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PREFACE TO THE ENGLISH EDITION

In the Dutch. French and German languages we have published a series of books 
under the title of “Data and Circuits of Modern Receiving and Amplifying Valves".

The object was to enable the consumers of our valves to get a clear and conveniently 
arranged survey of all data and characteristics of the valves produced by us.

Not long after it appeared that these books met. and still meet, such a long-felt want 
that we felt no longer justified in restricting ourselves to these three editions and 
therefore, we decided in favour of an English edition of the whole series, so that also 
the English speaking consumer may be able to get an insight into this matter.

The series consists of three books containing the data and characteristics of all receiving, 
amplifying, rectifying and regulating valves produced by us since 1933—1950. Thus 
a complete documentation is supplied regardless whether any particular 
types are still produced or available in all countries.

The first book, titled “Data and Circuits of Receiving and Amplifying Valves’’ is 
published as Book II of the series of books on Electronic Valves—part of Philips’ 
Technical and Scientific Library.
Besides the receiving, amplifying, rectifying and regulating valves produced from 
1933—1939, it contains a great many descriptions of circuiting diagrams showing how 
the various valves can be used, as well as the Philips, measuring instruments for labo
ratories and workshops.

The second book with the same title is published as Book 111 of the series on Electronic 
Valves and is set on the same lines as Book IL It contains the data of t he key-valves 
brought out in 1940—1941 and has 220 pages with 267 figures.

During the enemy occupation (1942—1944) no new types of valves were placed on the 
market, though research in our laboratories for further development was not suspended.

On the contrary an entirely new series of valves, the Rimlock Valves, were designed of 
which several series and types have now been placed on the market.
The description and characteristics of these new valves are to be found in the third 
book of the same titel “Data and Circuits”. 2nd supplement, it is Book 111 A of the 
series on Electronic Valves. Its size is 6' >: 9"—appr. 350 pages with many illustra
tions. (In preparation.)
It contains the Receiving and Amplifying Valves brought out in the years 1945—1950 
and the principal group discussed are the Rimlock Valves.
Great attention has been paid to the application of these valves by means of a great 
many circuiting diagrams of apparatus in which they are employed, while the latest 
measuring apparatus for workshops and laboratories are again dealt with.

It is our intention that in the future this series will be continued as and when new types 
of valves are placed on the market. These new books will be published as Book 1IIB, 
Book UIC, etc.



INTRODUCTION

Book I in this series deals with the fundamentals of radio valve tech
nology. The present publication, Book II, contains more or less comprehen
sive descriptions of a large number of receiving and amplifying valves 
suitable for use on all types of current. It also furnishes full technical data 
and characteristics of the latest Philips receiving, amplifying and recti
fying valves, current regulators and stabilizers and, further, in tabular 
form, details of other types of receiving and rectifying valves, electronic 
tubes as cathode-ray tubes, photoelectric cells, etc., which, although not 
immediately concerned with radio reception, are nevertheless of great 
importance in that sphere, e.g. for television, measurement by means of 
electronic indicators, or for special equipment.
The present work bears a special relation to the reception of radio telephony. 
In general, the valve descriptions are as brief as possible, but here and 
there it has been found unavoidable to enlarge upon the newer principles, 
for example, the question of secondary emission in the case of the secondary 
emission valve EEP 1. The principal data of each valve are given for the 
purposes of their application and, where necessary, circuit diagrams are 
included. Of the complete data and characteristics as measured in respect 
of every valve type, only the more important factors are published.- 
primarily in view of the limitations set on the size of the book and, 
secondly, in order not to destroy the picture as a whole. In this way 
A.C. valves, A.C./D.C. types, battery and amplifying valves, are all 
dealt with in turn. Complete circuit diagrams illustrating the uses of 
these valves will be found in the final chapters, which contain com
prehensive receiver circuits 'with their descriptions; all the circuits 
illustrated have been amply tried out in practice. A number of circuits 
for gramophone amplifiers have also been included as falling within the 
same category, whilst in the closing chapters short descriptions are given 
of Philips measuring instruments, as employed in the development and 
testing of receivers equipped with Philips valves. These instruments are 
not only extremely useful for servicing purposes but are indispensable in 
any well-equipped laboratory.
The opening chapters of this work contain general hints on the uses of 
receiving valves and electronic tubes of great value to the constructor and, 



if undesirable connections or faulty applications of the valves are to be 
avoided, the reader would do well to peruse the instructions carefully; 
only in this way can ultimate disappointment be prevented.
This book is of interest to all who are concerned with radio receivers in 
general, with associated equipment or electronic tubes. It has been written 
for the designer, service dealer, amateur and student, and the material 
contained in the following pages may be regarded as the outcome of 
countless measurements and much practical experience in the use of radio 
valves. Moreover, the information given is furnished by the cooperation 
of a very large number of experts in the factories and laboratories 
of the Philips organization. It will be of great value both to the practical 
enthusiast end to the more theoretically-minded technician.

vin
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General Instructions for the correct use of Philips Valves

From the point of view of the heater supply, valves can be divided into three groups, viz:
1) those whose application is based on the heater voltage, that is to say, with 

heaters connected in parallel to a source of supply such as a transformer or 
battery (e.g., 4 V A.C. valves or 2 V battery valves);

2) those whose application is based on the. heater current, the heaters being connected 
to the source in series (e.g., 180 mA D.C. valves or valves used exclusively for 
A.C./D.C.);

3) valves which can be selected according to their heater voltage or to their heater current, 
i.e. those suitable for parallel and series connection (e.g., 6.3 V valves used both 
for A.C. parallel supply and for A.C./D.C. series supply).

In case 1) where the heater voltage is the guiding factor, the data and characteristics 
refer to the specified value, of the heater voltage. In case 2) where the basic consider
ation is the heater current, all the data apply to the specified value of the heater 
current. It should be noted that in case 1) the average value of the heater current 
should be taken into account and in case 2) the average value of the voltage.
For valves which are suitable both for series and for parallel operation the data given 
in the tables refer to the use of the valve not only at the specified heater voltage but 
also at the indicated current.

THE VALVE DATA
Properties such as the mutual conductance, internal resistance, etc., are given with 
respect to a certain value of the anode current, which is in each case such that optimum 
results will be ensured under normal conditions. Since the anode current should be 
regarded as the guiding factor, the grid voltage values given must be taken to be 
average values. All total values are the outcome of measurements at the working 
voltages and currents as specified and they should be looked upon as averages obtained 
from tests on a very large number of valves. Unless otherwise stated, data concerning 
pentodes having separately connected suppressor grid may be considered as having 
been obtained with this suppressor grid connected to the cathode. All voltages are 
given with respect to the cathode. In the case of battery valves, voltages are quoted 
with respect to the negative end of the filament, whilst the other data refer to the 
grid bias indicated.

MAXIMUM RATINGS
The maximum values of voltage, current, load, etc., for the mains voltage on which 
the receiver is to operate, should in no circumstance be exceeded. When designing the 
receiver it is essential to take steps to avoid voltage variations that may be 
occasioned by changes in signal strength or differences in the tolerances of the com
ponents. Allowance is made for the possibility that the anode voltage of pentodes 
— at the nominal mains voltage — may increase at most 5 % above the specified 
maximum values as a result of variations in signal strength in the receiver.
In the given values of current, voltage and power, allowance has further been made 
for mains voltage variations of + 10 % to — 10 %. If even greater variations 
are anticipated it is recommended that the working voltages with respect to the 
normal mains voltage be placed at a correspondingly lower level. The heater voltage 
supplied by the appropriate transformer must never exceed + 5 % or —5 % of the 
indicated maximum value. In connection with these tolerances the actual average 
of the mains voltage must be taken into consideration.
Valves for car-radio receivers are constructed for feeding from car batteries (lead 
accumulators), and battery valves for both accumulators and dry batteries (the valves 
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in the “D” series) may also be fed in series through a high-tension unit working from 
the mains. The tolerances of the series resistors in D.C. or A.C./D.C. receivers should 
meet the requirement that the heater current, at the actual average mains voltage, 
does not exceed fir 3 %. If instead of a fixed resistor a barretter is employed 
limits of ± o °/„ may be allowed in view of the compensating action of these tubes 
In some valves employed for A.F. amplification the maximum permissible sensitivity 
is given for 50 mW output power from the final valve, in view of possible microphony: 
the minimum permissible alternating grid voltage to produce an output of 50 mW 
from that valve must be taken into account. From this value it is possible to calculate 
the maximum permissible amplification obtainable without risk of microphony.
The above-mentioned values merely indicate an order of size and they refer to normal 
receivers fitted with loudspeakers of average sensitivity. With pentodes having a 
separate external connection for the suppressor grid, when controlling the internal 
resistance by means of this grid, care should be taken that the maximum screen 
load is not exceeded. For each valve a maximum value is given in respect of t he 
resistance between grid and cathode and in many cases more than one value, e.g., 
with respect to both automatic and fixed grid bias. This resistance consists of the 
various resistance elements between grid and cathode in the circuit, such as the grid 
leak, smoothing resistance (as in the case of automatic gain control) and cathode 
(bias) resistance. It is preferable to select a value below the maximum permissible 
resistance; only in extreme cases should this maximum cathode-grid resistance value 
be permitted.
The resistance of a diode without negative delay voltage may be estimated at 
10,000 ohms. If it is not possible to earth the cathodes directly this should always 
be done through a capacitor sufficiently large to handle the frequencies of the alter
nating voltages present.
To avoid interference there must be neither A.F. nor R.F. voltages between the 
cathode and the heater, or chassis. In the case of A.F. negative feed-back part of 
the cathode resistor in A.F. amplifying valves need not necessarily be decoupled 
by a capacitor (at most 50 ohms). With output valves it is not essential to decouple 
the cathode resistor at all.
The maximum permissible voltage between cathode and heater, unless otherwise 
stated, in every case refers to the D.C. voltage, or the peak alternating voltage at 
mains frequency. R.F. and A.F. voltages between cathode and heater must be avoided 
to prevent interference.
To prevent spluttering effects from indirectly-heated rectifying valves a sufficiently high 
ohmic resistance of the mains transformer must be ensured; the lowest satisfactory value 
of this resistance is Rt = Rs fi- u"Rp, this being dependent upon the first smoothing 
capacitor. If this value is not obtained a resistor R is to be included in each anode 
circuit, the combined value of these being such that Rtmin = R + Rs + u2Rp. In this 
formula Rs is the resistance of the secondary winding of the transformer to be used 
with single- anode rectifying valves, or the resistance of half the secondary winding in 
the case of full-wave rectification. Valves must never be mounted upside down, i.e. 
base upwards. Horizontal mounting may be resorted to if no better arrangement is 
possible. Directly-heated rectifying valves should be so mounted that the anode faces are 
vertical, that is to say, the plane in which the filaments are suspended should be vertical. 
In car-radio sets the following valve types should be used exclusively: EBC3, EF9, EK 2, 
EL 2, ELL 1, EM 4, EZ2, FZ 1, EBC 11, ECH 11, EDD 11, EF 11, EZ 11. Receivers 
fitted with pentode output valves frequently have a switch for cutting out the built-in 
loudspeaker, but if the secondary side of the speaker transformer is thus open-circuited 
without the extension speaker being connected the screen grid of the output valve 
may be very heavily overloaded. Care should therefore be taken to prevent 
this.
2



