control of 

the conversion conductance, a wavelength of 15 metres and 50 fifjiF 

oscillatory-circuit capacity the frequency drift is less than 2 kc/s. Under 

these conditions the frequency drift with the ECH 4 (triode-heptode) 

is less than 3 kc/s, due to the full down-control of the conversion 

conductance. 

In the case of the octodes AK 2 and EK 2 the frequency drift in the 

short-wave range is increased owing to the fact that a voltage variation 

at the electrodes and the resultant variation of current to the second 

grid causes a variation in transconductance and consequently an 

apparent variation of oscillator capacity. Owing to the transit time 

of the electrons the oscillator-anode alternating current in the short¬ 

wave range is no longer in phase with the alternating voltage on the 

oscillator grid. This delay of the anode current causes the feedback 

coil to induce an alternating voltage in the oscillatory circuit which is 

not in phase with the alternating current in the oscillatory circuit. This 
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voltage has two components, one of which is in phase with the oscil¬ 

latory-circuit current and thus produces regeneration, whilst the 

other is phase-shifted 90° with respect to that current. The latter 

component, however, would also be the result of a correspondingly 

increased capacity of the circuit. Consequently the effect of the transit¬ 

time delay of the anode a.c. is an apparent increase of the circuit 

capacity. Therefore a mains-voltage variation that brings about a 

change in the transconductance of the oscillator part of an AK 2 or 

EK 2 causes a variation of this quasi-capacity and consequently fre¬ 

quency drift. 

In the case of the octode EK 3 frequency drift is greatly reduced by: 

1) eliminating the influence of the fourth-grid bias potential on the 

space charge in the oscillator part of the valve; 

2) shortening the transit time of the electrons in the oscillator part. 

This is achieved by applying the principle of electron-beam concen¬ 

tration and screening the oscillator part almost completely ^). As a 

consequence the frequency drift is so small that the EK 3 can also be 

fully gain-controlled in the short-wave range. At 15 metres and with 

an oscillatory circuit capacity of 50 ///^F the drift is 4.5 kc/s for a 

variation of the bias on the fourth grid from —2 to —20 V. 

(d) Whistles 2) 

If in a superheterodyne receiver there is, in addition to the inter¬ 
mediate frequency, a second signal of a frequency differing slightly 
from that of the I.F. signal applied to the detector, the presence of 
these two signals causes a whistle in the loudspeaker. The pitch of 
the whistle depends upon the difference between the frequencies of the 
two signals reaching the detector. This undesired signal may arise in 
all sorts of ways. It is possible, for instance, that in addition to the 
selected signal on the R.F. grid of the mixer valve there is an interfering 
signal of a frequency almost equal to the intermediate frequency. The 
interfering signal is amplified directly by the modulator part and sets 
up an I.F. alternating current in the anode circuit, whilst through 
mixing with the oscillator signal the selected R.F. signal likewise sets 
up in the anode circuit an alternating current of intermediate fre¬ 
quency. Due to the two I.F. signals there will be a difference-frequency 

*) See also J. L. H. Jonker and A. J. W. M. van Overbeek, Wireless Engineer 15,1088, 
pp. 428-A81. 
*) See also M. J. O. Strutt, Wireless Engineer, 12,1985, pp. 194—197, and M. J. O. Strutt, 
Verstkrker und EmpfUnger, Julius Springer, 1948, pp. 224 et seq. 
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component in the detector circuit which manifests itself in the loud¬ 
speaker as a whistle. 

Whistles may also arise if, for instance, a harmonic of the oscillator — 

which is likewise applied to the modulator grid of the mixer valve — 

together with a harmonic of the input signal caused by the curvature 

of the mixer-valve characteristic, forms a signal whose frequency devi¬ 
ates slightly from the intermediate frequency. 

Further it is possible for whistles to arise if, for instance, a strong 

undesired signal penetrates to the grid of the mixer valve and this 

has such a frequency that together with an oscillator harmonic it sets 

up a frequency almost equal to the intermediate frequency. If, for 

example, the I.F. is 125 kc/s and the receiver is tuned to a transmitter 

with a frequency of 600 kc/s (~ 500 metres) the oscillator frequency is 

725 kc/s. The second harmonic of tlie oscillator frequency is then 1,450 

kc/s and with a signal of 1,324 ke,s {— 226 ni) may cause a frequency 

of 126 kc/s. The whistle will then have a frequency of 1,000 c/s. 

In the first place, howf ver, we have to consider the disturbances due 

to the so-called image frequency. If a receiving set is tuned to 1,000 kc/s 

and the I.F. is 125 kc/s, the oscillator signal has a frequency of 1,125 

kc/s. Now if wc have a signal that differs from the tuned signal by 

about twice the amount of the I.F.—usually called the image signal— 

this will also produce the intermediate frequency in the anode circuit. 

Suppose the frequency of this signal is 1,249 kc/s, then in the anode 

circuit we get a frequency of 1,249 — 1,125 = 124 kc/s. As the fre¬ 

quency of the 1,249 kc/s signal does not differ too much from that of 

the 1,000 kc/s signal it may happen in certain circumstances that a very 

strong signal of that frequency will be applied on the grid of the mixer 

valve and give rise to an intense whistle. As the I.F. is increased, the 

difference in frequency between the desired signal and the image signal 

becomes greater and the more easily can the disturbing signal be 

filtered out by the preceding tuned circuits. In this respect, therefore, 

a high I.F. offers great advantages. 

There is a large variety of possible causes of whistles, a brief summary 

of which is given below. The frequency of the desired signal will be 

represented by fi and that of the interfering signal by fg. 

1) The interfering frequency is equal to the I.F.: 

U = IF. 

2) Interference due to the image frequency: 

fa = fi + 2 X I.F. 
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8) Due to mixing with the tuned signal the interfering frequency 
forms the I.F.: 

f2 = fi i I.F. or 

f2-I.F.-f,. 

4) A harmonic of the oscillator together with the interfering fre¬ 

quency or a harmonic thereof forms the I.F.: 

n (fi + I.F.) ± mfg - I.F. 

Here n and m are whole numbers. 

5) A harmonic of the oscillator together with a harmonic of the tuned 
signal forms the I.F.: 

n (f, + LF.) i mfi = ± I.F. 

It is obvious that in order to keep the number of whistles as low as 
possible care has to be taken that no interfering signals reach the grid 
of the mixer valve and that any signals that cannot be avoided cause 

the weakest possible whistles. In the first place, therefore, the tuned 
circuits preceding the mixer valve must give the highest possible se¬ 
lectivity. For this reason it is advisable to use two tuned R.F. circuits. 

By selecting a high I.F. there is 
less chance of interference being 
caused by the image frequency. 
The I.F. should be so chosen that 
the minimum number of whistles 
occur on the tuning dial, taking 
into account the effect of any 
local stations. 
Under certain circumstances a 

Fig, 282 
Curves for the valves EH 2, EK 2 and 
£K 8 indicating the relative strength of 
whistles (vertical axis) caused by the 
second harmonic of the input signal, 
related to the strength of the desired 
signal as a function of the oscillator 
alternating voltage V^. The relative 
strength of the whistle is measured after 
the detector and applies to linear rectifi¬ 
cation of the detector valve with a modu¬ 
lation depth of the carrier wave of 80% 
and a R.F. signal of 8 mV at the grid of 
the frequency-converter. 

RelMim Inienstty 
of Whlstlos 
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whistle can be eliminated at a certain place on the tuning dial by 

introducing in the set a wavetrap for the interfering frequency. 

The selectivity of the preceding tuned R.F. circuits or a wavetrap has 

no effect upon the fifth possible cause of whistles given above. It is 

therefore of importance that the mixer valve should generate the fewest 

possible harmonics of the input signal, and this can be achieved when 

the characteristic has a satisfactory shape. 

Fig. 282 gives some curves for the valves EH 2, EK 2 and EK 3 indi¬ 

cating the strength of the whistle in the loudspeaker due to the second 

harmonic of the input signal (which is most prominent) compared with 

the strength of the desired signal in the loudspeaker, as a function of 

the oscillator voltage. In plotting these curves it has been assumed that 

the rectification of the detector valve of the receiver in which the 

measurement is made on the mixer ^ alvc is linear, that the modulation 

depth of the R.F. signal is 30% and the strength of the signal at the 

grid of the mixer valve is 3 niV. From these curves it appears that the 

whistle depends mainly on the magnitude of the oscillator voltage. In 

this respect, therefore, it is preferable to keep the oscillator voltage 

as small as possible, so long as this does not lead to any other un¬ 

pleasant phenomena, such as valve noise. 

(e) Valve Noise 

With mixer valves the background noise produced is stronger than 

with valves used for direct R.F. amplification. The nature of this noise 

will be considered in greater detail in Chapter XXIV. Apart from a 

factor subject to slight variation for different types of valves, the 

noise of a mixer valve is roughly proportional to the ratio of the 

square-root of anode current to the conversion conductance. Since the 

anode current increases as the oscillator voltage decreases, this ratio 

increases as the oscillator voltage is reduced, so that the noise becomes 

stronger. A compromise has to be sought between the weakest possible 

noise and the least possible interference by whistles. 

(f) Cross-modulation, Modulation Distortion and Hum-modulation 

As in the case of R.F. and I.F. valves, with mixer valves phenomena 

are observed which are to be attributed to the curvature of the charac¬ 

teristic and manifest themselves as cross-modulation, modulation 

distortion and hum-modulation. Cross-modulation is of particular 

importance, as in most cases the mixer stage constitutes the input stage 

of the receiver. 

Modulation distortion is only to be expected when the receiver is 
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tuned in to very high-powered transmitters. In this respect it is 
necessary that the characteristic of the mixer valve should have a 
favourable shape. For mixer valves curves are published indicating 
also the admissible signal voltage at the grid as a function of the 
conversion conductance for 1% cross-modulation or for 1% hum- 
modulation. (For the older types the curves were published for 6% 

cross-modulation and 4% hum-modulation.) 

126. Grid-current Curves 

Usually the bias on the oscillator grid is automatically produced by 
means of a leak resistor (self bias). The current passing through the 
leak resistor is an indication of the amplitude of the alternating 
voltage on the oscillator grid. 
Since it is easier to measure the current passing through the leak 
resistor than the alternating voltage across the oscillatory circuit— 

because in the latter case the effect 
of the measuring instrument on the 
voltage source has to be avoided— 
for every mixer valve curves are 
published showing the oscillatory 
voltage as a function of the grid 

current for a given leak resistance. 
Such curves are shown in Fig. 283 
for the valves EK 2, ECH 4 and 
EK 3. 

Fig. 283 
Curves for the valves EK 2, ECH 4 and 
EK 8 indicating how the current Ib through 
the leak resistor depends upon the os¬ 
cillator voltage Vh. 



CHAPTER XXII 

Gain Control (Variable-transconductance Valves) 

127. Object and Achievement of Gain Control 

A large number of signal voltages differing in frequency and magnitude 

are induced in the aerial of a receiving set. When a set is tuned in to 

a local transmitter the voltage across the oscillatory circuit coupled to 

the aerial will be very large and may amount, for instance, to 2 volts. 

If, the on other hand, the set is tuned to a distant station the signal 

from which is very weak when picked up by the set, the voltage across 

that circuit is very small, often of the order of only a few microvolts. 

With such widely divergent signal strengths the alternating voltage 

supplied to the loudspeaker should be as constant as possible, whilst 

at the same time the volume of sound from the loudspeaker must be 

adjustable. For the loudspeaker to be able to reproduce very weak 

signals with sufficient volume it is essential that the amplification in 

the set should be adequate. When a strong signal is picked up the ampli¬ 

fication and thereby the volume of sound from the loudspeaker must be 

reduced, in order also to avoid overloading the valves, which leads 

to distortion. 

In the first place it is necessary that the R.F. and I.F. amplification is 

such that the signal voltage at the detector is kept practically constant 

and, if possible, of sufficient strength to drive the output valve fully. 

This makes it essential that the R.F. amplification, the conversion 

amplification and the I.F. amplification or one or more of these can 

be controlled. Separate measures to control the volume of sound from 

the loudspeaker must then be taken in the A.F. part of the circuit. 

Usually the A.F. amplification or gain is controlled with the aid of a 

potentiometer operated by hand and reducing the signal strength 

applied to the output valve. 

In simple receiving sets with direct R.F. amplification (T.R.F. receivers) 

the R.F. signal is sometimes also attenuated by a potentiometer on 

the input side of the set; this then serves at the same time to adjust 

the sound volume. In simple sets with one circuit and a regenerative 

grid detector gain control is obtained by adjustment of reaction. 

In modem superheterodyne receivers the R.F., conversion and I.F. 

amplification' are attenuated by applying negative voltages to the 

control grid of each amplifying valve. This gives a very wide range of 

control, particularly where several valves are controlled. In most cases 
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the gain-control voltage is automatically adjusted by the signal voltage 

and this is given the name of automatic volume control (A.V.C.). 

A study of the transfer characteristic of a valve shows that when the 

negative grid bias is increased the transconductance and consequently 

the amplification by the valve is reduced, owing to the curvature of 

the characteristic. The same applies in the case of frequency-converting 

valves. This affords the possibility of controlling the amplification. 

128. Requirements to be met by the Gain-controlled Valves 

When a strong signal is picked up by the aerial a high-frequency valve 

has to cope with a large alternating voltage at the grid. This makes it 

desirable to reduce the R.F. amplification or gain, which is attained 

by raising the negative bias of the valve until the amplification is 

sufficiently limited. In the case of a valve with a normal character¬ 

istic, i.e. not one whose shape is artificially modified, control by in¬ 

creasing the negative bias will cause the operating point to be shifted 

towards the cut-off point ^), where the curvature of the transconduct¬ 

ance characteristic is much greater than over the part of the charac¬ 

teristic corresponding to low grid bias. As shown in Chapter XV, 

modulation distortion (and cross-modulation) depends upon the curva¬ 

ture of the transconductance characteristic g^^ = f(Vg). Any displace¬ 
ment of the operating point towards the cut-off point of the character¬ 

istic therefore results in a considerable increase of modulation distortion 

even with a constant signal strength. If, moreover, the signal on the 

grid increases, which is the cause of the operating point being shifted, 

then the modulation distortion is still greater (it is proportional to 

the square’ of the grid alternating voltage). 

In view of modulation distortion, therefore, for gain-control purposes 

a valve characteristic which shows reduced curvature of the trans¬ 

conductance characteristic for increasing negative grid bias is desired. In 

that case modulation distortion is not increased so much by gain 

control as when the curvature becomes greater due to increased grid 

bias. 

The risk of modulation distortion will generally be great in the first 

valve of a receiver, since on the grid of that valve the signal from a 

local station may be fairly strong. This is also the case with valves 

preceded by several amplifying stages and having to cope with strong 

grid signals, particularly so with the I.F. valve preceding the detector 

valve, especially when only small A.F. amplification is employed. The 

signal on the grid will then have to be of considerable strength if the 

The point where the MK>de current becomes practically equal to zero. 
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final stage is to be fully driven. There is then a very great chance of 

modulation distortion, against which the necessary counter measures 

have to be taken. 

Apart from modulation distortion there is also the possibility of cross¬ 

modulation. From Chapter XV, Section 82b, it follows that cross¬ 

modulation does not depend upon the carrier-wave strength of the 

desired station but is proportional to the square of the amplitude of 

the interfering carrier wave. The greatest risk of eross-modulation 

occurs in the first valve of the receiver (usually the R.F. or the mixer 

valve) when the signal of adjacent carrier-wave frequency reaches the 

grid of this valve in great strength. This risk is equally great in the 

reception of both strong and weak stations. Like i>iodulatioii distortion, 

cross-modulation depends upon the curvature of the transconductance 

characteristic at the operating poiitt. If witli larger grid bias the curva¬ 

ture increases then also Ihe risk of cioss-modulation becomes greater. 

With regard to cross-mf»dulation, therefore, it is also desirable that the 

transconduetance characteristic should show a uniform and gentle 

curvature for the whole control range, so that even for the strongest 

interfering carrier wave there will be no trouble from cross-modulation. 

To this may be added the fact that in the reception of a powerful 

station (a local transmitter) there is little probability of another station 

of adjacent frequency coming through also in such strength as to 

cause troublesome cross-modulation. This possibility is much greater 

in the reception of weak stations, so that it would be desirable for the 

curvature of the transconduetance characteristic to be less with low 

bias than with higher bias; this is contrary to what is required of the 

transconduetance characteristic of a gain-control valve to avoid modu¬ 

lation distortion. 
Now the shape of the transconduetance characteristic, which is derived 

from the transfer characteristic, depends upon the shape of the latter. 

From this it follows that there are exceptional requirements for the 

shape of the transfer characteristic of a valve in which the amplifi¬ 

cation is to be controllable. 
It is not, however, only cross-modulation or modulation distortion 

that has to be taken into account for a valve that is intended for 

gain-controlling purposes. There are other requirements to be considered 

and these are usually of a conflicting nature. In a gain-controlled valve 

a combination of the following properties would be desirable: 

1) largest possible transconduetance change with the smallest possible 

gain-control voltage; 

809 



GAIN CONTROL CH. XXII 

2) small non-linear distortion at all points of the transfer characteristic; 

8) largest possible initial transconductance (the transconductance at 

the lowest bias to be applied in view of grid current); 

4) not too large an anode current with the lowest bias, i.e,, in the 

uncontrolled state. 

Not a single one of these requirements can be satisfied without adversely 
influencing at least one of the others. A large transconductance change 
with limited control voltage requires a pronounced curvature of the 
characteristic, which results in excessive cross-modulation and modu¬ 
lation distortion. High initial transconductance accompanied by a not 
too pronounced curvature of the characteristic means that in order to 
reduce the transconductance to a certain extent a very high control 
voltage is needed. Moreover, the anode current for the minimum bias 
will then be very large. Consequently for a gain-controlled valve a 
choice has to be made from these properties and it depends upon their 
relative importance which is to be most favoured. 

129. Means of Influencing the Shape of the Characteristic 

In the case of a pentode the anode current as a function of the negative 
grid voltage is represented in the simplest case by the formula 

= + (185) 
\ i^g2gl I 

in which k is a constant and yMg2gi amplification factor of the control 
grid with respect to the screen grid. 

Here the influences of anode and 
suppressor-grid voltages are disre¬ 
garded. This formula represents a 
curved characteristic departing from 
the square-law shape. This departure 
implies that modulation distortion 
or cross-modulation may arise. The 
characteristic represented by For¬ 
mula (185) applies to the case where 
the equipotential planes between 
grid and cathode are parallel to the 
cathode, i.e., as explained in Chapter 
XIII, when the mutual distances be¬ 
tween the grid wires is small compared 

Fig. 284 
Cuwe a: Transfer characteristic of a 
valve with island effect. 
Cuwe h: Transfer characteristic of a 
similar valve without island effect. 
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with the distance between the 
grid and cathode surfaces. If, 
however, the distance between the 
grid wires is about equal to or 

greater than the grid-cathode 
distance then, as explained in 
Chapter XIII, with high negative 

grid voltages the island effect arises. 
As a consequence the anode current 
for a certain direct negative grid 
voltage is greater than would be 

obtained if the ^2 power law we 
conductance is less. 
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Fig. 285 
Diagrammatic representation of a valve 
where the control grid of one half (A) 
has a small pitch and the other half (B) 
a large pitch. 

obeyed. Fuithermore the trans- 

Instead of curve b in Fig. 284, representing a transfer characteristic 
which conforms to the power equation of Formula (185), we get 
the full-line curve a. Fnmi the shape of that curve it appears that the 
curvature of the characteristic for corresponding anode currents is 
much less pronounced tliroughout; 
the transconductance, however, is 
also at all points much less than 
that of curve b. Moreover, the 
“cut-off” point of anode current 
(the point where the anode current 
is practically zero—see the points 
B and B' in Fig. 284) lies at a much 
higher negative grid voltage in 
curve a than in curve b. The anode 

current is also much greater at all 
points, except at the grid voltage 
corresponding to point A. (This 
grid-voltage value corresponds to 
the potential of the potential- 
distribution diagram between ca¬ 
thode and anode which would 
occur with the given anode voltage 
at the position of the grid if the 
grid were left out.) In such a case 
the characteristic a is said to have 
a long tail. Owing to the fact that 
the curvature of characteristic a is 
smaller for all grid voltages than 

Fig, 286 
Curve A: Transfer characteristic showing 
normal transconductance and normal 
anode current in the non-controlled con¬ 
dition (for a grid voltage Vgjo). 
Curve B: Characteristic showing a long 
tail and low anode current in non- 
controlled condition. 
Curve C: Sum of the curves A and B. 
In this manner a characteristic is ob¬ 
tained of which the transconductance is 
normal and the anode current in the 
non-controlled condition is not too great, 
whilst for large negative grid voltage 
there is a long tail with slight curvature. 
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that of characteristic b, the former is more favourable with regard to 

avoidance of modulation distortion and cross-modulation. Characteristic 

a, however, has a great drawback in that for the smallest direct grid 

voltage at which grid-current flow is avoided (generally —2 to —3 V) the 

transconductance is much less than that of curve b (compare the slopes 

at the grid voltage in Fig, 284). If we now consider a valve of which 

one half (A in Fig. 285) has a small control-grid pitch and the other 

half (B in Fig. 285) a large control-grid pitch, it is found that the two 

halves have different transfer characteristics (see curves A and B in 

Fig. 286); whereas curve B has a long tail with small slope at point P 

(at the grid voltage Vg^Q, which is the least required for amplification 

without grid current), curve A has a large slope at and a short 

tail. 

The resultant characteristic is represented by curve C, obtained by 

adding the currents of the two valve halves for each grid voltage. The 

valve-half A gives a large amplification for small direct grid voltage, 

but with smaller transconductances is unfavourable as regards modu¬ 

lation distortion. The valve-half B, on the other hand, contributes 

hardly anything at all towards amplification in the uncontrolled 

condition, but less modulation distortion is associated with the tail 

of the characteristic; the valve-half A is then inoperative. Curve C 

thus shows two slightly curved parts which are favourable from the 

point of view of avoiding modulation distortion and cross-modulation, 

and a greater curvature over the transition part. In practice valves to 

be used for gain control are made in such a fashion that the shape of 

their characteristics is determined by a large number of valve segments 

connected in parallel, each having a characteristic of its own. In order 

to achieve this a control grid with variable pitch is employed, A valve 

having such a grid may be considered as consisting of a number of 

valves connected in parallel, having different amplification factors; 

they can be successively switched off as the negative grid voltage 
increases (so-called variable-// valves). The shape of the characteristic 

can be influenced by the law ofthe change of pitch. With a grid having 

a variable pitch, if the pitch and variation of pitch are suitably chosen, 

a characteristic is obtained that has properties favourable for gain 

control of the valve. 

130. Logarithmic Transconductance Characteristic and Non-'linear Dis-* 
tortion 

Owing to the grid-transconductance change of a valve used for gain- 

control purposes, it is possible to give the characteristic of such a valve 
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180. LOGARITHMIC TRANSCONDUCTANCE CHARACTERISTIC 

the shape most appropriate to 
definite requirements. However, 
no rule that is of general application 

can be given for the most favourable 
shape of the characteristic. A 
certain shape of curve that may 

be optimum for one case may be 
unsuitable for another. In practice, 
therefore, a valve has to be con¬ 

structed in such a way that it best 
serves the purpose to which it is 
most commonly applied. Conse¬ 

quently the aim will be to get a 
certain shape of characteristic that 
offers the best possible compromise 
between the conflicting factors 

mentioned in Section 128. These 
factors can be most readily evalua¬ 

ted with the aid of the transcon- Fig. 2H7 

ductance characteristic of the valve transconductanco of valve 5 
as a function of the negative grid voltage 

[Sm ~ ^(Vgi)]> ploffil^S trans- (transconductancc on logarithmic scale 
conductance on a logarithmic scale grid voltage on linear scale). The 

® broken-line curve represents the anode 
and the grid voltage on a linear current on a logarithmic scale as a 

scale (see Fig. 287). This charac- function of the grid voltage on linear scale. 

teristic indicates in the first place 
the rate of transconductance control for a given variation of grid bias 
(point 1 of Section 128). Further, from that characteristic the initial 

transconductance (point 8 of Section 128) can be read off. 
Also the non-linear distortion can be determined from this trans¬ 
conductance characteristic. By computation it is found that the dis¬ 

tortion due to the second harmonic and the hum-modulation are 
proportional to the slope of the logarithmic transconductance curve. If 
m^ represents the modulation depth due to hum (see Chapter XV, 
Section 81), V31 the amplitude of the interfering hum voltage and S' 
the slope of the logarithmic transconductance curve, we obtain the 

equation; 
S' 

V,1 = 0.484 nib g-,- 
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The slope of the curve of Fig, 287 at point P where == 100 ^A/V 

equals ~ ^ ^ 0.0476 logarithmic units per volt grid bias. Ac¬ 

cording to Equation (186), therefore, the peak value of the interfering 
alternating voltage admissible on the grid for 1% hum-modulation 

is equal to 
V., = 0.484 X 0.01 = 0.91V 

and the r.m.s. value is 

0.91 
V.,eff = -j7^ = 0.605 V. 

Since the hum-modulation and, therefore, also the distortion due to 
the second harmonic are directly proportional to the slope of the 
logarithmic transconductance curve, it is desirable to aim at a curve 
with the smallest possible slope. A small slope of the logarithmic g„j 
curve, however, means that the transconductance changes only slightly 
per volt of grid-voltage variation. For small distortion, therefore, as 

already indicated, it is necessary that the transfer characteristic should 
have a long tail. 
According to Equation (81) in Chapter XV the cross-modulation 

equals mj^ == | F mg, in which V,. is the amplitude of the voltage 
of the interfering carrier wave and mg its modulation depth. It can 
now be proved that in the straight parts of the logarithmic trans¬ 
conductance characteristic the factor F is equal to 

F == S'2, (187) 

in which S' is again the slope of the logarithmic transconductance 
characteristic. Now, from Equation (82) in Chapter XV it. follows 
that the cross-modulation factor K is given by K = | FV..* , SO 

that with the aid of Equation (187) we find for the straight parts of 
the logarithmic g^^ characteristic that 

K = 2.65 S'2 Veg* (188) 
or 

(189) 

Thus the latter equation gives the amplitude of the interfering H.F. 
signal that causes K% cross-modulation. This is also the value of the 
admissible H.F. signal for i K% modulation rise and | K% modu- 
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lation distortion. If in Equation (189) we substitute 1% for K we 
obtain „ „ 

0.0615 
^2 S' 

(190) 

The r.m.s. value of the interfering H.F, signal causing 1% cross- 
modulation is consequently 

Vg2 eff — 
0.0433 

S' 
(191) 

From Equation (189) it follows that for the straight parts of the 
logarithmic transconductance characteristic a small slope, i.e., along 
tail, is favourable also for the avoidance of the third harmonic, 
cross-modulation, modulation rise and modulation distortion. 
For the curved parts of the logarithmic transconductance characteristic 
the rule is, as may also be proved, that a curve with the concave side 
underneath produces gn^ater modulation distortion, cross-modulation, 
etc. than is evident from the slope of that characteristic at the point 
in question. A curvature with the convex side downwards, on the 

other hand, reduces these effects, but in practice this cannot be turned 
to advantage because with a high negative grid voltage the slope of 
the logarithmic transconductance characteristic would be too steep, and 
this leads to excessive cross-modulation and modulation distortion. 
As regards the anode current at the minimum negative grid bias the 

dl 
following is to be noted. The transconductance of the valve is the 

dVg 
first derivative of the function — f(Vg), so that in order to know 
the anode current for a certain grid bias we have to integrate the 

function 4^ = f(Vg). Here we have to introduce as the limits of 
dVg 

integration V- —00 and Vg = go* The function 
dl. 

dV« 
: f(V ) can 

be represented by a curve which then gives the transconductance 
plotted on a linear scale as a function of Vg. The integral of the function 

= f(Vg) from Vg = —oo to Vg = Vg^ is the area enclosed by the 

transfer characteristic, the Vg axis and the vertical line through Vg = 
Vgj,. The larger this area the greater is the anode current for Vg = Vg^. 
If we compare two valves which have the same transconductance for 
the same negative grid bias Vg^, one of which has a short tail and the 
other a long one, it will be found that the transconductance charac¬ 
teristic of the valve with a short tail encloses a smaller area than the 
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valve with a long tail, and consequently at Vg = Vg^ the former valve 
will have a lower anode current than the latter valve. Therefore, in 
order to obtain favourable eross-modulation properties a valve which 

for gain-control purposes must have a long tail will usually have a 
high anode current at the minimum bias. 
According to the foregoing the most suitable logarithmic characteristic 
is one that is approximately rectilinear and has not too great a slope. 
Therefore one would select, for instance, in Fig. 288 the line abed as 

logarithmic transeonductance characteristic. There are two reasons^ 
however, why one has to deviate from this characteristic, viz.: 

1) In order to have a large transeonductance at a small negative grid 
bias, the part ab is given a steeper slope (e.g. f b). In this range, there¬ 
fore, the effects in question will be greater; this is usually permissible, 
since this part of the curve is used only for small alternating grid 
voltages and therefore modulation distortion will not assume any 
serious proportions. 

2) In order not to make the tail of the transfer characteristic too long, 
which implies also a high anode 
current with small negative 

grid voltage, the part cd of the 
logarithmic transeonductance 
characteristic is also given a 
steeper slope, i. e. eg. Therefore 
in this range cross-modulation 
and modulation distortion will 
be great. For this reason the 
automatic volume control (see 
Chapter XXIII) will be arranged 
in such a way that the point c 
is not passed. 

The logarithmic transconduc¬ 
tance characteristic of a normal 

valve with variable transconduc¬ 
tance is therefore as a rule of the 
shape represented in Fig. 288 by 
fbeg, with the three more or less 
rectilinear parts merging into each 
other. 

Fig, 288 
Sketch representing the logarithmic trans¬ 
conductance characteristic of a valve 
with variable transeonductance. The line 
abed would yield the best properties as 
regards cross-modulation or modulation 
distortion. In order, however, to get a 
larger initial transeonductance the slope 
of the part ba is made greater and we get 
a part as represented by bf. To get a not 
too long tail of the transfer characteristic 
and a not too high anode current at the 
minimum bias, for large values of grid 
voltage the transeonductance character¬ 
istic will be given a shape corresponding 
to eg instead of cd. 
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181. VARIABLE SCREEN-GRID VOLTAGE 

I 131. Variable Screen-grid Voltage 

Valves with variable trans- 
conductance, the characteris¬ 
tics of which are favourable 
as regards freedom from cross¬ 
modulation, will have, for the 
minimum negative grid voltage, 
either a relatively large anode 

Basic circuit diagram of an I.F. amplifying current or a relatively small 
valve with variable screen-grid voltage. = transeondiietanee when a eon- 
control voltage of the automatic volume Transconauctance wnen a con 
control. stant Voltage is applied to 

the screen grid. By applying 

the principle of variable screen-grid voltage it is possible to obtain 
a smaller anode current and also greater transconduetance at the 
operating point corresjionding to the minimum negative grid voltage, 

with practically unchanged 
properties as regards cross¬ 

modulation. 
Fig. 289 illustrates the circuit 
of a pentode with variable 
screen-grid voltage. The screen 
grid is fed via a series resis¬ 
tor, and the value of that re¬ 
sistance must be chosen so 
that with the minimum nega¬ 
tive grid voltage the correct 
value of screen-grid voltage is 
obtained. 
As the negative grid voltage 
increases, the screen-grid cur¬ 
rent will decrease and the 
voltage drop across the resis¬ 
tor will consequently di¬ 
minish. From this it follows 

/§[mA) 

VgfM 

that the screen-grid voltage 
Fig. 290 
Some transfer curves of the EF 9 valve for 

increases while the negative 
control-grid voltage increases, 
and when the cut-off point of 
the anode current is reached 
it approximates the value of 

different screen-grid voltages. The transfer 
curve of the EF 5 for Vga == 100 V is repre¬ 
sented by the broken line, whilst the dot-dash 
line gives the variation of the anode current 
of the EFO as a function of the negative voltage 
when the screen grid is fed via a 90,000-ohm 
series resistance from the 250-V supply. 

Sir 



GAIN CONTROL CH. XXII 

Fig. 291 
Full lines: Logarithmic transeonduc- 
tance characteristics of the EF 0 valve 
for different screen-grid voltages. 
DoUdash line: Transoonductance of the 
EF 9 as a function of the negative grid 
voltage when the screen grid is fed via 
a 90.000 ohm series resistance from the 
250 V anode supply source. 
Broken line: Logarithmic transcon- 
ductance characteristic of the EF 5 
valve with fixed screen-grid voltage 
of 100 V. 

the supply voltage. Usually the 
supply source of the anode is used 

for this. 
If such a valve has a control grid 
of which the greatest pitch is less 
than that of a valve for a fixed 

screen-grid voltage, then the initial 
anode current will be smaller and 
the transconductance greater. In 
that case a characteristic is obtained 
as shown in Fig. 290 for valve 

type EF 9 at = 100 V; for the 
sake of comparison the transfer 
characteristic of the EF 5 at = 
100 V is shown by a broken line. 
From these curves it is evident that 

the cross-modulation of the EF 5 
will be much less than that of the 
EF 9 with fixed screen-grid voltage. 

Fig. 291 shows the logarithmic 
transconductance curves of the valve 
EF 9 corresponding to these curves 
(full lines) for different screen-grid 
voltages, from which the following 

may be deduced. 
With increasing screen-grid voltage 

the slope of the logarithmic trans¬ 
conductance characteristic is re¬ 
duced. In Fig. 291 the broken line 

represents the logarithmic transconductance characteristic of the EF 5, 
whilst the dot-dash line indicates the transconductance as a function of 
the grid bias when the valve EF 9 is fed via a series resistance of 

90,000 ohms from an anode-supply source of 250 V. 
As the screen-grid voltage increases, the transfer characteristic of the 
EF 9 and thus also the logarithmic transconductance characteristic 
are displaced to the left, and the curvature of the transfer characteristic 

and the slope of the logarithmic transconductance characteristic are 
reduced. It might be supposed that, although the cutting-off of the 
anode current is deferred, the steep transfer characteristic with which 

we started is not changed, so that after all no improvement is obtained 
as regards cross-modulation. Such a parallel displacement would take 
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rAmi) 
292 

Cross-modulation curve of the 
EF 9 with variable screen-grid 
voltage (broken line) and of the 
EF 5 with tixed screen-grid 
voltage (full line). 

place if there were no 

island effect. In practice, 
however, this displace¬ 
ment is not parallel, and 

certainly not in the case 
of valves designed for the 
application of a variable screen-grid voltage, 'this is evident from 
Fig. 290, which shows that with increasing screen-grid voltage and 
constant anode current the transconductance decreases. As already 
stated, this phenomenon is to be ascrifjed to island effect. The dot-dash 
line of Fig. 290 indicates the shape of the anode current of the EF 9 as 
a function of the negative grid voltage when the screen grid is fed via 
a 90,000-ohm series resist ance from the supply source with a voltage 
of 250. This line, however, is not to be regarded as the transfer curve 
of the EF 9. For a certain negative grid voltage the amplification takes 
place according to the transfer curve corresponding to the respective 
screen-grid voltage (the screen grid being short-circuited to the cathode 
so far as alternating currents are concerned). Fig. 292 shows, further, 
that by applying the principle of variable screen-grid voltage practi¬ 
cally the same results are obtained, as regards cross-modulation, as 
are obtained with a fixed-screen-grid-voltagc valve, whilst in the case 
of the EF 9 the initial anode current is less, namely 6 mA instead of 8 
mA for the EF 5, and the initial transconductance is greater, viz. 2.2 

mA/V instead of 1.8 mA/V for the EF 5. 

132* Application of Valves with Variable Transconductanee to A.F. 

Amplification 

As pointed out in Section 127, the A.F. amplification of a receiver is 

usually varied by means of a potentiometer operated by hand. In 
some cases, however, it is desirable to effect this gain control by varying 
the grid bias of an audio-fr^uency amplifying valve. This is the case, 
for instance, when the A.F. amplification has to be automatically 
regulated together with the R.F., I.F. and conversion amplification by 

means of a negative control voltage. 
In Chapter XV we have seen that the curve for 1 % hum-modulation 
{see Fig. 176) also indicates as a function of the transconductance the 
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magnitude of the grid alter¬ 
nating voltage at which 1% dis¬ 
tortion occurs due to the second 
harmonic. Likewise, the curve 
for 1 % cross-modulation in¬ 
dicates also the magnitude of 
the grid alternating voltage at 
which 0.083% distortion due to 

the third harmonic is produced. 
The higher harmonics may be 
disregarded because, generally 

speaking, these are very small 
compared with the second and 
third harmonics resulting from 

curvature of the characteristic. 
It will be obvious that a valve 

that is satisfactory as regards hum-modulation and cross-modulation 

from small to large grid biases will give rise to little distortion due to 

the second and third harmonics. The behaviour of a pentode used as 
an A.F. amplifier with variable gain cannot, however, be judged merely 
from the published hum-modulation and cross-modulation curves 

directly. 
These curves are intended to apply when the pentode is used as R.F. 
and I.F. amplifier, with the anode circuit, incorporating an impedance 
having a low d.c. resistance, so that a normal screen-grid voltage can 
also be used (e.g., 100 V). With A.F. amplification, on the other hand, 
in order to get adequate amplification a high d.c. resistance will be 
introduced in the anode circuit (resistance coupling), so that a low 

screen-grid voltage will have to be employed (e.g., 40 V). The published 
curves for hum-modulation and cross-modulation, however, apply only 
to the screen-grid voltage quoted (for R.F. and I.F. amplification), and 
in order to get an idea of the behaviour of the valve as A.F. amplifier 
with variable gain it would be necessary to know the hum-modulation 
and cross-modulation curves for the screen-grid voltage corresponding 
to resistance coupling. Favourable hum-modulation and cross-modula¬ 
tion curves do, however, give an indication that the behaviour of a valve 
as A.F. amplifier may be satisfactory. 
It is more practicable to determine directly by measurement how a 

valve behaves as a variable-gain A.F. amplifier. 
Fig. 298 shows a circuit diagram where a pentode is used as A.F. 
amplifier with resistance coupling. A study of the cross-modulation 

Fig, 293 
Essentials of the circuit of a pentode with 
variable transconductance used as A.F. 
amplifier with resistance coupling. 
Vi = input alternating voltage. 
Vo == output alternating voltage. 
Vp — gain-control potential at the grid. 

820 



182. VARIABLE TRANSCONDUCTANCE VALVES FOR A.F. AMPLIFICATION 

and hum-modulation curves of existing H.F. valves with variable 
transconductance shows that the third harmonic, bearing a certain 
relation to the cross-modulation factor, as a rule is less prominent than 

the second harmonic, which bears a certain relation to the percentage 
of hum-modulation. Consequently in the designing of special valves for 
variable A.F. amplification it is of importance to obtain characteristics 
yielding a low distortion due to the second harmonic. It is then that re¬ 
course is had to the principle of variable screen-grid voltage. Such a 
valve, for example, is the pentode part of the EFM 1. 
With variable A.F. amplification it should, however, be borne in mind 
that the range of the control is not so great as with R.F. and I.F. 
amplification. Generally one has to be content with a control ratio of 

1 : 5 to 1 : 10. 
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CHAPTER XXIII 

Automatic Volume Control 

133. Object of Automatic Volume Control 

The object of automatic volume control is to adjust automatically the 
amplification in a receiving set in such a way as to obtain, if possible, 
always the same volume of sound regardless of the strength of the 
incoming signal. A perfect volume control or fading compensation 
should therefore make it possible to compensate completely the differ¬ 
ences in strength of signals induced in the aerial, and also the variations 
in strength which occur in the reception from a given station due to 
fading. In practice, however, automatic volume control is never perfect 
and in fact only capable of converting large differences in strength into 

small variations in volume of sound. 
Theoretically automatic volume control should operate in such a way 

that the signal at the detector remains constant and of sufficient 

amplitude to drive fully the output stage with the A.F. amplification 
available, no matter what the strength of the signal may be. With a 
hand-operated volume control it is, in fact, possible to adjust the A.F. 
amplitude and, consequently, the volume of sound at will. Perfect 
automatic volume control, however, would require a very great maxi¬ 
mum amplification in the set for the signals from the least powerful 
transmitters to come through in sufficient strength. In practice ampli¬ 
fication in receiving sets is limited, so that it is only possible to reproduce 

with sufficient volume in the loudspeaker the signals from stations 
which produce a certain field strength at the place of reception. 

134. The Principle on which Automatic Volume Control is Based 

As already stated in connection with the detection of the R.F. or I.F. 
signals, across the leak resistor of the detector diode a direct voltage 
is produced, one end of the resistor becoming negative with respect to 
the other; the magnitude of this is dependent on the voltage of the 
carrier wave applied to the diode. In the case of carrier waves having 

an amplitude of more than one volt the direct voltage is practically 
proportional to the R.F. or I.F. voltage. If the cathode of the diode 
is earthed via the chassis of the set and the negative direct voltage is 

applied to the grid of a R.F. or I.F. amplifying valve, the amplification 
of the latter is dependent on the strength of the H.F. voltage fed to 
the diode. As the H.F. voltage on the grid of the controlled valve 
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Fig, 294 
Principle of automatic volume control where the negative 
direct voltage produced across the leak resistor of the detector 
diode is used as control voltage-. 

I ~ frequency converter, 
II I.F. amplifier, 

III == I.F. band-pass filter, 
IV - detector diode and 

V = filter circuit for modulation. 

increases, so the alternating voltage applied to the diode and hence 

the negative grid voltage of the gain-controlled valve will increase. The 
amplification of the gain-controlled valve decreases until a state of 
equilibrium is reached between that amplification and the increase of 

the I.F. voltage on the diode. It is on this principle that the systems 
of automatic volume control usually applied in receiving sets are 
based. In Fig. 294 a diagram is given showing the circuit for providing 
automatic volume control. 

It must be borne in mind that the I.F. voltage on the detector diode 
must necessarily increase in order to reduce the amplification in the 
R.F. and I.F. stages; given a constant A.F, amplification, the volume 

of sound will in consequence also increase, although possibly to a much 
smaller extent than would be the case without automatic volume 

control. If, owing to a slight rise of the diode voltage, the amplification 
in the preceding stages drops appreciably, the increase of sound volume 
will be less than would occur if the same rise in voltage resulted in less 
reduction of the amplification. In order to obtain effective automatic 
volume control in receiving sets provision has to be made for the appli¬ 

cation of the gain-control voltage obtained from the diode resistor to 
several valves. There is a drawback, however, in a highly effective 
automatic volume control, in ihat the amplification increases very 
greatly as the tuning is changed from one transmitter to another, 

so that all the attendant noises are reproduced in great strength, between 
the transmitter frequencies, which is very annoying when adjusting 
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the tuning.^) With a less effective automatic volume control, adjustment 
is made for an appreciable attenuation by the hand-controlled volume 
potentiometer when a transmitter signal of normal intensity is received; 
if the set is tuned to any other transmitter the maximum amplification 
in the set cannot be attained between the two transmitter frequencies 
because of the lower A.F. amplification. 
For automatic volume control it is advisable to use valves with variable 
transconductance designed for this purpose, because the cross-modu¬ 
lation and modulation distortion over almost the entire gain-control 
range arc less with these valves than with others designed for constant 
amplification, i.e. for a fixed operating point. 

135. Delayed Automatic Volume Control 

If the control voltage for varying the amplification of valves in the 
R.F., mixing and I.F. stages is obtained from the leak resistor of the 
detector diode (on which direct voltage is superimposed the A.F. 
modulation, which should be smoothed by means of a filter circuit—see 
Fig. 295), then the amplification of the set will undergo a reduction 
even with very weak incoming carrier waves. Should these carrier waves 
be so weak that the superimposed modulation is unable to drive fully 
the output stage, then a situation arises where the already inadequate 
sound volume is still further reduced by the automatic volume control. 
For this reason the 
point at which automatic 
volume control is brought 
into operation is often 
shifted to a certain signal 
level, so that it does not 
begin to work until carrier 
waves are received which 
are of such an intensity 
that with a given modu¬ 
lation depth the output 
valve can be fully driven. 
(Usually the standard for 
modulation depth is taken 
as 80%.) In such a case 

C2 

Principle of delayed automatic volume control. 
I = I.F. band-pass filter, 

II = detector diode, 
III = diode for A.V.C., 
IV = filter circuit. 

one refers to delayed ^ gain-controUed valves, 
, - • , Cj and C, = reservoir condensers, 

automatic volume control* and R| = leak resistors. 

In certain receiving sets a so-called silent-tuning or muting device is incorporated in 
order to prevent hiss between station tunings. 
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136. CONNECTING THE A.V.C. DIODE TO THE PRECEDING BAND-PASS FILTER 

This so-called delayed action can be brought about, for instance, by 
applying a negative bias to the diode supplying the control voltage. For 
example, the anode is maintained at chassis potential, the bias then 

being obtained by applying a positive voltage to the cathode (see Fig. 
295). As long as the greatest peak value of the I.F. signal is lower than 
the bias there will be no negative direct voltage across the leak resistor. 

Not until the positive peaks of the alternating voltage exceed the value 
of the negative bias will a current start to flow through the diode and 
leak resistor, thereby setting up across the latter (see Fig. 295) a negative 

direct voltage and bringing the automatic volume control into action. 
It is not possible to apply a negative direct voltage to the detector-diode 
anode itself to attain the desired delayed action, because then with 
weak signals no detection would take place and the set w^ould be 

inoperative. Moreover, with carrier waves exceeding the delay voltage 
there would be considerable distortion. For delayed automatic volume 
control il is therefore necessary to use a second diode solely for sup¬ 

plying the gain-control voltage, and since delayed automatic volume 
control is commonly applied nowadays valves are usually employed 

having two diode systems in one bulb. 
The delay voltage must be such that with a modulation depth of 30% 
the modulation peaks on the carrier wave just exceed the bias of the 

diode at the moment that the I.F. voltage applied to the detector diode 
reaches a strength which allows the full grid drive of the output stage 

at that modulation depth. If such is the case with a carrier wave having 
a voltage of 10 V then at a modulation depth of 30% the delay voltage 

must therefore be equal to 10 }/2 X 1.3 = 18.4 V, 

136. Connecting the Diode for Automatic Volume Control to the Pre- 

ceding Band-pass Filter 

Usually there is an I.F. band-pass filter in front of the detector. The 

diode for automatic volume control can be connected either to the 
primary circuit or to the secondary circuit of this filter (see Fig. 296), 

thereby influencing: 

a) the selectivity of the band-pass filter, 

b) the accuracy or sharpness of the tuning to a station either by ear or 
by means of a tuning indicator, and 

c) the modulation distortion occurring as a result of the periodic 
variation of the load on the preceding band-pass filter at the fre¬ 

quency of the A.F. modulation or introduced by the distorted A.F. 

voltage across the leak resistor of the A.V.C. diode, both due to the 
delaying of the automatic volume control. 
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(a) Influence on the Selectivity of the Band^pass Filter 

Selectivity of the set is influenced by the automatic-volume-control 
diode because, this being connected to the last I.F. band-pass filter, 
the damping of the diode influences the resonance curve (see Chapter 

XVIII). 
With regard to the magnitude of that damping, the following is to 
be noted. Modem receivers are usually so designed that the voltage 

of the I.F. signal at the detector diode (dg of Fig. 296) is relatively 
high (giving the advantage of linear rectification). The a.c. equivalent 
resistance of this diode with its leak resistor then equals half the value 
of the leak resistor Rg (see Fig. 296); if the leak resistance is, say, 
0.5 megohm then the damping resistance for the diode circuit is 0.25 
megohm. Since a delay voltage is applied to the automatic-volume-con¬ 
trol diode dj the damping action of that diode is dependent on the strength 

of the incoming I.F. signal. If in the circuit of Fig. 296 the peak value 
of the modulated carrier wave applied to d^ is lower than the delay 

voltage, then the oscillatory circuit to which d^ is connected is damped 

only by the resistors Rj and Rg connected in parallel. For signal voltages 
several times higher than the delay voltage the equivalent resistance 

due to damping by the diode dj can be calculated approximately in the 
following manner. The direct voltage on the resistor Ri is approxi¬ 
mately equal to the peak value of the unmodulated carrier wave 

Vq less the delay voltage 
Y^. Therefore the d.c. power 
absorbed by the resistor Ri is 

(V -Vrt)2 
equal to —— • If, there- 

Ri 
fore, the diode circuit is to be 

replaced by a resistance R^i 
the latter must absorb the 
same power. 
Hence R^i must satisfy the 
following conditions: 

K/ S4S00 

1 V_ (Vp-Var 
Rdi Ri 

(192) 

or 

^*<11 = i ^-1 |v * (198) 

F:ff. 296 
Connection of the detector diode and the delayed- 
automatic-volume-control diode to the preceding 
I.F. transformer. The automatic-volume-control 
diode can be connected either to the primary or 
to the secondary circuit, both possibilities being 
indicated by broken lines. 
I ss lead to gain-controlled valves. 
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In addition to the d.c. power dissipated by Ri, the resistors and Rg 

connected in parallel absorb also some a.c. power. 

If, now, Ri and Rg each have, for instance, a value of 1 megohm, then 

with small I.F. voltages (less than the delay voltage V^) the circuit of 

diode di can be replaced by a resistance + Rg) = ^ megohm, 

and with I.F. voltages very much higher than the delay voltage, where 
2 

I is about equal to 1, it can be replaced by a resistance R^ 

which is the resultant of J megohm (determined above) and ^ Rj in 

parallel, i.e., J megohm. 

Theoretically, therefore, the damping produced by the automatic- 

volume-control diode may vary by a factor 2. For the sake of simplicity 

wc may consider an average value of ^/g megohm when a value of 1 

megohm is assumed for Rj and Rg. 

If the diode dj is connected to the primary tuned circuit then the 

secondary circuit of the band-pass filter is damped only by the detector 

diode dg, the primary circuit being damped by the automatic-volume- 

control diode di and the internal resistance of the preceding I.F. valve. 

If, on the other hand, the diode d^ is likewise connected to the secondary 

circuit of the band-pass filter, the primary circuit will be hardly 

damped at all (only by the internal resistance of the preceding I.F. 

valve), while the secondary circuit will be damped by both the diodes 

di and dg. It will be evident that in the latter case the average quality 

factor of the two band-pass filter circuits, and thus also the selectivity, 

is better than when the diode for automatic volume control is connected 

to the primary circuit. This may be explained by the fact that in any 

case the secondary circuit is damped by the detector diode dg, so that 

without connecting to it the diode for automatic volume control the 

quality factor of the secondary circuit is less than that of the primary 

circuit. The connection of the automatic-volume-control diode has less 

effect upon the reduced quality factor of the secondary circuit than 

on the higher quality factor of the primary circuit. 

It may therefore be concluded that the selectivity of the band-pass 

filter is better when the automatic-volume-control diode is connected 

to the secondary circuit than when it is connected to the primary 

circuit. 

(b) Influence on the Sharpness of Station Tuning 

The accuracy with which a station is tuned-in is reduced by automatic 

volume control. This may be explained by the fact that when there is 

a certain detuning of the resonant circuits with respect to the signal 
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frequency, the attenuation of the carrier-wave voltage on the detector 

that should occur according to the resonance curve is partly neutralized 

by the automatic volume control adjusting the amplification to a higher 

value. If the automatic-volume-control diode is connected to the 

primary circuit it has the tendency to keep the voltage across that 

circuit constant. 

The primary circuit is followed by the secondary, as a result of which, 

when there is detuning, the I.F. voltage on the detector diode is 

attenuated according to the selectivity of that circuit, consequently 

the sharpness of tuning with this circuit will be better than that 

obtained when both diodes are connected to the secondary circuit. 

This applies not only to sets tuned by ear, but also to sets with visible 

tuning, since the tuning indicator, too, is usually controlled by the 

voltage on the secondary circuit. 

(c) Influence on the Modulation Distortion 

If the modulation depth of the I.F. voltage applied to the automatic- 

volume-control diode has such a value that the smallest amplitude 

of the carrier wave occurring during an audio-frequency cycle is lower 

than the delay voltage, then the damping of the connected oscillatory 

circuit due to the diode is periodically zero. As a result the I.F. ampli¬ 

fication during an A.F. cycle will not be uniform, hence giving rise to 

modulation distortion. This distortion is greatest when the amplitude 

of the carrier wave is roughly equal to the delay voltage, because then 

during one half-cycle of each modulation cycle no current is flowing 

through the automatic-volume-control diode. In practice distortion 

up to 3% has been measured. 

The modulation distortion occurring when the automatic-volume- 

control diode is connected to the secondary circuit is less than that 

occurring when the connection is made to the primary circuit, because 

the I.F. amplification is less affected by a variation of the damping 

of the secondary circuit by that diode, since that circuit is already 

damped by the detector diode. In that case, however, in addition to 

modulation distortion, another form of distortion occurs which is apt 

to assume far more serious proportions. Across the resistor Ri (see 

Fig. 296), in addition to a direct voltage, there is an A.F. voltage, and 

when the amplitude of the I.F. voltage during part of the A.F. cycle 

is less than the delay voltage the wave form of that A.F. voltage will 

not correspond to the modulation but will be severely distorted. Part 

of this distorted A.F. voltage is applied via the condenser Ci to the 

resistor Rg (the impedance of the tuned circuit is negligible for low 
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Fig. 297 
Essentials of a triplex-diode circuit for delayed automatic volume control, 
I = lead to the ^yrid of the A.F. amplifier, 

II = lead to the gain-controlled valves 

frequencies). As a result the A.F. voltage across Rg is distorted. This 

distortion may prove serious. When the automatic-volume-control 

diode dj is connected to the primary circuit the distorted A.F. voltage 

is not transferred to the secondary circuit and to Rg. 

If the amplitude of the carrier wave applied to the automatic-volumc- 

control diode is several times greater than the delay voltage then the 

detection by that diode will be interrupted only during part of the 

A.F. cycle when great modulation depths occur. Both kinds of distortion 

described here arc much less under those circumstances, and for that 

reason it is of importance not to make the automatic volume control 

too effective. Otherwise after the delay voltage has been exceeded the 

carrier-wave voltage applied to the automatic-volume-control diode 

would increase very slowly indeed with an increasing signal and will 

be only a few times greater than the delay voltage with a very strong 

signal. 

137. The Triplex-diode Circuit 

The employment of a diode for delayed automatic volume control has 

certain drawbacks, some of which have been explained. From the 

view-point of quality of reproduction it would therefore be preferable 

to utilise a diode without delay voltage, but this would be attended 

by the disadvantage that the output stage is only fully driven when 

very powerful signals are induced in the aerial. 

The ideal solution would be: 

1) to connect the diode for automatic volume control to the primary 

circuit of the last I.F. band-pass filter; 
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Fig, 298 
VcJtage-divider between positive po¬ 
tential Vb and negative potential Vdj, 
loaded by the diode dy. 

2) not to apply any bias to that 
diode, having regard to the 
distortion which would other¬ 

wise arise; 

3) to obtain, notwithstanding, a 

delayed automatic volume 
control. 

These conditions may be satisfied 
by employing three diodes in the 

circuit, termed the triplex-diode circuit (see Fig. 297, in which for the 
sake of clarity three separate diodes have been drawn). 
The diode is used in the normal way as detector diode. The diode 
di serves for rectification of the I.F. voltage for obtaining the automatic 

volume control; it is connected to the primary of the last I.F. transformer 
and has no delay voltage. The delay of the automatic volume control 
is effected by means of the diode d2 ^); the anode of this diode receives 

via the resistor R3 a positive voltage of suitable magnitude, which in 

the diagram is represented by a battery voltage 
Owing to this positive voltage on the anode of diode da a current flows 
through that diode. The d.c. resistance of the diode being small, the 
anode (point a) is only slightly positive with respect to the cathode 

(or the earth lead to which the cathode is connected). 
When a carrier voltage is applied to the diode di, as a result of the 
rectification in that diode a negative d.c. voltage is developed across 
the leak resistor R4 (point c therefore becomes negative). Point a is 

then the junction point of a voltage divider RsR2 loaded by the diode 
d2, connected between a positive potential V|, and a negative potential 
Vdi (see Fig. 298). As long as the latter potential is small the no-load 

voltage of point a will be positive and consequently current will flow 

through the diode dg; if, on the other hand, that potential is large the 
no-load voltage at point a will be negative, and no current can flow 
through the diode d2. In the latter case the potential at point a is 

directly dependent on the potential Vax. 
The voltage at point a is then determined by the equation 

Va. = V. 
R. R. 

R2 -j- Rg Rg -j- Rg 
(194) 

If, now, the control voltage applied to the grids of the valves to be 

These diodes are numbered in agreement with the purpose for which the three diodes 
of the valve EAB 1 are intended. 
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controlled is obtained from point a, automatic volume control is 

achieved. Therefore, as long as the negative voltage on the anode of 

di is only small, with weak carrier waves, due to the positive voltage 

Vi), a current flows through dg and the automatic volume control does 

not operate, but when a certain value of the negative voltage is 

surpassed, that control comes into operation. Thus we have an auto¬ 

matic volume control that begins to function when the voltage across 

diode dj reaches a certain value, that is to say when the carrier wave 

has attained a certain voltage. Consequently this volume control is 

delayed. 

The choice of the resistances Rg and R3 and of the voltage in 

Equation (194) is governed by the amplitude of the carrier wave on the 

detector diode at which the automatic volume control is to come into 

operation. When this voltage is known then being the amplitude 

of the unmodulated earner wave across diode d^, is known. Assuming 

that current is just prevented from flowing through d2 when the 

negative voltage on that valve is 0.8 V, then Equation (194) may be 

written: 

-0.8 = V, 
R2 

R2 + R3 
+ Ra 

R2 -f- R3 

The triplex-diode circuit has yet another advantage over the appli¬ 

cation of a diode with a delaying bias. The control voltage obtained 

in the latter case with the aid of a diode is dependent to a rather 

large extent upon the modulation depth of the signal. This is particu¬ 

larly the case in sets having a very effective automatic volume control 

and in which only a small increase in the signal strength at the detector 

diode is possible after the automatic volume control starts to operate^). 

The result in the first place is that with a greater modulation depth, 

i.e., with greater sound volume, the control voltage is greater, thereby 

reducing the contrast between the loudest and softest sounds. 

Much more disturbing, however, is the fact that the deflection of a 

fluorescent-screen indicator (for visible tuning), being operated by this 

control voltage, is dependent on the modulation depth. Consequently 

the indicator will begin to flicker, especially when there are strong 

This can be explained as follows: Assuming, for instance, that the amplitude of the 
unmodulated carrier wave is roughly equal to the delay voltage, then current flows tlirough 
the diode only during that part of the modulation period in which the amplitude of the 
carrier wave is greater than the delay voltage. Consequently the voltage across the leak 
resistance of the diode adjusts itself to an average value depending on the difference 
between the highest peak \^ue of the modulated I.F. carrier wave and the delay voltage, 
which difference depends on the modulation depth. 
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passages in the music or speech. This flickering also takes place when 

the indicator is connected to the detector diode, because the strength 

of the carrier wave at the detector also depends on the modulation 

depth, due to the dependency of the control voltage on modulation 

depth. 