Explanatory Notes

on the General Instructions for the use of Philips valves in radio 

receivers and amplifiers and on the maximum ratings.

1. Maximum voltage on an electrode in the cold condition
By “voltage in cold condition” is meant the potential existing at an electrode of the 
cold valve. Generally speaking, when a receiver is switched on the anode and heater 
voltages are applied simultaneously, but if the valves are of the indirectly-heated type 
and the rectifier for the anode supply is directly-heated the electrodes of the receiving 
valve receive the full direct voltage almost immediately after switching on. The 
cathodes of the indirectly-heated valves are then still cold and cannot emit, so that 
the rectifier section of the receiver is not fully loaded, if loading is not provided by 
means of potential dividers; consequently the voltages on the electrodes become very 
much higher than is the case under normal working conditions. In order to avoid 
flash-over, the maximum voltage in respect of the cold condition as specified must 
not be exceeded.
In variable-mu pentodes to which A.G.C. is applied the anode and screen current 
are practically nil, and voltage losses in smoothing circuits or in the dropping resistance 
of potential dividers are therefore also very low; the electrode potentials are then higher 
than in the uncontrolled condition, and in such cases these potentials should roughly 
approximate the maximum voltage in the cold condition.

2. Maximum constant loading of electrodes
By this is meant the average power in watts consumed by an electrode. This load 
determines the temperature of the electrode and can be obtained from the current 
flowing in that electrode, with no signal at the grid, multiplied by the relative D.C. 
voltage. The currents passing to the electrodes and the voltage present there should 
always be such that the maximum constant load on the electrode is never exceeded, 
even for a very short period. In output valves the average screen-grid current increases 
on full load and, for correct operation, a maximum constant load (dissipation) is 
quoted for the screen, with no signal on the grid, whilst the given maximum constant, 
load for maximum modulation is a measure of whether the screen is overloaded or not.

3. Screen current variations in pentodes
Since the values given relate to a particular anode current, limit-values are frequently 
indicated for pentodes, between which the screen-grid current may vary when the 
anode current is in accordance with the published data. These maximum values make 
it possible to ascertain beforehand by how much the power of a valve varies from 
or exceeds the specified limit in any given circuit.

4. Maximum cathode current
The maximum cathode current is indicated in respect of every valve type and must 
in no case be exceeded; otherwise the cathode will sustain damage. The cathode current 
is made up of the currents passing through the various electrodes and may be 
checked best by means of a milli- or micro-ammeter in the cathode circuit.

5. Limit values at which grid current occurs
A value of grid bias is specified for each valve type, at which grid current will positively 
not occur, having due regard to the tolerances of the valve. The maximum permissible 
grid current at the maximum rating of the grid bias is taken to be + 0.3 gA.
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6. Maximum resistance between grid and cathode
There is almost always some risk of primary grid emission, especially in valves which 
tend to become very hot. This emission is caused by the deposition of small portions 
of the emissive substance upon the grid, thermal emission taking place when the grid 
becomes hot. Since the grid then emits electrons (negative charges) it becomes less 
negative, whilst high resistance between the grid and cathode prevents the occurrence 
of sufficient current to compensate the remaining positive charge. The reduced negative 
charge on the grid causes the anode current to rise and the valve then overloads, 
with the result that the grid emission is further increased. Ultimately the valve will 
work with practically no grid bias and the anode current accordingly rises to such a 
level that in a very short time the components of the valve become overheated and 
produce gases. Due to ionisation of these gases the heater, or the cathode, is bombarded 
w ith positive ions and their emission is reduced.
In order that these injurious processes may be avoided, in each case a maximum 
value is given for the total permissible resistance between grid and cathode. 
In R.F. valves this value is higher than in output valves, in view of the fact that the 
latter carry heavier currents and operate at higher temperatures.
The effects of grid emission are to a certain extent compensated by the use of automatic 
grid bias, obtained by including a resistor in the cathode or negative filament 
circuit; any increase in anode current then produces a corresponding increase in the 
)>ias which in turn reduces the anode current again. In view of this, two values are 
frequently given for the maximum grid-to-cathode resistance, one with respect to 
automatic bias and one for fixed bias. In the latter case the maximum resistance 
value is the lesser.
For high-mutual-conductance pentodes the, maximum value of the grid-cathode 
resistor is given only with respect to operation with automatic grid bias. A so-called 
semi-automatic bias, provided for instance, by the voltage drop across a resistor 
in the negative H.T. line of the receiver, may be employed in all cases where the cathode 
current of the output valve is in excess of 50 % of the total current passing through 
the resistor producing the voltage drop. The maximum value of the grid-cathode 
resistor Rgtk, for automatic bias, is then reduced according to the equation:

Cathode current of output valve „ ,------------------------------------------- --------- --------------- 
Total current in resistor producing voltage drop °

It is always better to work on the lowest possible grid-cathode resistance and not to 
adhere to the maximum value quoted.
7. Maximum voltage between heater and cathode
Sine:? the insulation between the heater and the cathode consists of a very thin layer of 
aluminium oxide and this is naturally capable of withstanding only small variations 
in voltage, a maximum voltage value is stated with respect to each valve type; since 
D.C. voltage variations might tend to cause electrolysis, this maximum value in each 
ease takes into account both the D.C. voltage and the effective value of the alternating 
voltage.
With indirectly-heated valves the secondary side of the heater transformer is frequently 
earthed, whilst the cathode is at a certain potential with respect to earth depending 
on the circuit employed. Now in A.C./D.C. receivers certain types of ¡valve will produce 
high potentials between heater and cathode, seeing that the former is connected in 
series with the, mains, whereas the cathodes themselves are usually at a potential that 
does not differ very much from that of the chassis. In such cases due consideration 
must be given to the maximum permissible voltage between heater and cathode.
8. Maximum resistance between heater and cathode
If a resistor is included between the heater and the cathode of an indirectly-heated 
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valve, for instance to provide automatic grid bias, this resistor must be limited to 
a definite value, as prescribed for each valve type. Due to the potential difference 
between heater and cathode, leak currents occur between the two, across the insulation. 
If the value of the resistor is too high the operating point of the valve is 
changed and fluctuates along the characteristic in accordance with the irregularities 
in the leak current. The working of the valve is then no longer uniform and, moreover, 
the insulation is more heavily loaded and suffers in consequence.
Should components in the cathode-chassis circuit be insufficiently decoupled, alternating 
voltages at the frequency of the signal on the grid will occur across those components 
and thus also between the cathode and the heater; as a result of the accompanying 
modifications in the heater-cathode insulation, interfering frequencies are introduced 
which manifest themselves as a crackle in the loudspeaker. Cathodes should therefore 
always be decoupled with sufficiently high capacitances.
In circuits including negative feed-back across a part of the bias resistor, or, in the 
case of output valves, across the whole of it, the decoupling capacitor is frequently 
dispensed with; since the A.F. alternating voltages between cathode and earth are 
relatively small, such circuits will not necessarily give any trouble from the point 
of view of hum and crackle.



Hints on the use of Philips catliocle-ray tulles

The following suggestions will be found very useful in the operation 
of cathode ray-tubes

MOUNTING
Cathode-ray tubes should be mounted preferably in an earthed metal housing, sheet 
iron 1 mm in thickness being very suitable for this purpose. This is necessary to 
counteract interference caused by magnetic fields; also to protect the tube from me
chanical damage and to offer protection against the very high voltages involved. 
Precautions should be taken to see that the housing is quite free from magnetism. 
AU parts having a high voltage should be adequately shielded, so that they cannot 
be touched, and the use of a safety switch in conjunction with any closures giving 
access to such parts is to be recommended. The positive side of the supply section 
must be earthed, as this renders dangerous voltages less accessible. It should be 
remembered, for instance, that as a result of the breakdown of a capacitor, or an 
incorrect connection, certain components not normally at a high voltage may be 
rendered dangerously “live”. The mains voltage should therefore, always be switched 
off before anything in the circuit is touched, and capacitors should be duly discharged 
by shorting them.
Earthing of the 2nd or 3rd anode results in the heater transformer (or battery if such 
is used) being at a high voltage below earth, and due allowance must be made for this 
in regard to the insulation.
From the above points it follows that the tube socket needs to be of the highest 
quality insulating material and that the spacing between the contact sockets, springs 
and the chassis must be very carefully determined.

DEFLECTION
When electrostatic deflection is employed the deflector plates not in use must be 
earthed, and if one or more of these plates are connected through a capacitor it is 
advisable also to earth them through a 5-megohm resistor to avoid static charges 
on the plates.

CENTERING THE IMAGE
If the image should not be in the centre of the screen this can be remedied in the 
following way:

a) Electrostatic defection
An auxiliary voltage may be applied between the deflector plates and the main 
anode, but as an eccentric spot is in most cases produced by an interfering magnetic 
field an opposing field will also correct the error.

b) Electromagnetic deflection.
Improvement can be made by passing a direct current through the deHector coils. 
This can also be resorted to if and when a part of the screen becomes burnt, for 
by this means it is possible to change the location of the image.

BRIGHTNESS OF THE IMAGE
The brightness of the image is dependent upon the intensity of the electron stream 
passing from the cathode to the screen. Control may be by means of the grid voltage. 
A certain degree of brightness is obtained at a high anode voltage with high grid 
l>ias, but also at a lower anode potential and correspondingly lower grid voltage; 
in the first instance, however, a smaller light spot (finer line) is produced.
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DEFINITION
Effective smoothing of the rectified high tension is essential; generally speaking, the 
ripple should not exceed 1 % of the anode voltage.

a) Electrostatic focusing.
The definition is governed by the ratio between the potentials on the main and 
auxiliary anodes, the normal ratio being stated for each separate type of tube. 
Definition is adjusted by varying the voltage on the auxiliary anode.

h) Electromagnetic focusing.
The definition of the spot can also be controlled by varying the flow of current 
in the focusing coil. The smaller the distance from the coil to the screen, the lower 
the required current for sharp definition.

SENSITIVITY

a) Electrostatic deflection.
The sensitivity of the deflector plates is inversely proportional to the anode voltage; 
at the maximum permissible anode potential, sensitivity is the lowest. At the same 
time, under such conditions, the tube is the least sensitive to interference from 
external electromagnetic fields.
The use of a symmetrical circuit often makes it necessary to connect the deflector 
plates through a capacitor of 0.1 to 1 pF and to earth them across a resistor. 
The value of this resistor should be as low as possible to ensure that the potential 
produced on the plates by the secondary electron stream from the screen is not 
increased to the extent where it will have a. retroactive effect on the voltage under 
investigation. It is true that a low value of the resistance will represent a load on 
the appied voltage, but as long as the internal resistance of the source of potential 
is also slight, this load will have no perceptible effect.

b) Electromagnetic deflection.
With electro-magnetic deflection, the sensitivity is inversely proportional to the 
square root of the applied voltage. The above remarks with regard to the anode 
voltage also apply here.

NOTES
1) In no circumstances should the grid be given a positive potential with respect 

to the cathode.
2) Care should be taken to see that the light spot does not remain stationary on the 

screen, as this causes burning of the latter.
3) It is advisable to apply the time voltage (sinusoidal or sawtooth voltage from the 

time base) to those deflector plates which are the most remote from the cathode 
(D2 and D,'). Sensitivity is at its lowest at these plates, whilst the load produced 
by secondary electrons from the screen is greatest. In these circumstances the other 
pair of deflectors have the best characteristics for the voltage under investigation.

CONNECTIONS TO THE BASE
A tolerance of about 10 % has been allowed for in the mounting of the base, with 
respect to the deflector plates. It should be borne in mind, further, that the cathode 
is connected to one end of the filament, for which reason the cathode connection in 
the feed section should be connected to that point. If this is not done, the cathode will 
be at an undesired potential of 4 V A.C. (or 6.3 V as the case may be) with respect 
to the grid and this may in turn possibly cause intensity modulation.



1 ype-nuinbering of Philips valves

Receiving, amplifying and rectifying valves

Originally, the type numbers of the valves consisted of a capital letter and a number 
of 3 or 4 figures. The letter indicated the heater current in accordance with the 
following:

A — heater current of 0.06 to 0.10 A
B -.............................0.10 to 0.20 A
C ,. 0.20 to 0.40 A
D ., 0.40 to 0.70 A
E =- .. .. .. 0.70 to 1.25 A
F .. 1.25 A or highei

The first figure, or, in the case of 4 figures, the first two gave, the value of the beater 
voltage; the two final figures represented the gain factor at the working point as 
applicable, to triodes, but for valves having more than one grid the meanings weie 
as follows:

41, 51. etc. tetrodes with space-charge grid (double-grid valves)
42, 52. etc. R.F. screen-grid valves
43, 53, etc. output pentodes
44, 54. etc. binodes
45, 55. etc. variable-mu R.F. tetrodes
46, 56. etc. R.F. pentodes
47, 57. ete. variable-mu R.F. pentodes
48, 58, ete. mixer hexodes
49, 59. etc. variable-mu hexodes.

For instance, the E 499 is a triode of which the heater current lies between 0.70 and 
1.25 A (in actual fact it is 1.0 A), with a heater voltage of 4 V and a gain factor of 99. 
It was subsequently found impossible, however, to designate all valve types by this 
method and in 1934 a new system was introduced which sufficiently typifies all the 
newer kinds of valve.
The type number of recent Philips receiving valves comprises a number of capital 
letters and a numeral, the latter following directly after the letters. Of the latter, 
the first shows the series to which the valve belongs, whilst the second indicates the 
type of valve. In the case of composite valves various letters are employed instead 
of the second letter, one for each individual system contained within the valve. A 
numeral then follows, this being a serial number which is so selected that one and 
the same valve type in any of the various series (with the exception of the initial 
letter) will bear the same type number.
Barretters (iron-hydrogen tubes) are given only one letter, to represent the series, 
followed by a numeral.
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The following table indicates the meaning of the different letters employed

First letter:

Valve series

Second and subse
quent letters: 

Valve type

Figure:

Serial number

A = 4 V A.C. series

B = 180 mA D.C. series

C = 200 mA A.C./D.C. 
series

D = max. 1.4 V battery 
series

E = 6.3 V A.C. and car
radio series

F ~ 13 V car-radio series

H = 4 V battery series

K = 2 V battery series 

U = 100 mA A.C./D.C. 
series

V = 50 mA A.C./D.C. 
series

A = diode
B = double diode
C = triode, except output 

valves
D — output triode
E = tetrode
F = R.F. pentode ampli

fier
H = hexode or heptode
K = octode
L = output pentode
M = electronic indicator
X = full-wave gasfilled 

rectifying valve
Y == half-wave high va

cuum rectifying valve
Z ■= full-wave high va

cuum rectifying valve

On the introduction of 
a new valve type in a 
given kind, the next 
following free number is 
used.

Examples
One of the later Philips valves is the EF 9; E shows the heater voltage to be 6.3 V; 
F indicates that it is an R.F. pentode (or R.F. amplifier). The figure 9 is a grade 
number.
The ABC 1 furnishes another example; the letter A tells us that it is a 4 V A.C. 
valve; B and C point to a combination of double-diode and triode. The same valve, 
but having a heater current of 200 mA for series supply in A.C./D.C. receivers, is 
known as the CBC 1. The EAB 1 is a triple-diode in the 6.3 V series, that is, a combina
tion of diode (A) and double-diode (B). The KDD 1 is a 2 V valve for battery ope
ration (K), consisting of two output triodes (D). Barretters in the 200 mA A.C./D.C. 
series are known as the Cl, C 2, C 3 and so on.
NOTE
Many special types not included in the standard range are given in a different form 
of code; for instance, the 4641 and 4654 amplifying valves and many others. In future, 
however, all new special valves will be distinguished in accordance with the letter
numeral code, with numerals commencing at 50.
Type numbering of cathode-ray tubes
Cathode-ray tubes are coded in the same way as receiving valves, by means of letters 
and numerals, but the first letter now indicates the method of deflection of the cathode 
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ray, i.e. electrostatic or electromagnetic. A second letter is added to give the colour 
of the light spot on the screen and subsequent numbers indicate the approximate 
diameter of the screen in centimetres. A numeral, separated from the rest by a stroke, 
is used as serial number and, besides serving to distinguish the different models, 
indicates whether the tube is of a later type. For example, Type No. DG 16—1 shows 
that the tube is the first model of a particular type having double electrostatic deflec
tion, green fluorescent screen and a diameter of 16 cm.
The following table gives the meanings of the letters and numerals employed.