Since in the triplex-diode circuit the control voltage is obtained without 

a delay voltage, the drawbacks mentioned do not arise. 

Finally, attention is drawn to the purpose of the resistor R4 in this 

circuit. At first glance it might be thought that there was no need for 

this resistor, considering that the direct current through the diode dj 

should be able to flow back via Rg and R3 in the external circuit to 

the cathode. If, however, this resistor were omitted the following 

difficulty would arise. If the amplitude of the carrier wave applied to 

dj increases, for instance when the set is tuned to a station, the con¬ 

denser C3 becomes charged by the diode dj via the resistor Rg, but 

when the strength of the carrier wave decreases, for instance upon 

detuning the set, Cg has to discharge itself, through Rg. Since the 

resistance value of Rg is always a multiple of that of Rg (otherwise too 

small a part of the control voltage V^i would be used effectively) Cg 

can only discharge itself slowly. As the amplitude of the carrier wave 

decreases the control voltage drops too slowly and for a short time 

the set continues to be adjusted to the small sensitivity that corres¬ 

ponded to the original, greater amplitude of the carrier wave. This is 

all the more troublesome when the strength of the carrier wave changes 

quicker. If, therefore, a set is tuned to a powerful station and the 

tuning knob is quickly turned further, some less powerful adjacent 

stations will not be heard. This phenomenon is avoided by introducing 

the resistor R4, for then Cg is able to discharge itself sufficiently rapidly 

through Rg and Rg. 

138. Practical Version of Triplex-diode Circuits 

Obviously a triplex-diode should be used for a triplex-diode circuit, 

and for this purpose Philips made a special valve, the EABl, which 

can be connected up in the circuit as indicated in Fig. 297. The battery 

for supplying the voltage Vj,, however, is replaced by a voltage-divider 

which reduces the voltage of the H.T. supply to the desired value. In 

many cases, however, it is desired to use diodes incorporated in ampli¬ 

fying valves (e.g., the diodes contained in the double-diode-triode 

EBCd and/or the double-diode-output-pentode EBLl or EBL21). We 

shall give some examples of circuits for these cases. Fig. 299 shows a 

diagram in which the valves EBC8 and EBLl are employed, with the 
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Fi^, 299 
Practical version of a triplex-diode circuit using a double-diode-triodc and a double-diode- 
output-pentode. Of the four diodr»s available one is not used. This diagram shows also an 
example of negative feedback (see Chapter XXVII). 
I = A,V.C. lead to the I.F. valve, 
II = A.V.C. lead to the frequency-converting valve. 

diodes, condensers and resistors indicated in accordance with the 
triplex-diode circuit of Fig. 297; here the control voltage for the mixer 

valve is taken from point a and that for the I.F. valve from point c 

(the latter is filtered by Rg and Cg). 
In this way one obtains a combination of a delayed and a non-delayed 
automatic volume control, since the control voltage to the I.F. valve 
is not delayed. This circuit also includes a negative feedback from the 
loudspeaker circuit to the grid of the A.F. preamplifying valve EEC 8 
(see Chapter XXVII). Owing to the fact that for proper functioning 
the cathode of the EEL 1 has to be earthed, the negative bias of the 

pentode part of this valve is obtained from the voltage drop in the 

resistor in the negative H.T. line. 
In analysing the action of this system it has to be borne in mind that 
the cathode of the diode di is about 3 volts positive with respect to 
earth, which has to be taken into account when determining the 
carrier-wave voltage at which the automatic volume control begins to 
operate. If, for instance, the carrier-wave voltage at the instant when 
automatic volume control starts to operate is 10 V, the voltage between 
point c and earth is 8 — 10 |/2 = — 11 V; therefore this is the value 
that has to be substituted for in Equation (194). 

In the absence of a carrier-wave voltage on the diode di the point c 
is positive with respect to earth. The potential of this point is then 
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Fig, 300 
Triplex-diode circuit where the suppressor grid of the I.F. valve is einployed^as third diode. 

1 = A.V.C. lead to the gain-controlled frequency converter, 
II = lead to negative bias source of valve EBC 3, 
III = lead to grid of output valve, 
IV = A.V.C. lead to I.F. valve. 

equal to Vj^ ^ , because the cathode of the EBC 3 is positive 

and point a is practically at earth potential (the diode d2 is then 

conductive and consequently its anode is nearly at cathode potential). 
The grid of the I.F. valve is connected to point c via the resistance 
Rg and thus has the corresponding potential, so that in order to get the 
correct negative grid bias the cathode voltage of this valve has to be 

chosen 2 or 3 V higher than the potential of the grid (i.e., approxi¬ 
mately 5 — 6 V). 
Another practical version of the triplex-diode circuit is offered by 

using as the third diode the suppressor grid of the I.F, amplifying 
pentode. Fig. 300 shows a diagram for this purpose, where the pentode 
EF 9 is used as I.F, amplifier and valve EBC 3 (double-diode-triode) as 
A.F. amplifier. 

Since in this case the cathode of valve EBC 8 has to be earthed, the 
negative bias for this valve has to be taken from a resistor in the H.T. 
negative line. The diodes of valve EBC 3 are used for detection and 

automatic volume control (dg and di of Fig. 297), whilst the suppressor 
grid of the EF9 serves as diode for delaying the automatic volume 
control (dg in Fig. 297). In Fig. 800 the resistors and condensers are 

again indicated in accordance with Fig. 297; the working of this system 
therefore needs no further explanation. As shown in the diagram, to 
the suppressor grid only a direct voltage and no LF. or A.F. voltage 
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is applied. The control voltage of the I.F. valve EF9, as in the previous 

example, is again obtained from point c and thus not delayed, whilst 

the control voltage of the mixer valve and the R.F. valve, if one is 

used, comes from point a. In this way the I.F. valve receives an in¬ 

creased grid bias for even the weakest aerial signal, a factor that is 
favourable to reduction of noise. 

Since the cathode voltage of the EF9 is 2.5 V positive with respect to 

the earth line, without a carrier-wave voltage on the diode d^ the 

potential of point a equals that cathode voltage. 

When analysing the action of the circuit this has to be taken into 

account, and for Y^2 Equation (194) we have to substitute 2.5 — 
0.8 = 1.7 V. Furthermore it must be borne in mind that until the 

automatic volume control comes into operation point a is positive, 

and as this voltage is also applied to the grid of the mixer valve the 

cathode voltage of this valve has to be chosen correspondingly higher, 

in order to get the correct negative grid bias in the non-eontrolled 

state. 

139, Control Curve of Automatic Volume Control 

The action of the automatic volume control can be computed in advance 

fairly accurately. First it is necessary to know the amplification of the 

various gain-controlled valves as a function of the control voltage 

applied. For valves designed for this purpose curves are always published 

which give the transconductance on a logarithmic scale as a function 

of the negative grid bias. When the impedances of the coupling elements 

are known—as a rule, in the case of valves with high internal resistance, 

the amplification is equal to the product of the transconductance and 

the coupling impedance—^the amplification of each stage can be calcu¬ 

lated as a function of the control voltage. When this has been done then 

the amplification of the whole set—in so far as this precedes the diode 

for automatic volume control—can be plotted as a function of the 

control voltage. In addition to this curve for the stages preceding the 

diode for automatic volume control it is also necessary to have the 

curve indicating the manner in which the control voltage produced 

by the detector is dependent upon the carrier-wave voltage, whilst it 

must also be known to what extent the A.F. signal is influenced by the 

I.F. voltage on the detector; these data are given for all diode detectors 

in the form of characteristics. 

With the aid of these three curves it is possible to construct point by 

point the curve representing the A.F. voltage at the loudspeaker as 

a function of the aerial R.F. voltage. It indicates the action of the 
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Fig, 301 
Control curve of a set with delayed automatic volume control. 

Vertical axis = times the audio-frequency voltajje for an output power 
of 50 mW. 

Horizontal axis = times the aerial voltage for an output power of 
50 mW at a modulation depth of 30%. 

automatic volume control and is therefore called the control curve of 

the automatic volume control* 
Starting from a certain voltage on the loudspeaker and with the aid of the 

detector-diode curve indicating the relation between the A.F. voltage 

and the 30% modulated I.F. voltage, the corresponding I.F. voltage 

can be calculated. From the curve of the diode for automatic volume 

control, giving the negative direct voltage as a function of the I.F. 

voltage occurring simultaneously on that diode, it is possible to calcu¬ 

late this bias applied to the gain-controlled valves. Further the R.F. 

voltage on the aerial can be calculated from the curves for R.F. ampli¬ 

fication, conversion amplification and I.F. amplification as functions 

of the direct voltage. Fig. 301 gives such a curve for a set with delayed 

automatic volume control, from which it can be seen that the loud¬ 

speaker voltage increases practically in proportion to the aerial voltage 

until the automatic volume control begins to operate, after which it 

increases much more slowly than the aerial voltage. 

It is evident that with a large maximum amplification due to the 

part of the set preceding the detector the shape of the control curve is 

flatter than that where this amplification is small, at least if the same 

number of controlled valves with the same characteristics are used, 

because the signal at the detector is then amplified to a greater extent; 

in that case the variation in the direct voltage on the gain-controlled 

valves due to a given variation of the aerial signal will also be greater. 
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140. Amplified Automatic Volume Control 

In cases where automatic volume control having a particularly effective 

action is desired it is possible to amplify the direct voltage supplied 

by the automatic-volume-control diode before feeding it to the grids 

of the gain-controlled valves. This is known as amplified automatic 

volume control. In normal receiving sets this is very seldom applied, 

because it not only makes the set more expensive but it is usually 

not desired. Fig. 302 gives an example of an amplified and delayed 

automatic-volume-control circuit, where the diodes of the EBC3 are 

used for detection and to provide the delay of the automatic volume 

control, whilst the triode part of this valve serves for amplifying the 

control voltage set up across the leak resistance Rj of the detector 

diode dg and used for the volume control (})otentiai at point c). A 

variation of the direct voltage on the grid of the EEC 3 causes approxi¬ 

mately 15 times as larg<i a variation of the direct voltage across the 

cathode resistor Rg (12,500 ohms) of that valve. 

The potential difference between cathode and chassis (earth) is de¬ 

termined by the voltage drop across the cathode resistor Rg and by the 

negative voltage with respect to earth at the junction point b between 

the resistors Rg and R; in the negative H.T. line. In the absence of 

a carrier-wave voltage on the detector diode the cathode is positive 

with respect to earth. The anode of the diode dj is earthed via resistor 

R4 and is moreover connected to the grids of the gain-controlled valves 

via a filter R5C5. 
As long as the cathode is positive with respect to the chassis the 

automatic volume control is inoperative. As the carrier-wave voltage 

on the detector diode dg increases, the grid of the EEC 3 becomes more 

negative, the anode current drops and hence also the cathode voltage 

until, at a given instant, the positive voltage of the cathode with respect 

to the anode of dj has been so far reduced as to make that diode con¬ 

ductive. A current then starts to flow from the anode d^ to the cathode 

and a voltage drop occurs across the resistance R4. When the carrier- 

wave voltage applied to the detector diode increases still further, the 

cathode potential of the EBC3 becomes still more negative with respect 

to the chassis. The current flowing through the diode di then increases 

still more and consequently the voltage drop across the resistance R4 

also increases. Point a thus becomes more and more negative, as also 

the grids of the gain-controlled valves. 

Since the d.c. resistance of the diode d^ is small compared with the 

resistance R4, the potential at the point a will correspond approxi- 
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Fig. 302 
Essentials of an amplified and delayed automatie-volume-control circuit. 
I = A.V.C. lead to gain-controlled valves. 

matcly to the cathode potential. The voltage variation at the cathode, 

however, is a magnified reproduction of the voltage variation across 

the leak resistance Rj, so that the control voltage fed to the gain- 

controlled valves is an amplified reproduction of the direct voltage 

across the leak resistance of the detector diode. 

As soon as the diode dj becomes conductive the automatic volume 

control comes into operation. In the absence of a carrier-wave voltage 

on the detector diode, the cathode voltage of the EEC 3 must be so 

chosen that the diode dj becomes conductive at that value of carrier- 

wave voltage for which the automatic volume control is required to 

operate. This voltage can be adjusted to the appropriate value with 

the aid of the negative voltage at point b. 

141. Automatic Volume Control where the A.F. Amplification is also 

Controlled 

The amplification of the control voltage for automatic volume control 

described above constitutes a means of obtaining a highly effective 

control. It will always be found, however, that when the control is 

confined to the valves preceding the automatic-volume-control diode 

a rise in the carrier-wave voltage is always accompanied by an increase, 

however small, of the A.F. voltage applied to the grid of the output 

valve (or an increase of the output power—see also the control curve 

of Fig. 801). If it is desired to keep the voltage on the grid of the output 
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Fig. SOS 
Essentials of a circuit in which an A.F. amplifying valve, as well as the 
mixer and I.F amplifying valves, are controUed by automatic volume control. 
I = A.V.C. lead to the I.F. and frequency-converting valves. 

valve constant, it has to be arranged for the A.F. amplification to 

decrease when the intensity of the aerial voltage increases. 

If, for instance, with a constant A.F. amplification the A.F. voltage at 

the grid of the output valve for a certain modulation depth of the 

carrier wave increases by a factor 10 when the aerial voltage varies 

from 100 fiV to 1 V, then by reducing the A.F. amplification by a 

factor 10 the same sound volume can be obtained with a strong signal 

as with a weak one. This reduction of the A.F. amplification can be 

attained automatically by using as an A.F. amplifier a valve with 

variable gain and controlling that valve with the voltage supplied by 

the automatic-volume-control diode. 

By means of this A.F. gain control it is thus possible to obtain an 

extremely effective automatic volume control, theoretically perfect (it 

is also possible to obtain an excessive control which gives a reduction 

of output power due to an increase of aerial voltage). The desirability 

of having such a highly effective action, however, has to be investigated 

for each individual case. 

Fig, 808 shows the essentials of an automatically controlled A.F. 

amplification circuit combined with a double diode for detection and 

for delayed automatic volume control. 

The A.F. alternating voltage across the leak resistor Rj of the 

detector diode dj is fed to the grid of the A.F. amplifying valve EF 9 

via the condenser C4. 
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The diode d^ provides delayed automatic volume control; the delay 

voltage is obtained by means of a voltage divider RsRe* The direct 

voltage produced across the leak resistor Rg between point a and the 

earth line is fed to the grid of EF 9 via a filter circuit R3C3 (in order 
to smooth the A.F. and I.F, alternating voltages) and a leak resistor 

R4 (necessary because otherwise the grid would be short-circuited by 

C3 so far as the A.F. alternating voltage applied through C4 is con¬ 

cerned). 
The control voltage for the R.F. valve, the mixer valve and the I.F. 

valve can also be taken from point a, either by means of the same 

filter circuit R3C3 or via a separate filter as indicated in Fig. 303 by 

R7C7. The latter alternative may be necessary, for instance, when it is 

desired to make the gain control on the A.F. valve less effective than 

that on the R.F. valve, mixer valve and/or I.F. valve. In that case the 

control voltage for the A.F. valve will not be obtained from point a 

but from a junction on the leak resistor Rg, and each control voltage 

will have to be smoothed separately. 

142. Note Concerning the Voltage across the Leak Resistor in the 

Absence of a Carrier Wave 

Finally, it is to be noted that when employing a diode without delay 

voltage a negative voltage of about — 0.8 V is obtained across the 

leak resistor of the diode before there is any signal. This voltage is 

also applied to the grids of the gain-controlled valves, thereby in¬ 

creasing their negative grid voltage in the non-controlled state. In 

order to utilise the maximum amplification obtainable with the valves 

it is then necessary to choose the cathode resistance proportionately 

lower. 
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CHAPTER XXIV 

Noise of Amplifying Valves 

143. General Considerations Regarding Noise and in Partieular the 
Noise of Valves 

Noise is a well-known phenomenon which is often disturbing in radio 

reception and frequently has an adverse effect upon the sensitivity of 
the receiver. Noise arises mainly in the first stage of the set; the aerial 
and the circuits preceding the first valve, and also the first amplifying 

valve, all produce a share. 
Noise can actually be ascribed to two causes: 

1) arbitrary movements of the electrons (thermal agitation) in different 

current paths; 

2) irregularity in the transition of the electrons from the cathode to 

the anode of the receiving valve. 

At all points where an electric current may be produced under the 
influence of an electromotive force the electricity is always spontane¬ 

ously in motion, even in the absence of such an e.m.f., because the 
electrons making conduction possible take part in the thermal agitation 
of the atoms (see Chapter II), that is to say, they possess a thermal 

velocity of their own (see Chapter IV). These thermal electron move¬ 
ments are quite irregular, with the result that on the average over short 

intervals there is a surplus of electron movement in one direction or 

another; one refers to these as thermal current or voltage fluctu* 

ations. 
When, under the influence of a sinusoidal e.m.f., for instance, a regular 
alternating swarm movement of particles of electricity is superimposed 

upon the aforementioned, unavoidable, irregular movement, then, 
regardless of the amplification applied, that regular movement can 
only be distinguished if it is of sufficient magnitude compared with 
the irregular movement. Interference through noise therefore occurs 

in the first place when the signal is weak and the swarm movement 
due to the alternating e.m.f. is no longer great compared with the 
irregular movements causing the noise. 

Sec also M« Zie^gler, Philips Technical Review 2 (1087), p. 186, 2 (1087), p. 820 and 3 
(1088), p. 180. 
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The intensity of the thermal fluctuations corresponds to the thermal 

energy kT ^), in which k is Boltzmann’s constant and T the absolute 

temperature, and is independent of the magnitude of the elemental 

charge, that is to say, it would be just as great if that charge were 

infinitely small. 

As already stated in Chapter II, the particles of electricity (electrons) 

have a charge of 1.6 x 10“^® coulomb. When in a vacuum valve, due 

either to photo-emission or to thermal emission, electrons emerge from 

an electrode independently of each other and pass over to another 

electrode independently of each other, then the number of electrons 

passing over within a certain time is finite ev’^en when there is a large 

current flowing through the valve; that number, however, is not always 

the same but varies in a random manner around an average number. The 

corresponding current fluctuations are governed by the elemental 

charge e. The voltage arising in the two cases mentioned above are 

directly proportional to the irregular current and after amplification 

cause noise. The phenomenon is called hail effect, because the noise 

produced by it in a loudspeaker resembles that of falling hail-stones. 

It is mainly the circuit and the valve preceding the greatest ampli¬ 

fication—i.c., the input circuit and the first valve of the set—^that 

cause noise disturbance. The share of the first valve in this noise is 

particularly large in short-wave reception. In many cases the first valve 

in a set is a mixer valve, but as noise is greater with a mixer than 

with a H.F. pentode many of the more expensive sets are equipped 

with a R.F. pre-amplifying valve. 

Within the scope of this book we are interested primarily in the noise 

caused by the valves. The simplest case of noise arising in a valve is 

found in the saturated diode, and we will therefore consider this first. 

In a heated cathode both the molecules and the electrons are in an 

excited state of motion and in consequence of the emission described 

in Chapter IV electrons emerge occasionally into the evacuated space 

surrounding the cathode. As soon as an electron has left the cathode 

it is attracted by the positive anode and travels in that direction. If 

the anode voltage is high enough this is repeated for every electron 

that happens to emerge from the cathode. 

As long as the emerging electrons are drawn away, so that at any 

moment it is left to chance when other electrons emerge, the average 

magnitude of the fluctuations occurring can be determined from the 

theory of probability. The fluctuations will be greater when the average 

See Eq. (199); the meaning of k is tiiat the average kinetio energy of a free particle 
participating in the heat movement amounts to Vi 
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current is greater, and smaller as the current is of a ^‘finer structure’’ 

(according as it shows more resemblance to a liquid). The fineness of 

structure of a current is determined by the charge transmitted per 

electron; this magnitude occurs in fact in the formula for noise fluc¬ 

tuations. 

The conditions as described for the saturated diode change when the 

anode voltage is reduced, because then not all emerging electrons are 

drawn away. The negative space charge formed around the cathode in 

that case returns part of the electrons to the cathode, the extent to 

which this takes place being dependent on the magnitude of the space 

charge. Where the space charge is great more electrons are returned than 

is the case with a small space charge, and the more electrons pass 

from the space charge to the anode the greater is the number of electrons 

omitted from the cathode. In this manner a state of equilibrium is 

obtained which in a certain respect may be compared to the conditions 

in a steam boiler: as soon as a certain steam pressure is reached no 

more steam is released from the water until steam is allowed to escape 

from the boiler. 

Owing to the joint action of the electrons in the space eharge, ehance is 

largely eliminated. As soon as a current of electrons slightly greater 

than the average emerges from the cathode and the space charge 

therefore becomes greater, further electrons are repelled to a larger 

extent. A momentary excessive emission is immediately compensated 

by a reduced intake by the space charge and vice versa, so that, to 

put it in other words, the effect of the fluctuations is compensated. From 

the foregoing it will be evident that in consequence of the space 

charge the noise with an unsaturated diode will be less than that with 

a saturated diode, as is confirmed by measurements. 

Though noise is very much reduced by the space charge it is not 

entirely eliminated, because no control that is based on reaction can 

be perfect. For the control described a variation of the space charge is 

essential, though it may be exceedingly slight, and such variations 

naturally manifest themselves in the anode current. 

In triodes, too, a negative space charge is produced around the 

cathode. With a negative control-grid voltage the cathode emission of 

a triode is not saturated, so that the noise with a triode is much less 

than that with a saturated diode (with equal current); the effective 

value of the noise component of the current is about five times as 

small, though of course this is only an approximation and in practice 

that value may vary considerably. 

In the case of valves having more than one grid the noise may be 

848 



NOISE OF AMPLIFYING VALVES CH. XXIV 

fairly great; such valves are usually employed in the first stages of 

receiving sets. One would be inclined to think that the noise of a valve 

with more than one grid would be much about the same as that of a 

triode, but that is not so. It is true that the negative space charge in 

these valves also has a compensating effect, but chance again influences 

the electrons on their way to the anode. In the path of the electrons 

are the wires of one or more positive grids which absorb some of the 

electron current before the electrons reach the anode. It is again a 

matter of chance which and what number of electrons reach the positive 

screen grid of a pentode per unit of time. Reckoned over a longer period 

one may speak of an average current, the screen-grid current, but 

between successive equally short periods of time there are haphazard 

fluctuations. There is here no compensating action, for the potential 

of the screen grid remains unchanged, no matter whether a large or a 

small quantity of electrons has just been attracted to it. Consequently 

the screen grid of a pentode absorbs a varying amount of the almost 

constant current coming from the space charge, so that a varying amount 

finds its way to the anode. 

In practice it is found that this so-called current-distribution noise 

(a result of the current distribution between the various electrodes in 

the valve) may be 8 to 9 times as strong as the noise already present 

in the space-charge-limited current. It is therefore of importance to 

suppress the current-distribution noise in a pentode, and to do this the 

screen-grid current evidently has to be kept small. 

Consequently, with a view to producing low-noise R.F, amplifying 

valves, means were sought to reduce the screen-grid current, which 

may be done in various ways. In the Philips valve EF 8 between the 

control grid and the screen grid an extra grid with the same potential 

as the cathode has been introduced. This grid has the same pitch as the 

screen grid and is mounted in such a way that the windings of both 

grids lie exactly one behind the other. The electrons are concentrated 

by the second grid, so that they just shoot through between the windings 

of the third grid (screen grid). The third grid, it is true, produces a 

positive potential plane to draw the electrons through the first, negative, 

grid, but as the second grid concentrates the electrons in the meshes 

fewer of them collide with the screen grid than would otherwise be 

the case without that extra grid. By applying the principle of con¬ 

centrating the electrons it has been possible to reduce the screen-grid 

current 1^2 to 0.2 mA, or ^Uoth of the anode current (8 mA); with the 

EF9 the screen-grid current is 1.7 mA, or of the anode current 

(6 mA). 

B44 



144. INFLUENCE OF REPRODUCTION CURVE 

144. Influence of Reproduction Curve 

Noise arises in a valve from the quite irregular fluctuations of the 

anode current, whilst in a resistor it is due to the random movements 

of the electrons in motion, which likewise produces an irregular current. 

In both cases the irregular fluctuations may be regarded as the sum 

of a large number of sinusoidal alternating currents of all possible 

frequencies. 

Just as, in consequence of the selectivity of a receiver, only those 

signals picked up by the aerial which fall within a narrow frequency 

band are amplified, so only a part of the frequency spectrum of a noise 

source in the input stage of a receiver will be amplified. The R.F. part 

of the set allows only those R.F. noise components to pass through 

which have frequencies not differing too widely from the resonant 

frequency of the R.F. circuits. In the mixer valve these R.F. noise 

components are transformed into I.F. noise components, part of 

which are allowed to pass through the I.F. part of the receiver. When 

a carrier wave of a received signal is applied to the detector these I.F. 

noise components are detected and A.F. noise components occur, which 

after further amplification become audible in the loudspeaker; the 

A.F, noise components produced in the detector correspond to the 

difference between the frequencies of the I.F. noise components and the 

frequency of the carrier wave. 

The effective value of a noise current or noise voltage can be measured, 

that is to say the root-mean-square value of that current or voltage can 

be found, for instance, by the heat produced by a noise current in a 

resistor. From the foregoing it follows that the magnitude of the noise 

depends upon the width of the frequency band passed through the 

circuits following the source of the noise. 

Now from the theory of alternating currents it is known that if a 

current is composed of two components of different frequencies the 

square of the effective value of that current equals the sum of the 

squares of the effective values of the components. Therefore, if the 

frequency band passed through the circuits after the source of the 

noise is made twice as wide without altering the amplification, the 

square of the effective value of the noise will also become twice as 

great. Consequently as a rule the square of the effective value of the 

noise will be proportional to the width of the frequency pass-band. In 

practice, however, it is only rarely that the term ‘‘pass-band” may be 

employed, because actually a reproduction curve is not rectangular 

but follows a curved line. The curve can, however, be replaced in 
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imagination by a somewhat narrower, purely rectangular band which, 
as regards noise, is equivalent to the actual curve (see Fig. 804). We 

shall call this band-width the effective band-'Width. 

145. Intensity 

It is not only in the addition of two noise currents of different fre¬ 
quencies that we have to add the squares of the effective current 
values of both components, but also in the addition of two mutually 

independent noise currents of equal frequency this has to be done. When 

two currents of equal frequency are in phase we have to add them 
directly, and when they are in antiphase one has to be deducted from 
the other. When, however, they have an arbitrary phase difference, as 

is the case with two mutually independent noise currents, we may 
regard the phase difference as being on the average equal to 90°, so 
that again we have to add together the squares of the currents in 
order to find their resultant. By this means we can determine in what 
manner the noise current is dependent upon the current intensity. 

When considering the noise of valves it is usual to start from the 
simplest case, the saturated diode, and to compare other cases with 

that. Let us suppose that two diodes are connected in parallel with 
each other, one of which has an anode direct current Ii and the other 
an anode direct current Ig. This parallel connection then yields a resul¬ 
tant anode direct current I = Ij + Ig, which is the same as when the 

current through a diode is increased in some way or other. Corresponding 

to the anode direct currents Ij and Ig are noise currents and 1^2 

respectively. Now the squares of the noise currents of the two diodes 

connected in parallel have to be added up and from that sum the 
square root has to be calcu¬ 
lated to find the total noise 

current Thus we obtain 

for the noise current of two 
diodes connected in parallel 

the equation: 

Im ~ (1^5) 

If Ij = Ig then also Ij^^ will 

be equal to 1^2* which cor¬ 
responds to the connecting 
of two similar diodes in 

paralleL In that case the 

Fig. 304 
Full line: Shape of a reproduction curve. 
The broken-line rectangle represents a curve 
with a somewhat narrower band, which, as 
regards noise, is equivalent to the actual curve* 
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anode current becomes twice as large, but the total noise current 

becomes: 

^Nt — ^^ ^^ — ^Nl 1/2 (1^^) 

From this it follows that when the anode current is doubled the noise 

current is j/2 times as large, or, in other words, the square of the noise 

current is proportional to the anode direct current. Usually the noise 

current in valves is reduced by the spaee charge around the cathode, 

so that in practice account has to be taken of a certain factor which 

depends on the construction of the valve; in low-noise valves this 

factor is smaller than in normal H.F. pentodes such as the EF 9 and 

EF 22. In this manner we arrive at the following simple formula for 

the noise current 

V-F^-21,63, (197) 

in which I, = anode current, 

Ijj = noise current 

e = charge on an electron, 

B == band-width in c/s of the amplifier following the valve, 

F = a factor related to the construction of the valve, which 

is always less than unity. 

The noise currents in the anode circuit may also be regarded as arising 

from equivalent noise voltages on the grid. These equivalent noise 

voltages are equal to the noise currents in the anode circuit divided by 

the transconductance of the valve, thus Vv = — - • 

Consequently ^ 

or Vn=Fi/2^ 
Sra 

Via 
gm 

(198) 

The equivalent noise voltage at the grid of a valve is mainly of 

importance for comparing the signal amplified in the valve with the 

noise arising in the anode current, which will be reverted to in 

Section 147. . 

146. Comparison between the Noise of Valves and that of Circuits 

The noise of a receiving set is not caused by the valves alone. The 

thermal fluctuations in resistors and oscillatory circuits are likewise 

responsible in a large degree for the total noise. The irregular thermal 

movements of the electrons in a resistor may be regarded as being due 

to an electromotive force in series with the resistance (this e.m.f. is 

independent of the kind of resistance). The thermal fluctuations in 

the resistor therefore correspond to voltages between the extremities 
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of the resistor. The irregular fluctuating noise voltage becomes greater 

as the value of the resistance is increased. As may easily be deduced 

the square of the noise voltage is proportional to the value of the resis¬ 

tance. The noise caused by an oscillatory circuit has the same value 

as that caused by a pure d.c. resistance of the same value as the im¬ 

pedance of the oscillatory circuit at resonance, and it is this noise par¬ 

ticularly that is of importance in normal receiving sets. The formula 

applying to the noise voltage at the terminals of a resistance is: 

= 4kTRB, (199) 

where == noise voltage in volts, 

k = Boltzmann’s constant (1.38 X 10“ joules/degree), 

T == absolute temperature in degrees, 

R = resistance in ohms, 

B = band-width in c/s. 

By substituting for T the value 293 °K (20 °C) we obtain 

Vn* = 1,600 RB • 10-23. (200) 

With a band-width of 10,000 c/s and a resistance of 100,000 ohms the 

noise voltage amounts to 4 /^V. 

In order to compare easily or add together the noise due to valves 

and that due to the circuits, the valve noise is often represented by 

an equivalent resistance in the grid circuit having a noise voltage 

equal to the equivalent noise voltage at the grid of the valve. A valve 

causing strong noise can therefore be represented by a large resistance 

and a valve causing little noise by a small resistance. The value of 

this resistance is called the equivalent noise resistance of the valve 

(symbol R^^). 

The value of the equivalent noise resistance is found from Equations 

(198) and (199) by putting of Equation (198) equal to of 

Equation (199) and replacing R in Equation (199) by R^^, thus 

Ra« = •'eq 

F^e 

2kT g„ 
F^I 

gm" 
(201) 

From this it is to be deduced that the equivalent noise resistance Req 

is directly proportional to the anode current and inversely proportional 

to the square of the transconductance. Consequently this resistance 

depends on the operating conditions of the valve; it increases with 

rising negative grid bias. 

*) Vide Pbilips Technical Review 2, 1987, page 189. 
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When the noise resistances for different cases have been determined 
the noise voltages are found to bear the same relations to each other 
as the square roots of the relations between the corresponding noise 
resistances, since according to Equation (199) the noise voltage for 
a resistance is proportional to the square root of the value of that 
resistance. 

147. Relation between Signal Strength and Noise 

The interference from noise is governed by the relation between the 
magnitude of the noise and the strength of the signal picked up. 
The simplest way to compare the noise with the signal is to substitute 
for the noise an equivalent voltage on the grid of the valve and to 
determine the relation between that voltage and the signal voltage 
Vj. This is called the noisc-signal ratio (Vj^/Vj) and serves as a measure 
for judging the quality of reception with respect to noise. 
From Equation (198) it appears that the equivalent noise voltage on 
the grid of a valve is directly proportional to the square-root of the 
anode current and inversely proportional to the transconductance. If 
the negative grid bias is increased then according to Equation (198) 
the equivalent noise voltage increases, since the transconductance 
decreases to a greater extent than the square-root of the anode current. 
This is also expressed by Equation (201), where it was already apparent 
that the equivalent noise resistance is dependent on the operating 
conditions of the valve. The relation between the noise resistance and 
the noise voltage is determined by Equation (200), and it is therefore 
obvious that both are dependent on the operating conditions of the 
valve. 
Very often an increase of the negative grid bias is accompanied by an 
increase of the signal. Such is the case with variable-^ valves for auto¬ 
matic volume control, and then the noise-signal ratio may become 
more favourable, notwithstanding the increased equivalent noise 
voltage. 
From Equation (198) it is also to be seen that, apart from the magnitude 
of the factor F, valves having a low anode current and high transcon¬ 
ductance must consequently have a favourable noise-signal ratio. In 
the case of mixer valves the conversion transconductance is relatively 
low, so that with these valves a less favourable noise-signal ratio is to 
be expected than with normal H.F. pentodes. 
Since the noise that arises in an amplifying stage is due not only to 
hail effect but also to thermal fluctuations in resistors and oscillatory 
circuits in the grid circuit, as explained in Section 146, a practical 
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method of analysis is to represent the total noise by a noise resistance* 

In order, however, to determine the noise-signal ratio it is necessary 

to know the total noise voltage. This can be calculated from the total 

noise resistance with the aid of Equation (200) for a certain temperature 

(room temp.) and a given effective band-width (see Fig. 804). 

The equivalent noise resistance of the valve EF 8, for instance, amounts 

to 8,000 ohms. If, now, the grid circuit impedance has a value of 4,000 

ohms, then the total noise resistance is equal to 7,000 ohms, which, 

according to Equation (200), with an effective band-width of 4,000 c/s 

corresponds to an equivalent noise voltage of 

Vjf = j/ieoo X 7000 X 4000 X 10-= about 0.67 fiV. 

If a noise-signal ratio of 1 :1,000 or better is desired the signal on the 

grid of this valve must therefore have a voltage of at least 670 fiY. 
In practice it may sometimes be found easier to have a rule-of-thumb 

formula to avoid first having to determine the absolute noise voltage 

to calculate the signal voltage for a given noise-signal ratio that 

guarantees “noise-free” reception. 

Now from measurements made on normal receiving sets it has been 

established that with a total noise resistance R^jq a signal of at least E 

volts is required to get “noise-free” reception, according to 

E = 10-» )/R^. (202) 

This corresponds to a noise-signal ratio of about 1 :1,200. 
When an EF 8 valve is used on a wavelength of 15 metres and with a 

circuit impedance of the order of 10,000 ohms, i.e. with a total noise 

resistance of 18,000 ohms, the reception would be free of noise with 

a signal of „ ,- 
* E = 10-® Kl8,000 = approx. 1.14 mV. 

This, therefore, is the signal that should be present on the grid of the 
EFS. A signal that is about one-seventieth of that strength is stUl 
just intelligible. 
The use of a low-noise H.F. valve is in practice only of value for 

short-wave reception. For other wave bands the circuit impedance 

preceding the valve is so great (e.g., 100,000 ohms) that the noise of 

the first stage is caused almost exclusively by the thermal movement in 

the circuit. If the equivalent noise resistance of 15,000 ohms of a normal 

R.F. valve were reduced to that of about 8,000 ohms for a valve 

practically free of noise this would be hardly noticeable. Generally 

it may be said that the equivalent noise resistance of the first valve in 
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a receiving set must be small compared with the impedance of the 
input circuit connected to the grid of that valve. For ultra-short-wave 
reception, where the circuit impedances are usually very small, valves 

will therefore be sought which have a very low equivalent noise resis¬ 
tance, and it is also for this reason that special ultra-short-wave valves 
are constructed which for the lowest possible anode direct current possess 
the highest possible transconductance ^). Examples of such valves are 
the pentode EF 50 with an equivalent noise resistance of about 1,400 
ohms and the double pentode EFF 51, of which each pentode system 
has an equivalent noise resistance of 600 ohms. 

a/F I 
*) So that the quotient or —~ is small — vide Equations (198) and (201). 

gm gm 

851 



"
I
j
 IJ u

 t 

CHAPTER XXV 

Short-wave Properties of Amplifying Valves 

148. The Damping of the Oscillatory Circuit by Valves and other Circuit 

Elements Connected in Parallel to it 

The selectivity and the amplification of a R.F. or I.F. amplifier are 

not solely determined by the magnitude of the resistanee, the inductance 

and the capacity of the oscillatory circuits employed, but also by the 
attenuation resulting from all the elements connected in parallel with 
those circuits (valves, aerial, etc.). If a resistance is connected in 
parallel with an oscillatory circuit the resultant impedance will be 
smaller than the impedance of the circuit alone. As already observed, 
the impedance of an oscillatory circuit at the resonant frequency 
is determined by the values of r, L and C, according to the formula 

Z o (203) 

If, now, the oscillatory circuit is connected in the anode circuit of a 
valve with an internal resistance R^, then that internal resistance is 
in parallel with the circuit and the resultant impedance Z^e^ is found 
according to the formula 

1 

Z res 
(204) 

Usually the alternating voltage between the terminals of the oscillatory 
circuit is applied to the grid of the next amplifier valve and in order 

Damping of an oscillatory circuit connected 
between two valves by the internal resistance 
Rft of the preceding valve and the grid<leak 
resistance Rgk of the succeeding v^ve. 

to isolate the anode direct 
voltage from the grid of that 
valve a coupling condenser is 
employed. In that case a d.c. 
path has to be provided between 
the grid and the cathode, and a 
leak resistor usually serves this 
purpose. In order to minimize 
the consequences of the ne¬ 
gative grid current (see Chapter 
XXX, Section 184), this leak 
resistance must not be of too 
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148. THE DAMPING OF THE OSCILLATORY CIRCUIT 

high a value, and its effect cannot, therefore, always be ignored ^). 
Fig. 805 shows the method of connecting up an oscillatory circuit 
between two valves. The resultant impedance of this circuit with the 
parallel connected internal resistance of the preceding valve and the 
grid-leak resistance R^j,. of the following valve can be calculated from 

the formula 
j_=i-+j_+j_. 
Zres R^ Rgk 

(205) 

The resultant impedance is thus smaller than the impedance of the 
circuit alone, and this reduction of the impedance has an effect on the 

resonance curve. 
In Fig. 306 the resonance curve of the circuit alone is represented by 
a broken line, whilst the full line represents the resonanee curve of the 
circuit together with the additional attenuation due to the resistances 

connected in parallel witii it. On account of the extra damping, the 

peak of the full-line resonanee curve is lower than that of the broken- 

line resonance curve. 
The amplification A of the preceding valve equals the product of the 
transconductance g^^ and the impedance in the anode circuit Z^gg. Thus 

we have 

A=g^Z,es. (206) 

Consequently there exists on the grid of the following valve an alter¬ 

nating voltage gm^rea tiincs 
greater than the voltage at 
the grid of the preceding 

valve. The greater Zj^b, the 
greater is the amplification. 

Therefore the extra damping 
influences the amplification. 
Besides the internal anode 

resistance R^ and the leak 
resistance Rgj^, the anode 
capacity of the preceding 

valve and the grid capacity 
of the following valve are also 
in parallel with the oscil- 

It must also be considered that in the high-frequency range the resistance diminishes 
with increasing frequency. Therefore a 1-megohm resistor may have a ten times lower 
value at 1 Mc/s. 

Fig. 306 
Broken line: Resonance curve of the oscillatory 
circuit without additional damping. 
Full line: Resonance curve of the same circuit 
with additional damping. 

858 



SHORT-WAVE PROPERTIES OF VALVES CH,XXV 

latory circuit of Fig. 805. Since these are also in parallel with the tuning 
condenser the tuning capacity C is increased, so that this has to be chosen 

correspondingly lower to keep the oscillatory circuit exactly in tune. 

Furthermore the insulation resistances of the anode and of the grid are 
in parallel with the oscillatory circuit; in the medium and long-wave 

bands these are generally so great as to have no influence upon the 

resultant impedance of the circuit. In the case of normal H.F. ampli¬ 
fying pentodes the internal resistance and the maximum allowable 

grid-leak resistance are relatively high compared with the usual 

impedance values, so that for the amplification of such valves we 
have, approximately, 

A = g™Z„ (207) 

(here is the impedance of the circuit alone). 
In the short-wave band, however, the amplification is by no means 

so great as would be expected from the abo\'e equation, because the 
input and output resistances of the valves for very high frequencies 

are reduced considerably and as a result cause considerable damping 

of the oscillatory circuits. When normal receiving valves are used for 
very short waves these resistances may be so low that the valves no 

longer produce any worthwhile amplification. Consequently for re¬ 
ception of very-short-wave stations special valves are constructed with 
high input and output resistances or large transconductance on those 
wavelengths (e.g., the twin pentode EFF 51, the pentode EF 51 with 

two cathode-input leads and the so-called acorn valves). 

149. Properties of Valves at High and Very High Frequencies ^) 

The most important electrical quantities of valves are: 

(a) input impedance (between grid and cathode), 

(b) output impedance (between anode and cathode), 

(c) transconductance (from grid to anode), 

(d) feedback impedance (from anode to grid). 

These four quantities are quite sufficient even in the short-wave range 

for calculating the performance of a radio valve in an amplifying 
stage. The input impedance affects the value of the signal applied to 
the grid; the transconductance and output impedance, together with 

See the relevant publications by M. J. O. Strutt quoted at the end of this book, also 
C. J. Bakker, 8ome ]^operties of RL^iving Valves on Short Waves, Philips Teohn<Re^ew, 
1, 1986, p. 171. 
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149(a). INFLUENCE OP THE TRANSIT TIME OF ELECTRONS 

the impedance in the anode circuit (single circuit or band-pass filter) 

influence the magnitude of the output signal and thus the amplification, 
whilst the feedback impedance is an indication of the influence of 

the output alternating voltage upon the input alternating voltage and 

thus the amplification. 

The input and output impedances may be regarded as constituting a 

parallel circuit formed of a resistance—the input or the output resis¬ 
tance, sometimes called the grid or anode resistance of a valve—and 

a capacity—the input or the output capacity. In the short-wave band 

the grid and anode resistances are much smaller than in the long and 
medium-wave bands. The lower grid resistance is to be ascribed to 

three factors: 

1) transit time of the electrons (phase lags due to the transit times of 

the electrons between the electrodes), 

2) inductances of lead-in wires of electrodes and inductive and capacitive 
couplings between the lead-in wires themselves, and 

3) dielectric losses in the insulating materials. 

The lower anode resistance is to be ascribed to causes 2) and 3) above 
concerning the grid resistance. 

The considerable feedback from the anode to the control grid in the 

short-wave band is primarily due to the same causes as produce the 
lower anode resistance, i.e. inductances of the lead-in wires, mutual 

inductances and capacities between lead-in wires and electrodes. 

(a) Influence of the Transit Time of Electrons upon the Input 

Resistance 

So far it has been assumed that there is no difference in time between 

the voltage variations on the electrodes and the resultant current 

variations. Such is the case, however, only when the transit time of 

the electrons in the valve is negligible compared with the periodic 

time of the voltage variations. By transit time is to be understood the 

time an electron takes to move from one point to another in the vacuum 

of the valve. This transit time will always be of a finite value, though 

extremely small, and for normal frequencies is of no significance, but 

when it is of the order of the periodic time of the signal to be amplified 

it gives rise to an input resistance which causes additional damping 

of the circuit connected to the control grid. 

The transit time causes a phase change of the current to an electrode 

with respect to the current that would flow if the transit time were 
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infinitely short. Normally the input impedance is purely capacitive, 
so that between grid and cathode there is only an alternating current 

which leads by 90° on the voltage. As a result of the transit time this 
phase lead is reduced. Consequently the alternating current between 
control grid and cathode acquires a component that is in phase with 

the voltage, i.e. a wattfull component, which means that an input re¬ 
sistance that causes damping of the grid circuit occurs. According to 
Bakkcr and Strutt this input resistance due to transit time is ap¬ 

proximately of the order: 

= (208) 

in which f is a factor approximately equal to gj^j^ the transcon¬ 
ductance of the total cathode current with respect to the grid voltage, 
(o the angular frequency of the input H.F. voltage, and tj^g the transit 
time of the electrons between cathode and control grid. 

From Equation (208) it follows that the input resistance is approxi¬ 

mately inversely proportional to the square of the frequency. 

(b) Influence of Inductances of the Lead-in Wires and of Inductive 
and Capacitive Couplings between those Wires upon the Input 
and Output Resistances 

The input and output resistances are considerably influenced by the 

inductances and capacities of the lead-in wires, the values of which 

are, it is true, very small but at high frequencies can no longer be 
ignored. We will first consider the input resistance of a pentode. The 

H.F. voltage between grid and cathode sets up H.F. currents in the 

anode, screen-grid and cathode leads due to the various transcon¬ 
ductances of the valve. These leads have 
self-inductances and mutual inductances 

and the currents flowing through them 
result in H.F. voltages on the various 

electrodes. These voltages produce currents 

through the valve capacities to the control 
grid, which gives rise to the input re¬ 

sistance. 
Let us consider the influence of the in¬ 

ductance of the cathode lead on the input 
resistance. If an oscillatory circuit is con¬ 

nected to the input of a pentode of which 

the cathode lead has an inductance 

Fig. 307 
H.F. pentode with tuned grid 
and anode circuits and an 
inductance Lk in the cathode 
lead. 
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(see Fig. 807), then the alternating voltage Vg between control grid 

and cathode is approximately: 

Vg = V, —joLJi, (209) 

in which Vj is the alternating voltage on the grid oscillatory circuit. The 

alternating current Ig flowing to the control grid as a consequence of 

the grid-cathode capacity Cg,^ is then: 

Ig = jwCgfcVg = jtoCgkVi -f to^L^CgJg. (210) 

Now the cathode alternating current Ij^ as a first approximation equals 

the product of the transconductance of the cathode current and 

the voltage Vj across the circuit, thus 

Consequently we obtain from (210) and (211) 

(211) 

Ig — + a>^Lk^gkgnik) • (212) 

Owing to the inductance Lj^ of the cathode lead the current Ig to the 

grid has obtained a component which is represented by the underlined 

term in Equation (212) and which is in phase with the alternating 

voltage across the circuit. Therefore energy is taken from the circuit. 

This approximate current component is equal to that which would 

originate from the connecting of a resistance in parallel with the 

input circuit, this resistance being given by: 

Rl 
1 

^^^k^gkgmk 
(213) 

Here the suffix L indicates the inductive origin of the resistance. 

According to Equation (213), that resistance component is inversely 

proportional to the square of the frequency and to the transcon¬ 

ductance of the valve. 

As regards the output resistance the cause of this is to be explained 

as follows: owing to the H.F. voltage on the anode and the valve 

capacities (between anode and metallizing, between anode and sup¬ 

pressor grid and between anode and screen grid of a pentode), currents 

flow in the electrode leads. These leads have self-inductances and 

mutual inductances, and the H.F. currents flowing through them set 

up H.F. voltages between cathode and earth and between grid and 

earth, hence also between cathode and grid. Owing to the transcon¬ 

ductance of the control grid with respect to the anode and the last 

named H.F. voltage a current flows to the anode. This anode alter- 
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Dating current has a component in phase with "the anode alternating 

voltage and equal to the component which would arise from the con¬ 

nection of the anode circuit in parallel with a resistance R^, the output 

resistance, for which, according to Strutt, the following formula holds 

approximately: ^ 

(214) 

in which is the transconductance from the control grid to the anode, 

Cgg3 the capacity between the suppressor grid and anode, and Mj^gs the 

mutual inductance of the leads to the cathode and the suppressor 

grid. According to Equation (214), therefore, the output resistance is 

likewise inversely proportional to the square of the frequency and to 

the transconductance. 

(c) Influence of Transit Time of the Electrons upon Transeon- 
duetance 

Due to the electron transit time, in the case of extremely high fre¬ 

quencies the transconductance assumes a phase angle, owing to the 

anode alternating current lagging behind the grid alternating voltage. 

With an inductance Lj^ in the cathode lead a phase angle between the 

circuit voltage Vj and the grid alternating voltage Vg is produced. If 

we now substitute in Equation (209) the value given by Equation (211) 

for Ijj, we get 
Vg = (1 — jwLkgmk) Vi, (215) 

from which the phase angle due to inductance of the cathode lead 

between the e.m.f. of the oscillatory circuit Vj and the grid alternating 

voltage Vg may be found. This phase angle, as follows from Equation 

(212), is approximately equal to 

. (216) 

If, now, owing to the electron transit time, the anode alternating current 

lags behind the grid alternating voltage and thus has a phase angle with 

respect to Vg which we shall call then it is evident that this phase 

angle increases the phase angle (pj^ already resulting from the inductance 

in the cathode lead and consequently the damping of the input oscil¬ 

latory circuit. The total phase angle, expressed by 9?^, therefore consists 

of a component (pj^ due to inductance in the cathode lead and a com¬ 

ponent (p^ due to the transit time of the electrons, thus 

^’a = ^’l + fv (217) 

The absolute value of transconductance, however, remains unchanged 
up to very high frequencies (greater than 8O0 Mc/s). 
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149(d). FEEDBACK IMPEDANCE 

(d) Feedback Impedance 

In Chapter XIV, Section 77a, it has already been explained that the 

grid-anode capacity gives rise to a back-coupling that may lead to 

self-oscillation. The lower the impedance of that capacity the greater 

is the tendency to oscillate. In the ultra-short-wave region, particu¬ 

larly with very high frequencies, we find, instead of the grid-anode 

capacity, an impedance of a complex nature—the feedback impedance 

—which may be very much lower than the impedance resulting from 

the grid-anode capacity. In the ultra-short-wave band, therefore, there 

may be a tendency towards oscillation, whereas, with the same values 

of circuit impedance, this is not appreciable on longer waves. 

The feedback from the anode to the control grid in the ultra-short- 
wave range may be explained in essentially the same way as the origin 
of the output resistance. When there is a H.F. alternating voltage 
on the anode, currents flow, through the valve capacities, in the leads 
to the various electrodes. Owing to the self-inductances and mutual 
inductances of the leads these currents produce H.F. voltages on the 
electrodes, which in turn set up currents flowing through the valve 
capacities to the first grid. There is thus apparently an impedance 
between anode and control grid. 
Whereas in the long and medium-wave bands the feedback impedance 
equals l/jcoC^gi, in the ultra-short-wave band, owing to the influences 
referred to above, the values of the feedback impedance are entirely 
different from that given by of the valve. Instead of the anode-grid 
capacity C^gj we find a new value, C'^gj, which is approximately equal to 

C'ag^ = C,g,-Ka>^ (218) 

in which, according to Strutt, 

K == C^LCj. (219) 

K is consequently a constant of the valve depending on the inductances 

and capacities of the electrode leads; is the output capacity, Cj the 

input capacity and L represents the inductance of the electrode leads. 

The feedback impedance must always be kept high in order to prevent 

oscillation of the H.F. stage. According to Equation (218), however, 

the absolute value of C'^gi will be much greater than C^g^, except for 

angular frequencies in the neighborhood of or below that. The 
K 

requirements with regard to feedback in the ultra-short-wave range 

will not usually be so stringent as in the long and medium-wave ranges. 
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because in the former the impedances of the circuits employed are much 

smaller. Nevertheless it is desirable to keep the feedback small within 

the largest possible frequency range. A small value of K is favourable 

for the feedback impedance, for the smaller this factor the greater is 

the range in which C'^gi is small. Generally the factor K is positive 

and can be made smaller by selecting a large mutual inductance Mj^g^ 

between the connections to the cathode and the control grid. It is 

likewise advisable to increase the mutual inductances Mg^gg and Mg2a* 

This can be achieved by choosing the right sequence of connections 

from the electrodes to the base contacts, in other words by placing 

alongside each other the connections to screen grid and anode, of 

cathode and control grid, and of suppressor grid and control grid, 

which increases the mutual inductances of the wires leading to these 

electrodes. This principle has been applied in the Philips H.F. pentode 

EF 22 with a pressed-glass base. 

In this connection it should be noted that the measurement of feed¬ 

back impedance is rendered very difficult by accidental, uncontrollable 

self-inductances or by mutual inductances with the chassis of the mea¬ 

suring equipment, so that it is hardly possible to give exact figures 

for valves. 

150. Input and Output Capacities 

If the transconductance of a valve is reduced by increasing the negative 

grid voltage, then the grid capacity is changed owing to the increase 

in density of the space charge in front of the first grid (Section 78). 

This capacity change causes a detuning of the oscillatory circuit intro¬ 

duced in the grid circuit, and produces in the first place a reduction of 

the oscillatory-circuit impedance at the signal frequency. The ampli¬ 

fication diminishes, but in practice this is of no great consequence 

provided in the case of a non-controlled valve the resonant frequency 

of the input circuit is the correct one, because the gain-control is then 

only slightly amplified. Of greater importance, however, is the fact 

that the tuning of the input circuit may become closer to the signal 

frequency of a nearby transmitter, so that there is more risk of inter¬ 

ference. In the ultra-short-wave range one must expect the greatest 

detuning, because in that region a small capacity change causes a 

large frequency change. 

The detuning of the input circuit due to change of the capacity of the 

input grid also involves, however, a displacement of the H.F. signal 

from the middle to the side of the resonance curve, thereby causing 

unequal amplification of the two side-bands. With unequal side-bands 
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there arises distortion in the detector, so that it is advisable that the 
frequency of the signal should lie as accurately as possible in the middle 
of the resonance curve, which means that one should aim at the smallest 

possible capacity change. 
Gain-control by varying the negative grid potential does not affect 
the anode capacity. 

Measurements have proved that the input and output capacities are 

the same in the ultra-short-wave range as in the long and medium-wave 
ranges, whilst the change of input capacity in the ultra-short-wave range 
is practically equal to that in the long and medium-wave ranges. 

In addition to a variation of the input capacity, transconductance 
control effected by changing the negative bias also results in a variation 

of the input resistance. Fig. 308 shows, for the pentode EF50, the 
input capacity and the input resistance Rg^ at a wavelength of 

6 metres as a function of the negative grid bias Vgj, from which it is 

to be seen that unless special measures are taken both these values 
vary considerably. 
The capacity and resistance variations can in certain cases be reduced 

by inserting an impedance in the cathode lead. Such an impedance can 
be formed by a resistance of about 30 ohms and a parallel-connected 
capacity of 50 Obviously an impedance of this nature in the 

cathode lead somewhat reduces 
the effective transconductancc 

and such a compensation works 

well only within a narrow wave- 
range. 
The lower half of Fig. 308 gives 

the variation of the input capacity 

Fig, 308 
Valve EF 50 

Top: The grid capacity Cg^ and grid 
resistance Hg^ at a wavelength of 6 m 
as a function of the grid potential Vg^ 
when there is no impedance inserted in 
the cathode lead. 
Bottom: Grid capacity Cgi and grid 
resistance Rg^ at a wavelength of 6 m 
as a function of the grid potential, with 
an impedance in the cathode lead con¬ 
sisting of a 32-ohm resistor connected 
in parallel with a 50-/i^F capacitor. 
For a reduction of transconductance to 
^/loth of the initial transconductance a 
grid-voltage variation from —1.55 V 
to —4.5 V is required. 
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and the input resistance with the grid potential for the pentode EF 50 

when an impedance is introduced in the cathode lead. 
Another means of counteracting the capacity variation of the grid and 

the variation of the grid resistance while the transconductance is 
being changed is to apply the regulating potential simultaneously to the 

third (suppressor) grid and to the control grid (first grid). Owing to the 

much smaller transconductance of the third grid the gain-control 
potential on the third grid must necessarily be very much higher than 
that on the first grid. As indicated in the diagrams of Fig. 309, the gain- 

control voltage Vk, on the third grid can be attenuated by means of 
a voltage divider and the attenuated voltage applied to the first 

grid. 
Thus by varying the gain-control voltage it is possible to regulate 
simultaneously the bias voltages of the third and first grids in a certain 

ratio. The dividing ratio of the voltage divider must be accurately 

determined for each case in order to obtain the correct compensation 
of the capacity variation of the first grid. Fig. 309 gives the results 

attained with the EF 50 valve, in the upper half without impedance 

and in the lower half with an impedance (32 ohms in parallel with 
50 /^/^F) in the cathode lead, in both cases with the optimum voltage 

divider and the transconductance being changed by a factor of 10. This 
diagram shows that without an 

impedance in the cathode lead 
the capacity remains more con¬ 

stant, but that with the stated 

impedance the value of the 
input resistance is much more 

favourable. 

Fig, 309 
Valve EF 50 

Top: Grid capacity Cg^ and grid resistance 
Rgi at a wavelength of 6 m as a function 
of the gain-control potential Vb applied 
direct to the third grid and via a voltage 
divider of 50,000 + 8,000 ohms to the 
first grid. 
Bottom: Grid capacity Cg^ and grid re¬ 
sistance Rgi at a wavelength of 6 m as 
a function of the gain-control potential 
Vb applied direct to the third grid and 
via a voltage divider of 50,000 + 4,000 
ohms to the first grid. Here an impedance 
of 82 ohms in parallel with 50 (ipF is 
included in the cathode lead. 

Cai(fpF) /fgi(a} 
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151. Some Measured Values for Philips Valves 

In order to give an idea of the valve impedances in the short-wave 
range the measured values for some Philips valves are tabulated below. 

(a) Input Resistance 

In the tables for the valves EF 5 and EF 6 the input resistance is given 

for three wavelengths with a hot cathode. 

EF 5 : V, = 200 V. V,2 = 100 V 

Wavelength 
(in metres) 

Input resistance R^^ 

for Vgj = V 
(in ohms) 

Input resistance Rg^ 

for max. gain 

control (in ohms) 

21 0.18 X 10* 1.7 X 10* 
10.8 0.049 X 10* 0.8 X 10* 

5.0 0.010 X 10* 

i_ 

0.17 X 10* 

EF 6 : Va = 200 V, Vgj = 100 V 

Wavelength 
(in metres) 

Input resistance Rgi 
for Vgi - —2 V 

(in ohms) 

21 0.15 X 10* 

10.8 0.042 X 10* 

5.0 1 0.009 X 10* 

Fig. 810 gives the input resistance Rgx of the H.F. pentode EF22 

(pressed-glass base) as a function of the wavelength A for the normal 
adjustment at I^ — 6 mA (full line) and for maximum control of the 

transconductance (I^ = 0) (dot-dash line). 

(b) Output Resistance 

The following tables give the output resistances for three wavelengths 
for the valves EF 5 and EF 6. 
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EF 5 ; Vg = 200 V, == 100 V 

Wavelength 
(in metres) 

Output resistance R^ 

for Vgi = —3V 
(in ohms) 

Output resistance R^ 
for max. gain 

control (in ohms) 

23.0 0.27 X 10* 0.56 X 10* 

11.8 0.14 X 10* 0.82 X 10* 
6.15 

1 

0.064 X 10* 0.19 X 10* 

-►AM 
Fig. 310 
The input resistance Rgi of the pentode 
EF22 as a function of the wavelength 
for 6 mA (fuU line) and for max. 
control of the transconductance (dot- 
dash line), i.e. with — 0. 

In Fig. 311 the output resistance 

Ro is plotted for the pentodes EF 22 
as a function of the wavelength 

A for normal operating point 
(Iq^ = 6 mA) and for maximum 

gain control (1,^ = 0). The full line 

relates to the normal operating 

point and the dot-dash line to the 
maximum control of transconduc- 

tanoe. 

152. Influence of Short-wave Im¬ 
pedances on the Practical 

Values of Circuit Impedances 

The input and output impedances 

can be represented by a resistance 
R and a capacity C imagined as 

being connected in parallel to the 
input oscillatory circuit and the 

output oscillatory circuit of a valve 
under working conditions. 

In order to estimate the actual 
effect of R and C on the input 

and output circuits it is of im¬ 
portance first to obtain an idea 

of the values encountered for the 

circuit impedance itself. In this 
connection account must be taken 
of the fact that this circuit im- 
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EF 6 : Vj = 200 V, Vgi == 100 V 

Wavelength 

(in metres) 

Output resistance 
for Vgi = —2 V 

(in ohms) 

23.0 0.37 X 10« 
11.8 0.18 X 10« 
6.15 0.08 X 10® 

pedance is limited not only by the circuit magnification achieved in 
practice, but also by tlic tolerance of the input and output capacities 
of the valves, and further by the capacity variation due to the 

control of the negative grid potential of a variable-^ valve. Often 
when designing receiving sets allowance has to be made for the possi¬ 
bility of interchanging valves without detuning the circuits too much. 

Such detuning has a relatively greater effect according as the oscillatory 

circuits have a better quality factor and the tolerances and varia¬ 
tions of the valve capacities are greater. For Philips valves the follow¬ 

ing simple rule can be given: the oscillatory circuits should be so de¬ 

signed that their impedance in case 
of detuning is as many times a 

thousand ohms as the number of 
metres corresponding to the wave¬ 

length. Thus, for a wavelength of 

12 metres the circuit impedances 
must not exceed 12,000 ohms. It is 

quite feasible to make better cir¬ 

cuits but when the valves are gain- 
controlled or replaced the de¬ 
tuning would be too great. The 

above rule holds for wavelengths 
of about 5 to 60 m, i.e. for the 

whole of the ultra-short-wave 

range. It is to be noted also that 
a second limitation of the magni¬ 

fication of the circuits is due to 
the essential band-width for modu¬ 

lation frequencies. 

Fig. m 
The output resistance Ro of the pentode 
EF 22 as a function of the wavelength A 
for I» = 6 mA (full line) and for max. 
control of the transconductance (dot- 
dash line), i.e. with = 0. 
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As appears from the measured results given here, the impedances of 
the valves are such that the circuit impedances chosen in accordance 

with the above rule are not affected by the valve impedances, or 
hardly so, for wavelengths of 10 m and higher. The normal Philips 
radio valves can also be very well used for shorter wavelengths, 

although Philips have designed special valves for that purpose. The 

feedback impedance, with the circuit impedances encountered, is 
still high enough not to impair the stability of action of the am¬ 
plifying stages. 
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CHAPTER XXVI 

Tuning Indicators 

153. Object of Tuning Indication 

The tuned circuits in the R.F. and I.F. stages of a superheterodyne 
receiver produce a certain selectivity, and this selectivity can be 

represented by a curve, namely the resonance curve of the whole 
set. This is in fact the resultant of the resonance curves of the various 

circuits. Such a resonance or selectivity curve represents, for instance, 
the I.F. voltage on the detector diode as a function of the frequency 

of a R.F. signal with constant amplitude applied to the input of a 

superheterodyne set when the variable condensers are in a certain 
position. The most common practice, however, is to plot the ratio of 

the I.F. signal on the detector 
signal for a certain detuning, 

as a function of the detuning 

in c/s. Fig. 312 gives a resonance 

curve of a superheterodyne set. 
If the set is not accurately tuned 

to the incoming signal the fre¬ 
quency of its carrier wave will 

be situated on one of the sides 
of the resonance curve. This 
results in an asymmetrical re¬ 

production of the modulation 
side-bands of the carrier wave. 

If, for instance, the carrier wave 

is modulated at a single fre¬ 
quency then it is accompanied 
by two side-waves and, due to 

the fact that the frequency of 
the carrier wave does not cor¬ 
respond to the middle of the 

resonance curve, one side-wave 
of the modulation is less am¬ 

plified than the other. Moreover, 

in that case the absolute values 
of the two instantaneous (posi¬ 

tive and negative) phase angles 

the correct tuning and the I.F. 

Fig. 312 
Resonance curve of a superheterodyne set. 
Horizontal aads: deviation of the input-signal 
frequency from the resonant frequency 
(200 kc/s) (linear scale). 
Verti''al axis: ratio of the signal voltage on 
the detector at resonant frequency and that 
at a given frequency deviation from the 
resonant frequency when the input-voltage 
amplitude has a constant value (logarithmic 
scale). 
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of these side-waves with respect to the carrier wave are no longer 
equal. This unequal amplification and the unequal instantaneous 

phase angles cause a distortion of the envelope of the carrier wave. The 

distortion is most marked for the high notes, one side-wave of which 
may in certain circumstances be almost entirely suppressed. 

From the foregoing it will be realised that it is of importance to ensure 
that the carrier frequency of the desired signal coincides with the 

centre of the resonance curve. In the case of receivers not provided 

with automatic volume control this may be attained by tuning to the 
maximum volume. With sets having automatic volume control it is 
difficult to tune them so that the converted signal frequency applied 

to the detector corresponds with the middle of the resonance curve 
(or in the case of t.r.f. receivers the middle of the resonance curve 
corresponds with the frequency of the incoming signal), because the 

attenuation of the I.F. signal by detuning is neutralized more or less 

by the automatic volume control. The intermediate carrier frequency 
can then be adjusted only to the middle of the resonance curve by tuning 

for the smallest possible distortion. It would, therefore, be very useful 

indeed to have some means of determining the correspondence of the 
intermediate frequency with the middle of the resonance curve in a 

visual manner. This can be realized with the aid of the various systems 

for visible tuning or tuning indication designed for this purpose. 

154. The Principle Underlying Tuning Indication 

Since the signal voltages usually reach a maximum in the middle of 

the resonance curve it should be possible to arrange the visible tuning in 

such a way that the change of the signal voltage across the last oscillatory 
circuit is indicated as a function of the detuning by means of a voltage 

indicator. In that case, therefore, one would have to tune in to maximum 

voltage ^). As, however, we have to deal with H.F. voltages, a high- 
frequency voltage indicator is essential. In Chapter XXIII it has 
already been explained at some length that the direct voltage across 

the leak resistor of the detector diode is dependent upon the R.F. or 
I.F. alternating voltage applied, so that the object in view can be 
attained by making the magnitude of this voltage visible, and it is on 

this principle that the various systems of tuning indication are based. 

The voltage will be greatest in the middle of the resonance curve also when the set is 
provided wi& automatic volume control. Detuning does not then cause this voltage to 
drop so quickly, so that it is difficult to judge by ear, by means of the volume, whether in 
tuning one has reached the middle of the resonance curve; without automatic volume 
control this is, as a rule, possible. Visible indication can naturally be much more sensitive 
and it offers a good means of tuning to the maximum voltage in a simple manner. 
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155, The Various Systems of Tuning Indication 

The direct voltage across the leak resistor of a detector diode can be 

made visible in various ways. Since it is not desirable in practice to 
connect a measuring instrument directly in parallel or in series with 
the diode leak resistor, one way is to use the anode direct current of 

an automatically gain-controlled valve (e.g. an I.F. amplifying valve) for 
the operation of a small milliammeter. The correct tuning is then 
obtained by adjusting to the smallest direct current. The gain-con- 

trolled valve is thus used at the same time as an amplifier for the 
tuning indicator. It is necessary that the regulating voltage on the grid 
of the valve in question should be derived from a non-delayed automatic 

volume control, as otherwise the tuning indicator would not work with 

w^eak signals. Fig. 313 shows the basic circuit of such a tuning indicator. 
The milliammeter may be of special construction. Usually it is made 

in the form of a so-called shadow indicator, the moving coil tilting a 
small plate in a light beam and thus throwing a shadow of variable 

width upon a frosted glass. 
Another method consists in inserting a resistor in the anode lead to 

a gain-controlled valve and making the direct-voltage variation across 

that resistor visible by means of a specially designed neon tube (see 

Fig, 320), the Philips neon tube 4662 for instance. The neon tube 
and the shadow indicator have, however, been superseded many years 

by the fluorescent-screen tuning indicator, which is much more 

attractive in appearance 
and more robust than for 
example the moving-coil 

system of the shadow 
indicator. 

The fluorescent-screen 
indicator works on the 

principle of a high-vacu¬ 

um cathode-ray tube and 
has its own amplifying 
system by means of which 

the voltage variations 
across the leak resistor 

of a diode can be rendered 
Risible without employ¬ 

ing a gain-controlled 
valve. With this kind of 

Fig. 313 
Principle of a tuning indicator. A milliammeter is 
introduced in the anode-supply lead of a gain-con¬ 
trolled I.F. valve. The correct tuning is obtained 
when the meter shows the smallest deflection. 

I = I.F. amplifying valve, 
II = lead to the A.F. amplifier, 

HI == detector diode, 
IV = A.V.C. supply lead to the grid of the I.F. valve, 
V ss milliammeter serving as tuning indicator. 
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tube green fluorescent light areas of variable size are shown on a 
conical fluorescent screen visible from the top, thus giving a very 

sharply defined indication of the tuning. The inertia-less working 
of the high-vacuum valve is one of the most important advantages 
of this type of indicator, which has found application also in measuring 
instruments and in other ways. This type of tuning indicator is often 

called magic-eye. 

156. The Fluorescent-screen Tuning Indicator 

The fluorescent-screen indicator EM 1 consists of the indicator part 
proper and an amplifying part. The construction of this valve is shown 
in Fig. 314. The indicator part contains a cathode that is also used for 
the amplifying part, an anode functioning at the same time as a fluor¬ 
escent screen, and four deflecting plates. 
The anode is conical in shape and is coated on the inside with a fluor¬ 
escent substance. When the attracted electrons impinge on this substance 
it glows, and this is visible from the top of the bulb. The valve is 

mounted in the set in such a way that from the outside only the top 
of the bulb can be seen, for example through an aperture in the cabi¬ 
net. Four fluorescent areas in the shape of clover leaves are formed on 
the screen; they arc arranged in the form of a cross. Between the 
cathode and the anode the four deflecting plates are arranged radially 
(sec Fig. 315), deflecting the electrons projected towards the anode. 

This deflecting action is increased when the potential difference between 
the anode and the deflecting plates becomes greater; to the deflecting 
plates a positive voltage is applied which has a value varying between 

the anode-supply voltage (e.g. 250 V) and a certain 
low voltage (about 10 V). 
Owing to the deflection from the four plates the 

shadows thrown on the screen vary in breadth. 

Fig. 314 
Construction of the fluorescent-screen timing indicator EM 1. It 
contains an amplifying triode (below) and an indicator system 
which is at the top. 
1 = protruding glass rim which produces a darkened space in 

front of the fluorescent screen; 
2 =: shielding cup which serves to render invisible the light 

emanated from the cathode; 
8 ==: space-charge grid of the indicator section; 
4 sss fluorescent screen; 
5 ss deflector plates; 
6 anode of the triode section; 
7 = grid of the triode section; 
8 ss cathode. 
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Fig. 315 
a) Fluorescing areas of the screen when the negative voltage on the 

grid of the triode section is low. 
b) Fluorescing areas when the negative voltage on the grid of the 

triode section is high. 
c) Simplified representation of the arrangement of the electrodes in 

the indicator part. Between the deflector plates D and the anode 
an electrostatic field is formed which has a deflecting action 
(shown by the forces fi and f2) upon the electrons moving towards 
the anode. The line AB indicates the path of an electron from the 
cathode to the anode. 

When the voltage difference between the anode 
(fluorescent screen) and the deflecting plates is at its 

maximum the deflection is the greatest and the 
shadows are broadest. Fig. 315a illustrates the lighting 
of the fluorescent screen caused by large defJections 
and Fig. 315b that caused by small deflections. 
The deflecting action is best understood by referring 
to Fig. 315c. Here the anode is represented as a cylinder 
placed around the cathode, with the four deflecting 
plates in between. When these plates D have a lower 
voltage than the anode, electric fields are formed 
between them and the anode with the lines of force 

running roughly as indicated by the broken lines. An electron leaving 
the cathode at point A and reaching point P is deflected by the 
force fi. Owing to the deflecting forces in the field the electron 
describes a curved path and finally reaches the point B on the 
anode. If the difference in potential is great the deflecting field 
will be very strong, the deflection great and the shadows behind the 
plates will consequently be broad. If, on the other hand, there is no 
difference in potential there will be no deflection and the plates will 
exercise an attracting force, so that the whole of the anode glows. It 
is to be observed that actually the shape of the lines of force is not so 
simple as represented in Fig. 315c. 
The voltage fluctuations on the deflecting plates are obtained with 
the aid of the amplifying triode forming part of this 
tuning indicator. The triode part is operated as a 

Fig. 316 
Essentials of the circuit of tlie fluorescent-screcn tuning indicator 
EM I. The triode section is used as amplifier with resistance 
coupling. The voltage variations at the anode a of the triode are 
applied directly to the four deflector plates D and in this manner ' 
bring about a change in the breadth of the fluorescent light areas 
on tlie screen S. t4S17 
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Fig, 317 
Connection of the timing indicator in a superheterodyne receiving set with delayed a.v.c. 
The indicator grid is controlled by the direct voltage of the detector diode, so that indi¬ 
cation is given also for weak signals. The object of the voltage divider Ra—^R4 is to reduce 
the negative direct voltage. The resistances Rs and R4 should have the highest possible 
values in order to minimize the difference between the a.c. resistance of the diode circuit 
and the d.c. resistance. The factor by which the voltage is divided should be so chosen 
that the fluorescent screen is fully lighted up by the strongest anticipated signal on the 
detector. 

I = I.F. transformers; 
II = I.F. amplifying valve; 

III rs detector and A.F. amplifying valve; 
IV = connection to the output valve; 
V = A.V.C. connection. 

resistance-coupled direct-voltage amplifier (see Fig. 316). As the nega¬ 

tive direct voltage on the control grid increases the anode direct 
voltage also increases. Since the deflecting plates of the indicator 

part are connected directly to the anode of the triode an increase of 
the negative voltage corresponds also to a decrease in the breadth of 
the shadow sectors. When during tuning of the set to a signal the 

negative direct voltage at the grid reaches its maximum, the fluores¬ 

cent areas reach their maximum breadth. 
Fig. 814 shows the construction of the fluorescent-screen indicator 

EM 1. The triode part is mounted at the bottom of the valve and the 

indicator part at the top. The two parts have one common cathode 
covered at the top with a black cup, which serves as a shield against 

the light emitted by the cathode. The method of connection of the 
EMI in a set with delayed automatic volume control is shown in 
Fig. 817. 
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Fig. 318 
Arrangement of the indicator section of the EM 4 and represen¬ 
tation of the shadow sectors on the fluorescent screen. 
1 = deflecting rod of the sensitive part; 
2 = supporting rod for the cathode shield; 
3 = deflecting rod of the insensitive part; 
4 = shadow sector of the sensitive part; 
5 fluorescent light area; 
C = shield for rendering invisible the light emanated from the 

cathode. 

In order to ensure that the electron current to the anode of the indi¬ 

cator part does not become too great, a grid is also provided between the 
deflecting plates and the cathode and connected with the latter. The cur¬ 

rent flowing to the fluorescent screen is limited by the space charge in 
front of this grid, so as to avoid deterioration of the fluorescent substance. 
A modern form of fluorescent-screen indicator is the EM 4. This has 

two sensitivities, making it possible to tune in with the same degree 
of accuracy both to stations having a low field strength at the point 
of reception and to stations having a high field strength. Outwardly 

this valve shows a great similarity with the EMl. The fluorescent 

screen shows only two fluorescent areas instead of four, and the tuning 
is regulated according to the breadth of the shadow sectors between 

the fluorescent areas. The rate of change in breadth during tuning is 

not the same for both shadow sectors, the angle of one sector varying 
much quicker than the other; the sensitivity of one section is much 

greater than that of the other. By sensitivity is understood here the 
angle variation of a shadow sector per volt of direct-voltage variation 

on the control grid. These two sensitivities are obtained by replacing 

the single triode amplifying system of the EM 1 by two triodes having 

a different amplification factor and mounted one above the other 

around the cathode (common with the indicator part). These triodes 

have also a common grid, which, however, is wound with a different 
pitch for each system. The two anodes are electrically separated from 
each other, each being connected with one of the two deflecting rods 

of the indicator part. (Fig. 818 shows how the deflecting rods are situ¬ 

ated in the indicator part.) 
These anodes are connected with the positive H.T. voltage of the 

receiver (about + 250 V) via series resistors of 1 megohm. The two 

triodes are controlled at the same time by the negative direct voltage 
on the grid (direct voltage from the detector diode). The triode system 

with the large amplification factor produces, for a given grid-voltage 

variation, a greater variation of the anode direct voltage, and thus of 
the shadow angle, than that produced by the other system. 
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The consideration underlying the design of this valve was as follows: if 
with a valve like the EM 1 an indication sufficiently sensitive for weak 
stations is required then the grid has to be controlled by the direct 
voltage across the leak resistor of the detector diode without or with 
very little attenuation. When receiving strong stations, however, the 
direct voltage on the grid will be so high that the fluorescent areas will 
cover the whole of the screen long before the middle of the resonance 
curve of the receiver is reached. If, on the other hand, a good visible 
tuning of strong stations is preferred, then the direct voltage produced 
across the leak resistor of the detector diode will have to be so greatly 
attenuated that there will scarcely be any indication of weak trans¬ 
mitters. Consequently, for a good indication of both strong and weak 
signals two fluorescent-screen indicators of the type EM 1 would have 
to be included, one coupled direct to the leak resistor of the detector 
diode and the other indirectly via a voltage divider. 
The EM 4 affords the possibility of replacing these two indicators by 
one valve having two different sensitivities, whilst moreover the grid 
can be connected directly to the leak resistor of the detector diode; gener¬ 
ally, therefore, there will no longer by any need for a voltage divider. 
Finally, mention is to be made of a type of fluorescent-screen indicator 
having an amplifying system constructed in the form of a pentode, 
which is used as audio-frequency amplifier with variable amplifi¬ 
cation. This valve is constructed in a manner similar to that of the 
EM 1 or EM 4, the amplifying system being at the bottom of the bulb 
and the indicator system at the top, both mounted around a common 
cathode. The indicator screen is likewise of conical shape, and there 
are two deflecting rods between the cathode and the screen. These rods 
are connected with the screen grid of the pentode part. 
The pentode part is so designed as to obtain a variable screen-grid 
potential, i.e. the screen-grid is fed via a series resistor (see Chapter 
XXII, Section 181). When the control potential from the automatic 
volume control is applied to the grid, the screen-grid current drops as 
the negative grid bias rises, i.e. as the control voltage increases (which 
is the case as the middle of the resonance curve is approached). This 
results in a rise of the voltage on the screen grid and at the deflecting 
electrodes, and as a consequence, as is the case with the EM 1, the 
deflecting action of the deflecting rods is reduced, so that the shadows 
on the fluorescent screen become narrower and the light areas broader. 
As the screen grid is decoupled by a capacitor, alternating voltages can 
be conducted at the same time to the control grid without any noticeable 
effect in the fluorescent light spots* 
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The pentode part of the EFM1 
has been so constructed as 
to be suitable for audio-fre¬ 

quency amplification, and in 
particular for variable am¬ 
plification (see also Chapter 

XXII, Section 132). As already 

stated, a variable negative 
direct voltage is conducted to 

the grid for obtaining the 
tuning indication. When a 

strong I.F. signal reaches the 

detector diode (or the diode 
for automatic volume control) 

the grid of the pentode part 
of the EFM 1 therefore becomes rather strongly negative, thereby 

reducing tlie amplification of the valve. This means that the A.F. 
amplifier takes part in the automatic volume control. Fig. 319 represents 

the essentials of the circuit of this fluorescent-screen indicator in 

combination with a detector diode, 

1«^7. The Neon Tuning Indicator 

As explained in Section 155, the voltage variations caused by the 
automatic volume control across a resistor in the anode circuit of a 

gain-controlled valve can be made visible by changing the length of 

the light column which is formed around the rod-like cathode of a 

neon tube. 
The Philips 4662 has been specially designed for this purpose and 
consists of a cathode in the form of a long, thin rod, a main anode 
likewise in the form of a thin rod, but much shorter and connected 
to the variable-voltage source, and a still shorter auxiliary or striking 
anode serving to keep the gas in the tube in an ionised state (Fig. 
320); this last-mentioned anode avoids having to allow the voltage on 
the main anode to rise to the striking voltage before the tube begins 
to operate. Thus after the voltage on the main anode has dropped to 
a very low value the tube will again begin to work at once as soon 
as the voltage rises again. The light column is longest when the voltage 
on the main anode reaches its maximum. 
This is, therefore, the case when the negative voltage on the grid of the 
gain-controlled valve is high, so that the correct tuning is shown by 
maximum length of the light column around the cathode. 

Diode EFM1 

Essentials of the circuit of the EFM I used as 
gain-controlled A.F. amplifier and fluorescent- 
screen indicator together with preceding diode 
detector. 
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29509 

Fig, 320 
Construction of the neon indicator tube 4662. 
k =: cathode 
a = main anode 
a' = auxiliary or striking anode 

Fig. 320 shows a drawing of this tube, whilst Fig. 821 re¬ 

presents the circuit. The resistance in the anode circuit of 
an I.F. valve has to be chosen according to its requirements; 

in the diagram the value given is for an EF 5 valve, used 
as I.F. amplifier. The object of the capacitor Cj is to earth 
I.F. components at the bottom side of the primary of the 

I.F. transformer. The resistance Rg adapts the sensitivity of 

the indicator to the con- tt 
trol-voltage variations. 

The striking voltage is applied 

to the auxiliary electrode a' via 
the resistance Rg. 

Fig, 321 
Neon indicator tube connected up in a 
sufHirheterodyne receiving set. 

I = I.F. transformers 
II = I.F. amplifying valve 

III = neon tuning indicator 4662 
IV = A.V.C. connecting lead 
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CHAPTER XXVII 

Negative Feedback 

158. Concerning the Reproduction Quality of the Receiving Set 

The function of a receiving set is to reproduce through the loud¬ 
speaker as faithfully as possible the A.F. modulation of the R.F. 

signal received. For practical reasons, however, perfectly true repro¬ 

duction is unattainable, and there will be deviations, large or small, 
according to the amount expended on assembling the set; the types 

of valves used, for instance, play a part. Deviations from the true 

sound are called distortion. 
Distortion arising in a receiving set may be classified under two head¬ 

ings, usually named: 

(a) attenuation distortion and 

(b) non-linear distortion. 

By attenuation distortion is understood the deviations at the loud¬ 

speaker from the relative strength at which the various modulation 
frequencies are received in the set. Supposing that the modulation 

of the carrier wave received consists of two frequencies (e.g., 500 and 
2,000 c/s) the ratio of the amplitudes of which is 1 : 2, then the ratio 

of the amplitudes of the 500 and 2,000 c/s notes reproduced by the 

loudspeaker should likewise be 1 :2. 
Since the reproduction of the loudspeaker, apart from a resonance 

peak near the lower frequency end of the range, is roughly independent 

of the frequency if the current passing through the loudspeaker is kept 
constant, this means that if the modulation depth of the carrier wave 

received is constant the current through the loudspeaker should be of 

the same magnitude for each frequency. This, however, does not take 
into account the directional effect of the loudspeaker. 

Owing to this effect certain frequencies are reproduced better in one 

direction than in another, so that the strength ratio of the various 
note levels is not the same in every direction. Added to this is another 
factor, the aural sensitivity for different notes at different strengths. 

For instance the low notes, compared with a note of 1,000 c/s, when 

reproduced at low volume are not heard so well as when reproduced 

at high volume ^). 

*) See also R. Vermeuleii, *‘Octaves and Decibels*’ and “The Relationship between For¬ 
tissimo and Pianissimo** in Philips Technical Review, 2, 1987, pp. 47 and 226. 
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Fig, 322 
Frequency characteristic of the A.F. part of a receiving 
set (ratio of the loudspeaker current for any frequency 
to'that at 1,000 c/s as a function of the frequency). 

It is no easy matter to take all these factors into account at the same 

time, so that as a rule one has to be content by keeping the amplitude 
of the alternating current through the loudspeaker as constant as 
possible for all frequencies and attenuating if possible the loudspeaker 

resonance peaks. The alternating current through the loudspeaker can 
be plotted in the form of a curve as a function of the frequency of the 
carrier-wave modulation for a constant modulation depth. One then 

obtains the so-called fidelity curve or audio^frequency characteristic 

of the set. Generally care is taken to ensure that the audio-frequency 
characteristic is as flat as possible for the whole of the aural range. 

Only at the resonance peak of the loudspeaker is it desirable that the 
current supplied by the set should diminish. Fig. 822 shows such a 
frequency characteristic of the A.F. part of a receiving set. 

By non*linear distortion is understood formation of harmonics of the 
A.F. modulation. The principal cause of this formation of harmonics 

is the curvature in the characteristics of the valves employed. Har¬ 

monics of the A.F. modulation are formed in every stage, and these 
are amplified in the following stage and added to those that arise there. 

It may also happen that harmonics generated in consecutive stages 
compensate each other more or less. 

In the R.F., mixing and I.F. stages modulation distortion takes place, 
whilst A.F. harmonics are formed in the detector, A.F. preamplifying 
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and output stages. In order to get an idea of the harmonics arising in 

sets, the total distortion in the anode circuit of the output stage or in 
the loudspeaker current can be plotted as a function of the output 

power, the A.F. modulation of the carrier wave received at the input 
of the set being assumed to be undistorted. 

The curvatures of the characteristics may also result in the formation 
of combination notes (see Chapter XVII, Section 94a). 
In order to obtain undistorted reproduction it is necessary to avoid 

as far as possible the formation of harmonics and combination notes, 

or in other words care has to be taken that the relation between the 
output current and the A.F. modulation of the input voltage is kept 
linear as far as possible. 

Generally speaking the mr)st serious distortion takes place in the A.F. 
part of the set, in particular in the output stage. By using circuits with 
A.F. negative (inverse) feedback it is possible to prevent to a large 

extent the formation of harmonics and of combination notes in the 

A.F. amplifier. At the same time such circuits offer the possibility 

of improving considerably the frequency characteristic of the A.F. 
part. 

With oscillators (Chapter XX) a part of the output voltage of an 
amplifier is returned to its input circuit so as to obtain regeneration. 

In order to obtain the desired regeneration the phase of the voltage 

fed back must be the same as that of the voltage at the input which 

is the cause of the output voltage. In that case the feedback is called 

^‘positive”. When the returned output voltage is, however, in antiphase 
with the input voltage which causes the output voltage, the feedback 

is termed “negative” or “inverse” feedback. In the following sections 

we will deal in considerable detail 

.64S11 

Fig, 323 
A.F. amplifier represented by a box with 
two input terminals a, b and two output 
terminals c, d. The load resistor (loud¬ 
speaker) Rl is connected to the terminals 
c and d, whilst an alternating voltage Vi 
is applied between a and b. In this and 
the next figures the directions in which 
the currents are taken as positive are 
indicated by arrows. The directions In 
which the voltages are taken as positive 
are indicated by -f- and — signs on the 
double-headed arrows. 

with the various forms of negative 
feedback which are used for the 

reduction of distortion in A.F, 
amplifiers. 

159. The Principle of Negative 
Feedback 

When an alternating voltage Vj is 

applied to the input of a L.F. am¬ 

plifier (see Fig. 823) there is pro¬ 

duced in the load resistance Rj^ 
an output alternating current I^, 
which can be plotted as a function 
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Fig. 324 
A.F. amplifier with dynamic transcon- 
duetance gmd, with a load resistor Rj, 
and a resistor R connected in series 
with Ri,. The alternating voltage across R 
is fed back to the input terminals, thus 
giving back-coupling. When the back- 
coupled alternating voltage is in antiphase 
to the applied alternating voltage Vi one 
speaks of negative feedback. 

of the input voltage Vj, giving 

a dynamic lo/V^ characteristic 
for the amplifier. If the input 

alternating voltage is sinusoidal 
then the output alternating 

current will not, usually, be 
purely sinusoidal, for in addition 

to the fundamental frequency 

(the frequency of Vj) this current 
contains also harmonics. As a 
result the dynamic Iq/Vj charac¬ 

teristic of that amplifier is not 

a straight line. 
If a resistance R is connected 

in series with the load resistance R^ then the current I^ will flow 

also through that resistance R, across which an alternating voltage 
occurs; this voltage can be applied to the input of the am¬ 

plifier. 
In Fig. 824 this alternating voltage is applied in series with the 

input voltage Vj. It is now obvious that the voltage is likewise 

amplified, so that in the output circuit another current gmdVit is 

produced (gj^^i representing the slope of the dynamic lo/Vj charac¬ 
teristic of the amplifier). If the phase of this current gmdVR is opposed 

to that of the output alternating current I^ then the resultant output 
alternating current will be smaller than is the case without back- 
coupling and the feedback is consequently negative. In order to 

obtain the same output a.c. with negative feedback as without it a 
greater input signal has to be applied. As Vjj, contains also the har¬ 
monics present in I^, which in turn when passed through the amplifier 

give rise to other harmonics in I^, in antiphase to the original har¬ 

monics, the resulting harmonics in the output a.c. will be smaller than 
is the case without negative feedback, as will be explained later. This 

feedback of the voltage across the resistance R to the input of the 

amplifier therefore means a reduction of the transconductance of the 
amplifier and at the same time reduction of distortion. Since with the 

circuit represented in Fig. 824 the feedback voltage is proportional 
to the output alternating current 1^, this type of negative feedback is 

termed simply Current Feedback. 
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160. Feedback Proportional to the Output Alternating Current 

(a) Influenee upon Amplification, Distortion, Internal Resistance 
and other Properties 

a) Transconductanee and Amplification 

According to Fig. 824 there is at the input of the amplifier an alter¬ 

nating voltage : 

V, = V/ + Va = V/ H- I„R = V/ + g„,Vi'R = V,' (1 -F g„,R) (220) 

Without negative feedback = V/, so that in order to get the same 

output current with negative feedback an input signal Vj is required 

which is (1 + gmd^) titles as great. With feedback therefore the 

dynamic transconductance dlJdYi is (1 + gmd®^) tildes as small. If 
the dynamic transconductance of the back-coupled amplifier, that is 

to say the dynamic transconductanee from the terminals p q to the 

terminals c d, is represented by the term g'md» we get the equation 

8 md ^ 
1 + gmdR 

If the product gn,dl^ is very much greater than unity then r- 
2 In” 8md-^ 

can be replaced by-so that the dynamic transconductanee then 
8md^ g d 1 

approximates the constant value ~ ’ This means that the 

transconductanee becomes independent of the properties of the valves, 

which also means that when the value of g^d^ is very great the 

dynamic Iq/Vi characteristic of the amplifier approaches a straight 

line. Distortion is then nil. 

In order to get the straightest possible dynamic characteristic it is 

therefore necessary that the negative feedback should be as great as 

possible. As the dynamic characteristic of an amplifier without negative 

feedback will usually show a curvature at top and bottom, when the 

grid swing extends into these curved parts the momentary transcon¬ 

ductance gnjd will be smaller and consequently also the product gmd®'> 
so that finally this will no longer be much larger than unity and 

therefore the feedback will be much less effective. Hence, when the 

grid swing extends into the highly curved parts of the characteristic 

distortion will still arise in spite of negative feedback. 
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Fig, 325 
A.V. amplifier with dynamic transconductance 
gmd, with a load resistor lij, and a resistor R 
connected in series with Rl. At the input 
of the amplifier is an alternating voltage Vj' 
which is the resultant of the two applied 
alternating voltages Vi and Vr. 

P) Reduction of Distortion 

From Equation (220) it follows 

that with negative feedback the 

input signal must be (1 + gma®^) 
times greater in order to get 

the same output a.c. as is 
obtained without feedback. 
Owing to the feedback with 

this stronger signal, distortion is 
reduced by a factor (1 + 
This will be further explained 

with reference to Fig. 325 where the principle of the circuit is again 
represented. Suppose that the output a.c. contains a percentage P 
of the second harmonic, then Vjt will likewise contain a percentage P of 

the second harmonic. Since Vj is sinusoidal, the second harmonic in Vjj^ 

is also present in V/. As is g^d®^ times as large as V/, the per¬ 
centage of the second harmonic of V/ will be g^d^ times as large as 

the percentage P of V^,. The percentage P of second harmonic of 
the output a.c. consists of two components, one originating from 

the second harmonic of V/. The percentage of second harmonic due 

to this component is equal to g^jd^P* The other component Q is 
generated in the amplifier by the fundamental wave of V/ due to the 
non-linear Iq/Vj characteristic. Q is therefore the distortion due to 

second harmonic without negative feedback. 
These components are in antiphase and partly compensate each other, 
so that the remaining distortion is less than the distortion arising 

when the same power is supplied without feedback. Since the per¬ 
centage of the second harmonic with negative feedback was originally 
taken as equalling P and the two components referred to are in anti¬ 

phase, we get the following equation 

or 
P Q — gjjj^RP, 

p = —-- 
1 + gn.dR 

(222) 

(228) 

From this it therefore follows that with equal output power the second- 
harmonic distortion is (1 -f gmdR) times as small with negative feed¬ 
back as without it. If the distortion becomes greater and higher har- 

See also “Inverse Feed-back’* by B. D. H. Tellegen in Philips Technical Review 
1987, p. 289 et seq. and “Improvements in Radio Receivers” by C. J. van Loon in Philips 
Technical Review 1, 1986, p. 264 et seq. 
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160(ay). INCREASE OF INTERNAL RESISTANCE 

monies arise then the calculation is not so simple. In such a case the 
harmonics present in V/ may combine with each other and with the 

fundamental frequency and give rise to new harmonics, which are 

added to the harmonics originating from the fundamental frequency. 
It can, however, be shown that given sufficient feedback all harmonics 

likewise become smaller. 

y) Increase of Internal Resistance 

In addition to a reduction of distortion, current feedback results in 

an increased internal resistance of the output stage of the amplifier. 

This is especially of importance when the load resistance (loudspeaker) 
is dependent upon the frequency. 

Let us write the internal anode resistance of the output stage as R^, 

and the static transconduetance from the input terminals to the output 
terminals of the amplifier as g^j. Then, since and (Rj^ + R) are to 

be regarded as parallel-connected resistances (see Fig. 325), the 

following applies: 

gmV,' R» 
R, + (Ri, + R) 

(224) 

Now, according to Fig. 325, 

V/ = V,-I„R, (225) 

SO that 
(226) 

or 
Ra 

lo = gmVj ^ ^ R ^ g^RR^ • (227) 

Hence ‘ 
T T? V 0“ V RrRl 

0 1 0 gm • R^ + + R + (228) 

The internal resistance with feedback R'^ can now be determined 

by calculating the short-circuit current lot and the no-load voltage 

Vqi, since the internal resistance equals the ratio of no-lead voltage 

to short-circuit current. 
The short-circuit current (with Rj, = 0) is 

^ok gm^l 
R. 

‘R. + R + g„RR. 
(229) 

The no-load voltage (with Rj, = oo) is 

Vol = gmVlRa . (280) 
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Therefore the internal resistance R^' with feedback is equal to 

K' - = Ra (1 + gmR) + R- (281) 

In most cases (e.g. when pentodes are used in the output stage) R is 

relatively small with respect to R^, so that then 

R/ = R,(1 +g„R). (282) 

We found that distortion and amplification are reduced by the factor 

(1 + gmd^)* When the internal resistance is high compared with the 
load resistance, the dynamic transconductance g^^ will be practically 

equal to the static transconductance. In that case the internal resistance 

is increased by the same factor as that with which the amplification 

and distortion are reduced. This increase of the internal resistance due 

to current feedback results in the output alternating current being 

less dependent upon the external load, so that not only is the non¬ 

linear distortion reduced, but also the attenuation distortion, which 

may arise for instance from the frequency dependency of the loud¬ 

speaker impedance. It is easy to see that the output a.c. becomes less 

dependent upon the magnitude of the load resistance when it is borne 

in mind that owing to a possible decrease of the output a.c. due to a 

higher load resistance the feedback is also reduced, because the 

voltage IqR which governs the feedback is lowered. This reduction of 

the feedback counteracts a drop in the output a.c. 

d) Increase of Input Resistance 

In many cases it is also of importance to know how the input resistance' 

of an amplifier is affected by feedback. If we call the input resistance 

without feedback R^^, then, in Fig. 824, 

Rftb ~ 'Y"’ (288) 

whilst with feedback the input resistance is 

We will now assume that R < R^i,, as is usually the case, so that no 

account need be taken of the voltage which Ij causes to arise across R. 

According to Equation (220) 

Vi = v/(i+g„.dR)- 
884 
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160(a €). DECREASE OF INPUT CAPACITY 

From Eqs (234) and (285) it follows that 

Rpq = ^ = + gmdR) = Ral, (1 + gmuR)- (236) 
li Ij 

Therefore owing to current feedback* the input resistance increases in 

the same degree as the amplification and distortion decrease. 

s) Decrease of Input Capacity 

As a result of the current feedback the input capacity of an amplifier 

apparently diminishes. Let us call the apparent capacity between the 
terminals p and q of Fig. 326 Cp^ and the capacity between the ter¬ 
minals a and b of the amplifier without negative feedback C^^,. The 

alternating voltage V/ between the terminals a and b causes a capaci¬ 
tive current to flow through the capacity This current is equal to 

Io = j«>CabV/. (287) 

According to Equation (220) V/ = Vj — I^R, so that if this value of 

V/ is introduced in Equation (237) we obtain 

Now lo = g„a V,' = g„<j V, — g„d I„R, or 

I = gmd ^1 

1 + gmd®' 

(238) 

(239) 

Substituting for in Equation (238) the value given by Equation (289), 

we obtain 

The input impedance is then 

gmdVj® ^ _^^ab_ 

1 + g„aR 1 + g^d® 
(240) 

Z,= II 
lo jo) 

-4-(241) 
_'^ab^ 

l+gmd® 

This means that the im¬ 
pedance Zi between the ter¬ 

minals p and q is formed by 

an apparent capacity which 

1 . Cab 
IS equal to —-zz ai 

1 + gmd® 
consequently (1 + 
times as small as the inp 

Fig, 326 
Amplifier with dynamic transconductance gmd 
and an input capacity Cab. As a result of the 
negative feedbaek the apparent capacity Cp, 
between the terminals p and q is the negative- 
feedback factor (1 -f- gmdR) as small as the 
capacity Caf 
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capacity of the amplifier without feedback, (1 + gmd^) being 
the feedback factor. 

Thus we have 
C _Cab 

1 + gmd®* 
(242) 

Here the voltage drop which arises as a result of the current 
through R is not considered. Generally it is not necessary to take this 

voltage into account. 

C) Increase of Constancy of the Amplifier 

By constancy, sometimes also called stability, is understood the in¬ 
sensitivity of the gain of an amplifier to various changes occurring 
within the amplifier. Causes of these changes are for instance the 
increase or decrease of supply voltages of the valves (e.g. as a result 
of mains voltage fluctuations), the decrease of the transconductance 
of the valves due to ageing, modifications in resistances and other 
components. 
All these influences produce in the first place a variation of the 

dynamic transconductanc g^^ of the amplifier without negative feed¬ 
back. Fluctuations of supply voltages of valves have a direct influence 
upon their transconductance. 
The relative variation of the dynamic transconductance without feed¬ 

back is ——, and in analogy with this the relative variation of the 
gmd As' . 

dynamic transconductance with feedback is ■ As will be shown 
S md 

below, the negative feedback results in a reduction of the relative 
change of the dynamic transconductance with respect to the trans¬ 
conductance change without feedback, which is equal to the feed¬ 

back factor --—^—— • If, for instance, the dynamic transconductance 
1 + gmd^ 

changes as a result of one of the many causes by 10% and the feed- 

As' ft 
back factor is 10, then the relative change —■ of the dynamic trans- 

g md 

conductance g'^^^ of the back-coupled amplifier is 1%. Consequently, 
as a result of negative feedback, the amplifier is much more stable. 
According to Equation (221) 

g md 
gmd 

1 + ’ 
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By differentiating this equation we obtain 

_(t -h ^ __ 

(l+Rg^a)^ ~ (l+Rg^aV 

_^gmd_gmd _ _ _^_ 

(1 + S'gmd) gmd ^ + ^^gind gmd 1 + l^gmd 
(248) 

or 

dg md ^ ^md^_1_ 

g md gmd ^ ~f~ ^gmd 

(244) 

From Equation (244) it follows, as postulated above, that the rela- 
dg^ d 

tive change of the dynamic transconduetance —' of the back-coupled 
ind 

amplifier is reduced by a factor---, the feedback factor, with 
■ 1 + I^gmd 

respect to the relative change of the dynamic transconduetance 
Smd 

of the amplifier without negative feedback. Consequently, with the 

aid of negative feedback the amplification can be rendered very 
constant, this being important for calibrated amplifiers, for instance 
for measuring purposes. 

(b) Practical Realization of Current Feedback 

There arc two methods for reducing the distortion of an amplifier by 

means of current feedback, namely: 

1) by choosing the largest possible dynamic transconduetance g^^j, 

2) by choosing the highest possible value of the resistance R, 

whilst both methods can, of course, also be combined. For the first 
alternative valves with a large transconduetance have to be used and 

owing to the loss of power occurring in the resistance R this cannot be 
chosen arbitrarily, so that as a general rule only a combination of the 

two methods can be considered. 
In receiving sets current feedback is often applied only to the output 

valve. It is obvious that such feedback can 
be brought about by dispensing with the con¬ 
denser for by-passing the cathode resistor of 

the output valve (see Fig. 327). In Fig. 824 

Fig. 327 
Circuit of an output pentode with current feedback 
produced by omitting the cathode condenser. 
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the resistor R is then at the same 
time the cathode resistor Rj^ which 
produces the automatic negative 
grid bias of that valve. In the 
case of output pentodes, however, 
simply to leave out the cathode 
condenser leads to a complication. 
In addition to the anode alter¬ 
nating current there is also the 
screen-grid a.c. flowing through 
the cathode resistor, because in 
the normal circuit the screen grid 
is connected through a capacity 
to the chassis. In a pentode the 
screen-grid current is proportional 
to the anode current only over the 

lower part of the dynamic transfer 
characteristic and not over the 
upper part. In the upper part the 
anode voltage is low, so that 
the current distribution between 

anode and screen grid is altered 
in such a way that a larger part 

of the electron current leaving the cathode flows to the screen grid 
than is the case over the lower part of the characteristic (see also 

Fig. 328). 
Since for current feedback a voltage is required that is proportional 
to the anode a.c., it is desirable to prevent the screen grid a.c. from 
flowing through the cathode resistor. This can be achieved by feeding 
the screen grid via a series resistor and by-passing with the aid of a 

relatively large condenser connected to the cathode (see Fig. 329). With 
this condenser the resistances R^ and Rg2 for the anode a.c. are effec¬ 
tively connected in parallel, so that with this circuit the resistance R 

governing the feedback is equal to 

Fig, 328 
Anode current I*, screen-grid current 
and total current I tot of the pentode EL3N 
as functions of the negative grid bias. 

R 
R^R^ 

Rk + R, 
(245) 

g2 

Fig, 329 
Circuit of an output pentode with feedback 
by means of a non-bypassed cathode resistor, 
where the screen-grid alternating current is 
not flowing through the cathode resistor. 
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If the resistance Rg2 is 2,500 ohms then for an EL 3N valve with a 
cathode resistor of 150 ohms the value of R is 

R == 
150 X 2,500 

^50 
140 ohms. 

The dynamic transconductance can be derived, for instanee, from the 
static transconductance and the internal resistance; it can also be 
calculated from the sensitivity of the valve (effective grid alternating 
voltage required for a power output of 50 mW). The sensitivity of 

valve EL3N amounts to 0.33 V, so that 

Smd 

Therefore 

/ 50 X 10-3 

^3^x rT 
50 X 10-3 

*332 x^^OO 
“ 8.3 mA/V. 

1 + gmd^ 1 + 8.3 X 140 X 10-3 I ^ 1 15 2.15 

It is to be remarked, however, that by decoupling the screen grid to 
the cathode the output power, when driving the stage up to the grid- 
current starting point, as a result of the negative feedback is less 
than when using the circuit of Fig. 326 or in the case of a normally 
decoupled cathode resistor (for valve E13N about 3.9 W instead of 
4.5 W). This may be explained by the following reasoning. With a 
pentode the distortion at full modulation of the grid consists mainly 
of the third harmonic, so that with a sinusoidal grid alternating voltage 
the anode a.c. has the form of a flattened sine curve. Thus in order to 
compensate this distortion by means of negative feedback it is neces¬ 
sary that the grid alternating voltage has a greater peak value than 
that which is determined by the sinusoidal form. The maximum output 

power is consequently more rapidly limited by the grid current than is 

the case without negative feedback. 
To get a greater feedback a 

higher value would have to be 

Fig. 330 
Circuit of an output pentode with feed¬ 
back when the value of the non-bypassed 
cathode resistor is greater than the value 
required for negative grid bias. In order 
to obtain the correct negative grid bias 
the grid-leak resistor is connected to a 
tapping point on the cathode resistor. 
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chosen for R|j. As in that case the voltage drop across would be greater 

than the negative grid bias required for the valve, the excess voltage has 

to be compensated. This can be done by connecting the grid leak resistor 

to a point having a positive potential with respect to the chassis, for 

instance to a tapping-point on the cathode resistor Rj^ (see Fig. 380). 

If, for instance, a value of 500 ohms is chosen for R^, we find for 

Rg2 = 2,500 ohms: 

R - 
500 X 2,500 

3^0 
= 417 ohms, 

so that 1 + gmd®^ = 

The maximum power that can be supplied by the EL 3N then amounts, 

however, to only about 3.3 W instead of the normal 4.5 W, due on the 

one hand to the fact that the alternating voltage between grid and 

cathode departs from the sinusoidal wave form (owing to the addition of 

harmonics), and on the other hand owing to the fact that a part of the 

output power is lost in the parallel circuit composed of Rj^ and Rgg. 

It is to be noted that the load impedance of the output valve is in¬ 

creased by the cathode resistance Rj^, so that in determining the load 

impedance the cathode resistance has to be added to the loudspeaker 

impedance on the primary side of the output transformer. 

The circuit represented in Fig. 327, where only the cathode by-passing 

condenser is omitted, is of course the simplest. As already remarked, 

however, this does not yield feedback of the type discussed, on account 

of the screen-grid a.c. flowing through the cathode resistor in addition 

to the anode a.c. The feedback voltage of Fig. 325 is therefore 

determined by the curve of Fig. 328. In this manner only the 

distortion arising from the curvature of the lower part of the dynamic 

characteristic is reduced. With a low output power the distortion is 

consequently appreciably less than that in the circuit without feed¬ 

back and even still less than that in the circuit of Fig. 829. 

Since the distortion attributable to the curvature of the upper part of 

the characteristic changes but little in the circuit of Fig. 327, the output 

power supplied when the valve is driven up to the point where grid 

current begins to flow is approximately equal to that without feed¬ 

back, so that in that respect the circuit of Fig, 327 is more convenient 

than that of Fig, 329 where the output power is smaller. 

When a pentode is used in the circuit of Fig. 327 it is better to select 

a slightly smaller impedance than is mentioned in the data for normal 

power amplification (based on the V^q/I^q ratio), because then there is 

less curvature of the upper part of the dynamic characteristic. For this 
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161, FEEDBACK PROPORTIONAL TO THE OUTPUT ALTERNATING VOLTAGE 

Distortion nith load impedances Ki, of 6,i)00 ohms and 
7,000 ohms and with the required ^id alternating voltage 
Vi for Rl ~ 6,<KiO ohms, as a function of the power output, 
when employing a valve EI,3 N with negative feedback 
and with the screen-grid alternating current flowing 
through the non-bypassed cathode resistor. 

reason the distortion with a large power output is much less than that 

with the most favourable load impedance given in the data of the 

valve. Fig. 331 shows for the EL3N the measured distortion as a 
function of the output power supplied with the normally optimum load 

impedance of 7,000 ohms and with the smaller impedance of 6,000 

ohms, clearly illustrating the difference. 

161. Feedback Proportional to the Output Alternating Voltage 

(a) Influence on Amplification, Distortion, Internal Resistance 
and Other Properties 

a) Principle of Voltage Feedback 

In Fig. 824 Rj, and R form a voltage divider across the output of the 
R 

amplifier and a part =;——of the output alternating voltage is 
XVl + ^ 

returned in antiphase to the input of the amplifier. This Teturned 

part of the output alternating voltage thus depends upon the value 

of the load resistance the feedback decreasing with increasing 
value of Rj^, which results in a higher output alternating voltage. 

Consequently with increasing value of R^ there is with feed¬ 
back a smaller reduction of the current through the load resistor 
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than without feedback. This is 
equivalent to higher internal 

resistance of the output stage of 

the amplifier [see Section 160 a, 
Equation (232)]. 
If the output alternating 
voltage is to be made as far 
as possible independent of the 
value of Rl, it is necessary to 
introduce between the output 

terminals c and d a separate voltage divider preferably consisting 
of resistors of the highest possible values, so as to minimize the 
loss of output power. The alternating voltage at the tapping-point 
of the voltage divider is then to be fed back in the right phase to the 
input of the amplifier. Fig. 332 shows the principle of this method of 
feedback. The voltage divider between the output terminals is now 
parallel to the load resistor Rj^. In this case the feedback voltage is 

proportional to the output alternating voltage, the returned alternating 
voltage being determined by the alternating voltage between the 
terminals c and d of Fig, 332. Therefore this mode of negative feed¬ 
back is called simply Voltage Feedback. 

/3) Influence upon Amplification and Distortion 

If V/ is the input alternating voltage of the amplifier without negative 
feedback and V^, the output alternating voltage then the amplification 
is 

By returning a portion ^ of the output alternating voltage to the input 
of the amplifier we obtain: 

v, = v,' + ^v„ = ^ + /?v„ 
or 

V, = V.(i+/9). (247) 

54524 

Fift, S32 
Essentials of a circuit in which the negative 
feedback is proportional to the output alter¬ 
nating voltage. 

The amplification A' of the back-coupled amplifier is the ratio of 
Vo to Vj, thus: 

w_Vo 1 A 
V, 1/A + /J 1+/5A‘ 

(248) 
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101(a y). DECREASE OF INTERNAL RESISTANCE 

Back-coupling therefore reduces amplification and, similarly to current 
feedback, it can be shown that distortion is also reduced by a factor 
1 + A. In Fig. 332 the factor ^ is the attenuation ratio of the voltage 
divider RgRi. If the factor A is great with respect to unity then the 

resultant amplification A' approximates the constant value This 

means, therefore, that the output voltage is independent of the load 
resistance Rj^, which corresponds to a very low internal resistance of 
the output stage. (This is of importance, for instance, for amplifiers 
used for measurement purposes and for amplifiers with widely varying 

load.) 

y) Decrease of Internal Resistance 

The reduction of internal resistance due to voltage feedback can be 

calculated in the following way. 
Supposing that the amplification factor of an amplifier without feed¬ 
back (i.c., the amplification with infinitely large load resistance) is 
equal to /i, then according to Equation (47) (Chapter XII) 

Vo - V/ 
Rt 

Ra + 
(249) 

Further, the anode alternating current equals the anode alternating 

voltage divided by the anode resistance, thus 

R L 

According to Equations (247) and (249) 

V, = V/ + ^V„ = Vi'(l +,3/. 

v/ =- 

Rl 

Ra + Rj 

1 +/?/*: 
Rt 

(250 

(251) 

(252) 

Ra + Rl 

Substituting for V/ in Equations (249) and (250) the value found in 

Equation (252) we obtain: 

,T ''''i 

and 
° Rj + Rl + Rl 

I 

** Ra + Rl. + ^ Rl 

(253) 

(254) 
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The internal resistance with feedback equals the quotient of no- 

load voltage Vo. and short-circuit current the latter (for Rj^ = O) 

being: 

^ok — (255) 

whilst the no-load voltage (for Rj^ = oo) is 

Vo.= (256) 

Hence the internal resistance R^ with feedback equals: 

lok 1 + /^ iS 
(257) 

Thus, owing to feedback the internal resistance has been reduced by 

a factor (1 + /^ /?)• 
When R^ is small compared with the external resistance Rj^ then the 

amplification without feedback approximates the value of the ampli¬ 

fication factor and owing to the voltage feedback the internal resistance 

diminishes approximately to the same degree as the amplification. Since, 

however, pentodes are usually employed in the output stage the internal 

resistance is greater than the external resistance, so that the amplifi¬ 

cation without feedback is appreciably less than the amplification 

factor fi and the internal resistance diminishes much more than the 

amplification. In this manner the same internal resistance can be 

obtained with a pentode in the output stage as with a triode, while 

retaining, however, the higher efficiency of the output pentode. 

As the voltage divider R2R1 needs a negligible current, with this sort 

of feedback there is not the drawback of an appreciable loss of power. 

Owing to the low internal resistance, when a loudspeaker is connected 

to the output terminals of the amplifier, the resonance peaks of the 

loudspeaker are damped and therefore less noticeable. As the impedance 

rises at each resonance of the loudspeaker and the output voltage is 

kept constant by the feedback, the low internal resistance means a 

drop in the current through the loudspeaker and consequently 

reduction of the sound volume. The loudspeaker impedance for high 

frequencies generally increases, so that, since the output voltage is 

more or less constant, the current passing through the loudspeaker will 

drop as the frequency becomes higher, with the sound energy likewise 

diminishing. As a consequence the high notes are less strongly repro¬ 
duced. 
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By using circuit elements whose impedance is dependent upon frequency 

it is possible to reduce the degree of back-coupling in a certain frequency 

range, thereby causing less diminution of amplification, so that the 

notes within that frequency range are reproduced in relatively greater 

strength. 

d) Increase of Input Resistance 

As is the case with current feedback, so also with voltage feedback 

there is an increase of input resistance. With the aid of Equations 

(247), (233) and (234) we find that 

R 
■ti 

V,' + /5V„ + 
--R,b(l+/?A). (258) 

Thus it is seen that owing to voltage feedback the internal resistance 

increases in the same degree as the amplification and distortion decrease. 

e) Decrease of Input Capacity 

As has been calculated in Section 160(a£) for current feedback, it can 

be determined that the apparent input capacity Cpq is (1 + p A) times 

as small as the real capacity C^i, between the terminals a and b of the 

amplifier, (1 + A) being the negative-feedback factor and being 

the input capacity without feedback. Consequently we may write 

down: 

C pq h-/?a’ 
(259) 

f) Increase of Constancy of the Amplifier 

Just as it has been proved for current feedback, we find for voltage 

feedback that 
dA' dA 1 

A ’l +/3A’ 
(260) 

dA' 
where —y is the relative change of amplification with feedback and 

dA ^ 
— the relative change without feedback. The relative change of the 
A 

amplification with feedback is consequently the negative-feedback 

factor (1 + A.) times as small as the relative change without feed¬ 

back. 
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(b) Practical Realization of Voltage Feedback 

First of all it is, of course, possible to apply voltage feedback exclusively 
to the output valve of the amplifier or receiving set. Fig. 333 gives a 

diagram showing how this is done. The grid of the output valve is 
coupled to the anode of the preceding valve by an RC element, while 

the two anodes arc connected together by a resistance Rj^g. The voltage 
divider parallel to the external resistance is formed by the resistances 
R^g and Rg, with Rg composed of the anode coupling resistance R^ 
of the preceding valve connected in parallel with the grid-leak resistance 
Rg of the output valve and the internal resistance of the preceding 

amplifying valve. 
As we shall see, contrary to Equation (258), the input resistance of an 
output pentode back-coupled in this manner is much lower than that 

without negative feedback. This can be explained with reference to 
Fig. 334 ^). In the first place the input alternating voltage Vj causes 
a current Ig to flow through the resistance Rg. Secondly the output 
alternating voltage sets up a current I^g through the resistance R^^g 

which flows back to the cathode. Thus the grid voltage produces 
a current of Ig + I^^g between grid and cathode, so that the input 

Vi 
resistance equals y'"~V'Y • For determining the magnitude of I^g we 

”1 tag 

can use the following reasoning: equals Vj times the amplification 
A of the valve. When the voltage drops at the point a the voltage at 
the point c rises A times as much, so that the potential between a 
and c is (A + 1) times as great as Vj. Therefore the current I^g equals 

This corresponds to a resistance between 

grid and cathode connected 
parallel to Rg which is 
(A -f- 1) times smaller than 

R^g. According to the choice 
of the* resistance R^g the 
input resistance may there¬ 
fore be very much smaller 

Fig, S33 
Principle of voltage feedback applied 
only to the output valve. 

The difference between the negative feedback according to Fig. 882 and that according 
to Fig. 884 is that in the first case the back-coupled voltage is in series and in the second 
case in parallel with the input voltage of the amplifier. 
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is 57 (see below), R^g 

we find for the input resistanee 

Fig. 334 
Circuit of voltage feedback applied to the 
output valve based on the prineiple of 
Fig. 833. The current lag flowing through 
Rag makes the input impedance of the circuit 
very low. 

than Rg. If, for instance, the am¬ 
plification factor of the output valve 

Rg — 0.1 megohm, then = 1.64 megohms and 

1.64 
0.1 X- 

58 
1.64 

0.1 + 
58 

megohm — 22,000 ohm *. 

As a consequence the a.c. resistance in the anode circuit of the pre¬ 
amplifying valve is also much smaller than the internal anode resis¬ 
tance R^j, to which is to be ascribed the reduction of amplification due 
to feedback. When a pentode is used as pre-amplifying valve only 

the amplification is reduced; the dynamic transfer characteristic remains 
essentially the same as the static characteristic. When a triode is used 

>for pre-amplifying, the distortion, however, is greater due to the 
smaller external resistance. This results from Fig. 335. Taking for 
instance for R^ a value 

jof 200,000 ohms and 
for the grid bias —4 
volts, then the working 
point in this figure is 
P. Now if the anode 
alternating voltage for 
a determined grid 

alternating voltage 
fluctuates along the 

resistance line for 
200,000 ohms between 
the points a and b, 
then Fig. 335 shows 
that the sections aP 
and bP are almost 

equal, so that prac¬ 
tically no distortion 
takes place. If for the 

Fig, 335 
Plate characteristics of an A.F. amplifying triode oper¬ 
ated with an anode coupling resistor of 200,000 ohms 
and a negative grid bias of —4 V. Owing to the low input 
resistance of the succeeding back-coupled output valve 
the load line passes through cd, — not through ab. 
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working point P the a.c. ^resistance is smaller than 200,000 ohms 

then the anode voltage fluctuates, for example, along the line cd, and 

from Fig. 335 it is seen that the sections cP and dP are no longer 

equal, so that by reason of this fact alone greater distortion occurs. 