First letter Second letter Numeral preceding 
the stroke

Numeral 
following 
the stroke

Method of 
deflection of 

the ray

Colour of spot or 
characteristics 
of the screen

Diameter of 
screen in cm Serial number

D — Double elec
trostatic de
flection.

S - Electrostatic 
deflection, but 
only in one 
direction. 
(Deflection in 
the other di
rection may be 
electro-mag
netic).

M -- Magnetic de
flection in both 
directions.

B = blue
G — green
N — persistent
R = long persistent
S = sepia
W = white

7 — effective 
screen dia. 
7 cm.

9 effective 
screen dia.
9 cm.

When a particular 
tube is introduced 
in a new model it 
is given the next 
consecutive num
ber. The first model 
is No. 1, then fol
lows No. 2, etc.
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Symbols and tlieir meanings

1. Designation of electrodes

Anode.............................................................................................................. a
Anode of diode..............................................................................................<1
In double or multi-diodes..............................................................................d,. d2. ele.

The figure indicates the location of the diode with respect to the 
cathode lead-in. Diode d, is thus the one nearest the pinch. If there 
is only one diode anode the figure is omitted

Heater (filament).............................................................................................f
Grid......................................................................................................................g

In valves with more than one grid: g^ g.,. and so on. The figure 
indicates the location of the grid with respect to the cathode (f/j is 
thus nearest the cathode). If only one grid is provided the figure 
is omitted.

Indirectly-heated cathode................................................. . ... k
Metallizing..........................................................................................................m
Internal screen in the valve.....................................................................s
Fluorescent screen in electronic indicator....................................................I
Deflector plate of cathode-ray tube.......................................................... D
To indicate equivalent electrodes, “ticks” are employed, e.g. . . . <f, <i'. a' 

In secondary-emission valves the primary cathode is designated as k, 
and the secondary cathode as k3.

2. Designation of valve system

In combination valves the electrodes of the separate units in the valve
are symbolized as follows:
in a diode..............................................................................................................D
in a triode.........................................................................................................T
in a tetrode......................................................................................................... Q
in a pentode ................................................................................................. P
in a hexode......................................................................................................... H
in an octode......................................................................................................O
in a rectifying valve......................................................................................... R

3. Designation of currents, voltages, capacitances etc.

Voltage (V)
Anode voltage..................................................................................................I’«
Anode voltage in cold condition, or at /,t - 0.....................................I no
Diode voltage.................................................................................................. I d

If more than one diode: F,/], T+ etc. 
Heater voltage.................................................................................................. I /
Voltage between heater and cathode..........................................................I//:
Grid voltage (bias)..........................................................................................1 ;z

If more than one grid: I’yl, Vg2, etc. 
Effective value of grid alternating voltage............................................. I </ <gi
Grid voltage in cold condition, or at la — 0.........................................Iyo
Alternating input signal voltage..........................................................F; or T ; eg
Alternating output voltage....................  Vo or 1 „ eg
Supply or battery voltage . . .............................I -
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Current (I)
Anode current..................................................................................................Ja
Anode current without signal (balanced stages or oscillator valves) . Ja0
Anode current at max. modulation................................................................. Ia max-
Diode current......................................................................................................Id

If more than one diode: 1^, Id„, etc.
Heater current......................................................................................................If
Grid current......................................................................................................Ig

If more than one grid: 7ÿl, Ig2, etc.
Cathode current (1 a + Igi 4- Igi, etc.)........................................................... Ik

Power (W)
Anode dissipation.............................................................................................. If«
Grid dissipation.................................................................................................. H',,

If more than one grid: 11%!, 11% etc.
Output power......................................................... .... 117,

Capacitance (C)
Anode to all other electrodes.........................................................................Ca
Grid to all other electrodes............................................................................. (%

If more than one grid: (J. (’g.,, etc.
Anode to grid 1...............................................................................................< \u,y
Grid 1 to grid 3............................................................................................... Cjvj*
Grid 1 to grid 4............................................................................................... Gr.sa
Grid 2 to grid 4............................................................................................... I 'gm
Diode anode dY to d„................................................................................ C'dvU
Cathode to diode anode dr.....................................................................
Grid to cathode..............................................................................................Cgt-
Anode to cathode..........................................................................................Cuk
Anode to grid 4..................................................................................................Cn;/i

Resistance (R)
External resistor in anode circuit.............................................................Ra
Cathode resistor............................................................................................. Rt
External resistance between heater and cathode.................................Rfi-
External resistance in grid circuit.................................................................Rgt

If more than one grid: Rglk. Rgilo etc- 
Internal resistance (anode)......................................................................... Ri

Gain factor
Gain factor (control grid in respect of anode)..................................... ft
Gain factor with respect to screen grid................................................. Itivri

The voltage gain of a valve in a given circuit is obtained from the 
quotient of the output voltage and the input voltage (V0IVf).

Mutual conductance
Mutual conductance......................................................................................»8
Mutual conductance at point of oscillation.................................................-S„
Conversion conductance..................................................................................... ¿C-

Efficiency
Efficiency.......................................................................................................... v,

Sensitivity
Sensitivity of cathode-ray tubes......................... . A’

Wavelength
Wavelength..................................................................................................
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"Miniwatt receiving valves

Series E

The “E” series of “Miniwatt” valves comprises a range of valves nearly 
all of which are of small dimensions; the heaters consume only a very 
small amount of power. They guarantee the best reception in A.C. receivers. 
A.C./D.C. sots and car radio.
Low current consumption
One of the outstanding features of the Miniwatt valve is the extremely 
small current consumption; in all of these valves, with the exception of 
the “four-channel” octode, the consumption is only 1.26 W, which, in an 
indirectly-heated valve of such power, is exceptionally low.
Improved cathode
The warming-up period is very much shorter than usual, being about 
10 seconds. The thermal radiation is only slight, and the efficiency very 
high. Modern methods of construction have resulted in a much improved 
cathode insulation.
Small dimensions
The extremely low current consumption is an outcome of the reduced 
length of the cathode. Moreover, the short cathode does not tend to buckle 
and the other electrodes can be mounted more closely around it than was 
formerly the case. The physical dimensions of the valve are accordingly 
much smaller than usual.
Very slight background noise
The small dimensions have contributed towards robustness of structure 
and high stability. Background noise, attributable formerly to mechanical 
causes, has thus been eliminated. The interference level in Miniwatt E-type 
valves is very low in contrast with other types.
Reliability
When the valves in this series are used trouble-free and reliable performance 
of the receiver is assured.
Short-wave reception
Miniwatt valves are particularly suitable for short-wave reception. The 
triode-hexode and 4-channel octode are outstanding for their much, reduced 
frequency-drift and induction effect. The R.F. pentodes have high input 
and output damping values and only very slight retroaction from anode 
to grid.
Compact chassis design
The low wattage of these valves necessitates only a small bulb and the 
spacing of the valves on the chassis, or between them and other components 
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normally susceptible to heat, can therefore be quite small; the reduced 
dimensions of the valves may thus be employed to the best advantage.

The complete series
EAB 1 — Triple diode with common cathode serving 

the three diodes 1.26 W cathode
EB 4 — Double-diode with separate cathodes 1.26 W cathode
EBC 3 — Double-diode triode having a gain factor of 30 1.26 W cathode
EBE 2 — Double-diode and I.F. amplifier pentode; 

variable-mu and sliding screen voltage 1.26 W cathode
EBL 1 — Double-diode output pentode. The pentode 

is of very high mutual conductance 8.5 W cathode
ECH 3 — Triode-hexode for use as frequency-changer 

in all-wave receivers; variable-mu, low cur
rent consumption and small dimensions 1.26 W cathode

EEP 1 (EE 1) — Secondary-emission valve for driving 
balanced output stages without driver trans
former 3.8 W cathode

EF 5 — R.F. pentode; variable-mu and excellent 
characteristics from the point of view of 
freedom from cross-modulation 1.26 W cathode

EF 6 — R.F. and A.F. amplifier pentode; fixed mu
tual conductance 1.26 W cathode

EF 8 — Noise-free R.F. variable-mu amplifier valve 1.26 W cathode
EF 9 — Variable-mu R.F. pentode with sliding screen 

voltage 1.26 W cathode
EFM 1 — Variable-mu A.F. amplifier pentode with 

sliding screen voltage; combined with elec
tronic indicator 1.26 W cathode

EH 2 — Heptode for use as modulator valve in short
wave receivers or as R.F. and I.F. amplifier 1.26 W cathode

EK 2 — Low-consumption octode for mixing stages 
in receivers in which no control is applied 
to the frequency-changer in the short-wave 
range; also for car radio 1.26 W cathode

EK 3 — Four-channel octode for use in receiver 
mixing stages when high-grade performance 
is also required in the short-wave range. 3.8 W cathode

EL 2 — Normal slope output pentode with low cur
rent consumption, especially for car radio 1.26 W cathode