Owing to the feedback there will be less amplification in the pre¬ 

amplifying valve and consequently a higher grid alternating voltage 

is required for controlling the output stage. With a triode, therefore, 

the distortion becomes disproportionately large, whilst with a pentode 

the amplification of which is originally much higher a relatively low 

grid alternating voltage suffices after back-coupling. For this reason 

triodes are less suitable as pre-amplifying valves with the described 

method of back-coupling. Fig. 336 shows the required input alternating 

voltage and the distortion as a function of the output power supplied 

by a pentode EL3N with voltage feedback. 

The amplification of the EL3N can be calculated from the quotient 

of the anode alternating voltage for 50 mW power output and the 

corresponding grid alternating voltage required. With a load resis¬ 

tance of 7,000 ohms the output alternating voltage is 18.7 V, and as 

the grid alternating voltage required for a power output of 50 mW 
1.87 

equals 0.33 V, the amplification amounts to A — = 57. Therefore 
0.33 

the factor by which the amplification is reduced owing to feedback is 

1 +/SA-1 + 
Ro 

Rag + Rg 

0.1 
1+_57 = 4.3. 

Voltage feedback, however, offers still further 

V,^rms) 

S4S3I 

possibilities. Part of 

the alternating voltage 

across the speech coil 

of the loudspeaker can 

be returned to the 

input of the A.F. 

amplifier and, more¬ 
over, the frequency 

characteristic of the 
amplifier can be in- 

Fig, 336 
Distortion and required 
input alternating voltage 
as functions of the power 
output of a valve 
with A.F. voltage feedback* 
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168. CORRECTION OF THE FREQUENCY CHARACTERISTIC 

fluenced by elements in the feedback circuit the impedance of which 
depends on the frequency. By means of the feedback from the output 
to the input of an amplifier any distortion (for example, that arising 
in the output transformer) occurring in the various stages can be 
reduced. Such feedback can operate over several valves. 

162. Influence of Negative Feedback upon Hum, Noise, etc. 

Feedback results not only in a reduction of the distortion arising in 
an amplifier but also reduces the effect of interferences, such as hum and 
noise, that occur in the amplifier itself, because an interfering voltage 
present somewhere in the amplifier is counteracted by a voltage at the 
input. The suppression of interference may be calculated as follows, 
assuming that the amplifier causes no distortion. The output alternating 
voltage, without feedback, consists of two parts, the amplified input 
voltage and the interference S. We therefore have (see also Fig. 332): 

V, AV/ + S. 

With feedback the input alternating voltage equals 

Vi - V/ + = V/ + i3 AVi' + |3S 

O’* V,-|8S 
‘ 1 +i8A 

From the two Equations (261) and (263) it follows that 

(261) 

(262) 

(268) 

V =—-- 
° 1 +^A 

V, + S 
1 +/5A 

(264) 

Hence it is to be deduced that, with a certain value of the output 
altcrnatuig voltage obtained with feedback by making Vj (1 + /S A) 
times as great as it was without feedback, the interference is reduced 
by a factor (1 + /S A), i.e., by the same amount as the reduction of 
distortion and amplification. 

163. Correction of the Frequency Characteristic 

Fig. 887 shows the principle used for 
correcting the frequency charac- —; 
teristic. In parallel with the resistor 

Fig. 337 Vi 
A,F. negative feedback proportional to the 
output alternating voltage with a frequency- 
discriminating element in the feedback circuit 
used to improve the frequency characteristic 
of the amplifier. —^ 
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EF6 ELS 

Fig. 338 
(Mrcuit of the A.F. part of a receiving set operating with voltage feedback. 

Rg of a voltage divider across the speech coil is an inductance L 
connected in series with a resistor Rg. At low frequencies L has a 
negligible impedance, so that Rg is then effectively directly parallel 
with Rg. At high frequencies, on the other hand, the impedance of 
the inductance is much greater, so that the part of the alternating 

voltage on the loudspeaker which is fed back is much smaller. Conse¬ 
quently for the higher frequencies the amplification is greater and these 

frequencies are reproduced to a greater extent. 
Fig. 388 gives a circuit employing valves EF 6 (pre-amplifying pentode) 
and EL 5 (18-W power pentode). Part of the voltage across the loud¬ 

speaker speech coil is fed back to the cathode of the EF 6. Between 
the cathode and the self-bias resistor a non-bypassed resistor of 16 
ohms is connected. This resistor forms part of the voltage divider 

connected in parallel with the speech coil. The other part consists of 
Rii with Lj connected in parallel to it. The resistor R^ has a value of 
500 ohms, the coil Lj an inductance of 17.5 mH and a d.c. resistance 
of 250 ohms. At 50 c/s the impedance of the inductance is only 5.5 ohms, 
so that practically only the parallel connection of 250 ohms and 500 
ohms then remains, i.e, 167 ohms. Across the cathode resistor there is 

16 
then, therefore, a fraction 6 = — ■■■■,- -- = 0.0875 of the voltage across 

^ 167 + 16 ® 
the loudspeaker speech coil. 
The amplification between the grid of the EL 5 and the loudspeaker 
speech coil can be calculated in the following way: assuming that 
the losses in the output transformer amount to 20% and the im¬ 
pedance of the loudspeaker coil is 7 ohms, 50 mW in the anode circuit 
corresponds to 40 mW in the speech coil, i.e. to an alternating voltage of 

|/o.04 X 7 = 0.58 V. The corresponding value of the required grid alter- 
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163. CORRECTION OF THE FREQUENCY CHARACTERISTIC 

Rating voltage of the EL 5 amounts to 0.5 V, as indicated from the data 
published for the EL 5, so that the amplification is approximately 1. 
The amplification of the EF6, according to the data published for 

that valve, is 110, so that the total amplification from the grid of the 
EF 6 to the loudspeaker coil is about 110. As /9 — 0.0875, the ampli¬ 
fication and the distortion are thus reduced in the proportion 

1+/?A 1 + 0.0875 x 110 10.6’11 

At low frequencies the feedback is thus 11-fold. At 5,000 c/s L^ has 

an impedance of 550 ohms, so that the resultant impedance of tliis 
coil in series with 250 ohms and pjirallel to 500 olims amounts to 

16 
about 325 ohms. The ratio ^ is then : “ 0.047, when disre- 

lo + o25 

garding the phase shift, and the reduction in the amplification is 

7 ~ Thus a note having a frequency of 5,000 c/s is amplified 

about twice as much as a note of 50 c/s; in this manner the less powerful 

reproduction of the high notes due to increasing loudspeaker impedance 
with rising frequency is corrected. The feedback is dependent upon 

the impedance of the loudspeaker coil used, so that a given feedback 
circuit should be used only with the loudspeaker for which it is designed. 
Fig. 339 gives the frequency characteristic of the circuit shown in Fig. 
338 and illustrates the reduction of the loudspeaker current at the 
resonance peak of the loudspeaker (at 80 c/s). An I.F. coil with the 
indicated inductance and resistance (R/L = 14,000) can very well be 

used for the coil in the 

i.c. about 

feedback circuit. 
Reduction of feedback, 
however, is desirable 

not only for high fre¬ 
quencies but also for 
low frequencies. In most 
receiving sets there is 
not only an electrical 

attenuation of the low 
notes (due, for instance. 

Fig. 339 
Frequency characteristic of 
the amplifier of Fig. 888. 
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S4S34 

Fit*, MO 
Circuit of the A.F. part of a receiving set with voltage 
feedback. The frequency characteristic is corrected 
for the high notes by the choke Li and for the low notes 
by the choke L2. 

to the no-load impedance of the loudspeaker transformer), but also an 

acoustic attenuation, because of the loudspeaker being mounted in a 
comparatively small cabinet instead of on a large baffle-board. By 

reducing the feedback for the low notes and thus increasing the A.F. 
amplification, better reproduction of the low notes can be obtained. This 

compensation can be achieved by connecting up a second choke coil 

parallel to R3 (see Fig. 340), but as we are concerned here with low fre¬ 
quencies a coil with a closed iron core will usually have to be employed. 

However, as two coils, one of which with an iron core, is a rather 

expensive solution, another possibility is indicated where the compen¬ 
sation is obtained both for the high notes and for the low notes by 

means of condensers. An example of sueh a circuit is given in Fig. 341, 

where the loudspeaker voltage is applied to a voltage divider consisting 
of the resistors Ri, R2, R3 and R4. The voltage across R3 and R4 is 
applied to the cathode of the A.F. pre-amplifying valve, these resis¬ 

tances being so chosen that together they give the exact value for the 

cathode resistor of the EF 6. Parallel to the resistors Rg and R4 are the 

condensers Cg and C4, having such a value that the resistor R2 is 
practically short-circuited by the condenser Cg in the middle of the 

frequency range, while R4 is not short-circuited by C4 until the high 
frequencies are reached. By this means the part of the loudspeaker 

voltage applied to the cathode is reduced. Consequently the feedback 
decreases for the high frequencies. Since ,at low frequencies R2 is not 

short-circuited by C2 the feedback is also reduced in the lower fre- 
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Fig. 341 
Circuit of the A.F. pait of a receiving set operating 'N^ath voltage feed¬ 
back. The frequency characteristic is corrected for the low and the 
high notes by the condensers and C4. Owing to the non-bypassed re¬ 
sistor of 1,800 ohms in the cathode lead of valve EF 6 there is risk of hum. 

quency range. With this arrangement, however, the cathode of the EF 6 

is not earthed for alternating voltages. In the cathode lead is a resistance 

of 1,800 ohms which is practically non-bypassed at low frequencies, so that 

under certain conditions hum voltages may arise across that resistance 

(see Chapter XXVIII), and therefore this is not ideal. In this respect 

the ideal solution is to apply the feedback voltage not over a non-by- 

passed part of the cathode resistor but via a resistor to the grid of 
the EF 6, as shown in Fig. 344 for the EEC 3. The drawback then, 
however, is that either the feedback or the amplification is reduced. 

The feedback with the arrangement of Fig. 341 is 30-fold at 500 c/s. 

Curve a in Fig. 342 represents the frequency characteristic measured 

Fig. 342 
Frequency characteristic of the 
circuit shown in Fig. 841 (loud¬ 
speaker current relative to that 
at 800 c/s): 
a) without negative feedback; 
b) with negative feedback, 

without correction of the 
frequency characteristic; 

c) with negative feedback and 
with correction of frequen¬ 
cy characteristic. 

The difference between the arrangements of Figs 388 and 840 lies in the much greater 
non-bypassed resistance. 
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for this circuit without nega¬ 
tive feedback. With nega¬ 
tive feedback but without 
correction (i.e. without the 
condensers Cg and C4) the 
frequency characteristic b 
was observed. These curves 
show that by applying 
negative feedback the re¬ 
production of the low notes 
is considerably improved, 
whereas that .of the high 
notes is reduced. If the 
reproduction of the high 

notes is improved by intro¬ 
ducing C4 then the low notes 

are sacrificed. Therefore the combination of Cg and C4 is chosen in such 

a way that both the high notes and the low notes are uniformly repro¬ 
duced (curve c). 
Compared with correction by means of coils (Fig. 340), the circuit 

of Fig. 841 affords the great advantage that the reproduction of the 
low and the high notes can be very easily modified by varying the 
value of C2 or C4 respectively. 

164, Multiple Valves in the A.F. Pre^amplifying Stage 

When a valve like the EBC 8, in which the triode amplifying part is 
combined with diodes for detection and automatic volume control, has 
to be used in circuits with negative feedback this leads to complica¬ 
tions. Since in this case the diode and the first amplifying valve have 
one common cathode, it is necessary to arrange for the feedback 
voltage to be applied to the amplifying section of the valve without 
applying this voltage to the diode at the same time. Fig. 848 indicates 
how this can be done. 

The diode is connected in the normal manner, with the feedback voltage 
across R4 not being applied to the diode circuit. As, however, this volt¬ 
age is applied, via the grid-leak resistor R3, between the grid and the 
cathode of the EBC 8 it is necessary to have a large resistance interposed 
between the grid and cathode, as otherwise the feedback voltage would 
still reach the diode. For this reason R2 is connected between the grid 
and the volume control. 

The tap between R5 and R® is provided because of the fact that the 

Circuit of a double-diodc-triode as pre-ainpli- 
fying valve in the A.F. part of a receiver with 
voltage feedback. 
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164. MULTIPLE VALVES IN THE A.F. PRE-AMPLIFYING STAGE 

Fig, 344 
Circuit of the A.F. part of a receiver operating with voltage h'edback 
employing a double-diode-triode as pre-amplifier. The frequency charac¬ 
teristic is corrected by condensers C2 and C4 for low and high notes. As 
there is no non-bypassed resistor in the cathode lead there is no risk of 
hum. 

delay voltage for the automatic volume control is not equal to the 
required negative grid bias of the EBC 8. The following values may, 

for instance, be employed: 

Rg = Rg == 1.6 megohms, 

Rg + Re = 7,000 ohms. 

Rg and R3 act as a voltage divider both for the feedback voltage and 
for the A.F. signal coming from the diode, in the ratio of 2 : 1. This 
voltage reduction must therefore be taken into account when deter¬ 
mining the factor p of the negative feedback, because it is thereby 

reduced. 
If a fairly large negative feedback is applied to the EBC 8 and the 
EL 8N for instance, the amplification following the diode becomes so 
low that there is a possibility of considerable distortion in the I.F. 

valve. 
A practical form of circuit for the EBC 8 in combination with the EL 8N 
is shown in Fig. 844, in which the frequency characteristic is corrected 
according to the principle of Fig. 841. The feedback voltage in this 
case is not applied between cathode and chassis but conducted via 
a resistance of 2 megohms to the grid. With this arrangement a 4-fold 
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feedback is obtained. 
Fig. 345 gives the fre¬ 
quency characteristic 
of this arrangement 
without negative feed¬ 

back (a), with negative 

feedback (b), and with 
correction (c). It will 
be seen that the low 
notes are reproduced 
in somewhat greater 
strength, so that, in 

spite of a small baffle- 
board being used for 
the loudspeaker, high- 
quality reproduction 
is obtained. The re¬ 
production of the low 

notes can, however, be reduced by increasing Cg. 
The circuit arrangements described here can of course be applied also 

to other output valves. 

165. Phase Conditions and Stability in Feedback Circuits 

In a single-stage amplifier with resistance coupling the alternating 
voltage at the anode is displaced 180° in phase with respeet to the grid 
alternating voltage. In a two-stage amplifier, as often employed in 

receiving sets, the phase of the alternating voltage at the anode of the 
last valve should be the same as that of the alternating voltage on the 
grid of the first valve, because it is displaced twice 180° in the two 
stages, but owing to the coupling elements between the valves, which 
do not consist only of pure resistances, there will be some phase shift. 
Consequently the output alternating voltage will have a phase angle 

with respect to the phase it should have if there were no phase shifting 
in the different stages of the amplifier. The feedback circuit, too, will 
as a rule cause a phase shift, so that the feedback voltage at the input 
of the amplifier has again a phase angle with respect to the phase it 
would have were it not for the phase shift in the feedback circuit. The 
phase shifts in the amplifier and in the feedback circuit are of course 
dependent upon the frequency. Under certain conditions, owing to 
these phase shifts, the amplifier may show in a certain frequency range 
regeneration instead of degeneration. If this regeneration is of sufficient 

% 

Fig. 344 (loudspeaker current relative to that at 
800 c/s): 
a) without negative feedback; 
b) with negative feedback, without frequency- 

characteristic correction; 
c) with negative feedback and with frequency- 

characteristic correction. 
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165. PHASE CONDITIONS AND STABILITY IN FEEDBACK CIRCUITS 

magnitude, then, as will be shown below, oscillation will occur in the 
amplifier. In the construction of an A.F. amplifier with negative feed¬ 
back, therefore, one has to make sure that no such regeneration can occur 
at any frequency, for the reason, too, that even if oscillation does not 
occur regeneration causes an extra emphasis of the voltages in a 
particular frequency range, whilst the voltages in the degenerating 
range are attenuated, thus spoiling the reproduction characteristic of 
the amplifier (increased attenuation distortion). Further, the regener¬ 

ation causes increased distortion and increased effect of interference, 
instead of reducing this. 
As a result of the phase displacement in the amplifier and in the 
feedbackcircuitthetcrms A and p in Equation (24S) (see Section 161a p) 
are not real ordinary numbers but quantities which contain a phase 
angle and which in vector analysis are represented by complex 

numbers. When P A real and positive the amplification according 
to Equation (248) is reduced, and wlien p A is real, negative and 
in absolute value less than unity then the amplification is increased (the 
numerator of Equation (248), 1 + ^ A, is then smaller than unity and A' 

therefore greater than A). In that case we therefore have to deal with 
regeneration (the same as the back-coupling in oscillators). When p A 
equals —1 the numerator of Equation (248) is zero and consequently A' 

is infinitely great. The amplifier is then unstable. In such a case it is 
possible, without any input signal, that an undamped oscillation is set 

up, i.e., the amplifier oscillates. 
When P A is real and negative and has an absolute value greater than 
unity one would suppose that the amplifier is always unstable, but this 
need not invariably be the case (cf. H. Nyquist, Regeneration Theory, 
Bell System Techn. Journal II, 1932, p. 126; B. D. H. Tellegen, Philips 

Techn. Review, 2, 1937 pp. 289 et seq.. 
For these reasons, when applying negative feedback it is necessary 
to examine carefully the phase displacement occurring at all frequen¬ 

cies; the magnitude of negative feedback that can be applied in 

practice is limited. 
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CHAPTER XXVIII 

Hum Arising from the Mains 

166. Introduction 

With receiving sets and amplifiers that are fed from a.c. mains it is 
often noticed that the music or speech reproduced by the loudspeaker 
is accompanied by hum. This hum is apparently caused by the alter¬ 
nating voltage of the mains, which affects the amplifying stages of a 
set. Magnetic induction from the mains transformer can take place in 
several parts of the set, for example in the output transformer, loud¬ 
speaker, R.F. or I.F. coils. Further, hum may be caused by electrostatic 
induction in the wiring, particularly in leads to the valve grids, due 
to inadequate smoothing of the anode, screen-grid and control-grid 

voltages and to the a.c. feeding the valve filaments. Magnetic induction 
from the mains transformer may also cause hum in the valves, because 
of the transit of the electrons and consequently the anode current 
being influenced by the magnetic field. Under normal conditions, when 
there is no magnetic field, electrons pass across to the anode, but under 
the influence of such a field they may shoot past the anode. 
It is hardly possible to make provision in the valve for eliminating or 
neutralizing the effect of external magnetic fields (this would require, 
for instance, a 3 to 5 mm thick, hermetically sealed, iron screen), so 
that in constructing a set care has to be taken that the valves are not 
situated in a strong stray field of the mains transformer. 

In many cases hum can be avoided by judicious arrangement of the 
component parts. Hum arising in the valves themselves due to the 
indirect heating of the cathodes by a.c. can be partly avoided by a 

suitable valve construction, whilst it can be further suppressed to a 
great extent by the use of suitable circuits. 

167. The Components of the Mains Alternating Voltage 

Apparently hum arises in a valve when an alternating voltage originating 
from the mains is applied, for some reason or other, between the screen 
grid, the anode, the control grid or the cathode and the chassis (earth). 
When a set is energized by 50-cycle mains the various electrodes are 
subjected to alternating voltages having a frequency of 50 and sometimes 
of 100 c/s, the latter being, for instance, the result of frequency doubling 

in the rectifier and accompanied by a series of harmonics, since the 
ripple is distorted. 
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168. INFLUENCE OF AURAL SENSITIVITY VARYING WITH FREQUENCY 

The alternating voltage from most mains is not purely sinusoidal but 
somewhat distorted (the power-station generators can supply only an 
approximately sinusoidal alternating voltage; moreover, distortion 
arises also in transformers and other equipment), so that the mains 
alternating voltage contains not only the fundamental frequency of 
50 c/s but also harmonics of that frequency. Consequently when 

investigating the sources of hum we have to consider mains voltages 
having a fundamental frequency of 50 c/s and harmonics. Experience 
shows that it is best to start with a purely sinusoidal alternating voltage 

of 50 c/s with a 8% harmonic of 500 c/s, which will, therefore, be used 
as the basis of the following considerations. 

168. Influence of Aural Sensitivity varying with Frequency 

First and foremost in bum investigations it is of importance to know 
what hum voltage is permissible at the various electrodes. As the ear 
is not equally sensitive to all frequencies the hum voltage permissible 
for an electrode also depends upon the frequency. For a frequency 
of 50 c/s the sensitivity of the ear is extremely low, whereas for 
500 c/s it is very much higher. The ratio of the just audible volume 
of sound to the just audible sound volume at 1,000 c/s expressed in 
dB is shown in Fig. 346 as a function of the frequency (threshold 
of hearing at different frequencies with respect to the threshold of 

hearing at 1,000 c/s). 
According to this 
curve a relatively 
high hum voltage is 
permissible at low fre¬ 
quencies (50 c/s). To 
be able to express 

hum by a single figure 
Philips use in their 
measurements a filter 
having a frequency 
characteristic corres¬ 
ponding to the sensiti¬ 
vity of the ear for low 

volumes of sound. 

Fig. 346 
Curve representing the ratio in dB of the sound at the 
threshold of audibility to the sound volume at the 
threshold of audibility at 1,000 c/s, as a function of the 
frequency. The threshold of audibility of a note of 
1,000 c/s corresponds to a sound intensity of 10“^® W/cm*. 

For the definition of dB, see Appendix, page 508. 
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169. Definition of Hum Voltage 

By hum voltage is to be understood here the root-mean-square (r.m.s.) 

value of the 500-cycle voltage at the electrode in question which gives 
the same impression of sound volume as the disturbing hum note. The 
ear being an unreliable instrument for comparison, in the testing of 

valves the hum voltage is measured after a filter which imitates the 
frequency-discrimination of the sensitivity of the ear. As regards hum 
arising in the valves a distinction has to be made between hum- 
modulation and direct hum. The definition of hum-modulation has 
already been given in Chapter XV. This arises in the R.F., mixing 
and I.F. stages, owing to the carrier wave being modulated with the 
hum voltage as a result of the curvature of the valve characteristics. 
By direct hum is understood the hum reaching the loudspeaker as a 
consequence of direct A.F. amplification. 
In the case of R.F., mixing and I.F. valves it is the hum-modulation 
that is of importance, whereas in detector diodes, A.F. pre-amplifying 

and output valves the direct hum predominates. 

170. Permissible Hum Voltage 

Since of all the electrodes the grid is usually the most sensitive to hum, 
the permissible hum voltage generally relates to the voltage between 
control grid and cathode. Experience has proved that with a frequency 
of 500 c/s and a loudspeaker of normal sensitivity a ratio of about 
1/2,000 between the hum voltage and the alternating voltage producing 
a power of 50 mW in the loudspeaker (the voltage standardized for 
sensitivity measurements—see Chapter XXXIII) is just permissible. 
Consequently, when using a loudspeaker of average sensitivity the 
hum voltage—^in the case of direct hum—^permissible on an electrode 
corresponds to the voltage applied to that electrode which gives across 
the primary of the output transformer at most 1/2,000 of the voltage 
required for the standardized output power of 50 mW. 
For hum-modulation, on the other hand, experience has shown that 

a maximum modulation depth of the carrier wave of 0.25®/oo a result 
of the 500-cycle component of the mains alternating voltage is per¬ 

missible. 
For R.F., mixing and I.F. valves, therefore, a certain maximum per¬ 
missible ratio between hum and sound-volume level is fixed, whilst in 
the ease of direct hum an absolute value has been taken for the maximum 
level of the hum. This is due to the fact that A.F. pre-amplifying valves 
and output valves are usually connected after the volume control, so 
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170. PERMISSIBLE HUM VOLTAGE 

that for these valves the setting of the volume control does not affect 
the hum level. Provision has to be made, therefore, to ensure that there 
is no audible hum when the volume control is set for low volume. 

In the case of hum produced by R.F., mixing, I.F. and detector valves, 
however, the hum level is in fact affected by the setting of the volume 
control, together with the desired A.F. signal. Once a certain ratio 
exists between hum level and signal strength, by turning back the 
volume control the hum and A.F. signal are both attenuated and conse¬ 
quently the hum does not increase relative to the A.F. signal. 

(a) Determining the Permissible Hum Voltage of Output Valves 

For output valves the maximum periiiissible hum voltage can be 
derived from the data of these valves. As a rule the sensitivity is 
quoted, i.e. the control-grid alternating voltage required for a power 
output of 50 mW. In the ease of the high transconduetance output 
valves, such as the EL 8N, the EBL 1, the EBL 21, etc. the sensitivity 
is about 0.3 V (r.m.s.), so that the permissible hum voltage equals 

0.3 

2,000 
V = 150 fiY. 

(b) Determining the Permissible Hum Voltage of A.F. Pre-'ampli- 

fying Valves 

The hum voltage permissible on the grid of an A.F. pre-amplifying valve 
is determined by the amplification between that grid and the input 
of the final stage and by the sensitivity of the output stage. This hum 
voltage equals the quotient of the hum voltage permissible on the 
grid of the output valve and the amplification between that grid and 
the grid of the A.F. pre-amplifying valve. If this amplification is very 
large (as is the case, for instance, with public-address amplifying 

installations using a microphone pre-amplifying stage) the permissible 
hum voltage thus calculated will usually be very much lower than the 
noise voltage caused by the Brownian thermal electron movement in 
the grid circuit and by the hail effect in the valve. With a grid impedance 
of 0.5 megohm the noise voltage due to Brownian thermal movement 
amounts to about 10 fN (measured after a filter having the same 
frequency discrimination as the sensitivity of the ear), without taking 
any account of the valve noise. It is pointless to demand a hum voltage 
much smaller than the existent noise voltage, so that in this case the 
condition can be specified that the hum voltage may not exceed the 

noise voltage. 
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(c) Determining the Permissible Hum Voltage of Detector Diodes 

When the detector diode is combined with another valve it is usually 

the hum voltage permissible at the grid of that valve that is taken as 

a criterion. In the case of a separate diode valve account has to be 

taken of a large A.F. amplification, and the A.F. amplification attain¬ 

able with a pentode is taken as a guide. It is to be observed here that 

it is not necessary to make such stringent demands of a detector diode 

as of the following A.F. pre-amplifying valve, since as a rule the volume 

control is connected between the former and the grid of the latter. 

Only in a very exceptional case will the volume control be set at its 

maximum. When the control is turned back the hum voltage is less 

than when it is at its maximum. As a matter of fact when the volume 

control is at its maximum other factors play a part, for that position is 

generally used for the reception of a very weak signal, and due to 

various causes that signal is accompanied by a good deal of interference 

(for example, noise or atmospherics), so that under such circumstances 

no purpose is served by stringent requirements as regards hum. 

(d) Determining the Permissible Hum Voltage of R,F. and I.F. 

Valves 

The eriterion for the permissible hum voltage on the grid of R.F. or 

I.F. valves is the depth of modulation of the earrier wave. As explained 

in Chapter XV, for R.F. and I.F. valves curves are published which 

give, as a function of the transconductance, the hum voltage on the 

grid which gives a carrier-wave modulation depth of 1%. For deter¬ 

mining the permissible hum voltage, however, it is assumed that for 

500 c/s a modulation depth of 0.25®/oo is just tolerable. Therefore the 
permissible hum voltage is equal to 1/40 of the minimum value of the 

hum modulation curve. 

(e) Determining the Permissible Hum Voltage of Mixing Valves 

As regards the modulator or mixing part of frequency-changing valves, 

the same applies as stated for R.F. or I.F. pentodes. In the oscillator 

part (e.g., the triode part in triode-heptodes and triode-hexodes) the 

oscillator voltage can also be modulated with a hum voltage. This 

would result in hum-modulation of the I.F. carrier wave. 

Thus in the case of the ECH 21 with normal operation of the mixing 

part (V^ = 250 V, Vg2,4 = 100 V, = —2 V) and of the oscillator 

part (V^ = 100 V, Rg = 50,000 ohms, Ig = 210 fiA) the I.F. carrier 

wave is modulated to a depth of 1% by an A.F. voltage of 0.8 V at the 

grid of the triode. Consequently a hum voltage of 20 mV would just 

412 



171. THE VARIOUS CAUSES OF HUM IN THE VALVE 

be permissible on that grid for a maximum modulation depth of 
0.25yoQ. With lower oscillator voltages, however, the modulation depth 

increases; with an oscillator current of 75 through a leak resistor 
of 50,000 ohms the I.F. carrier wave is modulated to a depth of 1 % 

already at 0.18 V, so that it is not desirable to permit a hum voltage 

higher than 1 mV on the grid of the oscillator valve. Added to this 
is the fact that a hum voltage on the oscillator grid also causes fre¬ 

quency modulation of the I.F. carrier wave at the hum frequency. 
If the frequency of the I.F. carrier wave is displaced from the centre 

of the resonance curve of the I.F. band-pass filter in the anode cir¬ 
cuit of the heptode part of the valve considered above the frequency 

modulation will also cause amplitude modulation, which is much more 

troublesome than the direct hun)-modulation. In this manner, with an 
oscillator d.c. of 210 /iA of the ECH 21 a hum voltage of 80 mV with a 

normal band-pass filter causes a hum-modulation depth of 1% (the 

same occurs when Ig 75 ywA and the hum voltage is 18 mV). 

17L The Various Causes of Hum in the Valve 

It was stated in the foregoing that one of the principal causes of hum 

in the valve lies in the a.c feeding the filament of indirectly-heated 
cathodes. Therefore the magnitude of the alternating voltage between 

the terminals of the filament is partly an indication of the hum. The 
valve filaments of radio sets may be connected in parallel (a.c. sets) 

or in series (d.c./a.c. sets). In the latter case the hum is usually stronger 
than that with parallel connection, because for the majority of the 

valves of a receiver the alternating voltage between filament and 

cathode is higher in series feeding by alternating cuirent. As most of 
the modern Philips valves can be used both for parallel and for scries 

filament connection, in the examples given below the less favourable 

condition of series connection will be considered. 
These considerations apply also for the more recent d.c./a.c. valves, 

such as the U series with pressed-glass base. 

(a) Anode Hum 

By anode hum is to be understood the hum voltage that exists, from 

one or more causes, between anode and cathode or, what generally 
amounts to the same thing, between anode and chassis (earth). This 
does not include, however, the hum voltage that may exist at the anode 

owing to the control of the anode current by a hum voltage present 

between one of the other electrodes (grids) and the cathode and which 

sets up a hum voltage across the anode resistor, if any. 
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Fig. 347 gives an example of a simple circuit of a valve without any 
impedance in the grid and cathode leads. An amplifier for measuring 

the hum voltage is connected to the load resistor Rj^. There are various 

causes of hum, which together produce the anode hum. 

Causes of anode hum are: 

1) The capacity between filament and anode. 

2) Electrons emitted by the cathode which first pass through the 

various grids in the normal way but shoot just past the edge of the 

anode; during the half-cycle of the filament alternating voltage 
when the filament is positive these electrons may strike the filament, 

whereas during the other half-cycle when the filament is negative 
they reach the anode after making a detour. This sets up a hum 
voltage on the anode, which disappears if the filament voltage is main¬ 

tained considerably negative, for instance by means of a battery. This 

cause of hum should be avoided by a suitable construction of the valve. 

3) The filament-anode capacity. Generally this capacity can be kept 

sufficiently small. 

Anode hum, if present at all, is found only in the A.F. output and 

A.F. pre-amplifying stages, (In R.F. and I.F. valves there is no appre¬ 

ciable A.F. impedance in the anode circuit. Moreover, an A.F. voltage 

on the anode causes only a very slight modulation depth.) 

In a circuit as shown in Fig. 347 hum may also arise from other less 

frequently occurring causes. It is theoretically possible, for instance, for 

the insulation between filament and anode to be bad, but in practice 

this does not occur. It is also possible for the filament to control the 

electron current between cathode and anode, acting more or less as 
a grid. This phenomenon, too, can easily be avoided in the construction 

of the valve. 
Further it may happen that a part 
of the filament not shielded by the 

cathode emits electrons. During part 

of the cycle the filament is usually 

negative with respect to the whole 

electrode system and the electrons 

then emitted by the filament may 

pass over to all the electrodes, hence 

also to the anode and the grid. When 
there is a high impedance in the 

grid circuit even very small currents 

Fig. 347 
Emntials of the circuit for measuring 
the anode hum of a valve. 
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may be disturbing, on account of the grid circuit being so highly 

sensitive. In anode hum no account need be taken of this electron 

emission from the filament, because when it does occur in the first place 

the grid hum becomes too strong. 
Finally mention has to be made of magnetic hum. Generally the filament 

of indirectly-heated valves is fed by a.c., so that a magnetic alternating 

field may be produced by the filament. In certain circumstances this 
alternating field may influence the course of the electrons passing to 

the anode, thereby giving rise to anode hum. In certain modern valves 

such an effect is very limited owing to the filament feed and return 
leads lying alongside each other, and the field of one coil neutralizes 
that of the other (so-called coiled-coil filament). 

(b) Grid Hum 

By grid hum is to be understood the hum voltage arising through one 

or more causes between grid and chassis (earth). For a study of grid 
hum we may use the diagram of Fig. 348, whieh differs from Fig. 347 

in that it shows a resistor Rg in the grid circuit. Here it is assumed 

that with a short-circuited grid resistor the anode hum is sufficiently 

weak. When that short-circuiting is removed the increase in the hum 

may be termed grid hum. 

The main causes of grid hum are: 

1) bad insulation between grid and filament; 

2) too great a capacity between grid and filament; 

3) emission from the filament to the grid. 

The minimum value of the insulation resistance between filament and 

grid and the maximum value of 

the respective capacity permissible 
are easily calculated. Let us take 

the impedance between grid and 

cathode of the EBC8 as, say, 0.5 

megohm and the amplification in the 

triode part of that valve as equal to 

20. Assuming that in a given case a 

hum voltage of 10 fN is permissible 

(if the sensitivity of the output valve 

is, for instance, 0.4 V and the 

voltage on the grid of the EBC8 

Fig. 348 
Circuit for measuring the grid hum of 
a valve. 
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is 0.02 V, -X 0.02 X 10® = 10 /zV), we find that the minimum 

permissible value of the leak resistance between grid and filament is 

about 9 X 10® ohms ,if the EBC 3 occupies the first place in the heating- 

current circuit of a d.c./a.c. set (one side of filament connected direct 

to the chassis, see Chapter XXXII). In this case the alternating voltage 

between filament and chassis (see Fig 348) at the hum-producing end 

of the filament is equal to 6.3 V and hence 6.3 X 10® times as great as 

the admissible hum voltage across the grid-leak resistor of 0.5 megohm 

(10 fzY). The insulation resistance must therefore also be 6.3 X 10® 

times as great as the grid-leak resistance, i.e. 6.3 X 10® X 0.5 X 10® 

^ 3 X 10^^ ohms. Taking into account the fact that, owing to the ear 

being less sensitive to a frequency of 50 c/s, of the 6.3 V heater voltage 

only the 3% having a frequency of 500 c/s plays a part, we find the 

minimum permissible value of the insulation resistance to be 0.03 X 

3 X 10^^ == 9 X 10® ohms. Under the same conditions the filament-grid 

capacity may not exceed 0.034 juf/F (for 500 c/s the impedance of 

0.034 fjt/biF amounts to about 9 X 10® ohms). For R.F. and I.F. valves 

the permissible values of insulation resistance and grid-filament capa¬ 

city can be calculated in a similar manner. 

It is difficult to determine the limit for the permissible emission from 

the filament to the grid. Generally in the case of indirectly-heated valves 

this emission is very low and the electron current is accordingly already 

saturated at very low voltages. Due to this saturation, however, the 

hum voltage set up in this way contains a large number of higher 

harmonics, which are more disturbing than a voltage consisting of only 

the fundamental frequency. The degree to which the electron emission 

current may be disturbing can therefore be judged only by measuring the 

hum behind a filter imitating the frequency discrimination of the ear. 

It will be evident that all phenomena related to grid hum depend con¬ 

siderably upon the value of the A.F. grid impedance; consequently 

this impedance should not be chosen higher than is absolutely necessary. 

(c) Cathode Hum 

By cathode hum is to be understood the hum voltage existing between 

cathode and chassis (earth), which is therefore effectively between 

cathode and control grid when the latter has the potential of the chassis. 

If between cathode and chassis there is an impedance of a fairly high 

value owing, for instance, to the cathode resistor being shunted by a 

condenser of insufficient capacity, or when there is no cathode condenser 

at all (as sometimes occurs in negative-feedback circuits), such an 
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impedance may give rise to hum. Cases of this are met with in output 

valves in which the negative feedback is obtained by omitting the 

cathode condenser, and also in R.F. and I.F. valves in which the 

cathode resistor is shunted by a cathode condenser which is effective 

only at the high or intermediate frequencies, the condenser having a 

high impedance at the frequency of the hum voltage. The cathode 

impedance at the hum frequency is then formed principally by the 

cathode resistance. Here it is to be observed that the hum voltage 

between cathode and chassis does, it is true, control the anode current, 

but that the resultant anode alternating current is in antiphase to 

the alternating current passing through the cathode impedance as a 

result of the cathode hum. 

There is, therefore, a certain amount of negative feedback, which results 

in the effect of the hum voltage Ixing less than one would expect if 

that back-coupling were overlooked. Consequently a somewhat higher 

hum voltage is permissible. 

The main causes of cathode hum are: 

1) bad insulation between cathode and filament; 

2) emission from cathode to filament; 

8) emission from filament to cathode. 

The filament-cathode capacity is generally very small compared with 

the cathode-chassis capacity and does not give rise to hum. Also when 

the cathode resistor is not by-passed the impedance of the cathode- 

filament capacity at hum frequencies is generally very great compared 

with the cathode-resistance value. 
When the impedance of the cathode condenser for hum frequencies is 

great (e.g., in R.F. valves a condenser of only 10,000 (ifiF is often 

employed) the insulation resistance between filament and cathode 

plays an important part. 

The minimum permissible value of the insulation resistance between 

cathode and filament is easily calculated for any valve. Suppose that 

for the triode-hexode valve ECH 8, for instance, having regard to hum- 

modulation, a hum voltage of 225 fiY is permissible on the grid. If the 

filament of the ECH 8 is the third link in the chain of valve filaments 

then the filament-chassis alternating voltage at the filament end which 

is most productive of hum is 19 V, given that each of the two preceding 

valves has a heater voltage of 6.8 V. Bearing in mind the variation of 

aural sensitivity with frequency, it is again assumed that of the mains 

voltage only the 8% of frequency 500 c/s is instrumental in producing 
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hum arising from faults in the insulation. If the cathode resistance 

is 215 ohms (the normal value for this valve) then the minimum value 

for the filament-cathode insulation resistance should be 

0.03 X 19 , 
215 X -- ohms == 0.55 megohm. 

225 X 10-« ® 

Here no account has been taken of the aforementioned negative feed¬ 

back, which has a factor of (1 + gj^Rk). In the case of the ECH 8 the 

cathode transconductance gj^ is roughly equal to 2.3 mA/V, so that 

1 + g^Rfc = 1 + (2.3 X 10“* X 215) = 1.5. Consequently the insu¬ 
lation resistance between filament and cathode must be at least 

55 : 1.5 = 37 megohms. 

Thanks to the modern methods applied nowadays in manufacture it 

is possible to obtain such an insulation resistance value at the usual 

cathode temperature (it is to be borne in mind that the insulation 

resistance may vary with the voltage between cathode and filament). 

In the emission from the cathode to the filament the electrons may pass 

to the latter both inside the cathode and round the outside of it. In the 

latter case two possibilities are to be distinguished: 

a) the electrons leave the emitting layer at the bottom end of the 

cathode (where the filament is led in) and pass directly to the filament, 

thereby setting up a hum voltage across the cathode resistor; 

b) the electrons pass through the various valve grids, just touch the 

anode during one half-cycle and strike the filament during the other 

half-cycle, thereby producing a hum voltage directly on the anode, as 

already explained. 

Emission around the outside of the cathode is easily suppressed by 

employing a screen, whilst the emission inside the cathode can be 

kept low by carefully avoiding any contamination of the insulating 

material. Emission within the cathode and that from the filament to 

the cathode are generally very low and already saturated at a low 

voltage, so that, as mentioned in the case of grid hum, strong har¬ 

monics of the mains frequency occur, 

172. Hum due to the A.G. Supply of Directly^heated Valves 

Finally there remains to be mentioned the hum occurring as a result 

of the a.c. supply of directly-heated valves. It is only in exceptional 

cases that directly-heated valves are fed with alternating current and 

then the secondary winding of the heater-current transformer is 
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generally provided with an earthed centre-tap, thereby reducing the 
alternating voltage between the filament ends and earth to one half 
of the heater voltage. Thus it is possible, in the case of direct heating, 

that owing to the low heat capacity of the filament the electron 
emission varies at twice the mains frequency, thereby giving rise to 
an alternating current of that frequency in the anode circuit. Further 

it is possible that the filament may not emit electrons uniformly over 
its entire length, so that the hum is not weakest when the centre-tap 
of the heater-current winding is earthed. Even if the emission is uniform 
over the greater part of the length of the filament the electron current 
may be influenced owing to the voltage drop in the filament, thus giving 
rise to hum. Moreover, this results in a variable space charge in front 
of the control grid, causing fluctuations in the control-grid capacity 
and, consequently, in the tuning of the circuit connected with it. 
For these reasons it is generally preferred not to apply direct heating 
for valves that have to be fed with alternating current. In the case of 
A.F. pre-amplifying valves the difficulties connected with hum are 

so great as to make indirect heating essential, and the same is true of 
detector diodes, and R.F. and I.F. valves. As regards output valves it 
is possible with care to reach a fairly low hum level, and in the past 
directly-heated power valves were in fact on the market. At the present 

day, however, these are almost entirely replaced by indirectly-heated 
valves, for the additional reason that with the equi-potential cathode 
a much greater transconductance is attainable, so that one is quite 

prepared to overlook the somewhat higher heating power required for 
the indirectly-heated cathode. 
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CHAPTER XXIX 

Microphonic Effect 

173. Introduction 

As will have been understood from Chapters VI and VII, a radio valve 

consists of a large number of parts which are not absolutely rigid or 

are not tightly connected with each other. Small variations in the 

position of the control grid or, in the case of directly-heated valves, 

of the filament may affect the anode current. If a valve in a circuit 

receives a mechanical shock it may happen that the grid, the cathode 

or some other parts become slightly displaced and a damped oscillation, 

though small, is set up (through the damped vibration of the respective 

parts). In such an event the geometry of the valve is somewhat disturbed, 

thereby affecting the electrical values, such as current and amplifi¬ 

cation. The anode current then shows oscillations similar to the me¬ 

chanical vibrations set up in the valve when it is knocked; these oscil¬ 

lations are amplified in the following valves and reproduced in the 

loudspeaker as one or more damped notes. 

Generally the cause of the mechanical vibration of a valve is an acoustic 

vibration radiated by the loudspeaker. The valve is then comparable 

to a condenser microphone and this phenomenon is called microphonic 

effect. 

Microphonic effect may be due to any one of a large number of causes 

and it may manifest itself in different ways. It is possible, for instance, 

that the loudspeaker does not produce a note but rather a rustling or 

crackling noise. 

The electrical vibration caused by acoustic vibrations being conducted 

from the loudspeaker to a valve sensitive to microphonic effect may, 

however, be amplified to such an extent and reach the grid of the 

output valve in such a phase as to set up a sustained oscillation. Even 

if the original alternating voltage at the valve grid is omitted, the 

noise from the loudspeaker will still continue, so that by feedback a 

continuous note is produced. 

17i« Causes of Mierophonic Noise 

Microphonic noise may, in principle, arise from two causes, viz.; 

1) through loose connections between the parts in a valve which have 

to make contact with each other; 
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2) through mutual displacement of parts which influence the anode 

current. 

As regards the first cause, there should not as a rule be any loose 

connections at all in a valve. There is, however, one danger point, in 

the cathode of an indirectly-heated valve, for the coiled filament, which 

is surrounded with a layer of insulating material, is not rigidly fixed 

in the cathode tube and if the valve should suffer a mechanical shock 

it is possible that the filament will be moved; as a result disturbances 

in the form of crackling noises may arise in spite of the insulation (see 

Section 179). 
As remarked in the introduction, a valve that is sensitive to microphonic 

effect will produce a damped note when it is knocked. In the operation 

of a receiving set (turning the switches, etc.) or when the set is sub¬ 
jected to shocks, this is apt to lead to unpleasant disturbances. 

In the case of microphonic effect due to the reaction of the loudspeaker 

upon valves sensitive to that effect, three possibilities are to be dis¬ 

tinguished: 

a) the reaction of the loudspeaker upon an A.F, valve (pre-amplifying 
stage or output stage); 

b) the reaction of the loudspeaker upon a R.F. or I.F. valve; 

c) the reaction of the loudspeaker upon a frequency-changing valve. 

175. A.F. Microphonic Effect 

If the reaction of the loudspeaker upon an A.F. valve is great enough, 

owing jto microphonic effect in the loudspeaker an undamped A.F. note 

may occur, which will maintain itself if the grid alternating voltage 

on the valve that caused the original note in the loudspeaker should 

disappear. In that case, therefore, there is self-excitation, which leads 
to a disturbing note; this can be stopped by reducing or eliminating 

the reaction (removal of the loudspeaker or reduction of the ampli¬ 

fication following the valve). 
The electrode system of a valve consists of very fine rods, wires and 

plates, a large number of which have natural vibrations which lie in 

the A.F, range (50—10,000 c/s), and as a rule the damping of these 

vibrations is extremely small. If a valve vibrates at the natural frequency 

of such a component part microphonic effect can be produced, assuming 

that that part happens to influence the anode current. This effect can 

be determined with the aid of the measuring arrangement shown in 
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Fig. 349 
Schematic arrangement of a 
measuring device for deter¬ 
mining A.F. microphonic 
effect due to acoustic feed¬ 
back. 

Fig. 849. With this 

arrangement the am¬ 
plification following the 

valve under exami¬ 
nation is increased to 

such an extent and the loudspeaker approached so close to the valve 

that any external disturbance or any irregularity in grid voltage will 
cause self-excitation. The loudspeaker is then switched from the am¬ 

plifier to an audio-frequency generator of variable frequency, and one 

then measures the voltage at the output of the amplifier while varying 
the frequency of the audio-frequency generator. The result of these 

measurements can be plotted on a graph having the frequency on 

the horizontal axis and the output voltage of the amplifier on the 
vertical axis. Fig. 351 illustrates the effect obtained with a good 

valve and Fig. 350 that obtained with a faulty valve. 

It will be noticed that the output voltage of the amplifier rises suddenly 

when during scanning of the frequency range with the A.F. generator 
the frequency of the latter passes the natural frequency of a microphonic 

resonance. The resonance peaks are usually so sharp that one has to 

be very careful in varying the frequency of the A.F. generator, otherwise 
one may pass beyond them unnoticed. Often it is possible to distinguish 
a fundamental frequency and its harmonics. Other resonances do not 

show any mutual relation and apparently indicate vibrations of different 

component parts. It will be found that the resonance peaks are scattered 

over the entire A.F. range. 

Microphonic effect is influenced by: 

1) the frequency characteristic of the amplifier following the valve; 

2) the phase of the acoustic feedback. 

Obviously the resonances of microphonic effect that are amplified to 

the greatest extent in the frequency range of the A.F. amplifier will 
manifest themselves most strongly. Further, the phase of the acoustic 

feedback must be of such a nature that positive feedback occurs. The 

phase in which the mechanical vibration reaches the valve depends 
upon the distance between the loudspeaker and the valve. If that 
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ID 20 30 50 100 200C/S 
50577 

Fig, 350 
Vertical axis: Output voltage (in volts) 
of the amplifier at the various resonance 
peaks. 
Horizontal axis: Frequency of the audio¬ 
frequency oscillator in c/s. This diagram 
refers to a valve having unsatisfactory 
properties as far as microphonic effect 
is concerned. 

distance equals the wavelength of 
a sound wave the incident vibration 
will be in phase with the loudspeaker 

membrane, whereas if the distance 
equals half the wavelength the vi¬ 
brations at the two points will be in 

antiphase. By moving the loud¬ 
speaker in a straight line to the valve 

it will be found that at a relatively 

high frequency microphonic effect 
appears and disappears alternately, 

this taking place at those points 
which for sound vibrations in air 

are situated at intervals of half a 

wavelength. (This is based on the 

assumption that the loudspeaker is set up free in the open air.) 
If the loudspeaker and tlie valve are linked by a chassis, i.e. by a solid, 

since the velocity of propagation through that solid is generally greater 

than in air, the incident mechanical vibration will still be in phase with 
the loudspeaker. Should this phase happen to be unfavourable for the 
feedback it may occur that regeneration takes place when there is free 

suspension but not when the coupling is constrained, for instance 

by a connection with the chassis; in the latter case microphonic 

effect is just avoided, because the altered phase has a predominating 

influence. 
From the foregoing it is evident that feedback can take place in two 
ways, through the air and through a solid. A familiar means of counter¬ 

acting, feedback via a solid is the mounting of the loudspeaker 

and the chassis on rubber. The 
path then consists of: loudspeaker— 20 

rubber —cabinet—rubber—chassis. f . 

Formerly valves which were highly I 

sensitive to microphonic effect were 
packed in rubber to counteract ^ 

acoustic feedback via the air. 
Furthermore they were placed in 10 20 30 so too 2O0e/s 

resilient holders to counteract feed- 
back via the chassis. In any case a 

set has to be constructed in such 

a way that the valve most sensitive 
to microphonic effect, e.g. the first 

Fig, 351 
Vertical axis: as Fig. 350. 
Horizontal axis: as Fig. 850. 
This diagram refers to a valve having 
good proi>erties as regards microphonic 
effect. 
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A.F. amplifying valve, is placed as far as possible away from the 
loudspeaker. In the construction of the valves, too, measures should 
be taken to eliminate microphonic effect as far as possible, which 
can be done by heavily damping the component parts that are 
apt to be set in vibration by the loudspeaker. To this end the play 
between the cathode and the supports for the grids and the anode 
on one hand and the holes in the mica or ceramic plates on the other 
hand should be kept as small as possible. There is a limit, however, 
to the reduction of the play referred to, because if the supports are 
fixed in an absolutely rigid manner they are liable to bend when the 
temperature is raised, so that not only will the characteristic be affected 
but the grid-to-cathode path of the valve may even be short-circuited. 
Another measure is to use for the assembling of the electrode system 
parts that are as short and as rigid as possible. In battery valves the 
filament has to be properly tightened by means of springs, and lateral 
vibrations should be damped (for instance by a small plate of mica 
pressed up against the middle of the filament—see Fig, 27). In Philips 
valves steps have been taken so that in normal circuits, with normal 
A.F. sensitivity (normal amplification following the valve) and with 
a not too unfavourable positioning with respect to the loudspeaker, 
satisfactory results are obtained. In the A.F. part of a set the pre¬ 
amplifying valve is the most sensitive to microphonic effect, because 
it is followed by the greatest amplification. Output valves will not as 
a rule give rise to any microphonic effect. In the construction of Philips 
pre-amplifying valves, such as the EEC 3, EF 6, EF 9, EF 22, etc., it 
is specified that by normal mounting in the set and when a loudspeaker 
of the usual sensitivity is used the A.F. sensitivity measured on the 
grid of these valves may not exceed 6 mV (for a loudspeaker power intake 
of 50 mW). 
In the case of public-address and microphone amplifiers the loud¬ 
speaker is usually set up at a great distance away from the set 
and there is no fixed connection between loudspeaker and chassis, 
so that a much greater amplification can be employed following 
the input valve. 
In microphone amplifiers, owing to the excitation of the input valve 
by the acoustic waves destined for the microphone, the amplification 
following that valve must be limited, otherwise it would act as a 
microphone itself. Further, a limit is set for the gain in microphone and 
public-address amplifiers ,by the fact that small shocks and vibra¬ 
tions are apt to cause reverberation* 

424 



177* H.F. MICROPHONIC EFFECT 

176. Influence of Operating Voltages on A.F. Mierophonic Effect 

The influence of vibrations of parts of the valve upon the anode current 
or the anode voltage depends also upon the voltages applied to the valve 
electrodes. With equal amplification following the grid of a triode, 
mierophonic effect will be more pronounced with a high anode voltage 
than with a low one. 
If mierophonic effect occurs in a valve at a certain resonance then there 

will arise across the coupling impedance or the coupling resistance in 

the anode circuit an alternating voltage ^ magnitude depending 
on the strength of the acoustic effect. The effeetive (r.m.s.) value 

of the anode alternating voltage occurring at the given resonance owing 

to a certain acoustic influence can be plotted as a function of the anode 

direct voltage, producing a curve similar to that of Fig. 352 (relating 
to a triode with resistance coupling). From this curve it appears that 

mierophonic effect becomes greater as the anode voltage rises, so that 

it is advisable to choose the lowest possible anode voltage (for triodes) 
and a correspondingly larger amplification following the valve. In the 

case of screen-grid valves the screen-grid voltage is of importance 

and should be kept low. Since for triodes with transformer coupling 

usually a higher anode direct voltage is applied than with resistance 

coupling, given the same amplification following the grid the input 

valve of an amplifier with resistance coupling will be less sensitive 
to mierophonic effect than an input valve with transformer coupling. 

Finally, it is as a rule advisable to use valves having a large am¬ 

plification factor. 

177. H.F. Mierophonic Effect 

Fig, 352 
Anode alternating voltage VaMaif 
occurring when a triode with re¬ 
sistance coupling is subject to a 
determined acoustic effect, as a 
function of the direct vol^e on 
the anode. 

If a mechanical vibration acts upon a 
valve that is controlled by a R.F. or 
I.F. oscillation it is possible that this 
R.F. or I.F. oscillation will be mod¬ 
ulated by the mechanical vibrations 
of parts in the valve. When this mod¬ 
ulated R.F. or I.F. oscillation is 
further amplified and rectified in the 
detector the A.F. oscillation that 
caused the valve parts to vibrate will 
be reproduced in the loudspeaker. If 
the valve is subject to the acoustic vi¬ 
brations of the loudspeaker there is 
then a possibility of self-oscillation, 
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provided the phase is favourable for it and the feedback is adequate. 

This phenomenon is called H.F. microphonic effect. The modulation 

of the H.F. output voltage of the valve in question may be due 

either to a fluctuation in the amplification of the valve in sympathy 

with the A.F. vibration of the valve parts, or from changes in the capa¬ 

cities. If the amplitude of the transconductancc variation equals m^jgj^ 

and that variation takes place at a low angular frequency p ( = 2 jz f) 

the resultant transconductanee will be 

gm (1 + pt). (265) 

If the voltage of the II.F. carrier wave on the grid of the valve equals 

Vj then at the output of the valve there will be a current 

Vigrn' = ViSm ('I + sm pt). (266) 

The result is similar to that which would be obtained if a modulated 

carrier wave were present on the grid with a voltage of Vj (1 + m^j sin pt) 

which is amplified in the valve with a constant transconductance gj^. 

This modulated carrier wave is amplified in the normal way by the 

following stages and rectified by the detector. We then get in the 

loudspeaker an alternating voltage of a magnitude proportional to m^i 

and a frequency corresponding to the angular frequency p caused by 

the vibration of the valve. The factor m^^i is proportional to the strength 

of the mechanical vibration striking the valve and is related further 

to the construction of the valve. In this connection it is remarkable 

that the probability of microphonic effect becomes greater as amplifi¬ 

cation increases, regardless of the stage where that increase takes 

place, either before or behind the respective valve, in the high or low- 

frequency stage. 

If the H.F. amplification is increased before the valve a correspondingly 

stronger signal acquires a modulation depth m^j. If, on the other hand, 

the amplification is increased behind the valve the signal with a modu¬ 

lation depth of m^ is further amplified. In both cases the signal strength 

at the detector is increased with a modulation depth of and conse¬ 

quently also the signal at the output valve. If the A.F. amplification is 

increased we again get the same result. In this respect H.F. microphonic 

effect differs from A.F. microphonic effect, where only the amplification 

following the grid of the respective valve has any effect. 

There is, therefore, as regards H.F. microphonic effect, no definite 

optimum distribution of the total amplification in a receiving set. The 

I.F. valve in a superheterodyne set may show the same microphonic 

effect as the H.F. valve. H.F. mirophonic effect is most pronounced 

when the aerial signal is strongest and the A.F. volume control is at 
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the maximum position (max. amplification in the set). The amplifi¬ 

cation in the set depends, however, also upon the manner in which the 
automatic volume control works. 

As stated above, H.F. microphonic effect may also be caused by capacity 

variations at the input (grid) of the valve. Though small, these capacity 

variations may affect the resonant frequency of the connected tuned 

circuit. If the I.F. carrier wave lies on one side of the resonance curve, 

owing, for instance, to the oscillator frequency not being adjusted to 

the correct value, then in consequence of the capacity variations the 

amplification of the I.F. wave changes periodically. This results in an 

amplitude modulation that can be compared to that caused by changes 

in the transconductance, which is determined by the product of signal 

and total amplification. It is to be noted, liowever, that here other 

factors also play a part In the first place the sharpness of the resonance 

curve of an I.F. circuit has some influence, and secondly, if the I.F. is 

adjusted exactly to the centre of the resonance curve, the amplification 

will change twice during each cycle of the capacity variation. Feedback 

at the original frequency of the mechanical vibration is then impossible. 

It is typical, therefore, that this kind of microphonic effect occurs only 

if the high or intermediate frequency does not correspond exactly to 

the centre of the resonance curve. Naturally the absolute value of the 

capacity changes is smaller the smaller the grid capacity, and conse¬ 

quently the variation as a percentage of the total capacity is smaller. 

Further, these changes have least influence when the total capacity of 

the circuit fs large. The variation of frequency has the greatest absolute 

value at high frequencies (short-wave range). In the short-wave range, 

however, the resonance of the respective H.F. circuits is much less 

sharp, iso that here again the amplification variation will be small and 

there is little likelihood of self-oscillation occurring. In the medium- and 

long-wave ranges no microphonic effect has ever been found to occur 

in this manner. It is to be added that H.F. valves having a high negative 

grid bias, for instance as a result of the action of the automatic volume 

control, are more sensitive to microphonic effect. 

178. Microphonic Effect in Mixer Valves 

Microphonic effect may occur in mixer valves in the same way as in 

R.F. or I.F. valves. Owing to the variations in transconductance in 

the modulator part of a mixer valve the conversion conductance will 

likewise vary in sympathy with the acoustic feedback, and when con¬ 

ditions are unfavourable the valve may produce continuous oscillations. 

Also capacity changes of the R.F. grid will have the same effect as in 
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H. F. valves. Further, as is the case with H.F. valves, the sensitivity of 

a mixer valve with respect to microphonic effect is not influenced by 

the manner in which the amplification is distributed before and after the 

valve, and the probalibity of microphonic effect is greatest when the 

aerial signal is strong and the set has the highest possible sensitivity. 

In addition to the possibilities mentioned in connection with H.F. 

valves, in the case of mixer valves there is another source of micro- 

phonic effect, namely in the oscillator part, for there the grid capacity 

is apt to be influenced acoustically (the capacity, for instance, of the 

triode grid in a triode-heptode or a triode-hexode). If the triode grid 
is in parallel with the oscillatory circuit, as is often the case, the tuning 

of that circuit is periodically changed by the variations in the grid 

capacity. This causes the intermediate frequency to be changed peri¬ 

odically, so that the result is comparable to that of grid-capacity change 

in a R.F. or I.F. valve. In the latter case, however, the resonant fre¬ 

quency of the circuit changes and the frequency of the signal remains 

constant, whereas in the former case the resonant frequency of the I.F. 

circuits remains constant and the signal frequency changes. There is 

a difference in that the capacity change of the oscillator grid will 

usually have more effect than the capacity change of the grid of an 

I. F. valve, because the oscillator frequency is generally higher than 

the frequency of the signal and consequently very much higher than 

the intermediate frequency. A small capacity change of the oscillator 

grid will therefore result in a much larger percentage deviation of the 

intermediate frequency than is the case with the control grid of a R.F. 

or I.F. valve. This is especially the case in the short-wave range. 

Microphonic effect due to variation of the intermediate frequency 

depends also upon the steepness of the resonance curve of the whole 

I.F. amplifier, whereas in the case of a variation of the grid capacity 

of a R.F. or I.F. valve only the steepness of the resonance curve of 

the respective grid circuit is of importance. This, too, makes the effect 

with mixer valves more probable than the H.F. microphonic effect due 

to variation of grid capacity. 

With triode-heptodes it is advisable to interpose the oscillator circuit 

in the H.T. lead to the triode anode and to connect the back-coupling 

coil to the triode grid. With the normal coupling between circuit coil 

and back-coupling coil any variation in the control-grid capacity is then 

stepped down, and consequently the variation in the tuning of the 

oscillator circuit is also reduced. There is, however, still the detiming 

due to capacity changes of the triode anode to be taken into account, 

but usually these changes are smaller than those of the triode grid. 
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179. Crackling and Scratching Noises 

In the beginning of this chapter it was stated that in the case of 

indirectly-heated cathodes the filament in the cathode tube may give 

rise to microphonic effect, even though it is insulated from the cathode 

(see Chapter VII). In that case this effect manifests itself in the form 

of crackling or scratching noises. 

This kind of microphonic effect, however, will occur only in certain 

circuit arrangements, that is to say when between the cathode and the 

filament there is an alternating voltage that influences the high, 

intermediate or low frequencies amplified in the valve or else the 

oscillator frequency. Such is the case, for example, in circuits with 

A.F. feedback where part of the cathode resistor or the whole resistor 

is not shunted by a condenser (see Fig. 338). 

The A.F. alternating voltage across that resistor is apt to be modified 

by interfering frequencies arising from displacement of the filament, 

due to acoustic feedback or other mechanical shocks. Displacement 

of the filament causes variations in the filament-cathode capacity and, 

since the filament is usually earthed direct, also in the cathode-earth 

(chassis) capacity. These capacity changes will, of course, affect the 

cathode impedance for the alternating voltage in question, so that 

this voltage too, will vary. 

This kind of microphonic effect may also occur in oscillator circuits 

where the feedback voltage lies between earth and cathode (Figs 260, 

261 and 264). Capacity variations modulate the oscillator frequency. 

The steps to be taken to avoid this effect are obvious, i.e. to ensure 

the best possible fixing of the insulated filament in the cathode tube. 

It is advisable, however, having regard also to the irregular nature of 

the filalnent-cathode insulation, to avoid any circuits where alternating 

voltages occur between filament and cathode which are likely to in¬ 

fluence the reproduction of the loudspeaker in any way. With feed¬ 

back circuits the unshunted part of the cathode resistor should as a 

rule be kept small (for instance, in pre-amplifying valves less than 

50 ohms; in output valves the whole of the cathode resistance may be 

left unshunted). 

180. Rattling Noises 

It sometimes happens that a rattling noise is heard. Although this does 

not really belong to microphonic effect we will refer to it briefly here. It 

originates in the valve itself and can be heard when placing the ear 

dose up to the valve. It is caused by an acoustic vibration from the 
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loudspeaker when this is close to the valve. If the loudspeaker is caused 
to reproduce all frequencies in succession, then, owing to resonance, 

certain component parts in the valve will vibrate mechanically, and 

it is these mechanical vibrations that are heard as rattling noises (if 

these vibrations affect also the path of electrons then we have the 

A.F. or H.F. microphonic effect described in preceding sections). 

181. Final Observations Regarding Quality of the Valves 

In the preceding sections we have dealt with the various causes of 

microphonic effect. One might be inclined to conclude that microphonic 

effect is a frequently occurring phenomenon making it necessary to take 

special precautions in the construction of radio sets or other electronic 

apparatus. In the construction of Philips valves, however, every possible 

precaution against microphonic effect is always taken. It will be found 

in practice that these valves show no tendency to this effect, except, 

of course, where a circuit is exceptionally sensitive and the component 

parts are unfavourably mounted on the chassis. Directly-heated battery 

valves are naturally the most sensitive to microphonic effect, and a too 

large A.F. amplification is to be avoided (usually it is advisable to have 

no more than one A.F. stage preceding the output stage), whilst there 

is hardly any likelihood of H.F. microphonic effect leading to difficul¬ 

ties. A normally constructed set should not show any microphonic effect 

if the output stage is fully driven by the grid-control voltage with a 

small modulation depth (e.g. 10%) of the received aerial signal. 
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CHAPTER XXX 

Phenomena Occurring During the Life of a Valve 

The useful life of a valve is just as much limited as that of an incan¬ 
descent lamp. In the course of time material inside the valves becomes 

used up and as a result they deteriorate; for instance, electron emission 

from the cathode diminishes, at first very slowly indeed or even 

imperceptibly, but after the valve has been in use for some time tliis 
emission decreases more rapidly until it becomes advisable to replace 

the valve. 
In the following sections it will be explained how ageing and other 

actions take place in valves. It is to be noted that the working of a 

valve depends not only on the electron emission but also upon other 

factors, such as residual gases, the contact potential between grid and 

cathode, the negative grid current, the grid emission and secondary- 
emission phenomena (this last factor will be dealt with in the next 

chapter), all of which have a disturbing influence upon the normal 

working of a valve, 

182. Deterioration of Emission 

First we will deal with the effect of diminishing electron emission upon 
the action of a valve, taking as a basis the transconductance value. 

As already observed in Chapter IV, in a diode the anode current 
plotted as a function of the anode voltage takes the shape of the 

curve 1 drawn in Fig, 353, The same curve holds for a valve having 
more than two electrodes where the current to the anode and the 

grids i§; measured as a function of the effective potential in the 

control-grid plane (the grid-control voltage). At a sufficiently high 

voltage V (say 100 volts) the curve makes a bend and then follows 

a more or less horizontal 
direction, the saturation 

current then having been 

reached. 

Fig, 363 
Relation between the current to the 
anode and the grids and the effective 
potential of the control grid. Curve 
1 applies to the beginning of the life 
of a valve, curve 2 to a certain, short 
working time, and curve 8 to the end 
of the practical, serviceable life. 
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Normally the saturation current 

diminishes during the life of a valve, 

owing to a falling off of the emission 
faculty of the cathode. After a 
relatively short working time a 

valve originally having the curve 1 
will be found to give a curve 
similar to curve 2 in Fig. 853. 

Now in modern valves the satu¬ 

ration current is generally much 
higher than the cathode current 
(anode current plus current to the 

various positive grids) flowing under 
normal working conditions of the 

valve. If we assume that the ne¬ 

cessary cathode current equals DA 

(Fig. 353) it appears that the reduction of the saturation current 

in the first period of a valve’s life has no great influence upon the 

cathode current and transconductance, but when after a longer period 
of time the emission has declined to such an extent that the charac¬ 

teristic appears like curve 8, the cathode current will have dropped to 
DC and consequently transconductance will be appreciably reduced. 
In order to form an idea of the change of transconductance with time 

a mean curve has been plotted for a large number of indirectly-heated 

valves (Fig. 354). Here the transconductance is expressed as a per¬ 
centage of the initial value for a brand-new valve and plotted as a 

function of the number of working hours. It will be seen that in the 

first two hundred hours or so there is a fairly steep drop. This period 
coincides with the continuation of the formation process of the cathode 

started during the “burning out” of the valve (see Chapter IV, Section 

21a). Fig. 354 shows further that during 2,000 hours the decrease in 
transconductance is about 80 which is relatively small, but of 

course as this is only an average much larger percentages may also 

occur. After a still longer time than 2,000 hours a more rapid deterio¬ 
ration in transconductance is to be expected as a result of the afore¬ 

mentioned steeper drop in emission, and the usefulness of the valve 

then decreases rapidly. 
Traces of residual gases are apt to have a considerably adverse effect 

upon the action of a valve during its life (for instance due to poisoning 
of the cathode). By way of illustration Fig. 355 gives an instance of 
a valve which showed traces of gas in the beginning. It is seen 
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Fig, 364 
Average curve of the transconductance 
(vertical axis) expressed as a percentage 
of the initial transconductance, as a 
function of the number of working 
hours (horizontal axis), derived from 
measurements taken with a large 
number of valves. 
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that after 50 working hours its 
transconductance had dropped 28 %, 

whilst after 100 hours it was only 

12% less than the initial value, 
owing to the gas having mean¬ 

while become partially bound. In 

the succeeding period the direct in¬ 

fluence of the gas had disappeared 

and the curve shows the normal 
change such as that for valves that 
show no trace of gas at the be¬ 
ginning. This curve demonstrates 

how essential it is to degas the metal 
parts thoroughly and to evacuate a 

valve carefully. 
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Fig. 355 
Transconductance, as a percentage of 
the initial transconductance (vertical 
axis), as a function of the number of 
working hours (horizontal axis) of a 
valve which showed traces of gas at 
the beginning. 

183, Variation of the tontrol-grid-to-cathode Contact Potential 

It is possible that the anode current and the positive grid current, 

measured for a fixed negative grid voltage, in course of time increase 

or decrease without any appreciable change in the transconductance 
measured for a fixed anode current. On closer investigation it appears 

that the anode-current-versus-grid-voltage curves [I^ ~ f (V^)] and the 

positive grid-current-versus-grid-voltage curves [Ig = f (Vg)] are dis¬ 

placed in the direction of the positive or negative grid voltage. This 

displacement of the IJVg and the Ig/Vg curves is to be ascribed to the 
variation of the contact potential (see also Chapter IV, Sections 18 and 

21d). 
A variation of the contact potential may occur during the life of a 
valve and thus affect its working. The work function of the grid, of 

the cathode, or of both may assume other values, thus changing the 

contact potential. For instance traces of barium and barium oxide may 

occur on the grid or be precipitated on it during the “burning-out” 
process of the valve, covering the grid with a layer having a different 

work function, so that the potential changes with respect to the cathode. 
As a consequence the electrostatic field between the surfaces of the 

grid and the cathode changes (that is to say, the layer of precipitated 
barium or barium oxide takes the place of the surface of the pure 

metal of the grid). 
A variation of the contact potential may result in too high an anode 
current in a valve that was originally properly adjusted, with a fixed 
bias. This will mainly be the case with valves having a very high 
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transconductance. This is another reason why it is always advisable 
to employ automatic negative grid bias (by means of a cathode resistor). 

Increasing anode current then causes an increase of the grid bias, which 

in turn partly neutralizes the increase in the anode current. Further¬ 
more, for the same reason it is better to use a series resistance instead 

of a fixed voltage for feeding the screen grid. As the grid voltage falls 

so the screen-grid current increases, just as the anode current rises. 
When a series resistance is used the screen-grid voltage is lower, due 

to the increased screen-grid current, and as a consequence the increase 

in screen-grid current and in the anode current is less than is the case 

with a fixed screen-grid voltage. 

184. Negative Grid Current 

During the life of a valve, owing to various causes a grid current may 

begin to flow in a direction opposite to that of the electron current 

emitted by the cathode. We will use for this current the term negative 

grid current. 

A negative grid current may be brought about by: 

(a) an ion current due to residual gases or to gases set free from parts 

of the valve during its life; 

(b) the grid emission; 

(c) the insulation current. 

(a) Ion Current 

It is possible that a little gas may 

in course of time be set free in the 

valve and become ionized by the 
electrons passing from the cathode 
to the anode. This results in the 

negative grid attracting the positive 
ions, thus giving rise to a current 
in the grid circuit to the cathode, 

that is in the opposite direction to 
that of the normal electron current 
to the grid. 

Fig. 856 shows the variation of the 

grid current as a function of the 
grid voltage of a valve with traces of 
gas. It is seen that the ion current 

Fig, 356 
Grid current Ig as a function of negative 
grid bias. The broken-line curve on the 
right below the horizontal line re¬ 
presents the negative grid current 
resulting nrom traces of gas. The broken- 
line curve at top right shows the 
variation of the positive grid current 
due to the electron current to the grid. 
The full-line curve is the variation of 
the resulting grid current. 
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disappears as soon as the anode current becomes j-- 

equal to zero, with a large negative grid voltage; 

there is then no longer ionization of the gas. LIJ 
When the grid voltage is low electrons also flow 

to the grid. In Fig. 356 the “positive” electron . 
current + Ig (see the broken-line curve at the 4-~t~ ^ ” 

top right) begins to flow when the voltage 
corresponds to the point O. When a “positive” Leak resistor Rgk in 

electron current is also flowing the grid current aliTcathodMo" 

is equal to the positive value of that electron in series with the nega- 

current plus the negative value of the ion cur- Thr^grid^^ciirrart^ 
rent. In Fig. 856 this sum is zero for a voltage has to flow through 

corresponding to the point P. resistor. 

If there is a leak resistor in the grid circuit (sec 
Fig. 857) then the grid current flowing through the leak resistor from 

the grid to the cathode causes a voltage drop across that resistor, 
and the original bias Vg^ of the valve changes accordingly. For the 

resulting bias Vg we then have the equation: 

Fi^, 357 
Leak resistor Rgk in 
the circuit between 
grid and cathode (or 
in series with the nega¬ 
tive-grid-bias battery). 
The grid current Ig 
has to flow through 
this resistor. 

• Ig Rgij. 

In the diagram showing the grid current as a function of the grid 

voltage this equation can be represented by a straight line (see Fig. 

358). When Ig = 0 then Vg = Vg^, which means that the line in Fig. 

858 must intersect the Vg-axis 

^099 

Fig, 358 
Grid-current characteristic Ig = f (Vg) 
of a valve with resistance line Vg = 
~ Vgo — IgRgk* which is determined 
by the leak resistance in the grid-cathode 
ckcuit. The point of intersection B 
indicates the negative grid bias to which 
the valve adjusts itself. 

at Vg = VgQ. When Vg = 0 then 
Ig = Vgo/Rgj^, and this gives us the 
point where the resistance line 

should intersect the Ig-axis, which 
point, if Vg^, has a negative value, 
must be at a negative value of Ig. 

The point B (Fig. 358) where the 

grid-current curve Ig = f (Vg) 
intersects the resistance line indi¬ 

cates the negative bias and the 
corresponding negative grid cur¬ 

rent of the valve. 
From Fig. 858 it is evident that if 

the resistance value is high and 
the resistance line is therefore 
nearly horizontal, there is a large 

grid-voltage shift due to the nega¬ 
tive grid current, and if there is 
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a small leak resistance (i.e. a steep resistance line) that shift will be only 
a small one. Furthermore, it follows that the grid-voltage shift is in a 
positive direction, thereby reducing the applied negative bias. Where 

the leak resistance is of a high value this causes a considerable increase 
of the anode current and a rise in the temperature of the valve, thereby 
setting free still more gas and increasing the negative grid current, and 

so on. In unfavourable cases the valve temperature may even rise 
so high as to cause damage to the valve, for instance cracking of the 

glass. 
If automatic negative grid bias is applied by means of a cathode 
resistor then the grid voltage shift will be smaller, because an increase in 

anode current, due to reduced grid bias, produces a larger voltage drop 

in the cathode resistor, and thus partly neutralizes the decrease of the 
negative bias. The anode-current increase will then be very much smaller 

than in the case of a fixed bias. For this reason it is to be recommended, 

and in some cases is absolutely necessary, to use automatic grid bias 
when high values of leak resistance are used. 

Ionization of traces of gas may also cause some damage to the cathode, for 

the ions may collide against the cathode and damage the emitting layer. 

(b) Grid Emission 

During the life of a valve a negative grid current may arise if the barium 

oxide and the metallic barium of the 
cathode evaporate and precipitate on 

the grid. In that event, if the heat 

radiated from the cathode is suffi¬ 

cient to raise the grid temperature 
high enough (sometimes to 300 or 

350® C), the grid will be capable of 

emitting electrons, and one then 

speaks of grid emission. This, too, 
may cause a displacement of the 

working point in a positive direction, 
with the same results as in the case 
of ionization of traces of gas. In 

order to avoid grid emission, the 

temperature of the control grid is 
kept as low as possible; the grid sup¬ 

ports, for instance, are made of a 

good heat-conducting material (such 
as copper wire plated with nickel), 

Fig. 359 
Negative grid current —Ig caused 
by grid emission, as a function of the 
negative grid bias. At a large negative 
grid bias the grid emission exhibits 
a saturation effect. 
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whilst the ends of the supports are often 
provided with cooling vanes, welded on 
and given a black colour to promote 
heat radiation. In Fig. 359 the variation 
of the grid-emission current is plotted 
as a function of the grid voltage, which 
clearly shows the difference between this 
current and the ion current of Fig. 356; 
with a large negative grid bias the latter 
becomes equal to zero, whilst the grid 
emission current shows a kind of satu¬ 
ration effect. 

(c) Insulation Current 

A negative grid current may also occur due to inadequate insulation 
between the electrodes, for instance when the barium, barium oxide 
or evaporated metal from the electrodes is precipitated on the insulating 
plates, the pinch or the glass beads. In view of this possibility, the 

insulating parts of the valve are often 
given a special coating to roughen 
the surface and thus lengthen the 
creep. 
Fig. 360 shows the direction of the 
currents through the circuits resulting 
from an insulation current between 
anode and grid and between cathode 
and grid. Curve 1 in Fig. 361 gives the 
variation of the insulation current 
between anode and grid combined 
with the positive grid current, as a 
function of the grid voltage, when 
there is inadequate insulation between 
anode and grid. Curve 2 shows the 
variation of the insulation current 
between cathode and grid combined 
with the positive grid current. De¬ 
terioration of the insulation in the 
valve may lead not only to a variation 
of the grid potential but also to 
disturbing crackling noises. 

Fig. 361 
Negative grid current due to bad 
insulation combined with the posi¬ 
tive grid current, as a function of 
the grid bias. 
Curve 1: Grid current due to in¬ 

adequate insulation be- 
. tween anode and grid. 

Curve. 2: Grid current due to in¬ 
adequate insulation be¬ 
tween cathode and grid. 
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Fig. 360 
Diagrammatic representation 
of the flow of the insulation 
current between anode and 
grid and between cathode and 
grid. 
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Fig. 362 
Electrolysis of the glass (lead trees) of the pinch caused by overloading of the valve. 

185. Back-emission. 

The evaporation of barium oxide and barium may sometimes cause 

trouble also in vacuum rectifier valves with oxide cathode. These 
substances precipitate on the anode and cause an emission of electrons 

from the anode to the cathode during the time that the anode is 

negative with respect to the cathode, that is when the current passage 
should be entirely blocked. One refers to this effect as back-emission. 
It is even possible that this emission will damage the cathode, owing 

to its being bombarded by the electrons at a high velocity. In order 
to avoid this phenomenon it is necessary to provide for good heat 

radiation, so that the temperature of the anode remains as low as 

possible; this can be attained, for instance, by blackening the anode 
and providing cooling vanes. 

188. Electrolysis in the Pinch 

Electrolysis may take place in the glass of the pinch, especially when 
there is overloading of valves that already tend to become hot while 

normally working, such as power amplifying and rectifying valves. This 

electrolysis is characterized by the formation of so-called “lead trees”, 
lead being drawn out of the glass and collecting at the places where 

the electrodes pass through the pinch. Fig. 862 shows a pinch with lead 

trees (on extreme left and extreme right). This leads to defects in the 
insulation and the valve is rendered useless. Electrolysis can be avoided 

if the bulbs are properly shaped and properly dimensipned to ensure 
adequate cooling, so that the glass in the pinch does not get too hot. 
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CHAPTER XXXI 

Possible Disturbances Due to Secondary Emission from Insulating 
Parts in the Valve 

The electrons emerging from the cathode of a valve do not all strike 

the positive electrodes. Some of them pass over to the insulating parts 
of the valve, whilst others leave the electrode system and, in certain 
circumstances, collide with the glass wall of the bulb. As a result the 

working of the valve may be disturbed, owing to secondary emission 

from those insulating parts or from the glass of the bulb. Although 
with properly constructed valves such disturbances are limited, it is 
well to consider the possibility of this phenomenon, and therefore in 

the following pages these disturbances due to secondary emission will 

be described. 

187. The Charging of Insulators or Insulated Parts 

As a result of the secondary emission from insulating parts made of 
glass or some other material, due to electrons striking up against 

1 hem, under the influence of the anode voltage such parts are apt to 

charge themselves to a high positive potential if the secondary- 
emission factor is greater than unity. The same applies to insulated 
metal parts mounted in the valve which are not earthed. The electro¬ 

static fields set up by the charged parts may influence the movement 
of the electrons in the electrode system; furthermore, strong fluctua¬ 
tions of the potential of insulators may give rise to interfering voltages 

betweien control grid and cathode, or the secondary electrons passing 

• to the anode may reduce the internal resistance. 

First of all we will consider the 
charging phenomenon, taking for 

an example a valve having a screen 

grid (e.g. the tetrode E 442), and 
with the control grid having a 
fixed potential with respect to the 

cathode (see Fig. 868). First a 
fairly high positive voltage of, say, 
150 V is applied to the screen grid 

gj. If the plate characteristic of 
this valve is plotted it will be found 
to have a shape like that shown in 

Diagrammatic representation of the 
method of measurement for taking 
the plate characteristic of a screen- 
grid^valve. 

489 



SECONDARY EMISSION FROM INSULATING PARTS CH. XXXI 

Fig. 864, from which it appears that between certain limits of anode 
voltage the anode current is negative. This is to be attributed to the 
relatively high screen-grid voltage Vgg, which is required to comply 
with the condition that the maximum secondary-emission factor d of 

the anode surface is greater than unity. 
When — 0, is also zero, and when the anode voltage equals 
the anode current is also zero, which means in this case that the sec¬ 
ondary-emission current equals apparently the primary electron current 
to the anode and that consequently the secondary-emission factor d 

is equal to unity. When increasing the anode voltage above V^i the 
anode current is increasingly negative, until a certain maximum 
negative anode current is reached. When the anode voltage rises 
further and nears the value in consequence of various effects—such 
as space charge, emergence of secondary electrons in different directions 
(space spreading), and low potential difference between anode and 
screen grid—the transition of the secondary electrons to the screen grid 
will become more difficult; unless they have a sufficiently high velocity 

they are unable to reach the screen grid and are compelled to return 

to the anode. When the anode voltage rises still further, even the more 
rapidly moving secondary electrons are unable to reach the screen 

grid, so that ultimately the anode current becomes positive again. 
As already explained in Chapter XIII, from then on the anode current 
increases gradually with the anode voltage until a comparatively 

constant value is reached. 
From Fig. 364 it appears that corresponding to an anode current value 
equal to zero there are three different values of anode voltage, namely 

= 0, — V^i and anode voltage has one of these three 
values nothing will happen in the 
event of a break in the anode supply. 
In that case we have a „floating” 
anode, the potential of which can 
only be in one of the three zero-cur- 
rent states described, corresponding 
to the points A, B or C in Fig. 364. 
The points A and C refer to stable 
states, while point B is unstable. 

If the anode potential is in state 
B then the smallest deviation in 
the secondary-emission factor will 

result in the anode voltage jumping 
to zero or to V^. 

Fig. 364 
Plate characteristic of the valve of 
Fig. 868 at a screen-grid voltage 
Vg, = 160 V (control-grid voltage Vgj = 
—1.5 V). 
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188. EFFECT OF INSULATOR CHARGING 

A small reduction of the factor d implies a smaller secondary electron current; con¬ 
sequently the anode receives more negative charge from the primary electron current 
than is taken away by the secondary electron current, and thus becomes less positive. 
This leads to a further reduction of 6 and, thereby, also of the anode voltage, until the 
latter finally drops to zero. If, on the other hand, d increases the reverse process takes 
place and the anode voltage rises to Va2. 

Under the conditions existing at points A or C, however, nothing happens 

when the factor 6 changes. In the case of point C an increase of d will, 

it is true, cause the anode voltage to rise slightly, but then the sec¬ 

ondary emission diminishes, as is indicated by the rise of the plate 

characteristic within this anode-voltage range; as a result the anode 

again becomes less positive and adjusts itself to a new stable value of 

potential. In the case of point A an increase of d will likewise lead to 

a rise of the anode voltage (in this case, however, the higher inerease 

of the primary electron current compared with the secondary electron 

current restricts the inerease in the anode voltage). 

If the floating anode potential is in state A (the so-called ‘‘low state”), 

a voltage impulse greater than will bring it into state C (the so- 

called ‘‘high state”). 

Now, let us imagine the surface of an insulator as taking the place of 

a floating anode. We will consider, for instance, the inside of the glass 

bulb of a valve as shown in Fig. 368 with the anode removed and the 

screen grid gg—maintained at a high potential (say 150 V)—acting as 

anode. Usually the secondary-emission factor d of such a glass surface 

will be greater than unity even with relatively low voltages (about 

70 V). In this case it is possible to have the “high state”, which may 

be brought about, for instance, by a voltage impulse or a low leakage 

current from the screen grid gg. The potential of the glass surface then 

adjusts itself to a value approximately equal to the screen-grid voltage 

Vgg. The glass is thus continuously being struck by the primary electrons 

shooting through the meshes of the screen grid, while an equally large 

number of secondary electrons is flowing back to the screen grid. In 

actual practice one must imagine an anode taking the place of the 

screen grid gg, with the glass wall of the bulb or other insulating parts 

being charged by the electrons shooting past the anode. Sometimes 

the anode is made of metal gauze and thus the electrons may shoot 

through the meshes and collide with the glass bulb. 

188. Effect of Insulator-'Charging upon the Working of Valves 

(a) H.F. Valves, Switch Effect^) 

With H.F. valves (pentodes) it is important that the internal resistance 

See J. L. H. Jonker, Philips Techn. Review, 3, pp. 211 et seq. 
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407S9 A0789 

Fig, 365 
Right: The irregularity oeeurring in the anode-voltage-versus-time 
curve of an output valve due to potential fluetations of insulator 
surfaces. 
Left: Oscillogram of the sinusoidal anode alternating voltage without 
this effect. 

should be as high as possible, the anode current remaining as far as 
possible independent of anode voltage. If, then, secondary emission 

takes place in the valve from the wall of the bulb or from insulating 
parts, in the state C the secondary electron current from the insulator 
will be equal to the primary electron current flowing to the insulator. 

Now, as a rule, this primary current fluctuates considerably with the 
voltage of the insulator or of the glass bulb, which rises and falls in 

much the same way as the anode voltage. Therefore the secondary 
electron current flowing to the anode and augmenting the electron 
current from the cathode will likewise vary with the anode voltage. 
Consequently, also the resultant electron current to the anode depends 
considerably on the anode voltage, which means that the internal resis¬ 
tance of the valve is low. If a H.F. tuned circuit is interposed in the anode 
circuit it will undergo additional damping through the reduction of the 
internal resistance, and the amplification of the H.F. stage will drop. 
We call this phenomenon switch effect, because the extra damping 

disappears when the anode voltage is temporarily switched off, without 
the heating-current supply being interrupted. An interruption of the 
anode-voltage supply means that the glass bulb or insulator is brought 

into the low state, the secondary-emission phenomenon disappears, 
and the glass bulb or insulator remains in that state until through some 
cause or other it is charged anew. 

(b) Output Valves, Distortion Effect 

Another result of the charging of insulators and the inner surface of 
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188(b). OUTPUT VALVES, DISTORTION EFFECT 

the glass bulb by electron bombardment, in the case of output valves, 
is a distortion that manifests itself in the loudspeaker, for instance 
by a spluttering or scratching noise. 

This distortion can be made visible by means of a cathode-ray oscil¬ 
lograph, producing an oscillogram as illustrated in Fig, 365. It occurs 
mainly at large sound volumes and is to be explained as follows. 
When the anode supply of a valve is interrupted, as indicated in Fig. 
363, only the two potential states A and C are possible (see Fig. 364). 
The state C, however, can exist only as long as the screen-grid voltage 
is high enough. As this voltage drops, the anode-voltage range for 
negative anode current gradually disappears, so that at relatively low 

screen-grid voltages (see curve a in Fig. 366 for Vgg = 60 V) the anode 
current remains positive for all anode voltages. This, of course, is due 
to the reduced velocity of the primary electrons at low screen-grid 
voltages and anode voltages lying below the value of the screen-grid 

voltage, causing the secondary-emission faculty of the anode to 
decrease. (When the anode voltage is higher than the screen-grid voltage 
the secondary electrons from the anode are unable to overcome the 

field between screen grid and anode, and thus return to the anode.) 
Lei us now imagine, similarly to the case of switch effect, that the 
anode is replaced by the surface of an insulator (glass bulb, glass bead 
or mica) situated in the vicinity of an anode in a valve, whilst the 

screen grid gs is replaced by the anode. With anode alternating voltages 
of great amplitudes, such as occur in output valves with strong signals, 
it may happen that, when the anode direct voltage is low during one 

half of the alternating voltage 
cycle, it is impossible for 

state C to occur (see curve 
a of Fig. 366) and the in¬ 

sulators must therefore be at 
zero potential, whereas during 
the other half of the alterna¬ 

ting-voltage cycle state C is in 
fact also possible (curve b of 
Fig. 866). The potential state 
C may arise, for instance, in 
consequence of a voltage im¬ 
pulse, which is capacitively 
conveyed from the anode to 

the insulator surface. 

Thus it is possible for the 

Fig, S66 
Plate characteristics of the valve of Fig. 363 
for a screen-grid voltage of 60 V (curve a) 
and for one of 200 V (curve b), the control- 
grid voltage Vgi being in both cases — 1.5 V. 
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potential of the bulb wall or the surface of one or more insulating parts 

to fluctuate periodically with the anode alternating voltage. These poten¬ 

tial fluctuations may affect the control grid capacitively and, since they 

give rise to many harmonics, may cause the distortion described above. 

Generally speaking, the voltage impulse changing the state of the 

glass bulb wall from A to C will be applied as a result of a capacitive 

voltage divider of the anode alternating voltage formed by the capa¬ 

cities between the surface of the bulb wall and the cathode and between 

the bulb wall and the anode. If the capacity between the anode and 

the surface of the bulb wall is large compared with the capacity between 

that surface and the cathode, then the voltage irtipulse occurring at the 

surface of the bulb wall will be large, and inversely this impulse will be 

small if the capacity between anode and bulb wall is small compared with 
the capacity between bulb wall and cathode. In the latter case it is possi¬ 

ble that the state C cannot be reached and, therefore, distortion does not 

arise. It is for this reason that the capacity between the surface of the bulb 

wall and the cathode in power valves like the EL 3N, the EL 5 and EL 6 

is purposely made large, by applying at the bottom of the bulb, on the 

outside, a ring of metallized coating that is connected with the cathode. 

189. Means of Avoiding Switch and Distortion Effects 

Various means are employed for the prevention of switch effect in H.F. 

valves and distortion effect in output valves. In the first place, the 

most obvious method is to cover the inside of the glass bulb and/or the 

insulating parts in valves with a substance having a secondary-emission 

factor less than unity, such as carbon or tungsten oxide. 

Further, care has to be taken that the smallest possible number of primary 

electrons from the electrode system is able to bombard insulating parts 

and the wall of the glass bulb. In modern valves without pinch a cage is 

placed around the electrode system for the same reason. This cage is at the 

same potential as the cathode and prevents secondary electrons from the 

glass bulb reaching the anode. In the case of secondary emission from the 

bulb wall the potential variations can also be avoided by metallizing the 

bulb on the outside and keeping this metahic coating at a constant low po¬ 

tential (for instance at the cathode potential). In the case of H.F. valves it 

is thereby avoided that the potential of the bulb wall reaches the state C, 

unless there is a leak due to precipitation between the anode and the bulb, 
wall. This leak resistance, together with that between the inner wall of the 

bulb and the metallization, then forms a voltage divider, which may result 

in a high potential of the inner wall and thus give rise to the state C. 
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CHAPTER XXXII 

Feeding of the Valves 

190, Adaptation of Valves to the Available Supply Source 

Valves in receiving sets can be fed in different ways, according to the 

power-supply sources available. In former times the valve filaments 

were fed from an accumulator and the anodes and other electrodes 

from dry batteries, so-called high-tension and grid-bias batteries. The 

accumulators had to be regularly re-charged, while the dry batteries 

had to be replaced by now ones as soon as they became exhausted. 

This renewal of dry batteries was rather expensive and inconvenient, 

so that very soon they came to be replaced by high-tension supply 

units (“Eliminators”) for connecting up to a.c. mains. These H.T. 

units contained a rectifying valve with a transformer and a smoothing 

device. Often it was possible to obtain also the grid-bias voltage from 

this unit by means of voltage dividers. With modern indirectly-heated 

valves it is possible to feed the filaments with alternating current, 

and consequently a.c. sets have both a H.T. supply unit and a filament- 

current transformer. A.c. valves are fed with a low filament voltage in 

order to avoid difficulties arising from hum, 4 volts being used for the 

original indirectly-heated Philips valves and 6.8 volts for the later 

ones. The filaments of indirectly-heated valves are connected in parallel 

to the secondary side of the filament-current transformer. 

Some electricity mains are still supplying direct-current, and with d.c. 

it is not possible to use a transformer for stepping-down the voltage 

for heating the cathode, so that the filaments have to be fed direct 

from the mains. For this reason indirectly-heated valves had to be 

specially made for d.c. mains; the filaments are made, not for the 

same voltage, but for the same filament current, because, instead of 

being connected in parallel they are connected in series and, with a 

voltage-dropping resistor of appropriate value in series, are fed directly 

from the mains. In this way valves were made with a filament current 

of 180 mA and a filament voltage of about 20 V (e.g. the B 2046 and 

B 2047). The need soon made itself felt, however, for sets that could 

be connected up to either d.c. or a.c. mains. There were various reasons 

for this, one of which was that if the owner of a d.c. set moved to a 

district where the mains were supplying a.c. he naturally wanted to 

be able to use the same set. Basically there would be nothing against 
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feeding 180-mA valves with a.c., but as they were less suitable for 

this purpose and, moreover, new methods of manufacture had been 

introduced, a new set of Philips valves were designed for series feeding 

of the filaments, both for d.c. and for a.e. mains. The filament current 

of these a.c./d.c. valves was 200 mA, and the letter C was taken as first 

letter to indicate the type. 

Meanwhile receiving sets came on the market designed for use in cars. As 

the electrical installations of cars are supplied from an accumulator with 

a voltage usually of about 6 or 12 V (3 or 5 cells), valves were designed 

for car sets with filaments connected in parallel which could be con¬ 

nected direct to the battery. The anode voltage is obtained by trans¬ 

forming the low battery voltage into a higher direct voltage of 250 V 

by means of a vibrator or motor-generator converter. Some of the 

a.c./d.c. valves of the C series could very well be combined with the 

valves for 13-V accumulators, as many of the valves of this series were 

designed for a filament voltage of 13 V with a current of 200 mA. For 

6-V accumulators a special series of valves were made for a filament 

current twice that of the C series in order to produce the same heating 

power. Thanks to the progress achieved in valve-making technique it 

was ultimately possible to reduce the required filament-current power 

of many types of valves to one half of what it used to be, and valves were 

produced with a filament voltage of 6.3 V and a filament current of 

200 mA. As regards adaptability these valves are universal, being 

suitable both for a.c. sets with valve filaments connected in parallel 

and for car-radio sets. Moreover, the filaments of these valves can be 

connected in series and via a ballast resistor connected direct to the 

mains, so that they are also suitable for d.c./a.c. sets with a filament- 

current circuit of 200 mA. These are the red ‘‘Miniwatt” E type of 

valves. Some years ago a.c./d.c. valves were also marketed with a 

filament current of 100 mA and a filament voltage correspondingly 

higher. These are exclusively intended for d.c./a.c. sets and make it 

possible to economize in the power consumption, the current in the 

filament circuit being 0.1 A lower. (With 220-V mains there is a saving 

of 22 W compared with a set having 200 mA valves.) The valves of this 

series bear the letter U as type indicator. 

The power of the universal cathode (6.3 V, 200 mA) is inadequate for 

some valve types. A higher heating power means either that the 

filament voltage or the filament current has to be increased. High-power 

valves therefore have to be designed for series or parallel filament 

connection with the corresponding heater voltage and heater-current 

ratings. This is the case, for instance, with output pentodes, as this 
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kind of valve needs a fairly considerable filament power. The 9-W 

pentode EL 3N, for example, with a filament \oltage of 6.3 V hus a 

filament current of 0.9 A, whilst the corresponding type CL 4 for a.c./d.c. 

supply has a filament voltage of 33 V and a filament current of 200 niA. 

The EL 3N, therefore, is suitable only for a.c. sets with a filament- 

current transformer, whilst the CL 4 can be used only for sets where 

the filaments are connected in series. Valves for car-radio sets have to 

be extremely economical in current consumption, to avoid too hea\y 

loading of the accumulator, and for that reason output valves with 

low filament current and relatively small transconductance are specially 

made for car-radio sets. 

Receiving valves for mains feeding have not altogether ousted battery- 

fed valves. There arc many cases where electlicity mains are not 

available and, me)reo’\er, there are portable ^ets that have to be fed 

from batteries. Battery ' aives for such sets must of necessity be sparing 

in current consumption, as eitherwise the filament-current accumulator 

would ha\e to be recharged too often and the expensive 11.T. batteries 

too frequently replaced. 

Originally these valves were made for a filament voltage of 4 V, until 

it was found that with 2 V more satisfactory results could be obtained, 

and new battery valves were therefore made for a filament voltage 

of 2 V, adapted to the accumulator voltage of 2 V. This type of valve 

was indicated by Philips by the initial letter K (K = 2-V filament 

voltage). 

Ultimately valves were produced for filament-current supply from a 

dry battery. Until fairly recently dry batteries were hardly ever used 

for this purpose, because above a certain current dissipation they were 

very uneconomical in use. Experience has proved that above a current 

consumption of about 250 mA the accumulator is more economical than 

the dry battery, whilst with a consumption lower than that figure there 

is no objection, as regards life of the battery, to using a dry battery 

for filament-current supply, and there is then an appreciable advantage 

compared with the accumulator, because the latter has to be repeatedly 

re-charged and tested for acid content, which needs skilled assistance 

and involves expense. Furthermore the dry battery is handier for porta¬ 

ble sets, there being no risk of acid being spilled. The development of 

a new technique in filament and valve construction allowed of valves 

being made with extremely low filament current, while the valve 

properties, such as transconductance and power output (in the case 

of output valves), were not inferior to those of valves made for 

accumulator supply. 
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Fig. 367 
Method of feeding? a receiving set with mains transformer and directly-heated rectifying 
valve. 

For the greater part of its life a dry battery gives a voltage of about 

1.4 V. Valves for dry-battery filament-current feeding were therefore 
designed for a filament voltage of that value, and those of Philips 
manufacture have as type indicator the letter D. Some of these valves 

have a filament current of only 25 mA, whilst others take 50 mA or 
more. 

For houses not connected up to electric light mains other solutions 

are possible, but these are not so often employed owing to their expense. 
For instance, receiving sets can be energized from a large battery of 
accumulators charged by a generator driven by the wind or by a 
petrol engine. 

191. Feeding A.C. Sets 

The following voltages are required for feeding receiver valves; 

a) filament voltage; 

b) anode voltage (positive direct voltage with respect to the general 
negative lead); 

c) voltages for other current-carrying electrodes, e.g. screen-grid 
voltages (positive direct voltages with respect to the general nega¬ 
tive lead); 

d) control-grid voltages (negative direct voltages with respect to the 
general negative lead). 

Fig. 867 is a diagram showing the principles of feeding an a.c. receiving 
set. 
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191(b). ANODE VOLTAGE 

(a) Filament Voltage 

As already remarked, the filaments of all a.c. amplifying valves, 
both the indirectly- and directly-heated (output) ones, are con¬ 
nected in parallel and usually connected to a common filament- 
current winding of the mains transformer. Consequently the filament 
voltage of all valves must be equal. Owing to the fact that the 
required heating power is not the same for all types of valves they 
have different heating-current ratings. The total filament current 
is the sum of the currents of the various valves. If valves with differ¬ 
ent filament voltages are used, for example 6.3 V and 4 V, it is 
necessary to have a separate filament-current winding for each fila¬ 
ment voltage, or else there should be a 4-V tap from the 6.3-V 
winding. When the directly-heated output triode AD 1 is used in 
combination with 6.3-V valves it is advisable to provide a separate 
filament-current winding for the directly-heated valve, because then 
it is easy to arrange the circuit for the automatic negative grid 
bias. Usually the centre-tap of the filament-current winding of the 
amplifying valves is earthed, this being the safest with regard to 
minimizing hum. 

(b) Anode Voltage 

As explained in Chapter XIX, with a.c. feeding the a.c. mains voltage 
is rectified by means of a rectifying valve. The rectified voltage is 
smoothed and conducted to the anode impedances of the various 
valves. Both directly- and indirectly-heated valves are suitable for 
rectification, but generally the former are used. The filament (cathode) 
of a directly-heated rectifying valve is connected to the positive pole 
of the rectified alternating voltage, so that it cannot be fed from the 
filament-current winding for 
the amplifying valves. 
In theory this would be possi¬ 
ble with the indirectly-heated 
rectifying valves; the catho¬ 
des of the amplifying valves, 
however, have a potential 
about the same as that of the 
chassis (negative pole of the 
H.T. voltage). In view of 
this, as already stated, the 
filament-current winding is 

Transformer 
. Indirectly-heated 
\Rectifying Valve 

Mams 
Alternating 

l^ltage 

^ Earth 

Fig, 368 
Method of feeding an a.c. receiver with in¬ 
directly-heated rectifying valve. 
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earthed, either at a centre-trap or at one of the ends* 
If, then, the filament of the indirectly-heated recti¬ 
fying valve were also connected to that winding, 

the voltage between filament and cathode of the 

rectifying valve would be excessive. Therefore the 
filament current for indirectly-heated rectifying 

valves has to be drawn from a separate winding, 

just as is the case with directly-heated rectifying 
valves, with the winding connected, in this case, 

to the cathode (see Fig. 368). 
Since separate filament-current windings are needed 
for the receiving valves and for the rectifying 
valve, it is possible to use a rectifying valve with 

a filament voltage different from that of the 

amplifying valves, provided the filament-current winding is dimen¬ 

sioned accordingly. 
Usually the alternating mains voltage is transformed before being 

rectified. The voltage at the secondary of the transformer is then of 

such a value that the rectified voltage after being smoothed is about 
250-300 V, under the load formed by the valves in receiving sets. This 

voltage has to be so chosen as to produce between anode and cathode 
of the output valve just the right voltage for optimum results; allowance 

has to be made for the voltage drop in the output transformer and that 
in the cathode resistor for automatic negative grid bias. Frequently 

the anode supplies of the amplifying valves preceding the output valve 
are additionally smoothed by means of special filters. These filters 

consist of a series resistor with a condenser (Fig. 369) and their primary 

object is to filter out the ripple, whilst in the second place they avoid 
coupling between the various receiving valves via the common H.T. 

supply line. 

54S4S 

369 
Extra smoothing of 
the anode direct 
voltage of a valve 
by means of an 
RC circuit. 

Fig. 370 
Feeding a screen grid 
by means of a voltage 
divider. 

(c) Voltages for the other Current^drawing 

Electrodes 

The other current-drawing electrodes of receiving 

valves having more than one grid are fed with 

positive voltages drawn from the high-tension 
supply; in most cases these electrodes are screen 
grids. For R.F. and A.F. amplifying valves the 

screen-grid voltage is generally lower than the 

anode voltage and the feed voltage has to be 
reduced accordingly. This can be done by means 
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101(d). NEGATIVE GRID BIAS 

of voltage dividers (see Fig. 370) or with - 

the aid of series resistors (Fig. 871). A 
voltage divider or a series resistor acts 

at the same time as a smoothing device, 
since the screen grid should always be 

adequately earthed by a capacity of low 
reactance at the frequency of the al¬ 
ternating voltages occurring; otherwise ^ 54545 

alternating voltages would exist be- ^72 

tween screen grid and cathode and have Feeding a screen grid by means of a 
. nj* . .V 1 scries resistor, 

an opposing effect upon the anode-cur¬ 
rent variations due to the control grid. 
Output valves generally require the same voltage for the screen grid 

as for the anode, in which case the screen grid is connected directly to 
the anode-supply line. With high-transconductancc output pentodes, 

however, a small resistor has to be introduced in the screen-grid 
lead, without a by-passing condenser, so as to suppress any H.F. 

oscillations due to self-oscillation of the valves. (For the same reason 
a resistor should be connected in series with the control grid of these 

valves.) Owing to the voltage drop in the output transformer the screen- 

grid voltage will be higher than the anode voltage. 

If the screen grid of a valve is fed via a 

voltage divider the screen-grid voltage Vg2 

can easily be calculated from the following 

formula (see also Fig. 370): 

V,, = V, 
Ri _ ' RiR2 

Ri + R2~~ ** Ri + R* ‘ 

For the more recent valves curves are publish¬ 

ed showing the screen-grid current as a 

function of the screen-grid voltage for different 
values of negative grid bias, and these curves 

can be used for calculating the screen-grid 

voltage. 

(d) Negative Grid Bias 

With the indirectly-heated cathode of a.c. 
valves it is possible to produce the negative 
grid bias automatically, for by introducing a 

resistor between the cathode and the nega- 

Fig. 372 
Method of determining the 
negative grid bias of a 
triode for a given value of 
cathode resistance by means 
of a resistance line and the 
transfer characteristic. 
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Fig, 373 
Tapping the negative grid bias for the output valve from 
the smoothing resistor in the negative H.T. line. If the 
cathode current of the output valve is more than 50% 
of the total current I througli 4- Kj the grid bias of 
the output valve is said to be semi-automatic. 

tive lead of the 
supply part the 

cathode current will 

cause a voltage drop 
across that resistor. 

This cathode current 

is equal to the sum 
of the currents to all 

electrodes (in oscil¬ 

lator valves also the 
grid current can be 
included, in so far as 

it flows through the 

cathode resistor). As 

a result of the voltage 

drop in the cathode 

resistor the cathode is rendered positive with respect to the negative 

H.T. lead (chassis). If there is a d.c. path from the grid to the negative 

H.T. lead the grid then attains a mean potential equal to the potential 
of that negative lead and is thus negative with respect to the cathode 

by the same amount as the cathode voltage is positive with respect 
to the negative lead. In most cases the cathode resistor is shunted by a 
condenser, so that the cathode is effectively earthed for high, inter¬ 

mediate or low frequencies as the case may be. In order to determine 

the negative grid bias produced by a certain value of cathode resistor, 

in the case of triodes the transfer characteristic can be used, by drawing 

the straight line indicating the relation between current and voltage 

given by the cathode resistance; the negative grid bias is then found 

from the point of intersection of the resistance line and the transfer 

characteristic (see Fig. 372). In the case of multi-grid valves the point 
of intersection of the resistance line on the curve I^^^ = f (Vgj) has to 

be taken. 
The negative grid voltage for output valves is often obtained from the 

smoothing circuit of the anode-voltage rectifier, in which case the 
smoothing element (choke or resistor) is inserted in the negative H.T. 

lead (see Fig. 378). In order to get the correct grid voltage it is sometimes 

necessary to obtain the negative grid bias from a tapping-point on 
the choke or resistor (see point c in Fig. 378). By means of a smoothing 

circuit consisting of a resistor and condenser (R3C3) the ripple in the 
direct vcJtage between the points b and c is smoothed. 
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Fig, 374 
Method of feeding an a.c./d.o. set. A current-regulating tube (ferro-hydrogen resistor) 
is recommended in place of the resistor Rj in series with the chain of filaments. (In this 
diagram no account has been taken of the right order in which the filanu‘nts of the various 
valves should be connected.) 

192. Feeding A.C./D.C. Sets 

Fig. 374 shows the essentials of the circuit used for feeding a.c./d.c. sets, 

(a) Filament Supply 

Since there is no mains transformer, the filaments of the valves are 
connected in series with a ballast resistor (Rg in Fig. 374) between the 
two mains terminals. The filament of the indirectly-heated rectifying 

valve is likewise included in this circuit. Where dial illuminating lamps 

are also used they form a link in the filament-current circuit. The total 

voltage across the filaments is then equal to the sum of the filament 
voltages of the individual valves, and the difference between that 

voltage and the mains voltage has to be dropped across the series 

resistor Rg. 

a) Sequence of the Filaments 

The chassis is connected direct with one side of the mains and earthed 
via a condenser C. The chain of filaments begins at the same side of the 
mains and ends at the resistor Rg. Obviously, the filaments in the 

chain which are connected at some distance away from the chassis, 

are carrying a relatively high alternating voltage with respect to 
the chassis and consequently also with respect to their cathodes. 

Therefore, not only is it necessary to provide very good insulation 

between filament and cathode, but there is also a risk of this alternating 
voltage being fed capacitively to the control grid or affecting the 

electron paths in the valve in some other way, thereby giving rise to 

hum, which may be expressed directly as a hum alternating voltage 

on the grid. 
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In A.F, valves as well as detector valves these hum voltages mix directly 
with the A.F. voltages and cause a disturbing hum in the loudspeaker. 
In R.F. or I.F. valves, on the other hand, hum can only arise from 

hum-modulation. In the case of mixer valves hum-modulation may 
arise in two ways, viz. due to the curvature of the characteristic and 
due to the oscillator. 

Since the direct hum is more troublesome than hum-modulation the 
filaments of A.F. and detector valves will be connected nearest to the 

chassis, followed by the filament of the mixer valve and lastly by the 
filaments of the R.F. and I.F. valves. As regards the filament of the 
output valve it has to be considered that the amplification after its 

grid is very small, so that there is little risk of hum; but this type 
of valve generally needs a higher filament voltage, so that [the valves 
whose filaments are connected up behind that of the output valve are 
exposed to a much higher hum voltage. For these reasons the filaments 

of the output and rectifying valves are taken as the last links in the 

filament chain (from the chassis onwards). 

The rectifying valves of the d.c./a.c. series can withstand peak voltages 

up to a maximum of 300 V between cathode and filament. Since 
between these two electrodes in addition to the full, rectified voltage 

there is also a considerable alternating voltage of mains frequency 

(the filament-to-chassis voltage), under certain conditions excessively 
high peak voltages might arise between cathode and filament. It is, 

therefore, often advisable to connect up the filament of the rectifying 

valve last but one and that of the output valve last in the chain of 
filaments. 

Generally speaking the sequence recommended for linking the filaments 

is: chassis—detector valve 

—^A.F. amplifying valve— 

mixer valve—^R.F. ampli¬ 

fying valve—I.F. j^mpli- 
fying valve—output valve 

—^rectifying valve—^ballast 
resistor or current-regu¬ 
lating tube—second mains 

terminal. If necessary, con¬ 
sidering what has been said 

above, the sequence of the 

filaments of the output and 
rectifying valves may have 

to be changed. 

Fig. 375 
Curve representing the heating current as a 
percentage of the nominal value as a function 
of the heater voltage as a percentage of the 
nominal value for an indirectly-heated valve. 
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P) Filament Overloading 
Due to Mains^voltage 
Fluctuations 

The voltage of nearly all 
electric lighting mains is 

liable to fluctuate, but 
generally not by more than 
± 10%, although with 

some very bad mains 

fluctuations of 15% and 

even more may occur. 
This means that a mains 

voltage of nominally 220 V 

may vary between 198 and 
242 V or perhaps even between 187 and 253 V, but with good mains 
the fluctuations are much less. Very large fluctuations in mains voltage 

are liable to overload the filaments of valves and thereby damage 

Fig, 376 
Curve indicating; the heater current as a function 
of the heater voltage (mains voltage) of a heater- 
current circuit of valves when the filaments arc 
<'onnected in scries without a ballast resistor and 
that circuit is connected directly to the mains. 

them. 
When the filaments are connected in series and a ballast resistor is 

used the effect of mains-voltage fluctuations is greater than when the 

filaments are connected in parallel and a filament-current transformer 

is employed. In the latter case the internal resistance of the transformer 

can be ignored. If the voltage at the filament terminals rises 10% the 

filament current will increase by much less than 10%, because the 
resistance of the filament increases as the temperature rises. In Fig. 375 a 

curve gives the filament current as a function of the filament voltage; 

this cprve shows that with 

10% rise in filament 

voltage the filament cur¬ 

rent increases only 5%. 

In the case of valves con¬ 

nected in series the curve 
of Fig. 376 applies. If, 
however, a series resistor 

is introduced in the fila¬ 
ment-current circuit its 

resistance value will not 

be increased by a rise in 

the voltage. Therefore the 
total resistance increase is 

voltage of 10% in the filament chain of valves 
which is connected in series with a ballast re¬ 
sistor. 
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less than what it would be if the 
filament-current circuit consisted 

exclusively of filaments; thus the 

filament-current increase is greater. 
Fig. 377 is a graph for determining 
filament-current variations for an 

under-voltage and an over-voltage 
of 10%, from which it is seen that 

in this case a 10% voltage increase 
results in a 7i% current rise. The 

greater the fixed resistance com¬ 

pared with the resistance formed 
by the filaments connected in series, 

the greater will be the current varia¬ 
tions. It will be obvious that rela¬ 

tively small mains voltage fluctuations may suffice to cause appreciable 

overloading or underloading of the valves. 
By means of current-regulating tubes (also called ballast tubes) it is 

possible to keep the current in a certain voltage range constant within 
very narrow limits, owing to the fact that the resistance of such a tube 

rapidly increases as the current rises. 

y) Current Surges when Switching on Filament Current 

If the filaments are cold when the filament current is switched on they 
have a very low resistance for normal current, so that at that moment 

there is a current surge of considerable amplitude. This surge does not 

harm the filaments and the valves are quickly brought up to working 

temperature. If a ballast resistor is included in the filament-current 

circuit it limits the amplitude of the current surge when switching on, 

so that the valves are not brought up to working temperature so 

quickly. In the case where a current-regulating (ballast) tube is used 
in the filament-current circuit its resistance will also be low initially 

and increase gradually as the resistance element warms up, so that here 
again there will be a strong current surge, which, however, is only of 
short duration, because a current-regulating tube heats up very 

quickly. It is not always feasible, however, to use a current-regulating 
tube instead of a ballast resistor, since its regulating range is limited. 
If, for instance, the lowest admissible voltage across the tube is 80 V the 

current can be kept constant up to a voltage of about 200 V, but above 

that the current increases rapidly until the resistance wire burns out (see 
Fig. 878, the current-voltage characteristic of a current-regulating tube). 

_J 
£ 

7 
f 

0 S 0 SOT V 

Fig, 378 
Current-voltage characteristic of a 
current-regulating tube designed for 
a nominal current value of 200 mA. 

456 
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If the voltage drop in the ballast resistor is small compared with that 

in the heater circuit, then when switching on the circuit a current¬ 

regulating tube with a low minimum voltage limit will burn out if it 

is used instead of a ballast resistor, because the voltage across the 

resistor element at the instant of switching on is considerably higher 

than the upper voltage limit. 

If there is a dial-illuminating lamp inserted in the filament-current 

circuit its filament will be heavily overloaded by the impulse when 

switching on. Consequently either the lamp used must be specially 

made for the purpose or the current has to be limited. By employing 

a current-regulating tiibc the current impulse is appreciably shortened, 

so that the risk of the lamp burning out is then less. For current limi¬ 

tation over a longer period current-regulating tubes can be used which 

include a limiting resistor. Such a resistor has a negative temperature 

characteristic, that is to ^ay its resistance diminishes as the temperature 

rises, being very high in the cold state and low in the warm state. When 

the valves are switched on cold the resistance of the filament-current cir¬ 

cuit is mainly that of the limiting resistor, in which the electrical energy 

is converted into heat. As a result the resistance diminishes, but the time 

it takes for the limiting resistor to heat up is sufficient for the filament 

of the current-regulating tube to heat up, so that it can absorb the 

whole of the over-voltage due to the valves still being cold when the 

resistance value of the limiting resistor has become low. A dial illumi¬ 

nating lamp in the filament-current circuit will not then be so con¬ 

siderably overloaded and in that case it is not absolutely necessary 

to use any special lamp made to withstand large current surges. 

(b) Anode Voltage 

For the anode supply of d.c. sets, of course, no rectifying valve is 

actually needed, for the H.T. direct voltage can be obtained direct 

from the mains. It is advisable, however, to have a smoothing circuit 

because often there is a disturbing a.c. voltage superimposed on the 

direct mains voltage. Electrolytic condensers cannot be used for this 

smoothing, because if a wrong mains connection should be made 

(mistaking the positive for the negative pole) they would be damaged. 

Sets for d.c. and a.c. mains must be provided with a rectifier, and for 

this purpose only a single-phase valve can be considered, which should 

be indirectly heated because its filament is to be connected in series 

with the filaments of the receiving valves. An a.c. supply is rectified 

by the valve and this rectified current can be smoothed in the usual 

way by two electrolytic condensers and a choke. In the case of d.c. 
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feeding the rectifying valve acts as a protective device; if, in Fig. 874, 

the mains terminal which is connected to the anode of the rectifying 

valve is positive, then current flows through the valve, but if it is 

negative then the valve blocks the current. Consequently electrolytic 

condensers can be used, because owing to the protection afforded by 

the rectifying valve they cannot be erroneously polarized. 

In the absence of a mains transformer any mains disturbances can find 

their way into the set much more easily, and these have to be suppressed 

by chokes in the supply line. Further, some provision has to be made 

for proper smoothing of the anode voltage, for only an extremely small 

voltage drop is permissible in order to get the highest possible H.T. 

voltage from low-voltage mains. 

The smoothing choke should be placed in the positive line. If it were 

put in the negative line the cathodes of all the valves and the chassis 

would no longer be connected direct to one side of the mains, and this 

is apt to give rise to hum. 

With d.c. supply the available voltage is generally lower than that 

with a.c. supply from mains with the same voltage. In the case of an 

alternating voltage the reservoir condenser of the rectifier is charged 

to slightly less than the peak value of the voltage, so that the mean 

value of the voltage on that condenser may be higher than that with 

a direct voltage. 