EL 3 — 9 W output pentode; high mutual conduc
tance 5.7 W cathode

EL 5 — 18 W output pentode; high mutual conduc
tance 8.5 W cathode

FL 6 — Very steep slope 18 W pentode, to deliver 
maximum output at the same signal input 
as the EL 3 7.5 W cathode



ELL 1 —- Double output pentode for balanced output 
stages in car radio 2.8 W cathode

EM 1 — High-vacuum electronic indicator with built- 
in amplifier triode 1.26 W cathode

C/EM 2 — High-vacuum electronic indicator combined 
with amplifier triode which can also be used 

for other purposes 1.26 W cathode
EM 4 — High-vacuum electronic indicator with two 

triode amplifiers, providing two different 
sensitivity values for accurate tuning on 
strong and weak signals 1.26 W cathode

EZ 2 — Small indirectly-heated full-wave rectifying 
valve for car radio 2.5 W cathode

EZ 4 — Indirectly-heated full-wave rectifying valve
for high-power receivers 5.7 W cathode

This s 
with '

AZ 1

cries further includes the following directly-heated rectifying valves
1 V heater voltage and fitted with side contacts (P-type base):

— Directly-heated full-wave rectifying valve for 
receivers of medium power

AZ 4 — Directly-heated full-wave rectifying valve for 
receivers with high current consumption

The 1.26 W-cathode valves take a current of 200 mA at a heater voltage 
of 6.3 V and they can also be used in A.C./D.C. receivers. These valves are 
equally serviceable in conjunction with the triode-hexode ECH 3, or with 
the 4-channel octode for A.C./D.C. operation, or again, with the CK 3 
and different A.C./D.C. output and rectifying valves.

For A.C./D.C. receivers the following valves are available:
EAB 1 — Triple diode 6.3 V heater
EB 4 — Double diode with separate cathodes 6.3 V heater
EBC 3 — Double-diode triode 6.3 V heater
EBF 2 — Double-diode and I.F. pentode 6.3 V heater
ECH 3 — Triode-hexode 6.3 V heater
EF 6 — R.F. or A.F. pentode 6.3 V heater
EF 8 — Noise-free R.F. amplifier (200 V mains only) 6.3 V heater
EF 9 — Variable-mu R.F. or I.F. pentode 6.3 V heater
EFM 1 — L.F. amplifier pentode and electronic indicator

(200 V mains only) 6.3 V heater
EH 2 — Mixer heptode and R.F. or I.F. amplifier 6.3 V heater
EK 2 — Mixer octode 6.3 V heater
EM 1 — Electronic indicator 6.3 V heater
C/EM 2
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EM 4 — Electronic indicator 6.3 V heater
CBL 1 — Double-diode output pentode 44 V heater
CK 3 — Four-channel octode 19 V heater
CL 4 — 9 W output pentode (200 V mains only) 33 V heater
CL 6 — 9 W output pentode (100 and 200 V) 35 V heater
CY 1 — Half-wave rectifying valve 80 mA 20 V heater
CY 2 — Half-wave rectifying valve and voltage

doubler 30 V heater

The following valves are recommended for car radio (6.3 V): 
EBC 3, EF 9, EK 2, EL 2, ELL 1, EM 4 and EZ 2.



New types of construction, resulting in fresh characteristics

For the latest developments in receiver design the E-type valves have 
numerous improvements and new characteristics to offer.
In some of the valves the electron-bunching principle has been adopted 
to meet the problem of the demand for a low-noise R.F. valve and variable- 
mu frequency-changer for short-wave reception. The octode EK 3 for 
A.C. and the CK 3 for A.C./D.C. sets work on the 4-channel electron stream 
principle and the sharp separation of the streams or channels for oscillation 
and modulation purposes has eliminated mutual. interference of these 
functions with all its drawbacks.
Another solution to the problem of frequency changing is provided by the 
ECH 3, a triode-hexode with combined oscillator triode. This valve has 
excellent characteristics for radio receivers which are required to give 
really good reception on all wave-bands; it permits of control of the mutual 
conductance, even on the short-wave range, without the disadvantage of 
any frequency drift.
A further innovation is the self-adjusting or sliding screen voltage in the 
R.F. and A.F. pentodes. Until recently pentodes worked on a fixed screen 
voltage, in other words, on a fixed characteristic; any increase in the grid 
bias, for the purpose of reducing the gain, resulted in a shifting of the work
ing point along the Ia/Vgt curve, but with the sliding screen voltage every 
value of grid bias introduces a different characteristic, thus providing 
interesting new properties.
Amongst others, the R.F. pentode EF 9 and the I.F. pentode combined 
with two diodes, the EBF 2, are designed on this principle.
A very special type of valve is to be found in the secondary-emission 
valve EEP 1, which functions on the electron-bunching principle; the intro
duction of secondary emission provides in the anode and secondary-emission 
circuits two alternating voltages of exactly opposite phase, and this valve 
will drive a balanced-output circuit without the use of the usual driver 
transformer.
Among electronic indicators the EM 4 with its dual sensitivity is worthy 
of special mention. Bv means of this indicator it is possible to tune the 
receiver with just the same degree of accuracy on weak as on strong signals. 
The EFM 1 is another interesting development, being a combination of 
A.F. amplifier pentode and electronic indicator. The pentode section of 
this valve is of the variable-mu type and also incorporates the sliding 
screen voltage; the voltage variations produced in the screen grid resistor 
by changes in the grid bias are employed to operate the built-in electronic- 
indicator.
In conjunction with the double diode and I.F. pentode EBF 2, described 
in these pages, the EFM 1 provides us with an excellent 4-valve superhet, 
receiver embodying all the latest- features including the electronic indicator, 
negative feed-back, etc.
The double diode EB 4 with its separated cathodes presents countless 
opportunities in the design of special circuits. The triple diode EAB 1 was 
specially designed for use in 3-diode circuits and its introduction has resulted 
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in a considerable reduction of distortion in the diode stage of high-quality 
receivers.
The EBL 1, a double-diode pentode with high mutual conductance permits 
of the design of very simple superhet, receivers employing only three valves. 
With a view to high-fidelity reproduction of music much attention has 
been paid to the question of output valves, and various steep-slope types 
are now available. The output valve EL 6, an 18 W pentode of unusually 
high mutual conductance, requires roughly the same signal input for full 
modulation as the 9 W pentode EL 3.
For car radio an output valve has been developed that consists of two 
complete output-valve units in a common envelope; in a balanced circuit 
the ELL 1, as it is designated, will deliver a maximum output of 4.5 W 
with a very small current consumption.
A new valve for A.C./D.C. receivers is the EL 6, a steep-slope output pentode 
for interchangeable mains operation, and a similar valve is to be designed 
for a screen voltage of 100 V, to provide adequate output power on 110/127 V 
mains. This latter valve will replace the earlier model, the CL 2.



EAB 1

EAB1 Triple diode

Direct voltage V and direct voltage curve (j F) 
between the terminals of the grid leak connected 
to one of the diodes of the EABI, as a function 

of the unmodulated R.F’. voltage.
L.F. voltage V£F between the terminals of the 
grid leak as a function of the R.F. voltage 
modulated to a depth of 30 % (m = 30 %). 
These characteristics apply to grid leaks of 

from 0.1 to I megohm.

The triple diode EAB I 
consists of three diodes 
arranged about a common, 
horizontally mounted, ca
thode, having been especi
ally developed for 3-diode 
circuits. The object of this 
type of circuit is to elimi
nate distortion and other 
unpleasant effects arising 
from the use of delayed 
automatic gain control and 
it involves an arrangement 
employing three diodes, one 
of which serves as detector 
and one for the A.G.C., 
whilst the third is used for 
the delaying effect. With 
a view to suppressing hum, 
the detector diode, which 

max32

naos

lüg. 1 
Dimensions in mm.

is shown as dr in the dia
gram of base connections, 
Fig. 2, is mounted farthest 
from the heater. The diode 
nearest to the filament and 
marked d2 in the diagram 
has a very low capacitance 
with respect to the detector 
diode, this being less than 
0.08 /i,uF. Since the A.G.C. 
diode, for many reasons, is 
usually connected to the

lüg. 2 
Arrangement of elec
trodes and base con

nections.

primary circuit of the preceding band-filter, the amount of capacitance bet ween this 
diode and the detector diode is extremely important. As the reader is doubtless aware, 
this capacitance acts as a coupling between the two band-filter circuits and tends to 
have an adverse effect on the selectivity. It is for this reason that diode rZ, is employed 
for the A.G.C. Diode d„, located between d, and is then available for other purposes, in 
particular to provide the delaying effect for the A.G.C. as employed in this type of circuit .
Heater ratings
Heating: indirect. A.C. or D.C., series or parallel supply.
Heater voltage..............................................................................................
Heater current..............................................................................................

1} 6.3 V
1} = 0.200 A

Capacitances
Diodes d, — d.,.............................................................................................. <
Diodes dt — d3.............................................................................................. <
Diodes d., — d3................................................................................ C <
Diode d, — cathode..........................................................................Cfk =
Diode d., — cathode..........................................................................C,iik =
Diode d.. — cathode............................. .............................C,i,k —

0.65 fif/F
0.C8 ////F
0.4 fi/iF
1.5 /s/iF
1.35 p//F
2.2 '/lyF

20



EAB 1

Maximum ratings
Voltage on d, (peak value).........................................1%
Voltage on d2 (peak value)............................................ 1%
Voltage on d3 (peak value).............................................I',/.,
Direct current to d,..................................................... Ig,
Direct current to d.,..................................................... Ifa
Direct current to d3.....................................................
External resistance between filament and cathode Rjk
Potential difference between filament and cathode

(D.C. voltage or effective value of alternating 
voltage).........................................................................

Voltage on diode at diod? cur- | 1° . Lh = -r 0.3 ft A) Vdo }

= max. 200 V
= max. 200 V
= max. 200 V
= max. 0.8 mA
= max. 0.8 mA
= max. 0.8 mA 
= max. 20,000 ohms

= max. 100 V

= max. —1.3 V



EB 4

EB 4 Double diode with separate cathodes
The double diode EB 4 embodies two separate and adjacent cathodes 
with an anode around each, the two complete units being screened 
from each other. The screen is connected to a separate contact and 
can thus be very simply maintained at zero potential; it effectively 
prevents any stray electrons from passing from one unit to the other. 
This separation of the cathodes offers numerous advantages and 
greatly extends the range of application of this type of valve. A 
considerable reduction in the capacitance normally occurring between 
the anodes prevents any unwanted capacitance between the relative 
circuits. The two diode units are exactly similar and it is immaterial 
which of the two is employed for detection purposes.

Heater ratings

Heating: indirect, by A.C. or D.C.; series or parallel supply.
Heater voltage............................................................. T f = 6.3 V
Heater current............................................................. If = 0.200 A

Capacitances

32max

XOQta

Fig. 1 
Dimensions in nuj

Fig. 2 
Arrangement of 
electrodes and 
base connections.

Cdybi < 0.2 /JflF
Cbiik = 1.2 y//F
C(/2z- = 1.2 ///¿F

Fig. 3
Direct voltage V and direct voltage curve (d V) between 
the terminals of the grid leak connected to one of 
the diodes of the EB 4, as a function of the un
modulated R.F. voltage.
A.F. voltage V^F between the terminals of the grid 
leak as a function of the R.F. voltage modulated to 
a depth of 30% (m= 30%) These characteristics apply 
to grid leaks of from 0.1. to 1 megohm.
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MAXIMUM RATINGS
Voltage on diode % (peak value)................................= max. 200 V.
Voltage on diode ds (peak value).................................T'% = max. 200 V.
Direct current to diode d^..................................... Idi = max. 0.8 mA.
Direct current to diode d.......................................... Idi = max. 0.8 mA.
External resistance between cathode l\ and filament Rfki = max. 0.02 M ohm.
Potential difference between cathode and filament

(direct current, or effective value of alternating 
voltage).........................................................................Ffki = max. 75 V.

Potential difference between cathode ks and filament
(D.C. voltage or effective value of A.C. voltage) l /i-2 = max. 75 V.

Potential difference between the two cathodes (D.C.
voltage, or peak value of alternating voltage, or
D.C. voltage + peak value of alternating voltage) I%i*a = max. 150 V.

Voltage on diode at diode cur- (Idi = + 0.3 pA) 1% = max. —1.3 V.
rent start.......................................... (Id- = -1- 0.3/<A) Vds = max. —1.3 V.
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EBC 5 Double diode triode
The double-diode triode EBC 3 comprises a triode in combination 
with a double-diode unit, in a common envelope. These two systems 
are served by a single cathode.

The diode section may be employed for detection and delayed 
automatic gain control and the triode for A.F. amplification or for 
other purposes. The A.F. amplification, which may effected by 
means of resistance coupling, is about 20 times and this is ample 
for most purposes. Both the diodes have their own separate external 
connections and the grid connection of the triode is at the top of 
the valve.

HEATER RATINGS
Heating: indirect, by A.C. or D.C.: series or parallel supply.
Heater voltage............................................................. Vf 6.3 A’
Heater current............................................................. If - 0.200 A

32 max

.Dimensions in mm.

MAXIMUM RATINGS

CAPACITANCES J J oq 
m

=1.9 /z/zF
Ctt-. = 2.5 /z/zF
C'didi < 0-5 /t//F

< 0.005 /ipY
Cgdi < 0.005 /z/zF
C,jS < 0.002 /z/zF

OPERATING DATA

I zzv 
cttk 
C'jk 
Cdt+diw < 
C^di + dpa •'

- 1.3
- 3
= 2.9
' 0.006
y 1

WzF 
W? 
/t/zF 
WzF

d2-

Arra 
elec 
base

di

26 _

Fig. 2 
ngement 
rodes 
connect

> a

of 
and 
ons.

Triode section:
Anode voltage................ . r„ loo V 200 V 275 A
Grid bias............................. . % 2.1 V —4.3 V -6.25 \
Anode current................
Amplification factor . . .

7 9
. /z 30

mA 4
30

mA 5 dì A
30

Mutual conductance . . . . X -- 1.6 mA/V 2.0 mA/V 2.0 mA/V
Internal resistance . . . . Il; 19.000 ohms 15.000 ohms 15,000 ohms

Triode section:
I no = max. 550 V
1«
B«
Ik

1 g (Ig ~ + 0.3 /zA)

= max. 300 A’
= max. 1.5 W

• max. 10 mA
= max. —1.3 A7 Diode section:

ligi- (automatic) = max. 3 M ohms 1% (peak value) = max. 2:0 V
Rgk (fixed) = max. 1 M ohm Jg, (D.C. value) = max. 0.8 mA
Vfk = max. 75 A7 x) F(/2 (peak value) = max. 200 A7
Hfk = max. 20.000 ohms I,;., (D.C. value) = max. 0.8 mA

') Direct voltage or effective value of alternating volrage.
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Fig. 3
Anode current as a function of the grid bias at 

different anode voltages.

JafmA)

Fig. 4
Anode current as a fun-'tion of the anode volfag'- at different valu-^ 

of grid liias.



EBC 3

The triode can also be employed as oscillator in conjunction with the variable-mu 
frequency-changer heptode EH 2.
To avoid feedback from the triode to the diodes, these two units are screened from 
each other, the screen being connected to the cathode. The metallizing is provided 
with a separate contact in the valve base.

2S321

Mg. 5 
Definition of Vd and Id

The diode shown as d„ in the diagram of base connections (Fig. 2) should preferably 
be employed for detection. The other diode (d^ can then serve for other purposes such 
as delayed automatic gain control. The curves relating to the rise in direct voltage 
(A V) across the grid leak, as a function of the unmodulated R.F. signal voltage, as 
well as that with respect to the increase in the A.F. voltage ( Vlf) at one of the diodes 
with a grid leak of 0.5 M ohm. are the same as for the EB 4 (see Fig. 3, p. 22).
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EBC 3 employed as A.F. amplifier, resistance-coupled to different output valves

Supply 
voltage

Vb
V

Anode 
coupling 
resistor

Ra 
megohms

Anode 
current

la 
mA

Cathode 
resistor

RI- 
ohms

Voltage 
gain

Fo
T7

When used with 
the EL 2 as output 

valve
Va = Vffs = 250 V

When used with 
the EL 3 or EL 6 
as output valve

When used with 
the EL 5 as When used with 

the AD 1 as 
output valve 
Va = 250 V

Remarks

Fa =
Vg, =

250 V.
275 VVa - FJi = 250

Alternat
ing 

output 
voltage 

Vo 
Veff

Total 
distortion 
in the pre
amplifier 

r/tot 
o/

Alternat
ing 

output 
voltage 

Vo 
Veil

Total 
distortion 
in pre
amplifier 

r/tot 
%

Alternat
ing 

output 
voltage 

Fo 
XelJ

Total 
distortion 
in pre
amplifier 

(/tot 
%

Alternat
ing 

output 
voltage 

Vo
Vcff

Total 
distortion 
in pre
amplifier 

(/tot 
%

300 0.2 0.9 4,000 26 11.2 < 1 3.7 < 1 8.5 < 1 31 1.8 For
250 0.2 0.75 4,000 26 11.2 < 1 3.7 < 1 8.5 < 1 31 2.2 receiv-

ers
300 0.1 1.5 2,500 25 11.2 < 1 3.7 < 1 8.5 < 1 31 2.0 with
250 0.1 1.3 2,500 25 11.2 < 1 3.7 < 1 8.5 < 1 31 2.6 heaters 

fed in
300 0.05 2.3 2,000 22 11.2 < 1 3.7 < 1 8.5 < 1 31 2.0 parallel
250 0.05 1.8 2,000 22 11.2 < 1 3.7 < 1 8.5 < 1 31 2.6

When used with 
the CL 1 as 
output valve

When used with 
the CL 2 as 
output valve

When used with 
the CL 4 as 
output valve

When used with 
the EL 2 as 
output valve

200 p) 0.2 0.35 12,500 22 9.6 1.7 10 1.8 5.0 1.0 8.5 1.6 For
150 !) 0.2 0.25 12.500 21 — — 10 2.7 4.0 1.0 6.5 1.7 receiv-
100 !) 0.2 0.20 12.500 19 — — 10 4.6 2.4 1.0 —. - ers

with
200 !) 0.1 0.55 8,000 21 9.6 2.1 10 2.3 5.0 1.2 8.5 1.8 heaters
150 x) 0.1 0.45 8,000 20 — — 10 3.0 4.0 1.2 6.5 1.8 fed in
100 !) 0.1 0.30 8,000 18 — — 10 4.9 2.4 1.2 — — series

200 J) 0.05 0.8 6,000 19 9.6 3.0 10 3.2 5.0 1.5 8.5 2.6
150 !) 0.05 0.6 6,000 18 — — 10 4.3 4.0 1.6 6.5 3.0
100 q 0.05 0.4 6,000 17 — — 10 7.0 2.4 1.6 — —

1 *) also anode voltage of the output valve.