The rectifying valves for a.c./d.c. sets have a low internal resistance 

with a view to obtaining the highest possible anode voltage from 

low-voltage mains. If the internal resistance of the rectifying valve 

were high then the reservoir condenser of the rectifier would only 

be charged to a low voltage and consequently the high tension would 

be low. It is often advisable to connect with high mains voltages 

a resistor in series with the rectifier (Ri in Fig. 874). This resistor 

then serves for limiting the current impulses charging the condenser, 

as they might damage the rectifier cathode, particularly when large 

reservoir condensers are used. The required values of resistance in 

various circumstances are mentioned in the published data relating 

to rectifying valves. At low mains voltage a limiting resistance is 

generally not necessary unless the reservoir condenser has an extremely 

high capacity. 

(c) Adaptation to Different Mains Voltages 

The .mains to which a.c./d.c. sets may be connected differ not only 

in regard to the nature of the current (alternating or direct) but also 

in voltage, so that in many cases provision has to be made for adapta- 
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tion to mains of a different voltage. For a.c. sets with a transformer 

this can be done by means of taps on the primary winding of the 

transformer, but this is not possible with a.c./d.c. sets because they 

have no mains transformer. A simple means of adapting a set to different 

mains voltages is, for instance in the case of a set built for 110 V, to 

introduce a resistor in the mains flex for high voltages, but this involves 

considerable loss of power (converted into heat), and as in certain 

countries high-voltage mains are more common than lower ones this 

method is only employed in those countries where low mains voltages 

are prevalent. 

Changing the mains voltage has two results: 

(1) the voltage across the filament chain is modified, and 

(2) the value of the H.T. voltage is altered. 

In consequence of (1) it is necessary to provide for a different value 

of ballast resistance in the filament chain. If a current-regulating tube 

is placed in this circuit the heating current will sometimes be main¬ 

tained to the right value by that tube when the set is connected to 

mains of higher voltage, but generally the change in voltage is so great 

and the voltage between the terminals of the filament chain is so high 

that the regulator tube has to be changed. 

As a result of (2) the electrode voltages of the valves change. In a set 

intended for various mains voltages the circuits of the valves of the 

C series and of those of the E series, which are suitable for a.c./d.c. 

operation, are generally established in such a way that at a high anode 

voltage series resistors or voltage dividers reduce the screen-grid 

voltages to the level required (for H.F. pentodes usually 100 V). In 

the case of a low anode voltage these series resistors are either short- 

circuited or reduced, so that the same screen-grid voltages are again 

obtained. There are also output valves constructed for a low screen- 

grid voltage, such as the CL 2 and CL 6, which at a low anode voltage 

yield a comparatively high power output (about 2 W). For example, 

with a mains voltage of 110 V the screen-grid and anode voltages will 

be 90 V, whilst on 220-V mains the anode voltage will be 180 V and the 

screen-grid voltage will be reduced by a series resistor to about 100 V. 

When changing over from 220 V to 110 V or vice versa also the ratio 

of the output transformer has to be altered, by changing either the 

primary or secondary connections, so that it is necessary to provide 

this transformer with a tap for two different ratios in order to obtain 

the most suitable load for the respective anode voltage. 

The changing of the current-regulating tube in the filament chain for 
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a different mains voltage has led to this being combined also with 

a modification of the electrode-current supply circuits of the valves. 

This can be effected by making different connections in the cap of the 

current-regulating tubes between non-used contacts. By means of these 

interconnections, for instance, the common voltage-dropping resistor 

for the screen grids can be short-circuited and the connection to the 

primary of the output transformer can be altered. 

In the design of a new series of valves for a.c./d.c. sets, viz. the U series, 

the object was to make it much easier to change over to different mains 

voltages, without having to alter the screen-grid series resistors, 

cathode resistors and output transformer. To attain this aim it was 

necessary, inter alia, to construct an output valve with higher per¬ 

missible anode dissipation (11 W). With low anode and screen-grid 

voltages a reasonable power output (about 1 W) is thereby obtained; 

with high voltage (185 V—the approximate value of the anode direct 

voltage for 220-V mains) the anode dissipation is increased to the 

limiting value of 11 W without the values of the screen-grid series 

resistor and cathode resistor being modified, whilst the anode load 

impedance can remain the same. In the case of H.F. pentodes, too, the 

same values of screen-grid and cathode resistors can be retained. The 

transconductance with low anode voltage is then about 10% lower 

than that with high anode voltage. Though the properties of a set 

without a special change-over device for the electrode feed will be 

slightly inferior on low-voltage mains than those of a set having such 

a device, the performance will still be very satisfactory. 

On low-voltage a.c. mains it is also possible to employ voltage doubling 

(see Chapter XIX, Section 111) to obtain a high anode voltage for 

the receiving valves (valve CY 2 for voltage doubling). 

193. Power Supply of Car Sets 

For car-radio receivers the only power source available is a battery of 

accumulators with a nominal voltage of 6 or 12 V ^), to which the 

filaments of receiving valves of corresponding working voltage may 

be connected in parallel. The H.T. voltage has to be obtained by con¬ 

verting the low direct voltage from the battery through a vibrator 

into an alternating voltage and stepping-up this low alternating 

voltage to a higher one by means of a transformer. Subsequently the 

higher alternating voltage has to be rectified by means of a valve-type 

rectifier. Often instead of a rectifier the vibrator is provided with 

The average voltage of these batteries is about 6.8 or 18 V, and valves have therefore 
been designed for these heating voltages. 
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Ifx/irecily-hested 
Vibrator Rectifying Valve 

Fig, 379 
Method of feeding a car-radio set with vibrator. The vibrator periodically interrupts 
the direct current flowing through the two halves of the primary of the transformer Tr. 
In the transformer secondary a high a.c. voltage is produced which after rectification 
by a full-wave rectifying valve yields a direct voltage of about 250 V. 

additional contacts which serve as a commutator and produce the 

required direct current at high tension. 
Just as is the case with a.c. sets, the H.T. direct voltage has to be 
smoothed in the usual way. In Fig 379 a diagram is given showing 
the essentials of the feeding circuit of a car-radio set. Between the 
battery and the set is a filter to prevent the transmission of engine 
interference to the receiver. This filter is followed by a choke L2 which, 
just as the choke L3, is intended to suppress interference from the 

vibrator. 
The current impulses through contacts I and II of the vibrator are 

attenuated by the resistors Ri and Rg. 
Special vibrators are made to meet the high demands for car-radio sets. 

There are various types, some of which work in a high vacuum and 
in appearance very much resemble a radio valve. The contacts have 
to satisfy special requirements on account of the comparatively strong 
currents they have to interrupt. Usually the vibrators are double- 
phased, so that when one circuit is opened the other is closed (see 
Fig. 379). For the rectification full-wave rectifying valves with in- 
directly-heated cathode are used. This cathode has a positive voltage 
with respect to the chassis and the filament is fed from the car battery, 
one side of whiph is connected to the chassis. Consequently a high 
voltage is set up between cathode and filament and the filament of 
a rectifying valve for car-radio sets has to be exceptionally well 

insulated with respect to the cathode. 
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194. Power Supply 

of Battery Sets 

The circuits used for 
obtaining power sup¬ 

ply from batteries 

are extremely sim¬ 
ple, as shown in Fig. 

^Acct^Bior 380. Three batteries 
are needed, a H.T. 

Method of feeding a battery aet. battery (often called 
A-battery), a L.T. 
battery (often called 

B-battery) and a grid-bias battery (C-battery). The last mentioned can 

often be dispensed with by using part of the H.T. battery for the bias. 
Usually the negative side of the L.T. accumulator is earthed, and the 
electrode voltages quoted for Philips battery valves are therefore 

related to the negative side of the filament. 
Much importance is usually attached to having as few connections as 
possible with the batteries, these being limited to two leads for the 
H.T. battery and two for the L.T. battery. Consequently the new 
Philips battery-fed valves have been made either for equal anode and 
screen-grid voltages or for feeding the screen grids via series resistors^ 
so that it is not necessary to have a connection to a tapping point on 
the H.T. battery for a lower positive electrode voltage. The screen 
grid of those valves which are designed for equal anode and screen-grid 
voltages can be connected direct to the H.T. +lead. Sometimes screen 

grids have to be de¬ 
coupled, as shown in 
Fig. 380, by an RC 
element. 
If it is desired to dis¬ 

pense with the grid- 
bias battery and thus 
limit the number of 
connections to the 

minimum, the nega¬ 
tive grid bias for the 

' ' output valve can be 

M^hod of producing automatic negative grid bias in a automatically pro- 
battery set, duced by means of 

Fig 381 
Method of producing automatic negative grid bias in a 
battery set. 
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Fig, 382 
Delayed A.V.C. with automatic negative grid bias in a 
battery set. This method can also be used with a fixed 
negative grid bias. 1 - Output of the I.F. amplifying valve, 
ll- lead from the T.F. resonant cirniit, 111= A.F. amplifier. 

the voltage drop a- 

cross a resistor R (see 

Fig. 381) interposed 
between the negative 
pole —X of the L.T. 
battery and the ne¬ 

gative pole —of 
the H.T. battery. In 

that case the pole 
—B is usually earthed 
and the resistor R 

by-passed by a large 
capacitor Ci effective 
at high and low fre¬ 
quencies. Thus the 
filament of the valve Vg is made positive with respect to —B and if 
the grid is connected with — B via the grid impedance Zgj the pole 
—^B is negative with respect to the filament. Since the negatii e grid 
bias for the output valve is usually greater than that for the preceding 
valves the grids of the latter should not be connected to —B but 
to tapping points on the resistor R to maintain the correct voltage. 

When delayed A.V.C. is employed the following has to be borne in 
mind. Normally it is not possible to get a delay voltage very much 
higher than the negative grid bias of the pre-amplifying valves in the 
non-controlled state. Fig. 382 illustrates this for a directly-heat¬ 

ed double-diode-triode 

used as detector and 
A.V.C. rectifier. The 
leak resistor Rg of the 
A.V.C. diode dg of valve 
Tg is not earthed, as 
is done in a.c. sets, but 
connected with the tap¬ 
ping point P on the re¬ 
sistor serving to produce 

the negative grid bias 
of the output valve. 
The value of the resistor 

Rs is such that the volt¬ 
age drop corresponds 
exactly to the grid bias 

Fig, 383 
Method of connections for a directly-heated double- 
diode-triode in a receiver requiring a higher delay voltage 
for A.V.C. than in the case of Fig. 882, I - lead from 
the I.F. resonant circuit. 
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required for the gain-control valves in the non-controUed state. In the 
circuit shown in Fig. 382 this voltage is applied to the grid of the I.F. 
valve Tj via Rg, the smoothing resistor R4 and Since the diode anode 
dg lies opposite the positive end of the filament, in respect to the part 
of the filament it uses it already has a negative bias of 1.4 or 2 V when 
connected to —^A. In this case, therefore, the delay voltage equals 

2 V + Vg (xi)> faking the heater voltage as 2 V. If a larger delay volt¬ 
age should be necessary special provision will have to be made for it. 

In Fig. 383 a circuit is given for providing a larger delay voltage, 
where the negative grid bias of the output valve is applied to 
the diode dg via the voltage divider R3—R4—R5, and sinee Rg is 
connected to +A the negative bias on dg, with respect to the positive 
end of the filament, is equal to 

R4 “i“ ^*5 

Us + II4 + 1^5 
X (Vg/ + 2) V. 

The negative voltage of d2 with respect to —is reduced by the 

voltage divider R4—Rg to such an extent that the negative voltage 

at the point Q with respect to —^A just corresponds to the negative 
grid bias required for the automatically controlled pre-amplifying 
valves in the non-controlled state. Obviously the control voltage for 

the A.V.C. at dg is likewise reduced by the divider R4—Rg, so that the 
A.V.C. becomes less effective. If, for instance, R3 == 1 megohm, 
R4 = 0.5 megohm and Rg = 1 megohm, with an output-valve nega¬ 
tive grid bias of 5 V the delay voltage will equal x 7 V = 4.2 V. 
The grid bias of the automatically controlled valves is then equal 
to 0.8 V before the A.V.C. comes into operation, and only ^l^rds of 
the control voltage on dg is applied to the grids of these valves. If 

Rg is connected to a higher positive voltage in the set and Vg/is 
relatively large a more effective A.V.C. can be obtained. 
Some of the pre-amplifying valves of the D series for battery operation 
are constructed in such a way that they can be used without negative 

grid bias, the voltage drop across the filament yielding sufficient bias 
to avoid grid current with weak signals (e.g. the H.F. pentode DF 21 

and the octode DK 21). Also the diode-triode DAC 21 of this series can 
be used without negative bias on the grid of the triode part. The diode 
uses a part of the negative end of the common filament, so that the part 
of the filament used for the triode has a positive potential with respect 

to the negative filament terminal; when to the grid the potential of the 
negative terminal is applied the grid is sufficiently negative with respect 
to the filament part used for the triode section to avoid grid current. 
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195. Power Supply of Battery/A.C./D.C. Sets 

In recent years there has been a demand for sets that can be connected 
up either to batteries, to a.c. mains or to d.c. mains. It is understand¬ 
able that if one has a portable set and wants to use it at home it is a 

great advantage to be able to plug it into the mains and thereby save 
the batteries. Sets have therefore been made to answer these re¬ 
quirements. These employ directly-heated battery valves, the new 
Philips D series of 1.4-V valves being excellently suited for the purpose. 

Owing to the hum arising with a.c. supply the filaments cannot be sup¬ 
plied direct by the mains, and therefore with mains feed the rectifying 
valve employed to obtain the necessary H.T. supply is utilised also to feed 
the filaments with rectified current. Consequently the best results are 
obtained when using valves that need only low heating current, so as to 
reduce the load on the rectifier; the valves of the D series having a very 
low filament current are therefore particularly suitable for this pur¬ 
pose. By connecting the filaments in series the rectifier has only to supply 
a filament current corresponding to the highest filament-current value 
of the valves employed. If valves with a filament voltage of 1.4 V and a 
filament current of 50 mA are used, such as the octode DK 21, the R.F. 
pentode DF 22, the double-diode-triode DBC 21, and the power pentode 
DL 21, the total current that the rectifier has to supply amounts to about 
65 mA (heating current 50 mA, anode and screen-grid feed about 15 mA), 
so that the rectifier valve UY IN or UY 21 can then be used. 
Fig, 384 shows the feeding circuit of such a set as this, where the valves 
DK 21, DF 22, DBC 21 and DL 21 are used as reeeiving valves and 
the UY IN as rectifier. The filaments of the receiving valves are con¬ 
nected up in the order indicated in the diagram, with the filament of 
the output valve connected via to the negative terminal of the 

filament-feeding circuit, which is also the negative terminal of the 
anode-feeding circuit. In this way the anode and screen-grid currents 
of the output valve are conducted direct to the negative pole of the 
anode-feed circuit (via Rg) and do not pass through the filaments of 
other valves. The order in which the filaments of the other valves 
are connected has been chosen in such a way that the voltage drop 
across the filaments of the mixer valve DK 21, the I.F. valve DF 22 
and the A.F. and detector valve DBC 21 can be utilised as delay 
voltage for the A.V.C. As initial bias for the control grid of the DF 22 
the voltage drop across the filament of the mixer valve DK21 is 

utilised, whilst to the control grid of the latter no initial bias is applied. 
With mains supply the bias of the output valve is obtained through 
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Fig, 384 
Method of feeding a receiver designed for battery, a.c. or d.c. mains operation. A - L.T. 
battery, B - H.T. battery, C = A.V.C. lead. 

the voltage drop in R5; the filament current and the total electron 
current flowing through that resistor produce the desired bias. With 

battery operation the filament current does not flow through Rg and 

therefore the negative pole of the H.T. battery is connected via R# 
to the negative line of the H.T. circuit (marked in Fig. 384 by —V^,), 

in which case the voltage drop in the resistors Rg and Rg yields the 

negative bias required for the output valve. When the circuit of Fig. 384 
is energized by d.c, or a.c. mains the switches I and III are dosed 

and switch II is opened, the latter cutting out the batteries. The 

filament of the rectifying valve UY IN is then fed from the mains, 

and as the heating voltage of this valve is 50 V a resistor is interposed 

in the heater-current circuit (Rj and Rg in Fig. 384), the value of 
which, of course, has to be suitable for the existing mains voltage. 
The switch IV short-circuits R^ for operation on 110-V mains. When 

this switch is open the resistors Rj and Rg have together the right 
value for 220-V mains. The direct current provided by the rectifier 
flows through a resistor R3 and a choke S, the combined d.c. resistance 

of which has to be so chosen that the voltage across the second 
smoothing condenser Cg equals that of the H.T. battery used for battery 
operation. With the aid of switch V this voltage can be adjusted to 

the right value for high and for low mains voltages. 

The filaments of the four receiving valves are connected in series and 

thus require a total heating voltage of 4 X 1.4 = 5.6 V. Since with 
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mains operation the filament current is supplied by the rectifier, the 

rectified voltage on C2 has to be reduced to 5.6 V by a ballast resistor 

(R4 in Fig. 884). 

With battery operation switches I and III are opened and switch II 

is closed. The open switch III then ensures that the H.T. battery 

cannot discharge through R4 and the filaments. The filaments are 

then fed in series from a 5.6-V dry battery (of course a 6»V accumulator 

can be used with a ballast resistor). 

Obviously combinations of valves other than that shown in Fig. 384 

can be used, with the circuit altered accordingly. It is to be noted, 

however, that it is not advisable to connect filaments of valves in 

pairs in parallel, because if one of the valves is taken out this might 

impair the filament of the remaining valve. 
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CHAPTER XXXIII 

The Sensitivity of a Receiver or an Amplifier 

The term “sensitivity” is frequently used in connection with a re¬ 

ceiving set or an. amplifier, and by this is meant the weakest signal 

that the circuit can reproduce with a more or less reasonable volume 

of sound, a more sensitive set being more capable of making weak 

signals audible than a less sensitive set. For comparative purposes 

the following definition has been adopted: sensitivity is the r.m.s. 

value of the signal voltage required to produce an alternating-current 

output power of 50 mW (this being based on a relatively small sound 

volume in a living room that can be attained with almost any output 

valve). For certain output valves it is stated, for instance, that their 

sensitivity is 0.3 V. This means that for an a.c. output of 50 mW a 

grid signal of 0.8 V is required. If such a valve is preceded by an A.F. 

amplifier valve with a gain of 100, the signal required on the grid 

of that valve will be 100 times smaller for a power output of 50 mW 

of the output valve. The sensitivity of an A.F. amplifier with these 

two valves therefore amounts to 3 mV. 

It is also of importance to know, with superheterodyne receiving sets 

having R.F., mixing and I.F. stages, the sensitivity at the various valve 

grids, for example, the voltage required on the grid of the I.F. valve. Since 

on that grid there is a modulated I.F. alternating voltage, it is not enough 

to indicate the value of that voltage, for the modulation depth must 

also be known. The standard commonly taken for modulation depth 

is 80%. Therefore when speaking of the sensitivity at the grid of the 

I.F. valve one understands that it refers to the 30%-modulated I.F. 

voltage required to obtain 50 mW output power in the anode circuit 

of the output valve. The sensitivity at the grid of a mixing valve 

or of the R.F. pre-amplifying valve can be defined in the same way, 

this always being taken to be the 30%-modulated R.F. signal required 

to produce an output power of 50 mW of the receiver. The same 

likewise applies to the detector valve. 

Once the amplification of each stage is known it is also possible to 

calculate—starting from the output valve—^the sensitivity at any 

point in the set. The amplification of the detector diode is easily 

determined with the aid of the Vj^y-curve of Fig. 218. Having calculated 

the A.F. signal required on the leak resistor of the detector diode 

to get an output of 50 mW, it is easy to read off on that curve the 

80%-modulated I.F. signal needed. 
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In most cases the sensitivity at the input of a receiving set is also 

of. importance, and as the properties of the aerial considerably influence 

the sensitivity a general standard is taken also for the aerial, the 

sensitivity being determined for a dummy aerial having a capacity 

of 200 ixfiF with respect to earth, an inductance of 20 //H and a 

resistance of 25 ohms. 

Sensitivity is also affected by the frequency of the modulation, be¬ 

cause the selectivity of the circuits and the frequency-response charac¬ 

teristic of the A.F. amplifier likewise exercise some influence. For 

this reason a modulation frequency of 400 c/s is usually taken as 

basis. As the impedance of the loudspeaker depends upon the fre¬ 

quency, in determining sensitivity the loudspeaker is replaeed by a 

resistance corresponding to the correct load, and the anode of the 

output valve is fed via a choke having a very high impedance at a 

frequency of 400 c/s. 
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A cathode-activation screen for A-technique valves. In the anode and grid circuits of 
each valve a glowlamp is included which serves for limiting the current and as an indi¬ 
cator of short-circuits. The bottom part contains the power supply; on the right are 

arranged the maximum-current relay switches for each batch of valves. 

470 



APPENDIX 

I. UNITS 

A. The Various Unit Systems and their Mutual Relationship 

(1) The Unit Systems Used so far 
Units are distinguished as basic units and derivatives. The following have been taken 
as basic units: 

(a) The unit of length, the dimension of which is indicated by the letter L, 
<b) The unit of mass, the dimension of which is indicated by the letter M, and 
(c) The unit of time, the dimension of which is indicated by the letter T. 

The units of all other quantities can be derived from these basic units by geometrical 
or physical relationships; speed, for instance, is determined by dividing distance by time, 
the dimension being LT“^ 
The following basic units liave been chosen for the absoluU' or c.g.s. system (centimeter- 
gramme-second system): the centimetre (cm), the gramme (g) and the second (sec). 
All other units, of mechanical, electrical and magnitic quantities, are derivatives. Since 
many derivatives in the absolute system arc cither too large or too small for practical use, 
the so-called practical or technical system of imits is used in many eases. 
In electrotechnics a distinction is made between electromagnetic and electrostatic units, 
the former being indicated by e.m.u. and the latter by e.&.u.; both are derivatives. Elec¬ 
tromagnetic and electrostatic units bear a certain inter-relationship. 
The following table gives the relation between the practical units, the electromagnetic 
units (e.m.u.) and the electrostatic imits (e.8.u.). 

TABLE 
ItelaUon between Praetieal, Electromagnetic and Electrostatic Units 

Name 1 Practical 

unit 

I practical unit equals 

electromagnetic units electrostatic units 

Charge Q 1 coulomb 10“^ e.m.u, jdim.Q = 3.10»e.s.u.>) |(iimQ. = L»'*M‘"T-‘ 

Current Intensity I 1 ampere 10-*c.m.u. |dim. I = LV«MV»T-' 3.10» e.8.u.>) jdim. I = 

Potential, E.M.F. V 1 volt 10® e.m.u. dim. V = L®/*M’/*T"-* V,M c.g.u.>) jdim. V = 

Resistance R 1 ohm (Q) 10* e.m.u, jdim.R = L T“^ V®.10““ e.s.u. dim.R = L-iT 

Capacity C 1 farad 10”*e.m.u. dim. C = L-^T* 9.10^^ e.s.u. dim. C = L 

a I henry dim.L = L e.s.u. dim.L = L-‘T* 

ESESlIillllllll^^ D 
Power P 1 watt = 10’ ergs/sec, dimension of P = L*MT“* 

(2) The Rationalized Unit System of Giorgi 

The rationalized system of Giorgi uses the following basic units: 
(a) the metre (m) as unit of length, 
(b) the kilogramme (kg) as unit of mass, and 
<c) the second (sec) as unit of time. 
For electrotechnics the advantage of the rationalized system of Giorgi is that most 
equations used become very simple and clear. The units of electric and magnetic field 
strength are not derived fh>m the attraction and repulsion laws of Coulomb, but direct 
from inductive effect. Furthermore there are simple relationships between, for instance, 
mechanical and electrical quantities. 

q The figure 3.10^* cm/aec given as the relation between the electrostatic and electromagnetic units of charge and 
current is only approximately correct. The exact figure for the velocity of light is* C » 2.99776.10^* cm/sec. 
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(a) Some Derivated Mechanical Units 

Unit of velocity = —; 

unit of acceleration = 
sec* 

unit of force, newton (N) = 
sec* 

kg m* 
energy or work, newton metre (Nm) = = W sec = joule; 

kg m* 
power, newton metre per second == = W. 

(b) Electrical Units 
As electrical units the conventional volt, ampere, ohm, farad, henry, coulomb, etc. are 
retained. The units for the electric and the magnetic field are, however, expressed also 
in volts and amperes. This results in a very clear relationship between electric and 
magnetic fields on the one hand and electric currents and voltages on the other hand. 
All electrotechnical units may be expressed in units of length (m), of time (sec), of voltage 
(V) and of current (A). 

(a) Electric Field 

When the voltage between the plates of a condenser is increased by 1 volt (direct 
voltage) the current impulse or charge supplied Q (expressed in coulombs = A sec) 
is always the same whatever is the rate of voltage increase. The capacity (C) of a 
condenser gives the magnitude of this current impulse or charge. The unit of ca¬ 
pacity is called farad (F). According to the definition given the capacity C equals 
Q /coulomb A se 

V V volt “V" 
j. The charging of a condenser requires a work or energy A equal to: 

i Q V = J C V* (VA sec or W sec). 

When a condenser is charged an electric field is set up between its plates. It is in this 
field that the energy required to charge the condenser is stored. The electric flux W of 
the field existing between the plates is put equal to the charges Q on the positive and 
negative plates. These charges are due to a potential difference V. .,. (V) between its 
plates. Thus we have: 

= Q.(A sec), and 

y = C V_(A sec). 

In the latter expression C is the capacity of the condenser: 

-f.m- 
In a condenser with flat plates having an area S.... (m*), the plates being spaced at 
a distance d.... (m), the field is practically homogeneous. In that case at all points 

V 
between the plates the field strength F is equal to — .... (V/m). The electric induction 

or displacement D is the flux per unit of area. The unit of electric induction is consequently 
A sec 
- —^ . The ratio between the field strength F and the electric induction depends on the 

dielectric in which the field is present. For vacuum we write 

D==epF. 

In this expression Co is the absolute dielectric constant and is equal to: 

— 1 /A sec farad\ 

”” 4 ^ c* ^ 86 7110* • • • * \ Vm metre/ * 
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For other dielectrics F is furthermore to be multiplied by the relative dielectric constant 
of the material. This constant has no dimension and consequently we have for these 
dielectrics the formula: 

D = eeoF-(“iJii-)- 

The capacity of a condenser with flat plates in vacuum is 

C = (F). 

In this expression S is to be introduced in m^ and d in m. The energy contained in the 
field of a charged condenser per unit volume is for vacuum 

i||=iDF = i«.F»....(W8ee). 

Consequently Eq can be measured by means of the charge on the flat plates of a vacuum 
condenser with a plate area of 1 m* and a plate spacing of 1 m when a potential difference 
of 1 V exists between the plates and the field is homogeneous. 

(/$) Magnetic Field 
When the current intensity in an air coil is increased bv l A (direct current) the voltage 
impulse P (V sec) between the coil terminate is always the same independently of the 
rate of current variation. The inductance (L) of the coil indicates the magnitude of this 
voltage impulse. According to this definition the unit of inductance, the henry (H), 

V sec 
is equal tc The current variation in the coil requires a work or energy equal to 

i P I = i L I* .... (VA sec or W sec). 

The current in the coil generates a magnetic field and the work required to produce 
the current variation is stored in this field. The current with intensity I (amps) which 
flows through a coil of a single turn or a straight conductor produces a magnetic flux 0 
which we put equal to the voltage impulse P in V sec. Thus we have 

0 = P.(V sec), and 

0 = L I.(V sec). 

Consequently the inductance equals 
0 /V sec\ 

^ ~ T.) • 
In an extended solenoid formed by one winding only, for instance by a broad metallic 
strip, the area of the cross-section being S . .., (m*) and the length 1.... (m), the field 
is practically homogeneous. Outside this solenoid where the field closes the intensity 
of the^ latter is negligible. In that case the whole magnetomotive force of the current I 
enclosed by the lines of force of the field is used for setting up the field at the interior 
of the winding and the strength H. . .. (A/m) of the magnetic field is equal to I/l. 

(V sec\ 0 
equal to The ratio of 

(V sec\ 
i depends 

on the medium in which the field is present. For vacuum we have 

in which expression fio is the absolute permeability and 

4n /V sec _ henry\ 
”” 10’ • • • • ^ — metre/ * 

For other media H is moreover multiplied by the relative permeability fx of the material 
which has no dimension: „ 

D ^ fAflotY, 

A straight conductor through which a current flows is surrounded b> concentric magnetic 
lines of force. At the periphery of a circle concentric with the conductor cross-section 
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and having a circumference of 1 m (r = m) the field strength H is 1 A/m when the 

current is 1 A. 
The inductance of a solenoid of one winding (made of a metallic strip) in vacuum is 

L=/i„y.... (H), 

where S is again expressed in m* and 1 in m. 
The amount of energy per unit volume of the field is in the case of an air coil: 

PI <Pl 
= i fr = i 

Consequently fio can be determined by the flux in a unity coil (1 winding of a metallic 
strip with breadth of 1 m and cross-section of 1 m*) in vacuum for a current intensity 
of 1 A when the field within the coil is homogeneous. 

iy) Relationships between Eleetrieal and Magnetic Quantities 

In the rationalized Giorgi system the unit of force is the newton (N). As already mentioned 
under (a), the newton is the force which imparts an acceleratioii of 1 m/sec‘ to a mass 
of 1 kg. In 1938 at Torquay the I.E.C. admitted the newton as the unit of force. 
The use of the newton greatly simplifies the relationships between electrical quantities 
and mechanical force. The force exerted on the charge Q .... (A sec = C) in an electric 
field of intensity F... . (V/m) is equal to 

f == Q F_(N). 

^^A sec W sec 
From this it results that 1 newton = 1-- 1-• 

m m 
The attraction between two identical parallel electrodes with an area of S.... (m*) 
between which a homogeneous field exists is equal to 

f = }y/F = JSDF = JeoSF*....(N). 

The attraction between two charges and Qg creating symmetrical spherical fields 
and being at a distance of R .... (m) from each other is equal to 

f = 
4 

Qi Q2 
R* 

.(N). 

The force exerted on a magnetic pole of intensity <^ .... (V sec) placed in a magnetic 
field of intensity H.... (A/m) is equal to 

f = _(N). 

Such a magnetic pole is, for instance, the pole of a very long magnet at the extremity 
of which the magnetic flux 0 issues or enters. 
The attraction between two magnetic poles (0i and 0^) creating symmetrical spherical 
fields and being at a distance of R.... (m) from each other is eqi^ to 

1 01 01 

4 91 /io R* 
.(N). 

The force exerted on a straight conductor of length 1 .... (m) in a magnetic field of 
induction B, when the wire is perpendicular to the lines of force and a current of in¬ 
tensity I flows through it is, 

f=IBl = IiMoHl_(N). 

The moment produced by the couple of forces exerted by a homogeneous magnetic 
field of induction B on a coil of n windings the cross-section of which is S. •.. (m*) 
and through which flows a current of intensity I, when the longitudinal axis of the coil 
is perpen^cular to the lines of force, is eqmd to: 

M»BInS.... (Nm). 
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(($) Some Formulae for Magnetic Oreuits 

The number of ampere-turns I.... (A) entirely enclosed by the flux in an iron*core 
magnetic circuit (with air gap) which is required in order to obtain an induction B.... 

is equal to 

I = H,I + Hd = — + d\_(A). 
/^o V/t / 

In this formula the magnetic circuit has a practically homogeneous field and the iron 
core with permeability fi has a length 1.... (m), whereas the narrow air gap has a length 
d-(m). 
Very often the field strength Hf required for the iron core can be directly read from the 
curves which give the induction in gauss and the required field strength in A/cm. In 
that case the B given in V sec/m* (Giorgi units) must be multiplied by 10* in order to 
obtain it in gauss. The field strength obtained from the curve must be multiplied by 10* 
in order to have Hj expressed in A/m. 
The r.m.s. value of the voltage at the terminals of a transformer is: 

E = n ft) ^ 4.44 n 1- _(V). 
)'2 

In this expression n is the number of turns of the coil, o) the angular frequency, v the 

frequency of the sinusoidal flux in — and 0^ • • • • (V sec) the peak value of the flux. 

(c) Conversion of the Electrostatic, the Electromagnetic and the 
Practical Systems into the Rationalized System of Giorgi 

In the following table, which gives the factors for converting the units so far used into 
units of the Giorgi system, the “absolute” volt and ampere are used throughout. All 
measuring instruments are normally calibrated in “international” volts and amperes. The 
difference between these values has the following origin. The absolute volt and ampere 
are deduced exactly from the e.g.s. units by means of the factors in the table. 
On the other hand, the international ampere is defined as the current intensity wliich, 
flowing through a diluted solution of silver nitrate, produces a deposit of 1.118 milli¬ 
grammes of silver per second. 
The International ohm is defined by the resistance of a column of quicksilver having a 
length of 1.063 m, a constant cross-section of 1 mm* and a weight of 14.4521 grammes 
at the temperature of 0° C. 
The International volt is the potential difference which is produced, by a current with an 
intensity of 1 ampere, between the terminals of a conductor free from electromotive 
force having a resistance of 1 ohm. 
The difference between the International and absolute units is very small. It is noticed 
from the fourth decimal onwards. The table only mentions for the electrostatic system, 
the electromagnetic system and the practical system the unit or the name of the unit 
when this is ciurrently used. (Thus the unit of voltage of the electrostatic system is 
merely indicated by e.s.u. and not by cm, g, sec with exponents.) 
In the table the corresponding units of the Giorgi system are expressed in volts and 
amperes and not in other basic units, since in practice this choice gives a clearer notion 
of the significance of the complex imits. 
The value c used in the conversion factors is the approximate numerical value of the 
velocity of light, c ss 8.10* m/sec. 
The conversion factors are factors which the numerical values of quantities expressed 
in electrostatic, electromagnetic or practical units have to be multiplied in order to find 
the numerical values in units of the Gioigi system. In this way l^e conversion factor 

of the capacity unit in the electrostatic system is or 1.11 x 10'^^*. A capacity of 

50 cm has consequently the value of 50 x 1.11 x 10“^* ~ 55.5 x 10~^* farad in 
the Giorgi system. 
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TABLE 
for eonverting units of the electrostatic^ electromagnetic and practleal systems Into units 

of the rationalized Glorgl system 

Quantity 
Sym¬ 
bol 

Sys¬ 
tem 

Unit 

Conversion factor 
Unit in the 

Giorgi system 
exact approx. 

Voltage or po¬ 
tential 

V e.s. 
e.m. 

e.s.u. 
e.m.u. 

c/lO* 
i(r» 

300 V 

Current in¬ 
tensity 

I e.s. 
e.m. 

e.s.u. 
e.m.u. 

l/lOc 
10 

3.83 X 10-“ A 

Current density S e.s. 
e.m. 

P* 

e.s.u. 
e.m.u. 
A/cm* 

lOVc 
10‘ 
10* 

3.33 X 10“® A/m* 

Power p e.s. 
e.m. 

erg/sec 
erg/sec 

10-’ 
10-’ — 

VA = W 

Energy or work A e.s. 1 
e.m. J 

P 

erg 

kWh 

10-’ 

3.6 X 10-* 

— W sec = 
= joule = Nm 

Resistance R e.s. 
e.m. 

e.s.u. 
e.m.u. 

c*/10« 
io-» 

9 X 10“ V/A = S2 

Resistivity P e.s. 
e.m. 

P- 

e.s.u. 
e.m.u. 
Q cm 

mm* 

m 

c*/10’ 
10“*^ 
10-* 

10-* 

0 X 10» Qm. 

Conductivity G e.s. 
e.m. 

e.s.u. 
e.m.u. 

lOVc* 
10» 

1.11 Xl0-“ A/V = 1/12 = 
siemens = mho 

Specific con¬ 
ductivity, con¬ 
duction 

y e.s. 
e.m. 

P- 

e.s.u. 
e.m.u. 

1 

I]?cm 

m 

Q mm* 

lO’/c* 
10“ 

10* 

10* 

I.ll X 10-1® 1 

Qm'~' 

mho/m = 
siemens/m 

Capacity C e.s. 
e.m. 

cm 
e.m.u. 

Inductance L e.s. 
e.m. 

e.s.u. 
e.m.u. 

c'/io* 
10-* 

9 X 10“ Vseo 

A 

Charge Q e.s. 
e.m. 

e.s.u. 
e.m.u* 

1/lOc 
10 

8.88 X10-“ Asec » 
coulomb (C) 
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Quantity 
Sym¬ 
bol 

Sys¬ 
tem 

Unit 

Conversion factor 

exact approx. 

Unit in the 
Giorgi system 

Electric flux w e.s. 

e.m. 

e.s.u. 

e.m.u. 

1 

40jrc 

10 

471 

2.65 X 10““ 

0.796 

A see = 
coulomb (C) 

Electric in¬ 
duction 

D e.s. 

e.m. 

P* 

e.s.u. 

e.m.u. 

coulomb 

cm* 

10* 

47rc 

10* 

471 

10* 

2.65 X 10“’ 

7.96 . 10* 

A sec 

m* ~ 

coulomb 

m* 

Electric field 
strcn^h 

F e.s. 
e.m. 

I*. 

e.s.u. 
e.m.u. 
V/cm 

c/lO* 
10-* 
10* 

8.10* V/m 

Abholute dielec¬ 
tric constant 

Co P- F/cm 10* — A see _, 

Moment of an 
electric dipole 

P 
or 

e.s. 
e.m. 

P- 

e.s.u. 
e.m.u. 

coulomb 
X cm 

l/o.lO* 
10-* 
10-* 

3.33 N 10-** A sec m = 
coulomb metre 

Magnetic flux 0 e.s. 
e.m. 

e.s.u. 
maxwell 

p/10* 
10-* 

300 V sec = Weber 

Magnetic in¬ 
duction 

B e.s. 
e.m. 

P- 

e.s.u. 
gauss 
V sec 

cm* 

c/10* 
10“* 
10* 

3.10* Vsec 

m* 

Magnetic field 
strength 

H e.s. 
e.m. 

P- 

e.s.u. 
oersted 

A/cm 

10/4 TTC 
10* 

4 7r 
10* 

2.65 X 10-* 
70.6 

A/m 

Absolute perme¬ 
ability 

P- H/cm 10* — V sec 
—— = H/m 

Am ' 

4,7110-** 1.257 X l(r» V sec m 
10“* — 

— newton (N) 

9.81 
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11. DIRECT-CURRENT CIRCUITS 

B. The Values of some Natural Constants 

Charge of the electron. 
Specific charge of the electron. 
Mass of the electron. 
Elcctronvolt. 
Velocity of the electron at 1 abs. V.. 
Velocity of light. 
Mechanical heat equivalent. 
Heat equivalent of the joule. 
Boltzmann’s constant. 

Value Unit 

1.6020 X l(r« abs. coul. 
1.759 X 10“ abs. coul/kg 
0.1066 X 10-“ kg 
1.6026 X 10-“ abs. joule 
5.98 X 10' m/sec 
2.99776 X 10* m/sec 
4.1855 abs. joule/cali5° 
0.2880 caljs^abs. joule 
1.8805 X 10-“ abs. joule/°K 

If R, is greater than 10 x Ri a sufficiently accurate approximation is obtained by deducting 
R 

from the resistance value of R^ the percentage ~ x 100. If for instance R| = 20 Ri, 
Rj 

then approximately R = Rj —5%. 

See also W. de Groot, Nederlandsch Tijdschrift voor Natuurkunde 9, Dec. 1942, pp. 497—SOS. 
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II. DIRECT-CURRENT CIRCUITS 

5) Generator with internal resistance (Fig. 8): 

GeMf'itor with Lotd -vr__t p _ 
Internal Resatance Resistance ^ ^ 

■ _ 1 T_Vo-v_^ V !_n n n n_JZ_.1 

1 " ' 

9 It V i 
d 

lJ=_r 
A 

-1 i ■ O-^ 

— 
I' ^ 
/— f 

R 

R + Ri 

Ri R + Ri' 

Vo = IoRi. 

Equivalent circuit with the same properties; 

1=1 — ^ — I _5l__ . 
° R, R, + R 

1 -i. 
° Ri 

6) Power and efficiency of a generator with internal resistance Ri (Fig. .3): 

(a) Power in the load resistance R: 

Pb = IV = Vol —l«Ri or Pii = I„V — 

Pj. = ^ 

(b) Efficiency 

V,v —V* 
Ri 

Vo*R 

(Ri + R)* 

or Pr = (Io I — 12) R, or 

V R,* R 
or Pr = 

(Ri + R)* 

Pr ^ R 

Ptot Ri + R 

7) Maximum power; 

This is reached if R = Rj. 

The power in the load resistance is then equal to; 

1/- V 2 
P, = or Pk = V. I.* Ri. 

The efficiency in this case is 

i?=|2- = 0.50. 
* tot 

8) Voltage divider unloaded (Fig. 4); 

9^ Vo 9 

V,^Vo 
Ri H- Ri 

Ri.H" Ri 
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II. DIRECT-CURRENT CIRCUITS 

9) Voltage divider loaded (Fig. 5a): 

j 

0 Yo^ I'. 

V. = v„ 
R. J Hi V R. 

R, + R, ‘ R, + R, ’ 

V„ -^1-V, 
I R. + R. 

‘ R, X R, 

Ri + R. 

Equivalent circuit with the same 
properties (Fig. 5b). 

I I T R. 
“ R, + R, + R, + R, ’ 

I V„-Vi 

10) Voltage divider with two different tapped voltages and two different loads (Fig. 6): 

9 Vo 9 V = V __T + ^s) _ 

LT^ * “R,+R.+R, ‘R,+R,+R, 

/■*■ _ Ri X R. _ 

+ R» + Ra 

„_KsV = V_Rj Rg_T R| X Ra_ 

l►-^^nn^■^lnn^—i * "Ri + Ri + R. * R, + Rj f R. 

Fig. 6 

Used for energizing a screen-grid valve. 

Ra (Rj + Ra)»^ 

* Ri + Ra + Rs 

11) Equivalent of a star and a delta connection (Fig. 7). 

Fig. 7a is equivalent to Fig. 7b if 

+ Ri + Ra » 

Ria + Ris + Raa 

12) Wheatstone bridge connection (Fig. 8) 

balance (I = 0) is reached if 

Rj_Rj ^ Rj_R| ^ 

Ri • R4 = Rj • Rj; 

Ri = Ra 
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III. ALTERNATING-CURRENT CIRCUITS 

III. ALTERNATING-CURRENT CIRCUITS 

1) Alternating current and alternating voltage: 

e = Eo sin (o) t + (Pi)i 
i = lo sin (ft) t 4- gPg); 
ft) = 2 jtf = angular frequency in radians per second (jt = 3.14 . . ..); 

(3 10^ 3 10^ \ 
A = ——, A in m and f in c/s, f = ——j ; 

g> = phase angle between voltage and current = (pi — 

f = ~ = frequency in cycles per second (c/s); 

t = time; 
T = periodic time; 
e = instantaneous value of the voltage; 
Eo = amplitude of the voltage; 
i = instantaneous value of the current; 
lo = amplitude of the current; 

2) Effective r.m.s. values: 

1=-^. 
\‘i )/2 

Mean values (for sinusoidul voltages and currents); 

E = — E„ = 0.637 Eo; i = — I. = 0.637 lo. 
71 71 

The form factor is the ratio of the effective and mean values: 

l = i-= ® =-4- = iii- 
I E 21/2 

3) Impedance: 

4) Power: 

E 
; E = IZ. 

P = E I cos gp; P — T*Z cos gp; P = 

5) A.C. circuit with a resistance (Fig. 9) 

^ Z = R; cos o? = 1. —muwuiriAr— ^ 
^9rft R expressed in ohms. 

Fig. 9 

A.C. circuit with an inductance (Fig. 10): 

L _ _ Z = ft) L. cos OP = 0. 

L expressed in henrys. 

Fig, 10 

7) A.C. circuit with two inductances connected in series (Fig. 11): 

E = L, + L.. 

Fig. 11 

It a mutual inductance M is present between the coils Li and L*: 

L = Lj “f* Lj 2 M. 
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III. ALTERNATING-CURRENT CIRCUITS 

8) A.C. circuit with two parallel-connected inductances (Fig. 12): 

/Tpsmm\ , i. X 
1 ‘•-ET+xr- 

Fig, 12 

If a mutual inductance M is present between the coils Lx and Lst 

L = Lx X L, —M» 
Lx -f* Lj -f- 2 M 

9) A.C, circuit with a capacity (Fig. 18): 

_H_ Z = ^, cos 9) = 0. 

C expressed in farads. 

10) A.C. circuit with two capacities connected in series (Fig. 14): 

Cl Cs r. _ X 
Cx + Cj 

Fig. 14 

H) A.C. circuit with two parallel-ccnnected capacities (Fig. 15): 

H9i_, 
c = c, + c,. 

Fig. 16 

12) A.C. circuit with an inductance and a resistance in series (Fig. 16): 

L R Z = l/R*+a>“L*. 

«/#. C08?>=^. 

Q = =s quality or magnification of the coil. 
R 

d 90° — ^ = loss angle and may serve for calculating the wattless current and 
the power; the power P = E I sin In practice it is advantageous to work with tan d. 
If R O) L, tan 6 can be taken as equal to sin d, so that the loss of power in the 
resistance then equals P = E I tan d. If R represents the loss resistance of a coil 
or of a condenser, then tan d is usually practically constant for a variable m, 

18) A.C. current with an inductance and a resistance connected in parallel (Fig. 17): 

KWWs z=— 
_^_ y'R*-f-ft>>L* 

^ Z 
cos 9? — . 

R 

Fig. 17 
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ra. ALTERNATING-CXJRRENT CIRCUITS 

14) Substitution of a circuit with inductance and resistance in series for one with 
inductance and resistance in parallel, and vice versa (Fig. 18): 

Fig. 18a can be replaced by 18b if: 

^ L'=L(1+1/Q*). 

4/ -'TRRRRT'—OmUUlP- R' = R (1 + Q®). 

Q=l/tan«5 = ^. 

^ Unarmnj—J 

Fig. 18 

Fig. 18b can be replaced by 18a if: 

^"^^1+ 1/Q*’ 

T + Q* ‘ 
^ 1 R' 

tan d coLi' 

If R cwL, then approximately: 

R' = —— and L' = L. 
R 

If R then approximately: 

R' ^ R and 

15) A.C. circuit with a capacity and resistance in series (Fig, 19): 

Fig, 19 

tan (5 = cuRC. 

In practice this may represent, e.g., a condenser with a series loss resistance. 

16) A.C. circuit with a capacity and resistance connected in parallel (Fig. 20): 

I--1 z = — 
” y I + ft)*R*c* 

/? ^ 
UnnnnnnrirJ 

tan d = — • 
fi)RC 

In practice this may represent, e.g., a condenser with a parallel loss resistance. 

17) Replacement of a circuit with capacity and resistance in series by one with capacity 
and resistance in parallel (Fig. 21): 

—II—Tnnnnni'— 
A 
lie' 

Fig, 21a can be replaced by 21b if: 

1 4- a>*R*C* 
= R (1 + Q*). 

a- ^ _c ^ 
1 + a>*R»C* 1 -h 1/Q* 

tan d a>RC 

Fig, 21 



III. ALTERNATING-CURRENT CIRCUITS 

Fig. 21b can be replaced by 21a if: 

1 -f- ca*R'»C/» 1 + Q* 

_ 1 + com'^C'^ _ 
a)*R'*C' 

Q = 1/tan <5 = coR'C'. 

If R —^7 then approximately: 

If R ^ — then approximately: 

R' = R and C' = 

18) A.C. circuit with a capacity, inductance and resistance in series (Fig. 22): 

o)L —l/cuC 

Fig. 22 =-K- 

i C ff 

19) A.C. circuit with capacity, inductance and resistance in parallel (Fig. 23): 

Fig, 23 

_L/C_ 

V(— 
'(1—a>I 

20) A.C. circuit with inductance and resistance in series, connected in parallel to a 
capacity (Fig. 24): 

Approximately, for R<^a)L: 

^_coL 

- - — l/(l-to*LC)* + (R£oC)« 

'-il-_L/C_ 
Fig. 24 

21) A.C. circuit with capacity and resistance in series, connected in parallel to an 
inductance (Fig. 25): 

I-II-TJUUinr-i Approximately, for R : 

|/(1—a)*LC)* + (Ra>C)* 

Fig, 25 
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IV. OSCILLATORY CIRCUITS 

IV. OSaLLATORY aRCUITS 

(1) Free Oseillations (Fig. 26) 

If in a circuit consisting of h, C and R in series the capacitor 
C is charged by turning the switch to position and the 
circuit is then closed by changing the switch to position 2, 
a damped **free** oscillation can only occur in the circuit 
<L, C and R) if .j 

R*< -tF- 

Under these conditions the angular frequency of the 
damped oscillation is: 

I 

Battery-: 

iL 
1 2 54SSS 

]/ LC 4L»* 

Fig, 26 

The natural logarithm of tiie constant ratio of two successive amplitudes of the same 

sign is equal to: «R _ R_ 

mL“2L^’ 
in which T is the perio<lic time. 

The so-called logarithmic decrement is: 

(5 = 
R 

2L’ 

If E is the voltage to which the condenser is charged and R* L/C, then the first 
current amplitude is: 

and the succeeding current amplitudes with the same sign as the first are given by: 

I„ = 1,6-"^’'. 

(2) Forced Oscillations 

Generator 

A. Series Connection of C, L and R (Fig. 27) 

The impedance of the series circuit of C, L and 
R is:_ 

The amplitude of the current in the oscillatory circuit 
is: 

j _E_ 

~ z ~Y (mh — l/toC)» + R*" 

The instantaneous value of the current is: i = I sin (cot -f- 9>)> 

in which tp is the phase angle between current and voltage, given by: 

^ coL — 1/coC 
tan 9) =-—4- 

Alt&vtat/ng-L 
voltage (^Estn u>t 

f4SS4 

Fig, 27 
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IV. OSCILLATORY CIRCUITS 

In the case of resonance the impedance of the circuit of Fig. 27 is a minimum and the 
current maximum. 
Resonance occurs when 

1 1 
coh = —77 or caL-— = 0 or tt)*LC = 1. 

(oC odC 

The angular frequency at resonance co. is thus equal to: 

1 
a)o = 

j/lc 

In the case of resonance tan q) = 0 and Z = Zo = R, and the amplitude I© of the 
current then equals: p 

^“ = R- 

The amplitude of the voltage across the condenser and across the inductance, in the 
case of resonance, is equal to: 

Eo = El = = loCOoL 

Therefore a magnification takes place when 

cOoCR < 1 or - 

E 

ft>oCR 

EcoqL 

““R 

R 

OoL 
<1. 

When 0} <i a)o the voltage lags behind the current, and when a> >► Oq the current lags. 

B. Parallel Connection of C to L and R in Series (Fig. 28) 

It is assumed that Rc^caL. 

The impedance of the parallel connection of C to L 
and R in series is then: 

L/C coL 

|/(£oL — l/o>C)» |-R« j/(l — co*LC)* + (RwC)* 

The amplitude I of the total current flowing through 
the oscillatory circuit is: 

1 = |/(1—o>*LC)‘ + (RcoC)‘ = E.^^(toL—R*. 
E E 

Z coL 

The instantaneous value of the current is: 

i = I sin (cut -i- (p), 

in which (p is the phase angle between current and voltage, given by: 

1 

o>C 
<oL - 

tan <p : 
R 

At resonance the impedance of the circuit of Fig. 28 is a maximum and the current 
minimum. Resonance occurs when approximately 

(oL = -—77 or coL - 
coC cuC 

= 0 or co*LC = 1. 

The angular frequency at resonance therefore equals: 

1 
Wo = 

|/LC 
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IV. OSCILLATORY CIRCUITS 

In resonance tan 97 0 and Z = Zo » L/CR. The amplitude L of the current is then: 

_ ECR 

The amplitude of the current through the condenser is; 

Ic = £kuC 

and the amplitude of the current through the inductance L is (Rc^coL); 

coL* 

C. Parallel Connection of L, G and (Fig. 29) 

The impedance of the parallel circuit of L, C and R' is 

L/C__ 
Z 

Esincji^ 

o)L 

)/(l- «>LC)*+(^)‘ 
Fig. 29 

The amplitude I of the total current through the 
oscilatory circuit is; 

, _ I _ E J /(a,L -i)’ + (i,)‘ - i|/(. -+ (^)-. 

The instantaneous value of the current is; 

i =■- I sin ((ot + 9?), 

in which 9? is the phase angle between current and voltage, given by; 

1 
(oL — 

tan 97 == - 
coC 

L 

CR' 

At resonance the impedance of the circuit of Fig. 29 is a maximum and the current 
miniipum. Resonance occurs when; 

coL = — or coL - 
a)C G>C 

= 0 or co*LC = 1. 

The angular frequency at resonance aio is thus equal to: 

1 
Wo = 

}/Ec 

In the case of resonance tan 97 = 0 and Z = Z© = R'. The amplitude I of the current is 
then equal to that of the current through the resistance, thus: 

The amplitude of the current through the condenser is: 

lo^EcoC, 

and that of the current through the inductance: 

I 
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IV. OSCILLATORY CIRCUITS 

(3) Selectivity and Loss Factor of Oscillatory Grcnits 

A. Selectivity of an Oscillatory Circuit (Figs 28 and 29) 

The angular frequency of a signal at resonance is: 

cOo = - or o)o^LC = 1 (L in henrys and C in farads). 
j/LC 

The frequency of a signal at resonance is: 

fo = —(L in henrys and C in farads). 
2;i)/LC 

The wavelength of a signal of resonant frequency is 

= 1885 X 10* X j/Ec (Ao in ro, L in henrys and C in farads). 

The deviation Ao) of the resonant frequency co©, for an arbitrary frequency o, is 

A CD = 0)-COq. 

The selectivity for a signal with a frequency differing by an amount Aco from the 
resonant frequency cDq is defined as the ratio of the amplitude Eo of a signal of resonant 
frequency to that of the signal E having a frequency deviating Aco from the resonant 
frequency, for equal current amplitudes I. 

In the case of Fig. 28 tliis relation (for small values of Aco) is approximately: 

In the case of Fig. 29 the relation (again for small values of Aco) is approximately: 

|" = | = )/(2ja>R'C)‘ + l. 

In the case of Fig. 28 the selectivity is determined by the ratio R/L between the resistance 
and inductance of the coil, and in the case of Fig. 29 by the prc^uct R'C of the parallel 
resistance and capacity (R/L and 1/R^C are called the loss factor of a circuit). 

B. Parallel Connection of a Resistance to an Oseillatory Circuit 

The parallel connection of a resistance R' to an oscillatory circuit corresponds to an 
increase of the factor R/L by Jr/L: 

C. Series Conneetion of a Resistanee to the Inductance or Condenser 
of an Oseillatory Greuit 

If a resistance R is introduced into an oscillatory circuit, in series with the coil or the 
condenser, this corresponds to the parallel connection of a resistance R^ to the circuit: 

1 R 

R'C “ L ’ 
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IV. OSCILLATORY CIRCUITS 

D. Detennining the Magnitude of the Loss Factor R/L or 1/R'C of 
the Circuit 

This factor can be determined by measuring the voltage E© across the circuit at resonance 
and the voltage E at a frequency deviating Ao) from the resonant frequency, with equal 
current amplitudes I: 

R _ Jl_2A(o 

"““"■(IF' 

For ^ =- |/a, R/L = 1/R'C = 2 Jto. 

These formulae do not hold for large values of A o). 
Tlie following formulae, however, are of general application. 

E. General Formulae for the Seleetivity and Reciprocal Quality Factor 
of Oscillatory Circuits 

(a) Definitions: 
r CO CUo 2Ao> 

Relative detuning p —-^-- 
(Oo CO (Oo 

Reciprocal circuit quality factor tan d = d = 1/Q = 
R 

ft>oL R'cuoC 

(b) Formulae: 

Impedance at an arbitrary frequency co: Z = |/ 

Impedance at the resonant frequency ci>o: Z, 

Selectivity: ^ ~ 

d 

4-1. 

(c) Determining the Reciprocal Quality Factor d (= tan d = 1/Q): 

d = 

/(!)•- 

in which Eo represents the voltage across the circuit at resonance and E the 
voltage at a frequency differing by Act) from the resonant frequency a>o» at equal 
current amplitudes I. 

If 5: = d = tan a = ^, or Q = 1//J. 
E 

(d) How the Bedproeal Quality Factor is Affected by an Increase of the Series Reslstanee 
in the Clrcnit or of a Resistance Connected Parallel to the Circuit 

Any increase of the series resistance in a circuit or the parallel connection of 
a resistance R' to the circuit corresponds to an increase of d by d: 

or 

Jd = 

Ad = 

AR 

cOoL * 

1 

R'cooC • 
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V. BAND-PASS FILTERS 

V. BAND-PASS FILTERS 

la 

a: with coupling by a mutual inductance 
b: with top-end capacitive coupling 

• c: with bottom-end capacitive coupling 

1) Basic formulae, see Figs 30a, b and c: 

1 1 
tt)o = 

)/LiCx J/L,C, 

Voltage across the secondary circuit of the 
band-pass filter: 

E -I -i^Z 

in w'hich K is a coupling factor. Mean value 
of the circuit impedance 

Z = ^ Zj X Z2, 

7 — 7 — ^-*8 

' RiC/ * R2C2’ 

Mean value of the reciprocal quality factor: 

tan a = d = V'd,d,, di = -^, d, = -^- 
0)oLi cUoLa 

a) Coupling by a mutual inductance (Fig. 
30a): 

K = 
1/L.L, 

b) Top-end capacitive coupling (Fig. 30b): 

K = 
y ^1^8 

c) Bottom-end capacitive coupling (Fig. 
30c): 

K-t5a- 

2) Critical coupling K = d: E, = 4 LZ. 

El „ 1 
3) Input impedance of the band-pass filter: — = Z^- yaM«' 

E 
Input impedance at the critical coupling: -^ = 4 ^i • 

I» 

4) Ratio of input and output voltages: 

5) Equation of the resonance curve 

a = attenuation = 

= Ai/Zi 
E, kK^- 

voltage across secondary circuit at resonant frequency (=» Eao) 

voltage across secondary circuit at non-resonant frequency (= Ea) 

E,o y (K'/d* + 1)* — 2 )j*/d* (KVd* — 1) + . 

* E, K'/d* + 1 

= («ec IV. 8Ba). 
€0 CO0 

490 



V. BAND-PASS FILTERS 

At the cirtical coupling (K » d): 

These formulae apply only in the vicinity of the resonant frequency a)©, i.e. as long as 

^ does not differ much from unity and and da do not differ much from each other. 

Band-pass Filter Curves, Sheet 1 

Attenuation a as a function of ^/d with K/d as parameter for all kinds of band-pass 
filters and for oscillatory circuits coupled by valves. 
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V. BAND-PASS FILTERS 

Band-pass Filter Curves, Sheet II 

Attenuation a for band-pass filters as a function of with K/d as parameter. 