EBC 3



EBF 2

EBF 2 Double-diode varialde-mu pentode
This valve combines a pentode with two diodes, built round a 
common cathode. The pentode section has variable characteristics, 
sliding screen voltage having been adopted with a view to the use 
of the valve as an I.F amplifier ; the anode current is accordingly 
low and the mutual conductance relatively high, but, since the 
cathode, which also serves the two diodes, is able to dissipate only 
1.26 W, the slope is somewhat less than that of the EF 9. Without 
control (at — 2 V bias), the mutual conductance of the EBF 2 is 
1.8 mA/V, which provides ample I.F. amplification.
The diode section is separated from the pentode by a very effective 
system of screening, to prevent any unwanted interaction between 
the two units. This combination of double diodes with an I.F.
amplifier is very useful in all cases where an A.F. valve without 
diode is used, for example the EF 6, with or without feed-back.
The EBF 2 is particularly suitable for use in conjunction with the 
A.F. amplifier and electronic indicator EFM 1.
The latter arrangement permits of the design of a very simple 
receiver in which two valves do the work of I.F. amplifier and 
detector, at the same time producing the control voltage for auto
matic gain control, with A.F. amplification and electronic tuning 
indication.
Since both diodes are supplied by the same cathode as the 
pentode and, because the diode for the A.G.C. is delayed by the 
cathode potential of this valve, the delay voltage is limited, with-

^3

'd2

g2A 
dt^

Z7rae

gO
f f

out the use of any special circuits, to

to 000

1000

voooo

the value of grid bias 
required by the pentode 
in the uncontrolled con
dition. By using special 
circuits it is possible to 
obtain a higher delay 
voltage for the A.G.C., 
but this merely tends to 
render the latter less 
effective.

d2t

di g?

27783

ia

¿7739

Arrangement of 
cleet rodes and 

base connections.

Hg. 3
lajVg-i characteristic of the EBF 2, with Vg2 as 
parameter. The broken line shows the anode current 
of the controlled valve with a screen scries resistor 
of 95000 ohms and a supply voltage of 250 V.
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27784
Fig. 4 

characteristic of the EBF 2, with Vg^ 
as parameter. The broken line gives the slope 
of the controlled valve with a screen series 
resistor of 95,000 ohms and a supply voltage 

of 250 V.

Anode current as a function of the anode voltage at dillerent values of 
grid bias and with a fixed screen potential of lU(i V.
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HEATER RATINGS

Heating: indirect, on A.C. or D.C.; series or parallel supply. 
Heater voltage.............................................................................................. Jy = 6.3 V
Heater current..............................................................................................If = 0.200 A

CAPACITANCES

< 0.002 imV Cfdi+dÿgi < 0.001 /giE Cd-M i 0.25 /ifiF
=-- 4.4 /ifiF Cdik = 3 p/tF (di + diïa <i 0.4 p/zF

Ca = 8.6 W'F Cdik = 3 i 0.01 /i/iF
( di'ti < 0.0005 fi/iF Cdldz < 0.3 fi/iF
( dwji < 0.0005 p/iF I dia < 0.3

OPERATING DATA: pentode section employed as I.F. amplifier

250 V

Anode voltage......................................................................I'„. = 250 V
Screen-grid series resistor (at 250 V)....................... Rg„ — 95,000 ohms
Cathode (bias) resistor..................................................... Rk = 300 ohms
Grid bias..................................................... 1% = —2 V1) —38 V 2)
Screen voltage.........................................1% = 100 V 250 V
Anode current......................................... I „ =5 mA —
Screen current.........................................Ig2 = 1.6 mA —
Mutual conductance.................................8 = 1800 /.«A/V 18 /zA/V
Internal resistance.................................Ri = 1.3 M ohms > 10 M ohms 

200 V

Anode voltage......................................................................Fa = 200 V
Screen-grid series resistor (at 200 V)....................... Rg2 = 60,000 ohms
Cathode resistor............................................................. Rk = 300 ohms
Grid bias..................................................... 1% = —2 I7 *) —32.5 V 2)
Screen voltage......................................... FP2 = 100 V 200 V
Anode current............................................. /„ =5 mA —
Screen current............................................Ig2 = 1.6 mA —
Mutual conductance.................................8 = 1800 qA/V 18 /zA/V
Internal resistance.................................Ri = 1 M ohm > 10 M ohms 

100 V

Anode voltage..................................................................... 1% = 100 V
Screen-grid voltage......................................................... Vg2 = 100 V
Cathode resistor..............................................................Rk = 300 ohms
Grid bias..................................................... 1% = —2 V1) —16.5 V 2)
Anode current.........................................Ia ;= 5 mA —
Screen current.........................................Ig2 = 1.6 mA —
Mutual conductance................................. 8 = 1800 18 fih/V
Internal resistance.................................Ri — 0.4 M ohm > 10 M ohms

valve not controlled.
2) Mutual conductance controlled to 1 : 100 and to limit of control.
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MAXIMUM RATINGS

a) Pentode section

Anode voltage in cold condition.................................Vao = max. 550 V
Anode voltage..................................................................Fa = max. 300 V
Anode dissipation..............................................................IF« = max. 1.5 W
Screen-grid voltage in cold condition.........................Vgio = max. 550 V
Screen voltage at Ia = 5 mA.....................................= max. 125 V
Screen voltage at la < 2 mA.....................................Vgs = max. 300 V
Screen-grid dissipation..................................................... IFys = max. 0.3 W
Cathode current..............................................................Ik =10 mA
Grid voltage at grid current start (Ii/1 = + 0.3 //A) F^ = max. —1.3 V
Resistance between grid and cathode.........................Rgik — max. 3 M ohms
Resistance between filament and cathode................ Rjk = max. 20,000 ohms
Voltage between filament and cathode (direct voltage

or effective value of alternating voltage) .... 1% = max. 100 V

b) Diode section

Voltage on diode d, (peak value)....................................F,/, =
Voltage on diode d, (peak value)....................................F,,2 =
Direct current to diode dA............................................. I(h =
Direct current to diode d2............................................. Id2 =
Voltage on diode at diode current start (1^ = + 0.3//A) I’,/, =
Voltage on diode at diode current start (1,^ = + 0.3/zA) F^ =

max. 200 V 
max. 200 V 
max. 0.8 mA 
max. 0.8 mA 
max. —1.3 V 
max. —1.3 V

APPLICATIONS

The EBF 2 is used mainly 
in I.F. stages with the two 
diodes serving as detector 
and for automatic gain 
control. The data and 
characteristics apply both 
to A.C. receivers operating 
on mains of about 250 V 
and A.C./D.C. sets on 
mains of approximately 
200 or 100 volts. At mains 
voltages other than 250 or 
200 V, the required screen 
potential can be calculat
ed from the screen current 

Fig. 6
Screen current as a function of the screen voltage at different values 
of grid bias. The curves apply roughly to all anode voltages between 
100 and 250 V. The diagram also includes the limit line for the 
maximum continuous load on the screen and the resistance line with 
respect to a series resistor liy, — 95,000 ohms, at 250 V supply voltage

of 1.6 mA and the poten
tial difference between the 
supply voltage and the 
screen voltage of 100 V.
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'Hie characteristics in Figs 3, 4, 7 and 8 
relating to Ia and S will then be no longer 
fully applicable: at 100 V supply vol
tage, the sliding-screen-potential prin
ciple is not valid and the screen must 
be maintained at 100 V. The modu
lation distortion curve is then certainly 
less satisfactory, but the valve is none 
the less quite effective as a normal A.F, 
amplifier, following a diode detector.
If a potential divider is used instead of 
a series resistor, careful adjustment 
of the resistance values will produce a 
more or less steep mutual conductance 
curve; the modulation distortion curve 
is then somewhat modified.
The bias resistor should be decoupled 
with an electrolytic capacitor of about 
25 /<F; if this is not done, the rectification, 
due to the curvature of the charac-

Upper diagram. Effective alternating grid 
voltage as a function of flic mutual conductance 
with 1 % cross modulation, with a screen series 
resistor of 00,000 ohms and a supply voltage 

of 200 V.
Centre diagram. Effective alternating grid 
voltage as a function of the mutual conductance 

with 1 % modulation hum.
Lau-er diagram. Mutual conductance S' and 
anode current la as a function of the grid bias.