545S5 

%.12500 2 4 6 8 10 12 k(^s 
25000 4 a 12 16 20 
37500 6 12 18 24 
50000 a 16 24 32 
75000 12 24 36 
100000 16 32 48 

The curves which are given for inductively-coupled circuits apply also to capacitively- 
coupled circuits. For circuits with R/L = 12,500 the graduation from 0 to 12 kc/s on the 
horizontal scale applies to the frequency deviation p/d; for circuits with R/L *= 25,000 
the horizontal scale i^om 0 to 20 kc/s applies, and so on. Here, too, the condition is that 

relatively the frequency may not deviate too much from o>o» i.e. that ^ may not dii^er 

appreciably from unity. For this reason the scales for p/d for different values of R/L have 
not been plotted farmer than the highest values indicated in the diagram. 
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VI. RC ELEMENTS 

VI. RC ELEMENTS IN AMPLIFYING STAGES 

(1) Resistance Coupling between two Valves 

A resistance coupling between two valves may be represented by the diagram of Fig. 81; 

Here 
gmVg = current source formed by valve Tj; 
R, — internal resistance of valve 
Kl ~ anode series resistance of valve T,; 

~ grid-leak resistance of valve T^; 
Cj = parallel condenser for filtering the H.F. and representing the wiring capacity; 
Cj, = coupling condenser. 

A. Cbaraeteristic for High Frequencies 

For high frequencies the impedance of the condenser Cg is small compared with Rg^'and 
the circuit of Fig. 81 can be simplified to that of Fig. 82, where 

W 

— = —1——1—^ and C : 
R R. ^ Rl Rg 

The impedance of R and C in parallel is 

R 

C,. 

Z = 

545S7 

[/l + 0>»R*C* 

The alternating grid voltage Vg' is 

Fig, 32 
Vg' - g„,VgZ = ■ 

gmVgR 

yi 4- o>*R*C* 

The ratio a((y) of Vg' for the frequency w to Vg' for a very small value of w (co RC 1) is: 

1 
®((W) = ----, 

)/l + a>»R*C» 

In [Fig. 88 a((o) is given as 
a percentage as a function 
of the frequency for different 
values of the product RC. 

With small values of cti the 
grid a.e. voltage Vg' ap¬ 
proaches gmVgR. 

Fig, 33 
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VI. BC ELEMENTS 

B. Charaeteristie for Low Frequencies 

At low frequencies the impedance of the condenser in Fig. 81 is very large compared 
with the value of the resistance and its influence can be disregarded. The impedance 
of Cg is then no longer infinitely small compared with Hg and voltage division occurs. 
In this case the circuit of Fig. 31 can be simplified to that of Fig. 84a, where 

R' Rn ^ Rl ' 

In Fig 84 the current source gmVg with parallel resistance R' can be replaced by a voltage 
source gmVgR' with resistance R' connected in series, producing the system of Fig. 34b. 

The alternating grid voltage is 

V.' = gn>V,-5^ 
‘R' + R, )/l + 

to*(R'H-Rg)’C,* 
With large values of co 

Vg'=gmV, ^^ = BmV,R. 

The ratio a<m) of V,' at the fcequency a> to V,' at a very large value of to 

[a)(R' + R,) C,>1] is: 
1 

8(0)) = - --• 

K ^ ■'■o)*(R' + R,)*C,* 

In Fig. 85 a(ce» is given as a percentage as a fimction of the frequency for different values 
of the product (R' + Rg) C,. 
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VI. RC ELEMENTS 

(2) RG Element for Automatic Negative Grid Bias 

Fig. 86 indicates a system for producing automatic negative grid bias of a valve. At 
an extremely low frequency the impedance of the condenser C is very large compared 
with R and the effect of C can be ignored (Fig. 366). If in Fig. 36a the dynamic 

transconductance of the valve is gmd in 
Fig. 866 this is given by 

n* — 
1 -f- R gmd 

The RC element in the cathode lead to 
the valve causes a reduction aicoi in 
the dynamic transconductance gmd of 
the vive at the frequency co, compared 
with the dynamic transconductance at 
a very high frequency (coRC^l); 

„ - ^ - i/ 1 + ft>»R*Ca 

gmd r (1 + Rgmd)* + 0)*RH:2 ‘ 

This reduction of the dynamic transconductance depends not only on RC but also on 
Rgmd» so that it is not possible to represent the dependency of a(tt» on the frequency 
with the aid of a single family of curves. 

(3) Decoupling by an RC Filter 

The decoupling by an RC filter (see Fig. 37) is determined by 
the relation between the voltage Vj across the condenser 
and the voltage at the input of the filter. 

Vi 1 

Vi j/ tt)«R*C> + 1 ’ 

or as a percentage: 

V._ ^”0 ./ . 
Vi |^<0*R>C* + 1 

With thfe aid of the following simple formula one can calculate quickly and with reasonable 
accuracy the value of the product RC required for n% decoupling at a given Ihrequency, 
when n < 30; 

n X f 

where R = the resistance in ohms, 

C = the capacity in fiF, 
f = the frequency in c/s. 

(4) Coupling by a CR Element 

When a voltage source Vx is coupled by means of a CR 
element (see 1^. 88) the voltage Vg across the resistor R 
is given by 

^ __R_ ^_cdRC ^ 

Fig. 38 
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VI. RC ELEMENTS 

(5) Decoupling of the Screen Grid 

The screen grid of a multigrid valve (pentode or 
tetrode) is generally fed from a source of higher 
voltage, the anode supply line for instance, by means 
of a voltage divider or via a series resistor. The screen- 
grid voltage is then smoothed by means of a condenser 
(Fig. 39). If condenser Cgg were omitted the anode 
current would also be modulated by the alternating 
voltage then present on the screen grid, which alter¬ 
nating voltage is the result of the alternating screen- 
grid current flowing through the screen-grid series 
resistor 
The modulation of the anode current by the aJternafing 
voltage on the screen grid reduces the transconductance 
of the first grid, because this alternating voltage is 
opposed in phase to the control-grid voltage Vi. When the capacity of condenser Cg2 is 
too low the low-frequency alternating voltage is inadequately smoothed. This results 
in a reduction of the transconductance for these frequencies and consequently a bad 
reproduction of low notes. 

For a pentode or tetrode the following assumptions may be made with reasonable accuracy: 

(a) A variation of the anode voltage does not affect the intensity of the cathode current; 
it only influences the distribution of this current over screen grid and anode. 

(b) A variation of the control-grid voltage does not interfere with the ratio of the 
screen-grid current and the anode current. 

(c) A variation of the screen-grid voltage does not affect the ratio of the screen-grid 
and anode currents. 

(d) The internal anode resistance R» is very high with respect to the external anode 
load Rl. 

dV 
(e) The internal screen-grid resistance R*2 ( at constant values of Vg^ and V*) is 

digg 
not small with respect to the external impedance in the screen-grid circuit (the 
impedance of Cgg as far as this is not considerably influenced by Rg2). 

Under these circumstances the attenuation which is the ratio of the anode alternating 
current with an angular frequency cw to the anode alternating current with a considerably 
higher frequency, is equal to 

„ _ cwCggRftg 
®(C0) “ ■ ■■■■■ — • 

y 1 + («)C^„)* 

The curves of Fig. 85, giving the attenuation a((y) as a function of the frequency f =-;r~ 

with RC as a parameter, are also convenient for determining the response at an angular 
frequency m with a screen-grid capacity Cg, (fifiF) and an internal screen-grid resistance 
Rag (MD). 
In the case of an output pentode the power dissipated in the loudspeaker is proportional 
to the square of the anode alternating current. The attenuation of the loudspeaker power 

resulting from the impedance T-77- in the screen-grid circuit compared with the power 
joCgg 

at a very much higher frequency is consequently 

(Ctf CggRag) 
1-f (a)Cg,Ra,y 
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VII, SKIN EFFECT WITH ROUND WIRE 

Fig. 40 gives as a percentage the attenuation of the power output as a function 
of the fi^equency for various values of the product RC (R in ohms and C in farads). 

VII. THE H.F. RESISTANCE OF ROUND WIRE DUE TO SKIN 
EFFECT 

Owing to skin effect the resistance of a wire for currents of high frequency is greater 
than the D.C. resistance. The H.F. resistance of round wire depends on a quantity x^. 
If we call the resistance for high frequencies R and the D.C. resistance Ro then the ratio 
R/Ro is a function of Xj, where Xj is given by; 

in which x, = nT,ynHvlOr», 

= radius of the section of wire in cm, 
/i = permeability, 
X = specific conductivity in 1/ohm cm, 
V = frequency of the alternating current in c/s. 

When Xi has been determined for a certain section of wire the ratio R/Ro can be found 
with the aid of 

(a) R/ft„ = 1 + ^ —0 < X, < 0.8; 

(b) R/R„ = 0.997Xi + 0.277 for 1.5 < x, < 2; 

(c) R/R„ = Xi + 0.25 + for Xi > 2. 

For values of x^ lying between 0.8 and 1.5 R/R© can be determined with the aid of the 
following table: 

TABLE I 

Xi R/Ro Xi R/Ro Xi R/Ro 

0.80 1.11 1.05 1.81 1.80 1.56 
0.85 1.14 1.10 1.85 1.85 1.61 
0.90 1.18 1.15 1.40 1.40 1.66 

1.22 1.20 1.45 1.45 1.72 
1.0 1.26 1.25 1.50 
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VII. SKIN EFFECT WITH ROUND WIRE 

Some values are given below for the specific conductivity in 1/ohm cm and the permeability: 

TABLE II 

Specific Conductivity and Permeabiiity of Some Materiais 

1 
Material Specific conductivity in —- 

ohm cm 
Permeability fi 

Copper 58.2 < 10‘ 1 
Brass 14.8 X 10* 1 
Tin 8.7 X 10* 1 
Constantan 2.0 y 10* 1 
Iron 1.0 X 10* 1000 
Chromium nickel 0.9 X 10* 1 

The following table gives the relative increase of the resistance R/R^ due to skin effect for 
copper wire of various diameters and at .certain frequencies. 

TABLE III 

Increase of Resistance of Copper Wire Due to Skin Effect 

Wire 
diam. 

in mm 

R/R. at a frequency v of 

100 kc/s 
(A=3000ni) 

500 kc/s 
(A = 600 m) 

1000 kc/s 
(A = 800 m) 

8000 kc/s 
(A = 100 m) 

o
 

II 

1.00 1.00 1.00 ' 1.0 1.2 
1.00 1.00 1.01 1.2 1.5 
1.03 1.04 1.1 1.5 2.6 

0.3 1.04 
1 

1.06 2.2 3.8 
0.5 1.05 1.4 3.2 6.1 
0.7 1.13 1.9 4.5 8.8 

0.0 1.87 2.6 3.6 6.2 11.1 
1.0 1.50 2.8 4.2 6.0 14.3 
2.0 2.76 5.4 8.1 0 50 

These figures apply only to a straight wire. 

The following are the wire gauges in microns {1 cm) of some materials with 
which, at a frequency ofdOMc/s, the increase of resistance due to skin effect amounts to 1%. 

copper 20 fjt constantan 108/u 

brass 40.4jU chromium nickel 161 /i 

*) At high frequencies (10—100 Mc/s) the permenbility of iron is about 200. 
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Vni. CALCULATION OF INDUCTANCES 

Vin. CALCULATION OF INDUCTANCES 

(1) The Inductance of a Greular Winding of Round Wire (Fig. 41). 

The inductance of a circular winding of round wire as shown in Fig. 41 can be[[ca.lculated 
from the formula 

L = 4?rR (In + 0.33) lO”® henry, 
a 

in which 

H — radius of the winding in cm; 

d = diameter of the wire in cm. 

This formula applies to cases where d is much smaller than 
R. The contribution of the field inside the wire, the so-called 
internal inductance, is allowed for in the formulae. This is 
always proportional to the gauge of the wire and amoimts to 0.5 x 10”® henry/cm. 
At high frequencies, where owing to skin effect the current flows along the surface of 
the wire, this internal inductance disappears, in which case the term 0.83 in the formula 
changes to 0.08. 

(2) Mutual Inductance between two Equal, Parallel, Circular Windings 
of Round Wire 

The mutual inductance between two equal, parallel, circular windings of round wire can 
be calculated with the aid of the formula: 

M = 4h:R (In — + 0.08) 10”® henry, 
a 

in which 
R = the radius of the circular windings in cm; 
a = centre-to-centre distance between the wires in cm. 

(3) The Inductance of a Square Winding (Fig. 42) 

The inductance of a square winding as shown in Fig 42 
can be calculated with the aid of the formula 

2s 
L = 8s (In —-0.524) 10”® henry, 

d 
in which 
s = length of one of the sides of the square, in cm; 
d = diameter of the wire, in cm. 

This formula applies to cases where d is much smaller than 
s and includes also the internal inductance. Where the 
latter disappears the term —0.524 changes to —0.774. 

-r 5 ^ 

- £ 

,1 

5 

Fig. 42 

(4) The Inductance of Coils (Fig. 43) 

The inductance of a cylindrical coil with rectangular winding section (see Fig. 43) can 
be calculated with the aid of the formula 

L = n* D 0 10”® henry, 
in which 
n =3 number of windings; 
D sa mean diameter of the windings, in cm. 
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VIII. CALCULATION OF INDUCTANCES 

Fig, 43 

The value of 0 as a first approximation of the self-inductance 
can be calculated from the formula given by Prof. E. Lbfgren 
of the Stockholm Technical University 

0.45 H a + p + 0.5 ap 

in which 

D = mean diameter of the windings, in cm; 

r = thickness of the coil, in cm; 

a = length of the coil, in cm; 

a = a/D and p = r/D. 

This formula has an accuracy of ± 2% for p < 0.75 and 
0.25 <C a <C 3.0. It is applicable for cylindrical coils of not too 

great a thickness and with reasonable accuracy lo flat coils up to the maximum 
value 1 of p. 
The exact value of 0 is found by using the curves of Figs 44, 45 and 46 (taken from 
J. Hak, Eisenlosc Drossclspulen, published by K. F. Koehler, Leipzig, 1988). In these 
graphs again a = a/D and p = r/D. The internal inductance is included in these formulae. 

500 



VIII. CALCULATION OF INDUCTANCES 

a 

Fig, 44 

The value of 0 as a function of a = a/D and p = r/D for determining the inductance 
of a cylindrical coil with rectangular winding section» with the aid of the formula 
L = n*D (p henry, for values of p from 0 to 1 and of a from 0 to 1.5. 
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VIII. CALCULATION OF INDUCTANCES 
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Fig. 46 

The value of 0 as a function of a = a/D and p = r/D for determining the inductance 
of a cylindrical coil with rectangular winding section with the aid of the formula 
L = n* D 0 10^ henry, for values of p from 0 to 1 and of a from 1.4 to 4.4. 
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Fig. 46 

The value of 0 as a function of a » a/D and p » r/D for determining the inductance 
of a cylindrical coil with rectangular winding section with the aid of the formula 
L s= n* D lO”* henry, for values of p from 0 to 1 and of a from 4.2 to 7.2. 
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IX. PROPERTIES OF LONG LEADS 

IX. PROPERTIES OF LONG LEADS 

In the expressions for inductance given below the internal inductances are not included. 

(1) Straight, Round Wire Parallel to Earth (Fig. 47) 

4J447 

Fig. 47 

(a) Capacity per cm length 

C =-10-“_F/cm. 

1.8 In ^ 
d 

(b) Inductance per cm length 

L = 2«ln^ 10-*_H/om, 
d 

a and d in cm, e — dielectric constant (for air e = 1), 
= permeability (for air /i = 1). 

These formulae apply where d is much smaller than a. 

(2) Two Parallel Wires Suspended in Air (Fig. 48) 

U- --I 
4M5/ 

Fig, 48 

(a) Capacity per cm length 

C =-10-“_F/cm. 
, 2a ' 

3.0 In — 
d 

(b) Inductance per cm length 

2a 
L = 4uln .... H/cm. 

d 

(c) Characteristic impedance 

a and d in cm, e = dielectric constant, fi = permeability. 

These formula apply where d is much smaller than a. 

(3) Concentric Lead or Cable (Fig. 49) 

(a) Capacity per cm length 

C = -F/cm. 

1.8 In 
di 

(b) Inductance per cm length 

dg 
2/4 In ~ 10“®.... H/cm. 

di 
(c) Characteristic impedance 

Z, = /t = 60 1n^/f...l2. 

dj and d^ in cm, e = dielectric constant, /4 = permeability. 
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XI. TABLES AND GRAPHS 

XL TABLES AND GRAPHS 

Deeibel and Neper 
Definitions 

A bel is the logarithm, with base 10, of the ratio of two powers, i.e. twice the logarithm 
of the ratio of the corresponding voltage or current amplitudes when the impedances 
through which the cuirents are flowing or across which the voltages are developing are 
identical. 
A decibel (dB) is one-tenth of a bel, so that amplification or attenuation can be expressed 
in dB as follows: 

P V I 
number of dB = 10 log^o = 20 logio ~ * (1) 

li 

The neper (N) is the logarithm to the base e — 2.718... of the ratio of two amplitudes 
of voltage, current, pressure or velocity, so that amplification or attenuation can be 
expressed in nepers as follows: 

number of N = logs ^ == logg ^ or N = In ^ = In . (2) 

Nepers can be converted into decibels and vice versa with the aid of the Formulae (3) 
and (4) 

1 dB = 0.1151 N (3) 

1 N = 8.686 dB. (4) 

With the aid of the graph below decibels and nepers can be converted to ratios of 
power (Pa/Pi) or to ratios of corresponding voltage (Vj/Vj) or current (la/Ii). 

GRAPH 
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Remarks concerning the Use of the Table of Conversion of Decibels 

to Ratios of Powers, Voltages or Currents 

1) The number of decibels corresponding to a given ratio I1/I2 is equal to the number 

of decibels corresponding to the ratio Is/Ii* but with the opposite sign. This results 

from the fact that: 

the number of dB = 20 logio IJli — 20 logio (Ii/Ia)”^ = —20 logio IJh* 

The number of decibels corresponding to IJIi = 2 is 6.021 and consequently the 

number of decibels corresponding to = 0.5 is equal to —6.021. 

2) In order to find ratios of currents or voltages corresponding to a number of decibels 

higher than 20 it is to be remembered that 20 dB corresponds to a ratio of 10, 40 dB 

to a ratio of 100, 60 dB to r ratio of 1000, and so on. 

In order to obtain the ratios of current corresponding to decibel numbers higher than 

those quoted in the table, the ratio of current corresponding to a number of decibels 

higher than 20, 40, 60, 80 etc. must be multiplied by 10,10*, 10*, 10*, etc. For instance 

to determine the ratio Ii/Ig corresponding to 45 dB first the ratio corresponding to 

5 dB is looked up in the table, this ratio being 1.778, and then multiplied by 100. 

In the case of the example given 45 dB corresponds to a ratio of 177.8. 

If the number of dB were 85 the ratio corresponding to 15 dB should be looked up 

(15 dB corresponds to 5.623) and multiplied by 10 (consequently 35 dB corresponds 

to a ratio of 56.23). 

8) Inversely, for each ratio of currents, etc. the value of wliich is higher than those 

included in the table the number of dB can be found by dividing tliis ratio by 10, 

100, 1000 or 10,000 and finally adding to the number of dB 20, 40, 60 or 80. In the 

case of a ratio of 5248 the number of dB corresponding to 5.248 is 14.4. Since we first 

divided the ratio by 1000, to the number of dB finally found we have to add 60 dB. 

Thus the number of decibels corresponding to the ratio I1/I2 = 5248 is 14.4 + 60 = 74.4. 
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TABLE for Converting Decibels to Ratios of Current (1), 

Deci¬ 
bel 

Ii V, 
I, "v. 

Pi 
p. 

p. 
Pi 

Deci¬ 
bel IS m M iSi 

0.1 1.012 1.023 0.9886 0.9772 5.1 1.799 3.286 0.5559 0.3090 
0.2 1.023 1.047 0.9772 0.9550 5.2 1.820 3.311 0.5495 0.3020 
0.8 1.035 1.072 0.9661 0.9338 5.3 1.841 3.388 0.5433 0.2951 
0.4 1.047 1.096 0.9550 0.9120 5.4 1.862 3.467 0.5370 0.2884 
0.5 1.059 1.122 0.9441 0.8913 5.5 1.884 3.548 0.5309 0.2818 

0.6 1.072 1.148 0.9333 0.8710 5.6 1.906 3.631 0.5248 0.2754 
0.7 1.084 1.175 0.9226 0.8511 5.7 1.928 3.715 0.5188 0.2692 
0.8 1.096 1.202 0.9120 0.8318 5.8 1.950 3.802 0.5128 0.2630 
0.9 1.109 1.230 0.9016 0.8128 5.9 1.972 3.891 0.5070 0.2570 
1.0 1.122 1.259 0.8913 0.7943 6.0 1.995 3.981 0.5012 0.2512 

1.1 1.315 1.288 0.8811 0.7763 6.1 2.018 4.074 0.4955 0.2455 
1.2 1.148 1.318 0.8710 0.7586 6.2 2.042 4.169 0.4898 0.2399 
1.3 1.162 1.349 0.8610 0.7413 6.3 2.065 4.266 0.4842 0.2344 
1.4 1.175 1.380 0.8511 0.7244 6.4 2.089 4.365 0.4786 0.2291 
1.5 1.189 1.412 0.8414 0.7080 6.5 2.114 4.467 0.4732 0.2239 

1.6 1.202 1.445 0.8318 0.6918 6.6 2.138 4.571 0.4677 0.2188 
1.7 1.216 1.479 0.8222 0.6761 6.7 2.163 4.677 0.4624 0.2138 
1.8 1.230 1.514 0.8128 0.6607 6.8 2.188 4.786 0.4571 0.2089 
1.9 1.245 1.549 0.8035 0.6457 6.9 2.213 4.898 0.4519 0.2042 
2.0 1.259 1.585 0.7943 0.6310 7.0 2.239 5.012 0.4467 0.1995 

2.1 1.274 1.622 0.7852 0.6166 7.1 2.265 5.128 0.4416 0.19.50 
2.2 1.288 1.660 0.7763 0.6026 7.2 2.291 5.248 0.4365 0.1906 
2.3 1.303 1.698 0.7674 0.5888 7.3 2.317 5.370 0.4315 0.1862 
2.4 1.318 1.738 0.7586 0.5754 7.4 2.344 5.495 0.4266 0.1820 
2.5 1.334 1.778 0.7499 0.5623 7.5 2.371 5.623 0.4217 0.1778 

2.6 1.349 1.820 0.7413 0.5495 7.6 2.399 5.754 0.4169 0.1738 
2.7 1.365 1.862 0.7328 0.5370 7.7 2.427 5.888 0.4121 0.1698 
2.8 1.380 1.906 0.7244 0.5248 7.8 2.4.55 6.026 0.4074 0.1660 
2.9 1.396 1.950 0.7161 0.5128 7.9 2.483 6.166 0.4027 0.1622 
3.0 1.413 1.995 0.7080 0.5012 8.0 2.512 6.310 0.3981 0.1585 

8.1 1.420 2.042 0.6998 0.4898 8.1 2.541 6.457 0.8936 0.1549 
3.2 1.445 2.089 0.6918 0.4786 8.2 2.570 6.607 0.3891 0.1514 
3.3 1.462 2.138 0.6839 0.4677 8.3 2.600 6.761 0.8846 0.1479 
3.4 1.479 2.188 0.6761 0.4571 8.4 2.630 6.918 0.3802 0.1445 
8.5 1.496 1 2.239 0.6688 0.4467 8.5 2.661 7.080 0.3758 0.1412 

3.6 1.514 2.291 0.6607 0.4365 8.6 2.692 7.244 0.8715 0.1380 
3.7 1.531 ! 2.344 0.6531 0.4266 8.7 2.723 7.413 0.8678 0.1349 
8.8 1.549 2.899 0.6457 0.4169 8.8 2.754 7.586 0.8681 0.1318 
8.9 1.567 2.455 0.6388 0.4074 8.9 2.786 7,768 0.3589 0.1288 
4.0 1.585 2.512 0.6310 0.8981 9.0 2.818 7.943 0.8548 0.1259 

4.1 1.603 2.570 0.6237 0.3891 9.1 2.851 8.128 0.8508 0.1230 
4.2 1.622 2.680 0.6166 0.3802 9.2 2.884 8.818 0.8467 0.1202 
4.8 1.641 2.692 0.6095 0.8715 9.8 2.917 8.511 0.8428 0.1175 
4.4 1.660 2.754 0.6026 0.8681 9.4 2.951 8.710 0.8888 0.1148 
4.5 1.679 2.818 0.5957 0.8548 9.5 2.985 8.918 0.8850 0.1122 

4.6 1.698 2.884 0.5888 0.8467 9.6 8.020 9.120 0.8811 0.1096 
4.7 1.718 2.951 0.5821 0.8888 9.7 8.055 9.888 0.8278 0.1072 
4.8 1.788 8.020 0.5754 0.8811 9.8 3.090 9.550 0.3286 0.1047 
4.9 1.758 8.090 0.5689 0.8286 9.9 8.126 9.772 0.8199 0.1028 
5.0 1.778 8.162 0.5628 0.8162 10.0 8.162 10.000 0.8162 0.1000 
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Voltage (V) or Power (P) and VIee Versa 

Deci¬ 
bel 

Ii V, Pi 
p. r'v, 

p. 

■p* 

Deci¬ 
bel 

p. 

p. 

p. 

Pi 

10.1 3.199 10.23 0.3126 0.09772 15.1 5.689 32.36 0.1758 0.03090 
10.2 3.236 10.47 0.3090 0.09550 15.2 5.754 33.11 0.1738 0.03020 
10.3 3.273 10.72 0.3055 0.09333 15.3 5.821 33.88 0.1718 0.02951 
10.4 3.311 10.96 0.3020 0.09120 15.4 5.888 34.67 0.1698 0.02884 
10.5 3.850 11.22 0.2985 0.08913 15.5 5.957 35.48 0.1697 0.02818 

10.6 3.888 11.48 0.2951 0.08710 15.6 6.026 36.31 0.1660 0.02754 
10.7 3.428 11.75 0.2917 0.08511 15.7 6.095 37.15 0.1641 0.02692 
10.8 3.467 12.02 0.2884 0.08318 15.8 6.166 38.02 0.1622 0.02630 
10.9 3.508 12.30 0.2851 0.08128 15.9 6.237 38.90 0.1603 0.02570 
11.0 3.548 i2.se 0.2818 0.07943 16.0 6.310 39.81 0.1585 0.02512 

11.1 8.589 12.88 0.2786 0.07763 16.1 6.383 40.74 0.1567 0.02455 
11.2 3.631 13.18 0.2754 0 07586 16.2 6.4.57 41.69 0.1549 0.02399 
11.8 3.678 13.49 0.2728 0.07113 16.3 6.531 42.66 0.1531 0.02344 
11.4 8.715 13.80 0.2692 0.07244 16.4 6.607 43.65 0.1514 0.02291 
11.5 3.758 14.18 0.3C61 0.07080 16.5 6.683 44.67 0.1496 0.02239 

11.6 3.802 14.45 0.2630 0.06918 16.6 6.761 45.71 0.1479 0.02188 
11.7 8.846 14.79 0.2600 0.06761 16.7 6.839 46.77 0.1462 0.02138 
11.8 3.891 15.14 0.2570 0.06607 16.8 6.918 47.86 0.1445 0.02089 
11.0 3.036 15.49 0.2541 0.06457 16.9 6.998 48.98 0.1429 0.02042 
12.0 3.981 15.85 0.2512 0.06310 17.0 7.080 50.12 0.1412 0.01995 

12.1 4.027 16.22 0.2483 0.06166 17.1 7.161 51.29 0.1396 0.01950 
12.2 4.074 16.60 0.2455 0.06026 17.2 7.244 52.48 0.1380 0.01906 
12.3 4.121 16.98 0.2427 0.05888 17.3 7.328 53.70 0.1365 0.01862 
12.4 4.169 17.38 0.2399 0.05754 17.4 7.413 54.95 0.1349 0.01820 
12.5 4.217 17.78 0.2371 0.05623 17.5 7.499 56.23 0.1334 0.01778 

12.6 4.266 18.20 0.2344 0.05495 17.6 7.586 57.54 0.1318 0.01738 
12.7 4.815 18.62 0.2317 0.05370 17.7 7.674 58.88 0.1303 0.01698 
12.8 4.365 19.05 0.2291 0.05248 17.8 7.763 60.26 0.1288 0.01660 
12.9 4.416 19.50 0.2265 0.05128 17.9 7.852 61.66 0.1274 0.01622 
13.0 4.467 10.95 0.2239 0.05012 18.0 7.943 63.10 0.1259 0.01585 

18.1 4.519 20.42 0.2213 0.04898 18.1 8.035 64.57 0.1245 0.01549 
13.2 4.571 20.89 0.2188 0.04786 18.2 8.128 66.07 0.1230 0.01514 
13.3 4.624 21.38 0.2163 0.04677 18.3 8.222 67.61 0.1216 0.01479 
13.4 4.677 21.88 0,2188 0,04571 18.4 8.318 69.18 0.1202 0.01445 
13.5 4.782 22.39 0.2114 0.04467 18.5 8.414 70.79 0.1189 0.01412 

18.6 4.786 22.91 0.2089 0.04365 18.6 8.511 72.44 0.1175 0.01380 
13.7 4.842 23.44 0.2065 0.04266 18.7 8.610 74.13 0.1161 0.01349 
13.8 4.898 23.99 0.2042 0.04169 18.8 8.710 75.86 0.1148 0.01318 
13.9 4.955 24.55 0.2018 0.04074 18.9 8.811 77.62 0.1135 0.01288 
14.0 5.012 25.12 0.1995 0.03981 19.0 8.913 79.43 0.1122 0.01259 

14.1 5.070 25.70 0.1972 0.03891 19.1 9.016 81.28 0.1109 0.01230 
14.2 5.128 26.80 0.1950 0.03802 19.2 9.120 83.18 0.1096 0.01202 
14.3 5.188 26.92 0.1928 0.03715 19.3 9.226 85.11 0.1084 0.01175 
14.4 5.248 27.54 0.1906 0.03631 19.4 9.333 87.10 0.1072 0.01148 
14.5 5.800 28.18 0.1884 0.03548 19.5 9.441 89.13 0.1059 0.01122 

14.6 5.870 28.84 0.1862 0.03467 19.6 9.550 91.20 0.1047 0.01096 
14.7 5.488 29.51 0.1841 0.03388 19.7 9.661 93.33 0.1035 0.01072 
14.8 5.495 30.20 0.1820 0.03311 19.8 9.772 95.50 0.1023 0,01047 
14.9 5.559 80.90 0.1799 0.03236 19.9 9.886 97.72 0.1012 0.01023 
15.0 6.628 81.62 0.1778 0.08162 20.0 10.000 100.00 0.1000 0.01000 
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THE MAXIMUM DISRUPTIVE FIELD STRENGTH OF SOME INSULATING MATERIALS 

Material 

Max. disr. 
field strength 

kVi) 

mm 

Material 

Max. disr. 
field strength 

kV 1) 

mm 

Bakelite. 32.5 Mica. 24—41 
Calan ._ 50—04 Paper (oiled). 28-4.2 
Calite. 50—64 Paper (lacquered). 42—85 
Celluloid. 42 Paraffin. 17 
Condensa C. 21 Porcelain (hard). 14—28 
Condensa F. 21—28 Presspahn. 17 
Condensa N. 21—28 Rubber (soft). 27 
Frequenta. 42—50 Transformer oil . 17 
Glass (common). 
Air. 

11—12.5 
3.2 

Wax. 17 

>) Direct voltage or peak value of alternating voltage of 50 c/s. 

DIELECTRIC CONSTANT AND REaPROCAL QUALITY FACTOR OF INSULATING 
MATERIALS AT ROOM TEMPERATURE 

Dielectric 
Reciprocal quality factor tan 6 X 10* 

Material 
constant 

at 1,000 c/s 
at l,000kc/s 

(300 m) 
at lOMc/s 

(80 m) 

Bakelite. 3—5 50—200 160 220 
Amber. 2.9 — 800 800 
Calan. 6.6 — 2.1 2.2 
Calite. 6.5 5 4—5 8-^ 
Celluloid. 3.3—3.5 — 490 480 
Condensa C. 80 300—500 6.0 8.2 
Condensa F. 65 — 4.0 3.6 
Condensa N. 40 — 6.9 4.6 
Ebonite. 8 25—330 65—110 60—110 
Enamel lacquer (insulation 

of copper wire). __ 180 __ - 

Frequenta. 5.5—6.5 7 4.2 8.4 
Glass (various kinds). 5—16.5 20—30 4—75 — 
Quartz. 4.3—4.7 1 1.1 1.1 
Air. 1.0 0 0 0 
Mica. 6—8 1 <1 — 

Mycalex. 6—9 — 15—20 18 
Novotext. 5.5 100 — — 

Paper, dry. 1.6—2.5 15-W 150-000 — 
Paper, impregnated. 8.5—6 15—100 800—600 — 
Paraffin.. 2—2.8 5 8 — 

Pertinax. 4.5—5.5 250 800 700 
Porcelain. 6—6 100—200 70—120 60—110 
Presspahn. 8.4 — 240 580 
Rubber. 2.5—2.8 150 — — 

Shellac. 8-4 100—200 100 110 
Trolitul. 2.2—2.5 — 1.0 1.0 
Tourmaline. 5.0 — 5.1 8.6 
Water. 80 — — 

Silk (insulation of copper 
wire). — 400 — — 
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SPEanC RESISTANCE, SPEOFIC CONDUCTIVITY, SPECIFIC GRAVITY AND 

RESISTANCE-TEMPERATURE COEFFICIENT OF MATERIALS 

Material 

Specif, 
resistance 

{Q mm*) 

P rn 

Specif. 
conductivity 

«(“) 

Resistance- 
temp. coeff. 

a (1/»C) 

Spec, gravity 
(g/cra») 

Silver. 0.0147 68 0.0038 10.5 
Copper. 0.01718 58.2 0.00393 8.9 
Aluminium. 0.0262 38 0.0039 2.7 
Duralumin. 0.05 20 0.0041 2.8 
Zinc. 0.0575 17.4 0.0037 7.1 
Nickel. 0.0698 14.4 0.0043 8.8 
Brass. 0.07 14.3 0.002 8.2—8.7 
Iron. 0.10 30 0.005 7.6—7.9 
Platinum. 0.10-^.Jl 10 -9 0.003 21.4 
Tin. 0.115 8.7 0.0043 7.3 
New silver. | 0.80 3.33 0.00025 8.3—8.7 
Nickelin. 1 0.40 2.5 0.011 8.9 
Manganin. 1 0.43 2.33 0.00002 8.4 
Constantan. 0.50 2.0 0.00004 8.9 
Isabeliin. 0.52 1.92 —0.00002 8.0 
Chrome-iron. 0.6 1.66 0.0016 7.6 
Invar. 0.75 1.33 0.002 — 

Mercury. 0.95 1.05 0.0009 13.6 
Chrome-nickel. 1.1 0.9 0.00011 8.3 
Carbon. 30 0.33 —0.0002 to 

—0.0008 
2.25 

If it is desired to express specific resistance in Q cm the values given in the 

table have to be multiplied by 10“*. The resistance R of a conductor is equal to 

R s= in which 1 is the length in m or cm and q the cross-section in mm^ or cm®. 
q 

Determining Temperature Rise by Means of the Temperature Coefficient 

Temperature rise can be calculated with the aid of the temperature coefficient from the 

increase of resistance of a wire made of a known material, for instance of the copper 

winding of a transformer or choke. If the resistance of the wire prior to the current being 

passed through it is R^ (corresponding to the ambient temperature, which is generally 

20^ C) and the resistance after a certain working period is R], then the temperature rise is: 

J T = -- ®C. 
Ri • a 
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RESISTANCE OF ENAMELLED, SOFT, ELECTROLYTIC, ROUND, COPPER WIRE 

Wire 
gauge 
in mm 

Wire 
section 
mm* 

Re¬ 
sistance 
Qjm 

Weight 
g/m or 
kg/1,000 

m 

Wire 
gauge 

in mm 

Wire 
section 

mm® 

Re¬ 
sistance 
D/m 

Weight 
g/m or 

kg/1.000 
m 

0.020 0.00031 55.20 0.0031 0.40 0.1257 0.1383 1.14 
0.025 0.00049 35.40 0.0048 0.45 0.1590 0.1092 1.45 
0.030 0.00071 24.60 0.0069 0.50 0.1964 0.0885 1.78 

0.035 0.00096 18.06 0.0093 0.55 0.2376 0.0731 2.16 
0.040 0.00126 13.83 0.012 0.60 0.2827 0.0615 2.56 
0.045 0.00159 10.92 0.015 0.65 0.3318 0.0524 2.99 

0.050 0.00196 8.85 0.019 . 0.70 0.3848 0.0452 3.48 
0.060 0.00283 6.15 0.027 0.80 0.5027 0.0346 4.54 
0.070 0.00385 4.52 0.036 0.90 0.6362 0.0274 5.73 

0.080 0.00503 3.46 0.047 1.0 0.7854 0.0221 7.08 
0.090 0.00636 2.73 0.059 1.1 0.9508 0.01829 8.57 
0.10 0.00785 2.21 0.073 1.2 1.131 0.01536 10.19 

0.12 0.01131 1.537 0.105 1.3 1.327 0.01310 11.94 
0.15 0.01767 0.983 0.162 1.4 1.539 0.01129 13.83 
0.18 0.02545 0.682 0.232 1.5 1.767 0.00984 15.87 

0.20 0.03142 0.552 0.287 1.6 2.011 0.00865 18.05 
0.22 0.03801 0.457 0.847 1.8 2.545 0.00683 22.8 
0.25 0.04909 0.354 0.447 2.0 3.142 0.00556 28.2 

0.28 0.06158 0.282 0.559 2.2 3.801 0.00456 34.6 
0.30 0.07069 0.246 0.641 2.5 4.906 0.00354 44.0 
0.35 0.09621 0.1806 0.873 3.0 7.069 0.00246 63.2 

1) For a temperature of 20® C and specific resistance 0.01736 x 10“^ Q cm. 

512 



LIST OF’ PHILIPS PUBLICATIONS 
Relating to Radio Valves, Radio Reception 

and Allied Subjects 

Alexander, J. W.: A car radio. Philips Technical Review 3 (1938), page 112. 

Alma, G. and F. P r a k k e: A new series of small radio valves, Philips Technical 
Review 8 (1946), page 289. 

B a k k e r, C. J. and G. de Vries: Amplification of small alternating tensions by 
an inductive action of the electrons in a radio valve with n(*gative anode, Physica 1 (1934), 
pages 1045—1054. 

B a k k e r, C. J.: On vacuum tube electronics, I*hysica 2 (1935), pages 683—697. 

Bukker, C. J.: Some characteristics of recehmg valves in shortwave reception. 
Philips Technical Review 1 (1936), page 171. 

B a k k c r, C. J. and C. J. B o e r s : On the influence of the non-linearity of the 
cliaracteristics on the frequency of dynatron and triode osciRators, Physica 3 (1936), 
pages 649 -665. 

B a k k c r, C. J.: Current distribution fluctuations in multi-electrode radio valves, 
I^hysica 5 (1938), pages 681—592. 

B a k k c r, C. J. and B. van der Pol: Report on spontaneous fluctuations of 
current and potential, C. R. Union radiosci.int. Venice, Volume 5 (1939), pages 217—227. 

B a k k e r, C. J. and G. Heller: On the Brownian motion in electric resistances, 
Physica 6 (1939), pages 262—274. 

Bakker, C. J.: Fluctuations and electron inertia, Physica 8 (1941), pages 23—43. 

B a k k e r, C. J.: The causes of voltage and current fluctuations, Philips Technical 
Review 6 (1941), page 129. 

Bakker, C. J.: Radio-Investigation of the ionosphere. Philips Technical Review 8 
(1946), page 111. 

Beek, M. van de: Air-cooled transmitting valves. Philips Technical Review 4 
(1939), page 121. 

Blok, L.: Radio-interferences, Philips Technical Review 3 (1938), page 285. 

Blok, L.: Combating radio interference, Philips Technical Review 3 (1938), page 237. 

B o e 1 e n s, W. W.: Valve characteristic giving linear modulation when a feedback 
resistor is inserted in the cathode lead. Philips Research Reports 3 (1948), pages 227—284. 

Boer, J. H. de, and H. Bruining: Secondary electron emission VI, The in¬ 
fluence of externally absorbed ions and atoms on the secondary emission of metals. 
Physica 6 (1989), pages 941—950. 

Boumeester, H. G.: Development and manufacture of modem transmitting valves. 
Philips Technical Review 2 (1987), page 115. 

Bruining, H., J. H. de Boer and W. G. Burgers: Secondary electron 
emission of soot in valves with oxide cathode, Physica 4 (1987), pages 267—^275. 

Bruining, H., and J. H. de Boer: Secondary emission of metals with a low 
work function, Physica 4 (1987), pages 478—477. 

Bruining, H.: Secondary electron emission. Philips Technical Review 3 (1938), 
page 80. 

Bruining, H., and J, H. de Boer: Secondary electron emission I, Secondary 
electron emission of metals, Physica 5 (1988), pages 17—30. 

Bruining, H.: Secondary electron emission II, Absorption of secondary electrons 
III, Seoon^ry electron emission caused by bombardment with slow primary electrons. 
Physica 5 (1988), pages 918—917. 

518 



LIST OF PHILIPS PUBLICATIONS 

Bruining, H., and J. H. de Boer: Secondary electron emission IV, Compounds 
with a high capacity for secondary electron emission V, The mechanism of secondary 
electron emission. Physica 6 (1939), pages 823—833 and pages 884—839. 

B r u i n i n g, H.: Over de emissie van secundaire electronen door vaste stoffen. Thesis 
Leiden 1988, 119 pages. 

Bruining, H.: Secondary emission from metals with a low work function, Physica 8 
(1941), pages 1161—1164. 

C a t h, P. G.: A new principle of construction for radio valves, Philips Technical 
Review 4 (1939), page 162. 

C o e t e r i e r, F.: The multireflection tube, a new oscillator for very short waves. 
Philips Technical Review 8 (1946), page 257. 

Cohen Henriquez, V.: Compression and expansion in sound transmission. Philips 
Technical Review 3 (1938), page 204. 

Cohen Henriquez, V.: The reproduction of high and low tones in radio receiving 
sets, Philips Technical Review 5 (1940), page 115. 

Cornelius, P.: The sensitivity of aerials to local interferences, Philips Technical 
Review 6 (1941), page 302. 

Cornelius, P.: The aerial effect in receiving sets with loop aerial. Philips Technical 
Review 7 (1942), page 65. 

Dorgelo, E. G.: Several technical problems in the development of a new series 
of transmitter valves. Philips Technical Review 6 (1941), page 253. 

D o u m a, Tj., and P. Z ij 1 s t r a : Recording the characteristics of transmitting 
valves, Philips Technical Review 4 (1939), page 56. 

Dijksterhuis, P. R., and Y. B. F. J. Groeneveld: L^amplification basse 
frequence par transformateurs, Q.S.T. fran^. 10 (1989), pages 55—59. 

D ij k s t e r h u i 8, P. R., and Y. B. F. J. Groeneveld: Low-frequency ampli¬ 
fication with transformers. Experimental Wireless 6 (1929), pages 874—879. 

Elias, G. J., B. van der Pol and B. D. H. Tellegen: Das elektrostatische 
Feld einer Triode, Annalen der Physik 78 (1925), pages 370—408. 

Eringa, D.: A universal testing set for radio valves. Philips Technical Review 2 
(1987), page 57. 

Groeneveld, Y. B. F. J., B. van der Pol and K. Posthumus: Gitter- 
gleichrichtung, Jahrb. d. drahtl. Telegr. u. Teleph. 29 (1927), pages 189—147. 

Haantjes, J.: Judging an amplifier by means of the transient characteristic. Philips 
Technical Review 6 (1941), page 193. 

Heins van der Yen, A. J.: Testing amplifier output valves by means of the 
cathode-ray tube. Philips Technical Review 5 (1940), page 61. 

Heins van der Yen, A. J.: Output and distortion of output amplifier valves 
under different loads. Philips Technical Review 5 (1940), page 189. 

Heins van der Yen, A. J.: Output stage distorsion; some measurements on 
different types of output valves, Wireless Engineer 16 (1939), pages 888—890 and 444—452. 

Heller, G.: The magnetron as a generator of ultra short waves. Philips Technical 
Review 4 (1939), page 189. 

Heller, G.: Radio sets with station dials calibrated for short waves. Philips Technical 
Review 4 (1989), page 284. 

Heller, G.: Television receivers. Philips Technical Review 4 (1989), page 842. 

H e p p, G.: Measurements of potential by means of the electrdsrtic tank. Philips Tech¬ 
nical Review 4 (1989), page 228. 

Heyboer, J. P.: Five-electrode transmitting valves (pentodes), Philips Technical 
Review 2 (1987), page 257. 

Heyboer, J. P.: A discharge phenomenon in large transmitter valves, Philips 
Technical Review 6 (1941), page 208. 

Jonker, J. L. H., and A. J. W* M, Overbeek: The application of secondary 
emission in amplifying valves, Wireless Engineer 15 (1988), pages 150--156. 

514 



LIST OF PHILIPS PUBLICATIONS 

Jonker, J. L. H., and M. C. Teves: Technical applications of secondary emission, 
Philips Technical Review 3 (1988), page 138. 

J o n k e r, J. L. H.: Phenomena in amplifier valves caused by secondary emission, 
Philips Technical Review 3 (1988), page 211. 

Jonker, J. L. H., and A. J. W. M. van Overbeek: A new converter valve, 
Wireless Engineer 15 (1988), pages 423—481. 

Jonker, J. L. H., and A. J. W. M. van Overbeek: A new frequency- 
changing valve. Philips Technical Review 3 (1988), page 266. 

Jonker, J. L. H.: Pentode and tetrode output valves, Wireless Engineer 16 (1989), 
pages 274—286 and 344—349. 

Jonker, J. L. H.: Electron trajectories in multi-grid valves, Philips Technical 
Review 5 (1940), page 181. 

Jonker, J. L. H.: Stroomverdeling in versterkerbuizen. Thesis Delft 1942,184 pages. 

Jonker, J. L. H., and B. D. H. Tellegcn: The current to a positive grid in 
electron tubes, Philips Research Reports 1 (1945), page 13. 

Kleynen, P. H. J. A.: The motion of an electron in two-dimensional eleetrostatic 
fields. Philips Technical Review 2 (1987), page 838. 

K n o 1, K. S., M. J. O. S t r u 11 and A. v a n d e r Z i e 1: On the motion of 
electrons in an alternating electric field, Physica 5 (1989), pages 825—834. 

Knol, K. S., and M. J. O. Strutt: Ueber ein Verfahren zur Messung komplexer 
Leltwerle im Dezimeterwellengcbiet, Physica 8 (1942), pages 577—590, 
Knol, K. S., and M. J. O. Strutt: A diode for the measurement of voltages on 
decimetre waves. Philips Technical Review 7 (1942), page 124. 

Lindern, C. G. A. von, and G. de Vries: Resonance circuits for very high 
frequencies, Philips Technical Review 6 (1941), page 217. 

L i n d e r n, C. G. A. von, and G. de Vries: I»echer systems. Philips Technical 
Review 6 (1941), page 240. 

L i n d e r n, C. G. A. von, and G. de Vries: Flat cavities as electrical resonators, 
Philips Technical Review 8 (1946), page 149. 

Loon, C. J. van: Improvements in radio receivers. Philips Technical Review 1 
(1986), page 264. 

Loon, C. J. van: A simple system of bandspread in short-wave reception. Philips 
Technical Review 6 (1941), page 265. 

Lussanet de la Sabloni^re, C. J. de: Ueber die Arbeitsweise von Schirm- 
gittersenderOhren, Hochfrequenztechn. u. Elektroakust. 38 (1982), pages 191—199. 

Lussanet de la Sabloni^re, C. J. de: Die Sekund&remission in Elektronen- 
rdhren, namentlich Schirmgitterrdhren, Hochfrequenztechn. u. Elektroakust. 41 (1983), 
pages 195—^202. 

Lussanet de la Sabloni^re, C. J. de: Die Bestimmung des Schirmgitter- 
verlustes einer gesteuerten Schirmgitter-SenderOhre, Hochfrequenztechn. u.Elektroakust. 
41 (1933), pages 202--203. 

Lussanet de la Sabloni^re, C. J. de: Der innere Widerstand von Schirm- 
gitterrOhren, Hochfrequenztechn. u. Elektroakust. 41 (1988), pages 204—^205. 

Lussanet de la Sabloni^re, C. J. de: Le fonctionnement des lampes d'^- 
mission 4 grille-^cran, Onde ^lectrique 18 (1988), pages 415—440. 

Lussanet de la $ablonidre, C. J. de: The design of class B amplifiers, 
Wireless Engineer 12 (1935), pages 138—141. 

Mulder, J. G. W.: Barretters, Philips Technical Review 3 (1988), page 74. 

Penning, F. M.: Velocity-modulation valves. Philips Technical Review 8 (1946) 
page 214. 

Pol, B. van der: Ueber Eiektronenbahnen in Trioden, Jahrb. d. drahtl. Telegr. 
u. Teleph. 25 (1025), pages 121—131. 

Pol, B. van der: The non-linear theory of electric oscillations, Proc. Inst. Radio 
Engineers 22 (1984), pages 1051—1086. 

515 



LIST OF PHILIPS PUBLICATIONS 

Pol, B. van dcr, and Th. J. Weyers: Fine structure of triode characteristics, 
Physica 1 (1984), pages 481—496. 

Pol, B. van d e r, and H. Bremmer: The propagation of wireless waves round 
the earth, Philips Technical Review 4 (1989), page 245. 

Posthumus, K.: Kurzwellenrdhren, Ref. u. Mitt. int. Kongr. Kurzwellen, Vienna 
1987, pages 78—88. 

Posthumus, K.: The hum due to the magnetic field of the filaments in transmitting 
valves, Philips Technical Review 5 (1940), page 100. 

Prakke, F., J. L. H. Jonker and M. J. O. Strutt: A new “all glass” valve 
construction. Wireless Engineer 16 (1989), pages 224—280. 

Schouten, J. F.: The perception of pitch. Philips Technical Review 5 (1940), 
page 290. 

Slooten, J. van: The communal aerial. Philips Technical Review 1 (1986), page 
246. 

Slooten, J. van: The stability of a triode oscillator with grid condenser and leak. 
Wireless Engineer 16 (1989), pages 16—19. 

Slooten, J. van: Input capacitance of a triode oscillator. Wireless Engineer 17 
(1940), pages 13—15. 

Slooten, J. van: Receiving aerials. Philips Technical Review 4 (1989), page 820. 

Slooten, J. van: The functioning of triode oscillators with grid condenser and 
grid resistance. Philips Technical Review 7 (1945), page 40. 

Slooten, J. van: Stability and instability in triode oscillators. Philips Technical 
Review 7 (1945), page 171. 

Smelt, J.: Glass for modem electric lamps and radio valves. Philips Technical Review 
2 (1937), page 87. 

Stettler, O.: The octode, a new mixing valve for superheterodyne receivers. Bull. 
Assoc. Suisse des Electr. 25 (1934), pages 441—443. 

Strutt, M. J. O.: Gleichrichtung, Hochfrequenztechn. u. Elektroakust. 42 (1933), 
pages 206—208. 

Strutt, M. J. O.: Radioempfangsrohren mit grossem inneren Widerstand, Hoch¬ 
frequenztechn. u. Elektroakust. 43 (1934), pages 18—22. 

Strutt, M. J. O.: On conversion d tectors, Proc. Inst. Radio Engr. 22 (1984), 
pages 981—1008. 

Strutt, M. J. O.: Anode bend detection, Proc. Inst. Radio Engr. 28 (1985), pages 
945—958. 

Strutt, M. J. O.: Mixing valves. Wireless Engineer 12 (1935), pages 59—64. 

Strutt, M. J. O.: Whistling notes in superheterodyne receivers. Wireless Engineer, 
12 (1985), pages 194—197. 

Strutt, M. J. O., and A. van der Ziel: Messungen der charakteristischen 
Eigenschaften von Hochfrequenz-EmpfangsrOhren zwischen 1,5 und 60 Megahertz 
Elektr. Nachr. Techn. 12 (1935), pages 847—854. 

Strutt, M. J. O.: Diode frequency changers. Wireless Engineer 13 (1986), pages 
78—80. 

Strutt, M. J. O.: Performance of some types of frequency changers in all<^ave 
receivers. Wireless Engineer 14 (1987), pages 184—192. 

Strutt, M. J. O., and A. van der Ziel: Einfache Sohaltmassnahmen zur 
Verbesserung der Eigenschaften von Hochfirequenzverst5rkeiTdhren in Kurzwellengcbiet, 
Elektr. Nachr. Techn. 13 (1986), pages 260—268. 

Strutt, M. J. O., and A. van der Ziel: Erweiterung der bisherigen Mes^ 
sungen der Admittanzen von HochfrequenzverstftrkerrOhren bis 800 Megahertz, Elektr. 
Nachr. Techn. 14 (1987), pages 75—80. 

Strutt, M. J. O.: Modeme MehigitterelektronenrOhren, Schweiz. Archiv. angew. 
Wise, und Techn. 2 (1986), pages 188-199, 280. 

516 



LIST OF PHILIPS PUBLICATIONS 

Strutt, M. J. O.: Les performances de certains types de lampcs changeuses de 
frequence dans les rdcepteurs toutes ondes, Onde Electrique 16 (1687), pages 29~~44. 

Strutt, M. J. O.: Verzerrungseffekte bei Mischrdhren, Hochfrequenztechn. u. Elektro- 
akust. 48 (1937), pages 20—28. 

Strutt, M. J. O., and A. van der Ziel: Die Ursachen fiir die Zunahme der 
Admittanzen modemer Hochfrequenz-VerstftrkerrOhren im Kurzwellengebiet, Electr. 
Nachr. Teclm. 14 (1937), pages 281—298. 

Strutt, M. J. O.: Characteristic constants of h.f. pentodes. Measurements at fre¬ 
quencies between 1,5—300 Mc/s, Wireless Engineer 14 (1937), pages 478—4-88. 

Strutt, M. J. O.: Mesures des constantes caract^ristiques de quelques penthodes 
haute frequence pour des frequences de 1,5—300 megacycles par seconde, Onde Electrique 
16 (1937), pages 553—577. 

Strutt, M. J. O.; Die charakteristischen Admittanzen von Mischrdhren fiir Fre- 
quenzen bis 70 MHz, Elektr. Nachr. Techn. 15 (1938), pages 10—17. 

Strutt, M. J. O., and A. van der Ziel: Messungen der komplexen Steilheit 
modemer Mehrgitterrdhren im Kurzwellengebiet, Elektr. Nachr. Techn. 15 (1938), pages 
103—111. 

Strutt, M. J. O.: and A. van der Ziel: Einige dynamische Messungen der 
Elektronenbewegung in Mehrgitterrdhren, Elektr. Nachr. Techn. 15 (1938), pages 277—283. 

Strutt, M. J. O.: Electron transit time effects in multi-grid valves. Wireless Engineer 
15 (1038), pages 815—321. 

Strutt, M. J. O., and A. van der Ziel: On electronic space charge with 
homogeneous initial electron velocity between plane electrodes, Physica 5 (1938), pages 
705—717. 

Strutt, M. J. O., and A. van der Ziel: The causes for the increase of the 
admittances of modern high-frequency amplifier tubes on short waves, Proc. Inst. Radio 
Engrs. 26 (1938), pages 1011—1032. 

Strutt, M. J. O., and A. van der Ziel: Some dynamic measurements of 
electronic motion in multigrid valves, Proc. Inst. Radio Engrs. 27 (1939), pages 218—225. 

Strutt, M. J. O., and A. van der Ziel: The behaviour of amplifier valves 
at very high frequencies. Philips Technical Review 3 (1938), page 103. 

Strutt, M. J. O.: Etages a haute frequence, stages changeur de frdquence et ddtecteur 
des r^cepteurs de t616vision, Onde Electrique 18 (1939), pages 14—^26 and pages 83—91. 

Strutt, M. J. O., and K. S. Knol: Messungen von StrOmen, Spannungen und 
Impedanzen bis herab zu 20 cm Wellenlange, Hochfrequenztechn. u. Elektroakustik 53 
(1939), pages 187—195. 

Strutt, M. J. O.: Hochfrequenz-, Misch- und Gleichrichterstufen von Femseh- 
enpfUngem, Schweiz. Arch, angew. Wiss. und Techn., Sonderheft, Vortr. und Disk. Ber. 
Femseh-Tagung Zurich 1938, pages 26—86. 

Strutt, M. J. O., and A. van der Ziel: Ueber die Elektronenraumladung 
zwischen ebenen Elektroden unter Beriicksichtigung der Anfangsgeschwindigkeit und 
Geschwindigkeitsverteilung der Elektronen, Physica 6 (1939), pages 977—996. 

Strutt, M. J. O., and A. van der Ziel: Kurzwellen-Breitband-Verstarkung, 
Elektr. Nachr. Techn. 16 (1939), pages 229—^240. 

Strutt, M. J. O., and A. van der Ziel: A new push-pull amplifier valve 
for decimetre waves. Philips Technical Review 5 (1940), page 172. 

Strutt, M. J. O., and A. van dcr Ziel: A variable amplifier valve with double 
cathode connection suitable for metre waves. Philips Technical Review 5 (1940), page 357. 

Strutt, M. J. O., and A. van der Ziel: The noise in receiving sets at very 
high frequencies. Philips Technical Review 6 (1941), page 178. 

Strutt, M. J. O., and A. van der Ziel: The diode as a frequency-changing 
valve especially with decimetre waves. Philips Technical Review 6 (1941), page 285. 

Strutt, M. J. O., and A. van der Ziel: Die Folgen einiger Elektronen- 
trftgheitseffekte in Elektronenrdhren I, Theoretische Erlftuterungen, Physica 8 (1941), 
pages 81—108. 

517 



LIST OF PHILIPS PUBLICATIONS 

Strutt, M. J. O., and A. van der Ziel: Die Folgen einiger Elektronentrag- 
heitseffekte in ElektronenrOhren II, Anwendungen und numerische Ergebnisse, Physica » 
(1942), pages 65-~83. 

Strutt, M. J. O., and A. van der Ziel: Verringerung der Wirkung spontaner 
Schwankungcn in Verstarkem fiir Meter- und Dezimeterwellen, Physica 9 (1042), pages 
1008—1012. 

Strutt, M. J. O., and K. S. K n o 1: A diode for the measurement of voltages on 
decimetre waves; PhUips Technical Review 7 (1042), page 124. 

Suchtelen, H. van: The electrometer triode and its applications. Philips Technical 
Review 5 (1040), page 54. 

Tellegen, B. D. H.: Endverstarkerprobleme, Jahrb. d. drahtl. Telegr. u. Teleph. 
31 (1028), pages 183—100. 

Tellegen, B. D. H.: Die Endrbhre, Funkmagasin 2 (1020), pages 680—602. 

Tellegen, B. D. H.: Inverse feed-back. Philips Teclmical Review 2 (1037), page 280. 

Tellegen, B. D. H., and V. Cohen Henriquez: Inverse feed-back, its 
application to receivers and amplifiers, Wireless Engineer 14 (1087), pages 409—418. 

Tellegen, B. D. H., and J. Haantjes: Gegenkopplung, Electr. Nachr. Techn. 
15 (1988), pages 853—358. 

T e V e s, M. C.: The photo-electric effect and its application in photo-electric cells. 
Philips Technical Review 2 (1087), page 18. 

T e V e s, M. C.: A photocell with amplification by means of secondary emission, Philips 
Technical Review 5 (1040), page 253. 

T r o m p, T h. P.: Technical problems in the construction of radio valves. Philips 
Technical Review 6 (1941), page 317. 

V e e g e n s, J. D., and M. K. de Vries: A simple high-frequency oscillator for 
the testing of radio receiving sets. Philips Technical Review 6 (1041), page 154. 

Vermeulen, R.: Octaves and decibels. Philips Technical Review 2 (1087), page 47. 

Vermeulen, R.: The relationship between fortissimo and pianissimo. Philips 
Technical Review 2 (1037), page 266. 

Vries, G. de: Electromagnetic cavities. Philips Technical Review 9 (1047), page 73. 

W e e 1, A. van: An experimental transmitter for ultra-short-wave radio-telephony 
with frequency modulation, Philips Technical Review 8 (1046), page 121. 

W e e 1, A. V a n : An experimental receiver for ultra-short-wave radio-telephony with 
frequency modulation, Philips Technical Review 8 (1046), page 103. 

Wee 1, A. van: Developments in radio-receiver circuits for the ultra-short-waAe 
range. Philips Research Reports 3 (1948), pages 101—212. 

Weel, A. van: A new principle for transceivers, Philips Research Reports 3 (1048), 
pages 361—370. 

W e y e r s, Th. J.: Frequency modulation. Philips Technical Review 8 (1046), page 42, 

W e y e r s, Th. J.: Comparison of frequency modulation and amplitude modulation. 
Philips Technical Review 8 (1046), page 80. 

Zaalberg van Zelst, J. J.: Constant amplification independent of variable 
circuit elements, Philips Technical Review 9 (1047), page 809. 

Ziegler, M.: Space charge depression of shot effect, Physica 2 (1985), pages 418—414. 

Ziegler, M.: Shot effect of secondary emission, Physica 2 (1985), pages 415—416. 

Ziegler, M.: Shot effect of secondary emission I, Physica 8 (1986), pages 1—11, 

Ziegler, M.: Shot effect of secondary emission II, Physica 8 (1986), pages 807—816. 

Ziegler, M.: The causes of noise in amplifiers. Philips Technical Review 2 (1087), 
page 186. 

Ziegler, M.: Noise in amplifiers contributed by the valves, Phil^ Technical Review 
2 (1087), page 820. 

518 



LIST OF PHILIPS PUBLICATIONS 

Ziegler, M.: Noise in receiving sets, Philips Technical Review 3 (1938), page 189. 

Ziel, A. van der: Fluctuations in electrometer triode circuits, Physica 9 (1942), 
pages 177—192. 

Ziel, A. van der, and A. Versnel: Induced grid noise and totahemission 
noise. Philips Research Reports 3 (1948), pages 18—23. 

Ziel, A. van der, and A. Versnel: Measurements of noise factors of pentodes 
at 7.25 m wavelength. Philips Research Reports 3 (1948), pages 121—129. 

Ziel, A. van der, and A, Versnel: The noise factor of grounded-grid valves, 
Philips Research Reports 3 (1948), pages 255—270. 

519 



Some Books on Electronic Valves 

and their Applications 

Argiiimbeau, Lawrence Baker: Vacuum Tube Circuits, 668 pages, John 
Wiley & Sons, Inc., New York, 1948. 
Barkhausen, H.: Lehrbuch der Mektronenrohren. 
Vol. 1: AUgemeine Grundlagen, 171 pages, 118 fig., 1936. 
Vol. 2; Verstarker, 289 pages, 127 fig., 1933. 
Vol. 3: Hiickkoppelung, 174 pages, 85 fig., 1935. 
Vol. 4: Gleichrichter und Empfanger, 294 pages, 147 fig., 1937. 
Published by S. Hirzel, Leipzig. 
Batcher, R. R., and W. Moulic: The Electronic Engineering Handbook, 
456 pages, Electronic Development Associates, New York, 1944. 
Brainerd, J. G., G. Koehler, H. J. Reich and L. F. Woodruff: Ultra- 
High-Frequency Teclmiqucs, 570 pages. Chapman & Hall Ltd., London, 1943. 
Brueche, E., and A. Rccknagel: Elektronengerate, 447 pages, edited by 
Springer, Berlin 1941. 
Campbell, N. R., and D. Ritchie: Photoelectric cells, Isaac Pitman & Sons, 
New York 1934. 
Chaffee, E. L.: Theory of Thermionic Vacuum Tubes, McGraw-Hill Book Co., 
New York 1933. 
Dow, William G.: Fundamentals of Engineering Electronics, 604 pages, John 
Wiley & Sons, New York and Chapman & Hall Ltd., London, 1937. 
Fink, D. G.: Principles of Television Engineering, .‘>41 pages, 311 fig., McGraw-Hill 
Book Co., New York and London, 1940. 
Fink, D. G.: Radar Engineering, McGraw-Hill Book Co., New York and London, 1948. 
Greenwood, Ivan A. Jr., Vance Holdam Jr. and Duncan Macrae 
Jr.: Electronic Instruments, 721 pages, McGraw-Hill Book Co., New York andLondon, 1948. 
Harvey, A. F.: High-frequency Thermionic Tubes, 235 pages, 99 fig.. Chapman 
& Hall Ltd., London, 1944. 
Henney, Keith: Radio Engineering Handbook, McGraw-Hill Book Co., New York, 
1935. 
tienney, Keith: Electron Tubes in Industry, 2nd edition, McGraw-Hill Book Co., 
New York, 1937. 
Hornung, J. L.: Radar Primer, 218 pages, McGraw-Hill Book Co., New York and 
London, 1948. 
H u n d, A.: Frequency Modulation, 375 pages, 113 fig., McGraw-Hill Book Co., New 
York and London, 1942. 
Kammerloher, J.: Elektronenrdhren und Verstarker, 326 pages, 290 fig., (vol. II 
of the series “Hochfrequenztechnik”), C. F. Winter’sche Verlagshandlung, Leipzig, 1989. 
Kammerloher, J.: Gleichrichter, 386 pages, 284 fig., (vol. Ill of the series **Hoch- 
frequenzteclmik”), C. F. Winter’sche Verlagshandlung, Leipzig, 1942. 
Kloeffler, Royce G.: Industrial Electronics and Controls, 478 pages, John 
Wiley & Sons, Inc., New York, 1949. 
Roller, L. R.: The Physics of Electron Tubes, 2nd edition, McGraw-Hill Book Co., 
Nev York, 1987. 
Ladner, A. W., and C. R. Stoner: Short-wave Wireless Communication, 452 
pages, 248 fig.. Chapman & Hall Ltd., London, 1986. 
Me A r t h u r, E. D.: Electronics and Electron Tubes, John Wiley & Sons, New York, 
1936. 
Markus, John and Vin Zeluff: Handbook of Industrial Electronic Cir¬ 
cuits, 272 pages, MoGraw-Hill Book Co., New York and London, 1948. 
Members of the staffof the Department of Electrical Engineering, Massachusetts Institute 
of Technology: Applied Electronics, 772 pages, John WUey & Sons, New York, and Chap¬ 
man & Hall Ltd., London, 1948. 

520 



SOME BOOKS ON ELECTRONIC VALVES 

M i 11 m a n, J,, and S. Seeley: Electronics, McGraw-Hill Book Co., New York 
and London, 1041. 
Morecroft, John H.; Electron Tubes and their Application, 458 pages, 587 fig. 
Chapman & Hall Ltd., London. 
Reich, H. J.: Theory and Application of Electron Tubes, 716 pages, McGraw-Hill 
Book Co., New York and London, 1944. 
R e i m a n n, A. L.: Thermionic Emission, John Wiley & Sons, New York, 1084. 
Rot he, H., and W. Kleen: Grundlagen und Kennlinien der Elektronenrbhren, 
325 pages, 106 fig., first book of the series “Biicherei der Hoclifrequenzteclmik”, edited 
by Prof. Dr. J. Zenneck, Akademischc Verlagsgesellschaft Becker & Erler, Leipzig, 1940. 
R o t h e, H., and W. Kleen: Elektronenrdhren als Anfangsstufenverstarker, 308 
pages, 107 fig., second book of the series “Biicherei der Hochfrequenztechnik**, edited 
by Prof. Dr J. Zenneck, Akademische Verlagsgesellschaft Becker & Erler, Leipzig, 1040. 
Rothe, H., and W. Kleen: ElektronenrOhren als End- und Sendeverstarker 
141 pages, 118 fig., third book of the series: “Biicherei der Hochfrequenztechnik”, edited 
by Prof. Dr. J. Zenneck, Akademische Verlagsgesellschaft Becker & Erler, Leipzig, 1040. 
Rothe, H., and W. Kleen, Elektronenrdhren als Schwingungserzeiiger und 
Glcichrichter, fourth book of the scries: “Bticherei der Hochfrequenztechnik”, edited 
by Prof. Dr. J. Zenneck, Akademische Verlagsgesellschaft Becker & Erler, Leipzig, 1941. 
S a n d e m a n, E. K.: Radio Engineering, 775 pages, .lohn Wiley & Sons, New York, 1048. 
S a n d r e 11 o, P. C.: Principles of Aeronautical Radio Engineering, 414 pages, 223 fig., 
McGraw-Hill Book Co., New York and London, 1042. 
Sarbacher, R. J., and W. A. E d s o n: Hyper and Ultra High Frequency En¬ 
gineering, 632 pages, John Wiley & Sons, New York, and Chapman & Hall Ltd., Ijondon, 
1043. 
Schintlmcister, J.: Die Elektronenrohre als physikalisches Messgertlt, 170 pages, 
110 fig., published by Springer, Vienna, 1042. 
Spangenberg, Karl R.: Vacuum Tubes, 860 pages, McGraw-Hill Book Co., 
New York and London, 1948. 
Strutt, M. J. O.: Moderne Mehrgitterelektronenrohren, Bau - Arbeitsweise - Eigen- 
schaften - Elektrophysikalische Grundlagen, 2nd edition, 283 pages, published by Julius 
Springer, Berlin, 1940. 
Strutt, M. J. O.: Moderne Kurzwellenempfangstechnik, 245 pages, published by 
Julius Springer, Berlin, 1030. 
Strutt, M. J. O.: Verstarker und Empffinger, 384 pages, volume 4 of the series: 
I^chrbuch der drahtloscn Nachrichtentechnik, edited by N. von Korshenewsky and 
W. T. Rungc, published by Springer, Berlin 1043. 
Strutt, M. J. O.: Ultra- and Extreme-short-wave Reception, Principles, Operation 
and Designs, 887 pages, published by D. van Nostrand Cy. Inc., Toronto, New York, and 
London 1047. 
T e r m a n, F. E.: Radio Engineering, McGraw-Hill Book Co., New York and London, 
1038. 
T e r m a n, F. E.: Fundamentals of Radio, 458 pages, 278 fig., McGraw-Hill Book Co., 
New York and London, 1038. 
Term an, F. E.: Measurements in Radio Engineering, 400 pages, 210 fig., McGraw- 
Hill Book Co., New York and London, 1935. 
Valley, George E. and Henry Wallman: Vacuum Tube Amplifiers, 
743 pages, McGraw-Hill Book Co., New York and London, 1048. 
V i 1 b i g, F.: Lehrbucli der Hochfrequenztechnik, 3rd edition, vol. I, 650 pages, 766 fig., 
vol. II., 616 pages, 801 fig. and 2 tables, Akademische Verlagsgesellschaft Becker &> Erler, 
Leipzig, 1042. 
Walker, R. C.; Photoelectric Cells in Industry, 517 pages. Sir Isaac Pitman & Sons, 
Ltd., London, 1048. 
Westinghouse Electric Corporation, Electronic Engineers of the: Industrial Electronics 
Reference Book, 680 pages, John Wiley & Sons, New York, and Chapman & Hall Ltd. 
London, 1048. 
Zinke, O.: Hochfrequenz-Messtechnik, 228 pages, 221 fig., published by S. Hirzel, 
Leipzig, 1088. 

521 



Symbols 

1. Symbols Ilelating to \'alve Kloptrodes 

Anode.•. a 
Anode of diode. d 
Anodes of double and multiple diodes. di, d2 etc. 

The number denotes the position of the diode anode reckoned from 
the cathode input side. The diode anode d^ is the one nearest to the 
pinch. If there is only one diode plate the figure 1 is omitted. 

Heater element (filament). f 
Grid. g 

In multi-grid valves: gj, g2, etc., the number indicates the position 
counting from the cathode. Where there is only one grid the figure 
is omitted. 

Indirectly-heated cathode. k 
Metallizing. m 
Internal screening in the valve. s 
Fluorescent screen of fluorescent-screen indicator or cathodc-ray tube . . 1 
Deflecting plate of a cathode-ray tube. D 
Equivalent electrodes are distinguished by an accentuation mark. a, a', a^ 

In secondary-emission valves the primary cathode is indicated by 
kj and the secondary by kg. 

2. Symbols Relating to V^alve Systems 

In multiple valves the electrodes of the individual valve-systems are 
indicated as follows: 

for a diode.by D 
,, ,, triode.. T 
,, ,, tetrode... ,, Q 
,, „ pentode.. P 
,, ,, hexode and heptode. ,, H 
,, ,, octode. ,, O 
,, ,, rectifying valve . ,, R 

3. Symbols for Voltages, Currents, Capacities, etc. 

\oltagc (V) 

Anode voltage. 
Anode voltage in cold state, or for I» = 0. 
Diode voltage. 

Where there is more than one diode: Vdi, Vd2, etc. 
Heater voltage (filament voltage). 
Voltage between filament and cathode. 
Grid voltage. 

Where there is more than one grid: Vgi, Vg2 etc. 
Effective (r.m.s.) value of grid alternating voltage. 
Grid voltage in cold state, or for = 0 . 
Input alternating voltage. 
Output alternating voltage . 
Voltage of supply source, or battery voltage.. 
Noise voltage. 

Current (1) 

Anode current. 
Anode quiescent current (in push-pull stages or in oscillator valves).... l^o 

Vd 

V, 
V,k 
V, 

Vge„ 
Vgo 
Vi or Vi,„ 
Vo or Vo •» 
Vb 

Vn 
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SYMBOLS 

Anode current at max. grid control. la max 
Diode current. Id 

Where there is more than one diode: lai, 1^2, etc. 
Heater current. If 
Grid current. Ig 

Where there is more than one grid: Igi, Ig2, etc. 
Cathode current (= la + Igi + Ig2» etc.). 1^ 
Noise current. In 

Power (P) 

Anode dissipation. P» 
Grid dissipation. Pg 

Where there is more than one grid: Pgi, Pg2» etc. 
Power output with max. control, where distortion is n% or where there 

is grid current. Po (n%) 

Capacity (C) 

Capacity of anode with respect to all other electrodes . C* 
Capacity of grid with respect to all other electrt)de« . Cg 

Where there is more tlian one grid: Cgj, Cgo, etc. 
Capacity between anode and grid 1 . C.gi 
Capacity between grid 1 and grid 3. ^ gigs 
Capacity between grid 1 and grid 4. ^'gig4 

Capacity between grid 2 and grid 4. Cg2g4 

Capacity betw^een diode anodes di and d2. Cdij2 

Capacity between cathode and diode anode di . Ckdi 
Capacity between grid and cathode. Cgk 
(Capacity between anode and cathode. C^t 
Capacity between anode and grid 4. Cag4 

Resistance (R) 

External (load) resistance (in the anode circuit). Rl 
Resistance in the cathode lead. Rk 
External resistance between filament and cathode. Rtk 
External resistance in the grid circuit. Rgk 

Where there is more than one grid: Rgik, Rg2k» etc. 
Internal resistance (of the anode)... R» 
Equivalent noise resistance. Req 

Amplification factor 

Amplification factor (control grid v. anode). // 
Amplification factor of control grid with respect to screen grid. //gig2 

The voltage amplification of a valve in a certain circuit is indicated 
by the quotient of the output voltage divided by the input voltage 
(Vo/V|). 

Transconductance (mutual conductance) 

Transconductance. gm 
Transconductance at commencement of oscillation. gmo 
Conversion conductance. go 
Dynamic transconductance. gmd 

Efficiency 

Efficiency. 
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INDEX 

A Page Page 
A-battery 462 Anode dissipation 48, 144, 226 
Accumulator 445 Anode dissipation, maximum 210, 228 
A C /I) C. sets 458 Anode, floating 440 
A C /D C valves 446 Anode-gnd capacitance 60, 164, 170 
Acorn valves 854 Anode hum 418 
Acoustic feedback 100, 422 Anode impedance 128 
Acoustic vibration 420 Anode input power 8 
Activation of oxide cathodes 33, 42 Anode load resistance 128, 133 
A C. receiving set 448 Anode, mam 875 
A C supplv 255 Anode power output 6 
A C valves 445 Anode secondary emission 118, 156, 157 
Adaptation to mams voltages 458 Anode, striking 375 
Adjacent frequency 188 Anode supply 457 
Adjiistment of the valve 128 Anode voltage 448, 449, 457 
Admissible distortion 212 Anode, wire-gau/e 48 
Adsorption 83 Apparent capacity 885 
Aerial 100 Argon 31 
Acnal, dummy 469 Assembly (shop) 88 
Ageing 481 A-techmque 58, 00, 06, 91 
Ageing process 94 Attenuation 858 
Airtight joint 53 , 54, 62 Attenuation distortion 877, 384, 407 
Alternating-current resistance 127,140, 142 Attenuation of low notes 401 
Alternating current source 134 Atmospheric interferences 109 
Alternating voltage, grid 5 Atom nucleus 7, 21 
Alternating voltage, filament-cathode 429 Atom structure 7 
Alternating-voltage source 184 Audio frequency 110 
Aluminium oxide 44, 76 Audio-frequency characteristic 878 
American metal valves 68 Audio-frequency generator 422 
Amplification, direct R.F 110 Audio-frequency nucrophonic effect 421 
Amplification factor 17, 20, 129, 139, 145 Audio-frequency negative feedback 379 
Amplification, influence of feedback Audio-frequency vibrations 101 

upon 892 Aural sensitivity 877, 409 
Amplification m the short-wave band 854 Automatically controlled A.F. ampli- 
Amplification, power 6 
Amplified A.V.C. 887 
Amplifier, constancy of the « 386 
Amplifier, stability of the 886 
Amplifying valve, multi-gnd 47 
Amphtude limiter . 114 
Amplitude modulation 101, 102, 196 Automatic-volume-control circuit 
Analyzing distortion 180 Automatic volume control, delayed 
Anchorage of filaments 48 Auxiliary anode 
Anode 8, 48, 81 
Anode-battery dram 280 B 
Anode, blackening of the 48, 222 
Anode capacity 164, 170 Back-coupling 254, 267, 
Anode circuit 4 Back-couplmg, inductive 
Anode current 3, 151 Back-couphng ratio 272, 
Anode current, mam direct 275 Back-eimssion 
Anode detection 252, 258 Background noise 
Anode detector 248 Baffle board 

fication 184, 180, 141, 880 
Automatic gnd bias with battery valves 468 
Automatic negative gnd bias 281, 268, 484 

436 
Automatic volume control 115, 121, 808 

822, 874 
242 

875 

278 
276 
488 
805 
402 
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Ballast resistor 446, 458, 456, 459 
Ballast tubes 456 
Band-pass filter 171, 188, 825, 327 
Band-width 865 
Band-width, effective 346 
Barium 88, 49, 89 
Barium carbonate 38, 74 
Barium oxide 82, 37 
Base 51, 74 
Base, artificial-resm 64 
Base, pressed-glass 58, 64 
Battery, A- 462 
Battery, B- 462 
Battery, C- 462 
Battery, car 461 
Battery/A C /D C. sets 465 
Battery, dry 445, 447 
Battery-fed valves 447, 462 
Battery, gnd-bias 445 
Battery, high-tension 445, 462 
Battery, low-tension 462 
Battery set 462 
B-battery 462 
Beam-forming plates 158 
Beam-power valves 159 
Bias, automatic negative-grid 231, 268 
Bias, positive 246 
Bias, self- 231 
Bmding forces of the metal 25 
Blackening of the anode 48, 222 
Boltzmann’s constant 342, 348 
Breakdown 143 
Brownian thermal movement 411 
B-technique 58, 90 
Buffer condenser 235 
Bulb 8, 84 
Bulb, carbonising of the 48 
Bulb, dome-shaped 56 
Bulb, iron 51 
Bulbs, sealing of the 86 
Burnmg-out process 88, 95, 433 

ti 

Cabinet 402 
Caesium 30 
Capacities, cold-cathode 168 
Capacities, diagram of partial 168, 170 
Capacities of an octode 171 
Capacities of a pentode 170 
Capacities of lead-m wires 856 
Capacities, tolerances of valve 865 
Capacities, tnode 168 
Capacitive couplmg 66 
Capacity, anode 164, 170 
Capacity, apparent 865 
Capacity diagram, valve 182 
Capacity, fil^ent-anode 414 
Capacity, gnd 168, 170, 860 
Capacity, grid-anode . 164, 170, 859 
Capacity, input 168, 855, 861 
Capacity, negative 296 

Capacity, output 164, 855, 861 
Capacity, partial 162 
Capacity, positive 299 
Capacity, space-charge 178 
Capacity, unilateral 297 
Capacity variation, microphonic fila¬ 

ment-cathode 429 
Capacity variation of the gnd 362 
Capacity, zero grid to-anode 164 
Car battery 461 
Carbon 444 
Carbon dioxide 81, 83 
Carbonising of the bulb 48 
Car-radio sets (receivers) 446, 460 
Carrier frequency 102 
Carrier wave 100, 235 
(ataphoresis 7b 
Cathode 3, 41, 74 
Cathode alternating current 357 
Cathode-current transconductance 357 
Cathode diameter 42 
Cathode, directly-heated 41 
Cathode filament 33 
( athode, heat capacity of 45 
Cathode hum 416 
Cathode, imaginary 175 
C athode, indirectly heated 41, 44 
Cathode lead inductance 356 
Cathode, life of the 81 
Cathode, oxide 32 
Cathode, poisoning of the 81, 38, 66 
Cathode rays 7 
Cathode ray oscillograph 102, 141, 44»^ 
Cathode ray tube 101, 369 
Cathode resistance, common 231 
Cathode resistor 452 
Cathode temperature 24, 31, 83, 35 
Cathode to-filamcnt emission 417 
Cathode transconductance 418 
Cathode, universal 446 
Cathode, virtual 156 
Cathode, working temperature of 42 
C-battery 462 
Cement 54 
Central guide pm 59 
Centre-tap of heater-current winding 419 
Ceramic construction 56 
Ceramic material 59 
Characteristic 128 
Characteristic, curvature of the 182, 379 
Characteristic, dynamic plate 216, 219 
Characteristic, dynamic transfer 186, 177 

198 
Charactenstics, family of 128, 126 
Characteristics, family of transfer 124, 128 

180 
Charactenstic, plate 126 
Characteristic, square-law 182, 185, 194 
Charactenstic, transconductance 181, 184 

284 
Charactenstic, transfer 128, 148 
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Change of timbre .213 
Charge, electron. 8 
Choke (coil). 258, 457, 461 
Chromium steel . 60 
Chromium-steel connecting pins . . 58, 61 
Circuit-magnification.365 
Circuit, rectifying.235 
Class-A operation ..224, 267 
Class-AB oi)eration.231 
Class-B oi>eration.225, 268 
Class-B power amplifier.232 
Class-C operation.268 
Classification of radio valves.117 
Cleaning of mica and metal parts .... 83 
Coating, heating-resisting. 76 
Coating, metallic-oxide. 41 
Coating the anode.222 
Coefficient of expansion. 60 
Coiled-coil filament (or heater). . . 45, 46 
Coiled filament.44, 75 
Cold-cathode capacities.163 
Cold emission. 21 
Collpitts oscillator circuit.277 
Combination notes.213, 379 
Compact dimensions.64, 66 
Compensation of harmonics .378 
Components. 72 
Component, direct-current.195 
Components, even-harmonic.224 
Component, fundamental.194 
Components, odd-harmonic.224 
Concentration, electron-beam.302 
Condenser, voltage.256 
Conditions for oscillation.271 
Conductance.126 
Conductance, mutual.125 
Connecting leads .52, 60 
Constant-difference frequency.281 
Constancy in valve capacitance. 65 
Constancy of the amplifier.386 
Contact cap, metal. 54 
Contact pins. 60 
Contact potential.27, 35 
Contact-potential variation .433 
Contrast.331 
Control, complete.210 
Control curve of A.V.C.336 
Control electrode. 4 
Control grid .47, 118, 145 
Control-grid voltage.448 
Controlling action.145 
Controlling action of the grid.124 
Control voltage.145 
Conventional representation of valve 
electrodes.116 

Conversion amplification.282 
Conversion conductance ... 196, 282, 283 
Converter, frequency. Ill, 120 
Converter stage. 112 
Cooling fins. 48 
Cooling vanes.  487, 488 

Correcting for high notes.401 
Correcting the frequency characteristic 399 
Coupling between electrodes . 70 
Coupling, capacitive. 66 
Coupling, choke .182 
Coupling element.131 
Coupling, inductance.132 
Coupling, inductive. 66 
Coupling resistance .131, 189 
Coupling transformer.133, 142 
Crackling.287 
Crackling noise.429, 437 
Creep .487 
Critical-distance valves.159 
Cross-modulation 188, 199, 306, 309, 314 
Cross-modulation curve.191 
Cross-modulation factor.190, 200 
Cross-modulation percentage.190 
C-teclinique. 58 
Current, anode.151 
Current distribution.. . 150, 151, 155, 160 
Current-distribution noise.344 
Current efficiency.275 
Current feedback.380 
Current, noise.846 
Current, quiescent.232 
Current-regulating tubes.456, 459 
Current, screen-grid.151 
Curvature of transconductance char¬ 

acteristic .309 
Cut-off point.308, 811 

D 

Damped alternating voltage.267 
Damping. 244, 245, 266 
Damping by the A.V.C. diode.326 
Damping, diode-detector.244 
Damping, grid-current.249 
Damping of an oscillatory circuit.... 352 
Damping of vibrations. 48 
Damping resistance.246 
Decrease of input capacity.385 
Deflecting plates .12, 370 
Deflecting rods.378 
Deflection .158 
Deflection, angle of.158 
Deflection, electrostatic. 12 
Deflection, electromagnetic. 14 
Degassing of metal parts. 88 
Degenerating voltage.267 
Degeneration.167, 406 
Density of the electrons. 18 
Density of space charge 18, 155, 159, 860 
Delayed automatic volume control 247, 824 

468 
Delay voltage. 825, 828, 464, 465 
Deposition of getter vapour. 59 
Detection..101 
Detection characteristic .251 
Detection, square-law.241 
Detector amplification.  249 
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Detector diode 117 
Detector, frequency . 112, 118 
Detector, regenerative 280 
Detector vahe 110, 235 
Detuning 360, 865, 867 
Diagram of partial capacities 163, 170 
Dial-illuminatmg lamp 457 
Dielectric constant 65 
Dielectnc losses 64, 355 
Difference frequency 111, 182, 196, 283 
Diode 117, 288 
Diode current, mean 240 
Diode current-voltage curve 239 
Diode-detector damping 244 
Diode mixer valve 287 
Diode, properties of the 239 
Diminishing of electron emission 431 
Direct-current component 105 
Direct hum 410 
Directly-heated cathode 11 
Directional effect of the loudspeaker 877 
Direct R.F. amplification 110 
Discontinuous phenomena 218 
Disruption 64 
Dissipation, anode 48, 144, 226 
Distortion 177, 195, 214, 217, 242, 328, 377 
Distortion, adniissiblc 212 
Distortion, analyzing 180 
Distortion, attenuation 377, 384, 407 
Distortion components 180 
Distortion effect with output valves 442 
Distortion factor 179, 212 
Distortion, graphical deternunation of 201 
Distortion, influence of feedback upon 892 
Distortion, measuring the 180 
Distortion, modulation 168, 808 
Distortion, non-hnear 377, 378 
Distortion, second-harmonic 184 
Distortion, third-harmonic 192 
Distribution, current 150, 151, 155, 160 
Distribution diagram, ^potential 155 
Dome-shaped bulb 56 
Double diode 117 
Double-diode-tnode 121 
Double-diodc-output-pentode 121 
Doublc-diode-R.F. pentode 121 
Double layer 22 
Dnver valve 229 
Dry battery 445, 447 
D-series 464 
Dummy aerial 469 
Durchgnff 130 
Dynamic characteristic 880 
Dynamic plate characteristic . 216, 219 
Dynamic transconductance 186 
Dynamic transfer characteristic 186, 177 

198 
E 

Ear sensitivity 409 
Eddy currents 88 

Effect, island 
Effect, microphonic 
Effective band-width 
Effective potential. 
Effcc tivc transconductance 
Etfic lency 
Efficiency, current 

142, 148, 811 
420 
846 

20, 145, 175 
268, 274 
227, 267 

275 

18, 22, 

Efficiency of output valve 210, 212, 
Electrical tests 
Electric current 9, 
Electric field, external 
Electric precipitation 
Electric resistance 
Electrode 
Electrode assembly 51, 58, 08, 72, 
Electrode assembly, horizontal 
Electrode spacing 
Elc ctrodynamic loudspeaker 
Electrolysis 
Electrolytic action 
Electrolytic condenseis 
Electro-magnetic wave 
Electron 
Electron-beam concentration 
Electron charge 
Electron cloud 
Electron current 
Electron current-control 
Electrons, density of the 
Electron emission. 
Electron-emission efficiency 
Electron emission, specific 
Electron emission, thermal 
Electron gas 
Electron gun 
Electronically-coupled oscillator 
Electronic coupling 
Electron initial velocity 
Electron kinetic energy 
Electron, pnmary 
Electron-ray tuning indicator 
Electron transit time 
Electron velocity 
Electron \olt 
Electrostatic deflection 
Electrostatic field 
Electrostatic induction 
Electrostatic potential distribution 
Electrostatic screening 
Elemental charge 7, 8, 842 
Eliminator 445 
Ellipsoidal load line 141 
Emission, cold 21 
Emission, electron-from the filament 415 

416 
Emission from cathode to filament 
Emission from filament to cathode 
Energy distribution 
Engme interference 
Envelope 
Epstein's minimum 

221 
95 
13 
40 
76 

9 

3 
83 
70 
19 

206 
64, 65, 438 

64 
258, 457 

100 
7 

302 
8 

25 
3 

15 
18 

21, 83, 431 
80 
31 
21 
21 
12 

278 
294, 296 

24 
14, 22, 25 

36 
115 

855, 858 
11, 22, 36 

11 
12 
12 

408 
14 
71 

8, 
9, 

10, 

417 
417 
87 

461 
102 
25 
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Equipotential lines . 146, 147 
Equivalent circuit of a diode detector 247 
Equivalent noise resistance . 848 
Equivalent noise voltage 347 
Equivalent resistance for rectifying cir¬ 

cuit . 245 
Evacuating 86 
Excitation, self- 422 
Exhaust tube 53, 58, 61 
Exponential series 193 
Exponential series, coefficients of 200, 203 
External resistance 137 

F 

Fading compensation 322 
Family of characteristics 123, 126 
Family of plate characteristics 126,130 133 
Family of rectification curves . 251 
Family of transfer characteristics 124, 128 

130 
Faraday’s cage 50 
Feedback 118, 169, 359 
Feedback, acoustic 422 
Feedback, audio-frequency negative 379 
Feedback circuit, phase shift in 406 
Feedback coil 111 
Feedback, current . 380 
Feedback impedance . 354, 359 
Feedback influence upon amplification 892 
Feedback influence upon distortion .. 392 
Feedback influence upon hum voltage 417 
Feedback influence upon input capacity 395 
Feedback influence upon input resist¬ 

ance 895 
Feedback influence upon internal re¬ 

sistance . 893 
Feedback, inverse . 879 
Feedback, negative 333, 379 
Feedback, positive , 168, 879 
Fidelity curve .. 878 
Field distribution . 147 
Filament .. .74 
Filament, anchorage of . .43 
Filament anode capacity 414 
Filament, cathode. .83 
Filament-cathode alternating voltages 429 
Filament-cathode capacity variation, 

microphonic ... 429 
Filament-cathode insulation resistance 417 

429 
Filament chain.454 
Filament, coiled ..  44, 75 
Filament, coiled coil .... . 45, 46 
Filament current . ... 446 
Filament-current surge ... . 456 
Filament-current tra^ormer 445 
Filament, heating. 41 
Filament overloading. ... 455 
Filaments, sequence of the .458 
Filaments, series feeding of.446 

Filament voltage. 446, 448, 449 
Filter imitating the frequency discrimi¬ 

nation by the ear . 410, 411 
Filter, smoothing 259 
Final stage . 205 
Flickering of the tuning indicator . 832 
Floating anode . . . 440 
Fluorescent-screen indicator 881, 869, 870 
Formation process of the cathode 432 
Free electrons 8 
Frequency changer . . Ill 
Frequency characteristic .. 379, 401, 405 
Frequency characteristic, correcting the 899 
Frequency conversion 281 
Frequency converter 111, 120 
Frequency converter stage 113 
Frequency detector. 112, 113 
Frequency, difference . ... 182, 196, 283 
Frequency drift 299 
Frequency drift, oscillator 300 
Frequency feedback 113 
Frequency, local-oscillator 182 
Frequency modulation 101, 106, 107, 413 
Frequency of the ripple voltage 256,260, 262 
Frequency spectrum 104, 108 
Frequency, sum 182, 283 
Full modulation . 210 
Full-wave rectifier . 260 
Functions of radio valves .. 100, 117 
Fundamental component . 194 
Fundamental wave 177, 195, 258, 263 
Fusing machine . 90, 92 
Fusing of the envelope onto the base 62 

G 

Gain control ... . 307, 861 
Gain-control range, useful . .192 
Gain-control voltage. 309, 328, 362 
Gain in microphone amplifiers. . 424 
Gas-filled rectifying valve .. . 230, 255 
Geometry of electrodes.17, 25 
Getter. . . 49, 59, 69, 89 
Getter material  61 
Getter vapour, deposition of.59 
Glass beads ... 68 
Glass parts   73 
Glass pinch ... ... .54 
Glass temperature   64 
Glass valves . ...  51 
Glass valves with pinch. 86 
Glass works. 73 
Glazing. 91 
Glazing technique. 62 
Graphical determination of distortion 201 
Greinacher circuit.261 
Grid.4, 47, 76 
Grid alternating voltage. 5 
Grid-anode capacity . 164, 170, 359 
Grid base.178 
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Grid bias, automatic negative 231, 268, 434 
436, 451 

Gnd-bias battery 445 
Gnd bias, negative 6, 451, 463 
Grid bias, semi-automatic 452 
Grid capacity 168, 170, 360 
Grid-capacity variation 862 
Gnd capacity variation, microphonic 427 
Grid, control 47 
Grid current 6, 221, 229, 267 
Grid-current damping 249 
Grid current, negative 434 
Grid current, positive 435, 437 
Gnd detection 252 
Gnd detection, regeneration with 280 
Grid dimensions, tolerances of 76 
Grid emission 434, 436 
Grid hum 415 
Grid, input 4 
Gnd mesh 147 
Gnd meshes 47 
Grid plane 146 
Grid power input 6 
Gnd range 252 
Grid rods (= grid supports, see also 

supporting rods). 79, 486 
Grid, second control 161 
Gnd, screen 47, 118, 145, 149, 171 
Gnd, suppressor 159 
Gnd swing 144 
Grid, variable pitch control 812 
Gnd winding maclune 79 
Grid wire 16 
Guard plate 59 
Guide pm (central) 59, 62, 69 
Guiding projection 62 

11 

Hail effect 342 
Harmonics 177, 258, 268, 878 
Harmonics, compensation of 878 
Harmonic, second 178, 195, 382 
Harmonic, third 178, 195 
Harmonic, oscillator 803 
Hartley oscillator circuit 277 
Hearing, threshold of 409 
Heat-capacity of the cathode 45 
Heat conduction 63 
Heater 44, 75 
Heater element 83 
Heating current 41 
Heating-current rating 449 
Heating filament 41 
Heating power 30, 47, 446 
Heating time 45 
Heat-resisting coating 76 
Heat-resisting matenal 44, 76 
Helium 31 
Heptode . 119, 161 
Hexode 119, 161 

High frequency microphonic effect 426 
High notes, correction for 401 
High notes, reproduction of 404 
High state of floating*anode potential 441 
High-tension battery 445 
Horizontal electrode assembly 70 
Hum . 44, 00, 257, 408, 449, 453, 458 
Hum, cathode 416 
Hum, direct 410 
Hum, grid 415 
Hum, magnetic 415 
Hum-modulation 183, 306, 314, 410, 454 
Hum-modulation curve 184 
Hum modulation depth 183, 197 
Hum reduction 399 
Hum voltage 197, 410 
Hum voltage, feedback influence upon 417 
Huskiness in the reproduction 213 

I 

Image frequency 303 
Imaginary cathode 175 
Impact velocity 38 
Impedance, resonant frequency 352 
Indicator, fluorescent screen tuning 369 

370 
Indicator, milliammeter tuning 369 
Indicator, neon-tube 369, 375 
Indirectly heated cathode 41, 44 
Inductance coupling 132 
Inductance of lead m wire 355, 356 
Inductance of the cathode lead 356 
Inductances, mutual of lead in wires 355 
Induction effect 294 
Induction, electrostatic 408 
Induction, magnetic 408 
Induction voltage 295 
Inductive back-coupling 273 
Influence of feedback upon amplifica¬ 

tion 892 
Influence of feedback upon distortion 392 
Influence of feedback upon input 

capacity 395 
Influence of feedback upon input re¬ 

sistance 895 
Influence of feedback upon internal 

resistance 893 
Initial transconductance 310 
Input capacity 163, 855, 361 
Input capacity, decrease of 385 
Input capacity, influence of feedback 

upon 395 
Input grid 4 
Input impedance 854, 364 
Input resistance 855, 856, 863 
Input resistance, influence of feedback 

upon 895 
Input resistance with negative feedback 884 
Instantaneous value of the earner-wave 

amphtude 103 
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Instantaneous value of the frequency 106 
Insulation current.484, 437 
Insulation resistance.418 
Insulation resistance, filament-cathode 417 

429 
Insulator-charging effect.441 
Interference-free reception.104, 108 
Interfering modulation.188 
Interfering signal.803 
Interfering voltage.199 
Intermediate frequency.Ill, 281 
Internal mirror of the bulb. 49 
Internal resistance.127 
Internal resistance, influence of feed¬ 

back upon.393 
Internal resistance, negative.127 
Internal resistance of rectifying valve 259 
Internal resistance with negative feed¬ 

back .888 
Internal resistance of the mixer valve 282 
Inverse feedback .379 
Ion current.434 
Ion grid. 8 
Ionic molecule. 8 
Ionisation energy.8, 22 
Ionisation potential. 8 
Ion, positive. 8 
Iron bulb. 51 
Island effect . 142, 148, 311 

L 

Leading-in wires.3, 51 
Leads, connecting .52, 60 
Lead, top-connecting.54, 82 
Lead trees.438 
Leak resistance.285 
Life of a valve.431 
Life of the cathode . 31 
Light column .875 
Limitation of secondary^ emission .... 220 
Limiter stage..118 
Limiting resistance.458 
Load, L.F.243 
Load impedance, optimum.207, 211 
Load line.183 
Load line, ellipsoidal.141 
Load resistance, optimum.206 
Locally generated oscillation.281 
Local oscillation.Ill 
Local oscillator.286 
Local-oscillator frequency.182 
Local-oscillator voltage.118, 120 
Local transmitter.807 
Logarithmic transconductance char¬ 

acteristic .818, 818 
Loudspeaker 100, 110, 112, 128, 142, 205 

877 
Loudspeaker coil . 206 
Loudspeaker, directional effect of the 877 
Loudspeaker, electrodynamic.206 

Loudspeaker, matcliing the.282 
Loudspeaker, reproduction of the .... 377 
Loudspeaker resonance peak .... 378, 401 
Loudspeaker transformer.206 
Low-noise valve.347 
Low notes, attenuation of. 401 
Low notes, reproduction of.402, 404 
Low state of floating anode potential 411 

M 

Magic eye.870 
Magnesium .49, 89 
Magnesium oxide. 45 
Magnetic deflection . 14 
Magnetic field. 13 
Magnetic hum.415 
Magnetic induction .408 
Magnetic screening. 71 
Main anode.875 
Mains disturbances.458 
Mains transformer.115 
Mains-voltage fluctuations.455 
Mains-voltage rectifier.255 
Manufacture of valves. 72 
Mass production.71, 74 
Matching impedance, optimum.238 
Matching the loudspeaker.232 
Matching transformer.206 222 
Maximum anode dissipation .... 21228 
Maximum cathode current.143 
Maximum efficiency of class-A amplifier 226 
Maximum efficiency of class-B amplifier 229 
Maximum power input.228 
Maximum power output 208, 210, 212, 227 

232 
Maximum power transfer.142 
Mean diode current.240 
Mean direct anode current.275 
Measuring the distortion.180 
Mechanical shock.65, 421 
Mechanical strength. 64 
Mechanical tests. 97 
Mechanical vibration.420 
Mercury vapour. 81 
Meshes, grid .   47 
Mesh of the grid.147 
Metal contact cap . 54 
Metal(lic) coating.  49, 80, 444 
Metallic-oxide coating. 41 
Metallizing. 89 
Metal rim. 60 
Metal tube, oxide-coated . 41 
Metal valves.51, 68, 04 
Metal valves, American . 68 
Mica. 56, 59, 61 
Microphone.102 
Microphone amplifiers, gain in.422 
Microphonic effect.420 
Microphonic effect, audio-frequency . 421 
Microphonic effect, high-firequency ... 426 
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INDEX 

Microphonic effect in mixer valves 427 
Microphomc effect in the oscillator part 428 
Microphonic filament-cathode c apacity 

variation 429 
Microphonic grid-capacity variation 427 
Microphonic resonance 422 
Milliammeter tuning indicator 369 
Mirror of getter material 59 
Mixer valve 111, 110, 196, 282 
Mixer valve, diode 287 
Mixer valve, internal resistance of the 282 
Mixer valve, noise of a 305, 349 
Mixer valve, self-oscillating 293 
Mixing 281 
Modulation 100, 182 
Modulation, amplitude 101, 102, 106 
Modulation depth 102, 197, 198, 200 
Modulation depth, standard 468 
Modulation distortion 186, 198, 306, 308 

328 
Modulation, frequency 101, 106, 107 
Modulation frequency 240 
Modulation frequency, superimposed 235 
Modulation, full 210 
Modulation index 107 
Modulation, interfenng 188 
Modulation, phase 101, 107 
Modulation ripple 248 
Modulation rise 186, 198 
Modulation nse, percentage of 187 
Modulation signal 235 
Modulation voltage 106 
Molecule 8 
Molecule, ionic 8 
Molybdenum 30, 31, 68 
Molybdenum wire 47 
Motor-generator converter 446 
Mount 86 
Multi-grid amplifying valve 47 
Multiple valve 63, 115, 120 
Muting device 324 
Mutual conductance 125 
Mutual inductances of lead-in wires 355 

N 

Natural vibrations 421 
Negative anode current 440 
Negative capacity 296 
Negative feedback 883, 379 
Negative gnd bias 6, 451, 468 
Negative gnd bias, automatic 281,268, 434 

486 
Negative gnd current 434 
Negative internal resistance 127 
Negative resistance 167 
Negative temperature charactenstic 457 
Neon 81 
Neon-tube indicator 869, 875 
Nickel 67 
Nickel-tape core 48 

Nickel wire 82, 42, 68 
Nitrogen 81, 61, 83 
Noise 841 
Noise by a saturated diode 342 
Noise by an oscillatory circuit 348 
Noise current 346 
Noise current-distribution 344 
Noise, crackling 429, 437 
Noise of a mixer valve 305, 349 
Noise reduction 399 
Noise resistance, equivalent 848 
Noise, scratching 429, 443 
Noise-signal ratio 349 
Noise, ^alve 305, 341 
Noise voltage 348 
Noise voltage, equivalent 347 
Noise w ith an unsaturated diode (space - 

charge limited current) 343 
Non-linear distortion 377, 378 

O 

Octode 51, 120, 161, 292 
Operating point 243 
Operation, class A 224, 267 
Operation, class AB 231 
Operation, class B 225, 268 
Operation, class C 268 
Optimum load impedance 207, 211 
Optimum load resistance 206 
Optimum matching impedance 233 
Oscillation 169, 266 
Oscillation, conditions for 271 
Oscillation, locally generated 281 
Oscillator(y) (circuit) 266, 267 
Oscillator circuit, Colpitts 277 
Oscillator circuit. Hartley 277 
Oscillator, electronically coupled 278 
Oscillator frequency 282 
Osc illator-frequency drift 300 
Oscillator harmonic 303 
Oscillator valve 111 
Oscillogram 442 
Output capacity 164, 355, 361 
Output impedance 354, 864 
Output resistance 355, 857, 363 
Output transformer 123 
Output transformer, ratio of 234 
Output valve 110, 119, 123 
Output valve, efficieney of 210, 212, 221 
Oxidation 68 
Oxide cathode 82 
Oxide cathode, directly-heated 41 
Oxide-coated metal tube 41 
Oxide coating 41, 42 
Oxygen 81, 88 

P 

Parallel filament connection 446 
Partial capacity 162 
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INDEX 

Peak-inverse voltage 256 
Penetration action 160 
Pentagnd valve 292 
Pentode 118, 161 
Phase angle, influence of the — on the 

power output 218 
Phase modulation 101, 107 
Phase shift in feedback circuit 406 
Phihte 51, 69, 74 
Philite valve holder 62 
Photo-eleetric effect 21 
Picture telegraphy 101 
Pinch 51, 82 
Pinchless construction 64 
Pinchless valves 57, 90 
Pinch valve 86 
Plate characteristic 126 
Plate characteristic, dynamic 216, 219 
Plate characteristics, family of 126,130, 133 
Platinum 30 
Poisoning of the cathode 31, 33, 66 
Portable sets 447, 465 
Positive bias 246 
Positive capacity 299 
Positive feedback 168, 879 
Positive gnd current 435, 437 
Positi\c grid voltage range 269 
Positive ion 8 
Potassium 30 
Potential-barrier current 26, 84 
Potential curve 16 
Potential diagram 14, 24 
Potential distribution 16, 24, 147, 155 
Potential cbstribution diagram 155 
Potential distnbution, electrostatic 14 
Potential distribution in the grid plane 147 
Potential, effective 20, 145, 175 
Potential fluctuations of insulator sur¬ 

faces 442 
Potential in the screen-grid plane 151 
Potential minimum 25, 155, 159, 160, 175 

222 
Potential plane, positive 149 
Potentiometer 307 
Power 141 
Power amplification 6 
Power amphfier 205 
Power-amphfymg tnodes 207 
Power, anode input 8 
Power input 226 
Power input, grid 6 
Power input, maximum 228 
Power output 205 
Power output, anode 6 
Power output, maximum 208, 210, 212 

282 
Power transfer, maximum 142 
Press 51 
Pressed-glass base 58, 64 
Primary electron 86 
Pnmary electron current 440 

Programme 100 
Properties of valves 123 
Public-address amplifier 205 
Pumping 84, 59 
Pumping machine 89, 91, 98 
Pumping tube 58, 61, 69, 82 
Push-pull connection 222, 225 
Push-pull stages 205, 222 

0 

Quality factor 365 
Quality of reproduction 877 
Quiescent current 282 

R 

Radiation from the aerial 287 
Radio-frequency amplification 110 
Radio relay systems 206 
Range of continuing electrons 154 
Range of useful gam control 192 
Range of returning electrons 152 
Range, space-charge 145 
Ratio of the output transformer 234 
Rattling 429 
RC-constant 237, 268 
Receiver tuned racbo frequency 110 
Rectification 101, 194, 235 
Rectifier llY 
Rectifier, double-phase or full-wave 260 
Rectifier, mains voltage 255 
Rectifier valve, single phase 255 
Rectifying action 4, 255 
Rectifying circuit 235 
Rectifying valve 115, 236, 255, 449 
Rectifying valve, gas-filled 255 
Recjti^ng valve, indirectly heated 453 
Reduction of distortion 382 
Reduction of hum 399 
Reduction of noise 399 
Regeneration 167, 379, 406 
Regeneration with grid detection 280 
Regenerative detector 280 
Regulator tube 459 
Rejects in manufacture 61 
Replacement of vahes 65 
Reproduction of high notes 404 
Reproduction of low notes . 402, 404 
Reproduction of the loudspeaker 377 
Reproduction, quahty of 877 
Reservoir condenser 285, 255 
Residual gas 81, 89, 482 
Resistance, alternating-current 127, 140 

142 
Resistance coupling 181, 189 
Resistance, direct-current 127 
Resistance, external 187 
Resistance, internal 127 
Resistance, leak 285 
Resistance line 188 
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Resistance, negative 167 
Resistance, negative internal 127 
Resistance, resonant 140 
Resonance curve 358, 867 
Resonance, microphonic 422 
Resonance peak of loudspeaker 877, 401 
Resonant'frequency impedance 182, 352 
Resonant resistance 140 
Rimlock valves 62 
Ripple voltage 248, 256, 268 
Rise, modulation 186 
Rubidium 30 
Rustling 287 

S 

Saturation current 28, 84, 482 
Scratching noise 429, 448 
Screens . 49, 68 
Screen grid 47, 118, 145, 149, 171 
Screen-grid current 151 
Scrr^en-grid secondary emission 151, 157 
Screen-gnd senes resist oi 459 
Screen-grid voltage 448, 450 
Scroen-giid voltage divider 451 
Screen-grid voltage, vanable 317, 874 
Screening cage 50, 60, 63, 82 
Screening, electrostatic 71 
Screening, magnetic 71 
Screening plates 82 
Sealing of exhaust tube 59 
Sealing of the bulbs 86 
Secondary electrons * 156 
Secondary emission 21, 22, 36, 48 
Secondary emission, anode 118, 156, 157 
Secondary-emission factor 86, 156, 440 
Secondary emission from msulating 

parts 489 
Secondary emission, screen-gnd 151, 157 
Secondary-emitting surface 86 
Second control grid 161 
Second harmpmc 178, 195, 382 
Second-harmonic distortion 184 
Selectivity 132, 826, 867 
Selectivity curve 867 
Self-excitation 422 
Self-oscillating mixer valve 298 
Semi-automatic gnd bias 452 
Sensitivity 468 
Sensitivity measurements 410 
Sensitivity of the ear 409 
Sensitivity of the tuning mdicator 878, 376 
Sequence of the filaments 458 
Senes feeding of filaments 446 
Shadow indicator 869 
Sharpness of station timing 827 
Sheet-metal baffle 69 
Shock-testing machine 99 
Short-wave operation 66 
Side-bands 104, 860, 867 
Side waves 104 

INDEX 

Silent-tuning device 324 
&ngle-ended stages 205, 212, 219, 222 
Single phase rectifier valve 255 
Sintered glass 91 
Smoothing 242 
Smoothmg circuit 115, 237, 258 
Smoothing condenser 244 
Smoothing filter 259 
Smoothing resistance 242 
Sodium 80 
Solid matter 8 
Sound volume 205 
Space charge 17, 154, 222, 295, 860 
Space-charge capacity 173 
Space charge, densitv of 159, 860 
^ace-charge distnbution 19 
Space-charge grid 118, 120 
Spac e-charge limited current 19, 24 
Space charge, pulsating 289 
Space-charge range 145 
Space spreading 440 
Spacing of gnd wires 147, 154 
Specific electron emission 81 
Speech coil 288 
Square-law characteiistic 182, 185, 194 
Square law detection 241 
Stability of the amplifier 886 
Stamping the type number 89 
Standard modulation depth 468 
Static data 189 
Static transconductance 137 
Static transfer charactenstic 187, 198 
Steel valves 68 
Stray electrons 49, 50* 
Striking anode 375 
Stnking voltage 375 
Strontium 88 
Strontium carbonate 88, 74 
Strontium oxide 82 
Sum frequency 182, 283 
Superheterodyne 367 
Superheterodyne reception 111, 266, 281 
Supporting rods 47, 51 , 61, 81 
Supports, U-section 58 
Suppression of secondary emission 159 
Suppressor gnd 47, 119, 145, 159, 222 
Surge-limiting resistor 457 
Swing 140 
Swing, gnd 144 
Switch effect 442 

T 

Takmg-over of current 158, 158 
Tantalum 30 
Tantalum pentoxide 81 
Techmque, A- . 58, 60, 66, 91 
Technique, B- . 58, 90 
Technique, C- 58 
Techniques 57 
Television 101 
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Tensile strength. 67 
Tension springs. 48 
Test bench. 99 
Test desks. 95 
Tetrode.118 
Thermal agitation .841 
Thermal current fluctuations.841 
Thermal electron emission.8, 21 
Thermal fluctuations in resistors.348 
Thermal movement. Brownian.410 
Thermal voltage fluctuations.341 
Thermo-couple.180 
Third harmonic .178, 195 
Third-harrnonic distortion .192 
Threshold of hearing.409 
Tolerance in dimensions.66, 71, 93 
Tolerances of grid dimensions. 76 
Tolerances of valve capacities. 65, 71, 865 
Top-connecting lead.54, 82 
Traces of gas. 30 
Transconductance .... 125, 194, 200, 354 
Transconductance, cathode (-current). 857 

418 
Transconductance change with time .. 432 
Transconductance characteristic .181, 184 

284 
Transconductance characteristic, cur¬ 

vature of.809 
Transconductance characteristic, log¬ 

arithmic .313, 818 
Transconductance control.861 
Transconductance, dynamic.186 
Transconductance, effective 268, 278, 274 
Transconductance, initial.810 
Transconductance of the cathode cur¬ 

rent .857 
Transconductance of the diode.288 
Transconductance, static .187 
Transconductance with negative feed¬ 

back .881 
Transfer characteristic.123, 148 
Transfer characteristic, dynamic 186, 177 

193 
Transfer characteristics, family of 124, 128 

ISO 
Transfer characteristic, non-linear .... 198 
Transfer characteristic, static ... 187, 198 
Transformer coupling .188, 142 
Transformer, loudspeaker.206 
Transformer, matching.206, 222 
Transmission.101 
Transit time. 272, 287, 297, 855, 358 
Transit-time current.298 
Triode.118 
Triode capacities .168 
Triode-heptode.122 
Triode-hexode.122 
Triodes in a class-B power amplifier.. 282 
Triplex-diode circuit.880 
Tropical cabinet. 99 
Tul^, exhaust.;58, 58, 61 

Tube, pumping. 58, 61, 69, 82 
Tuned circuit .110, 140 
Tuned-radio-frequency receiver.110 
Tuning indication.868 
Tuning indicator.828 
Tungsten. 80, 32, 68 
Timgsten filament.67, 75 
Tungsten oxide.31, 444 
Tungsten wire.42, 44 
Type number, stamping the. 89 

U 

Ultra-short-wave region.359 
Unilateral capacity .297 
Universal catnodc .446 
Useful life.431 
Useful gain-control range.192 
U-series .413, 460 

V 

Vacuous space .3, 18 
Valves, beam-power.159 
Valve-capacity diagram .162 
Valves, critical-distance .159 
Valves, glass. 51 
Valve-holder, Philite. 62 
Valves, metal.51, 68, 94 
Valve noise. 305, 841 
Variable-gain A.F.amplifier.820, 875 
Variable-mu valve.312 
Variable-pitch control grid.812 
Variable screen-grid voltage.317, 874 
Velocity distribution . 22 
Vibration.64, 65 
Vibration, acoustic.420 
Vibrations, audio-frequency.101 
Vibration, damping of. 48 
Vibration, mechanical.420 
Vibration, natural.421 
Vibrator.446, 460 
Virtual cathode.156 
Visible tuning.868 
Volta effect. 27 
Voltage amplification . 5 
Voltage-amplifying valves .128 
Voltage doubling.261, 
Voltage equivalent of the temperature 85 
Voltage feedback.892 
Voltage-feedback circuit.897 
Volume control.322 
Volume control, automatic 808, 822, 374 
Volume of soimd.205 

W 

Water vapour. 84 
Wattful component...356 
Wave trap.305 
Welding machine.  94 
Whistle.- 392 
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VALVE-TYPE INDEX 

Wire-gauze anode. 48 
Wires, leading-in . 51 
Work function . 22, 29, 84, 38 
Working area of plate characteristics .. 222 
Working conditions.123 
Working point .140, 148 
Working potential. 22 

Working temperature of cathode .... 42 

Z 

Zero grid-to-anode capacity.164 
Zinc silicate. 7 
Zirconium . 30 

VALVE-TYPE INDEX 

Page 
4flfi2 . 800, 875 
6L6.221 
ADI. 55 
AF 7.249 
AK 2.52, eo, 206, 800, 802 
AZl.118 

B2046 . 445 
B 2047 . 445 

CB 2.117 
CK1.78, 86 
CL 2.459 
CL 4.447 
CL 6.459 

DAC 21 .464 
DBC 21 .465 
DF 21.464 
DF 22 . 465 
DK21.206, 207, 464, 465 
DL 21.465 
DLL 21.280 

E446 . 56 

EAB 1 . 241, 880, 882 
EB 4.241 
EBC 8.... 168,882,884,887,408,404, 405 

415, 424 
EBL 1 . 241, 882, 411 
EC 51 (experimental).251 
ECH 8 . 275, 276, 291, 301, 417 

Page 
ECH 4 . 55, 56, 285, 291, 301, 306 

11 . 96 
^CII 21 . 49, 291, 412 
EF5 . 813, 817, 318, 819, 368, 364, 376 
EF 6 . 202, 253, 338, 363, 365, 400, 401 

402, 403, 424 
EF 8 .344, 850 
EF 9.54, 65, 176, 184, 191, 192, 817, 318 

819, 334, 339, 844, 847, 424 
EFll. 68 
EF 22.56, 59, 65, 67, 347, 360, 863, 364 

865, 424 
EF 50.351, 861, 362 
EF51.854 
EFF51.851, 354 
EFM 1 .821, 375 
EH 2.804, 805, 306 
EK 2.292, 297, 800, 302, 305, 306 
EK 8.53, 297, 802, 805, 306 
EL3N . 171, 212, 215, 217, 218, 221, 888 

389, 391, 308, 405, 411, 444, 447 
EL 5 . 212, 400, 401, 444 
EL 6.212, 444 
EMI.370, 371 
EM 4.873 

KCH 1.277 
KDD 1.230 

UAF41 . 60, 92, 93 
UYIN.465 
UY21..,.56, 465 
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