Vpperaiagram. Effective alternating grid voltage 
as a function of the mutual conductance, with 
1 % cross modulation, a screen-grid series resistor 
of 95,000 ohms and a supply voltage of 250 V. 
Centre diagram. Effective alternating grid 
voltage as a function of the mutual conductance-, 

with 1 % modulation hum.
Lamer diagram. Mutual conductance .S and 
anode current la as a function of the grid bins.

teristic, produces an A.F. voltage which, 
when the volume control is turned down, 
would be applied to the grid of the A.F. 
amplifier valve. This involves a residual 
signal and makes it impossible to render 
the receiver mute.
Diode d„ is preferably used for detection 
and diode d, as rectifier for the A.G.C. 
In the circuit diagram of Fig. 10 the 
A.G.C. diode receives its delay voltage 
from the cathode potential of the EBF 2. 
To ensure optimum amplification in the 
uncontrolled condition this voltage should 
always be kept as low as possible 
(according to the data it is about 2 A'), 
whereby the A.F. amplification should be 
such that the strength of the signal on 
the A.G.C. diode is below the threshold 
of the delay, with a fully driven 
output valve.
At the same time, a lower A.F. gain may
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be desired, or it may be impossible to 
obtain the high amplification referred to 
above, so that special steps have to be 
taken to provide a higher delay voltage 
for the A.G.C. if the latter is not to be 
operative on signals which are insufficient 
to drive the output valve fully. For 
the characteristics of the diode section, 
reference should be made to the relative 
curves for the EAB 1 and EB 4, which 
apply also to these valves.

Upper diagram. Effective alternating grid 
voltage as a function of the mutual conductance 
with 1 % cross modulation, at Fa 100 V;

Vg2 = 100 V (fixed screen potential).
Centre diagram. Effective alternating grid 
voltage as a function of the mutual conductance 

with 1 % modulation hum.
Lower diagram. Mutual conductance 8 and 
anode current la as a function of the grid bias.

Fig. 10
<’iivuit diagram showing the EBF 2 employed as T.F. amplifier. Diode d2 i- 

used for detection and diode dk as rectifier for the A.G.C.
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EBL1 Double diode output pentode
The EBL 1 is a combination of double-diode and steep-slope, 9 W 
output pentode, in one envelope and sharing a common cathode. 
The characteristics of the pentode unit place this valve among the 
high-inutual-conductance pentodes and it may be used in the con
struction of very low-priced receivers, for instance of the super
heterodyne type, having a limited number of valves and which, 
without a stage of A.F. amplification, will nevertheless give a reason
ably high output.
The two diodes are mounted below the pentode section opposite to 
the cathode, in such a way that the two anodes, which are not com
pletely semi-cylindrical, are located at the same height on the mount; 
the diodes are therefore electrically identical. A screen separates 
the diode section from the pentode unit and, to prevent the grid of 
the latter from being affected in any way by the diodes, the grid 
connection is brought out at the top of the envelope.

HEATER RATINGS

Heating: indirect, A.C. or D.C., parallel supply. 
Heater voltage......................................................... D = 6-3 V
Heater current ..................................................... If = 1.18 A

max 46

34021

Fig. 1 
Dimensions in mm

34023

f f

34022

Fig. 2 
Arrangement of 
electrodes and 

base connections.

CAPACITANCES

k'ayi C 0.8 pyF
('dia "i 0.2
CdtM <- 0.2 /TV
f dvji <; 0.08

OPERATING DATA

(■■digi < 0.08 /z/zF
Cdlk = 3.5 WzF
Cdik = 3.5 /z/zF
i'dub < 0.25 zz/zF

Anode voltage................................................................. Fa
Screen-grid voltage..............................................................F(,2
Cathode resistor..................................................................Rk
Grid bias.................................................................................. 1%
Anode current.....................................................................Ia
Screen current................................................................. 1,J2
Mutual conductance at the working point............... 8
Internal resistance......................................................... Ri
Load resistor......................................................................... Ra
Output with 10 % distortion.........................................II'0
Alternating grid voltage for B’„ = 4.5 W.....................F;
Sensitivity ()F0 = 50 mW).............................................F,

= 250 V
= 250 V
= 150 ohms
= —6 V
= 36 mA
= 4 mA
= 9 mA/V
= 50,000 ohms
— 7,000 ohms
= 4.5 W
= 4.2 Veff
= 0.35
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MAXIMUM RATINGS
Pentode section:
I ao = max. 550 V 1%2 ( Fi = 0) = max. 1.2 AA7
F„ = max. 250 A7 (ir0 = max.) = max. 2.5 AA7
Wa = max. 9 AA7 1(71 (IVI = + 0.3 pA) = max. —1.3 V
Ik = max. 55 mA Hgik = max. 1 M ohm
I g 20 = max. 550 V Rfk = max. 5,000 ohms
1 <J2 = max. 260 V Vfk = max. 50 A7 x)
Diode section :
Voltage on diode (peak value) 1% = F/ = max. 200 V
Diode current Id = Id' = max. 0.8 mA
(direct current through, the grid leak)
Voltage on diode at diode current start (Id = + 0,3 /zA) Vd = max. —1.3 V
Voltage on diode at diode current start (%' = + 0.3 /zA) F/ = max. —1.3 V
2) Direct voltage or effective value of alternating voltage.

The curves relating to the increase in the direct voltage (A A7) across the grid leak,
as a function of the unmodulated R.F. 
voltage, as well as for the A.F. voltage 
(A’lf) across the grid leak as plotted 
against the 30 % modulated R.F. voltage 
on one of the diodes (0.5 M ohm grid 
leak) are the same as for the EB 4.
Grid bias must be obtained by means 
of a cathode resistor only; semi-auto
matic bias may be employed provided 
that the cathode current is more than 
50 % of the total current passing through 
the biasing resistor. Leads to the valve 
connections should be as short as possible 
and it is essential to include a resistor 
of about 1000 ohms in the control-grid 
lead.
A stage of audio-frecpiency amplification 
between one of the diodes as detector 
and the output valve may possibly give 
rise to hum and oscillation, for which 
reason the gain between that diode and 
the pentode should not exceed a factor 
of 15; this may be obtained by using the 
EBC 3 as pre-amplifier with slight negative 
feed-back.
The characteristics of the EL 3 relating Ano<ie current and scrceii-grid current as a function 
. , , . , ® of the grid bias at la = H/» — 250 V.to output power, having regard to the
voltage drop across the output transformer, apply also to the EBL I.



EBL 1

Anode current on a function of the anode voltage at Ufa — 250 V and 
at different values of grid bin«.

Alternating grid voltage (Vi) and total distortion dtot as a function of 
the output power of the EB.L1 used as a Class A output valve
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ECH 5 Triode hexode
The ECH 3 is a variable-mu frequency-changer, constructed on 
the principle of the triode-hexode and thus consisting of a hexode 
— the frequency-changer proper — and a triode to function as 
oscillator. Both units are mounted round a common cathode, of 
which the heater power is 1.26 W. The heater current at 6.3 V 
is 200 mA, which makes the valve suitable for A.C. receivers 
with their heaters in parallel, as well as for A.C./D.C. sets with 
the heaters in series, in a 200 mA circuit. The first grid of the 
hexode is wound with varying pitch; this grid carries the R.F. 
signal and the control voltage for the automatic gain control. 
Grids 2 and 4 are screen grids, whilst grid 3 is connected directly 
to the control grid of the triode section and therefore carries 
the alternating oscillator voltage.

013X35

Dimensions in mm.

3h

g4
gr.g 3

k f f 

31499 

11??

Although the heater current of this valve is only small, very 93~g2 
high conversion amplification is possible; on 250 V anode and ?< 
100 V screen, it is 650 /<A/V, without control, the internal resist
ance being 1.3 M ohms.
The ECH 3 is eminently suitable for short-wave reception with 
controlled mutual conductance, without too much frequency 
drift; the drift is very slight when occasioned by mains voltage 
fluctuations. If the tuned oscillator circuit is connected to the 
anode, with the feedback coil in the grid circuit, the frequency 
drift arising from mains fluctuations of 10 % will be less than 
1 kc/s at 15 m: at this wavelength, with a tuning capacitance of 
50 /¡¿(F in the oscillator circuit and full control applied to the 
grid, the drift is less than 2 kc/s. The relatively low input and 
output capacitances of this valve are also favourable features 
from the aspect of short-wave work.
Due to the hexode principle employed in this valve, there is no 
electronic coupling between the oscillator grid (grid 3) and the 

R.F. grid (grid 
I). Grid 3,

gr.g3 g2.g4

31SOO

Arrangement, of 
electrodes anil 

base connections.

A

however, has a certain capacitance 
with respect to grid 1, so that on 
very short waves (13 m) an alternat
ing voltage of about 0.5 V exists 
at the grid,.although this has very 
little effect on the conversion con
ductance. Because of the High 
mutual conductance of the hexode 

B unit and the rapid decrease in the 
slope in respect of the first grid 
when the negative voltage on grid 
3 (see Fig. 21) is increased, it is pos
sible to obtain very Iiigli conver
sion conductance in the uncon
trolled condition; moreover, the 
alternating oscillator voltage need

I?. , be only very small. The effective
Cross-section of the system of electrodes in the hexode unit, alternating oscillator voltage for
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q4 «

Fig. 4
Vertical cross-sedion through
1 he system of electrodes of Ilie 
hexode (sec A-B, Fig.3).

good results is only 8 V, which can be developed in the 
triode section of the valve without any difficulty by 
means of standard coils.
However, at lower oscillator voltages the conversion con 
ductance is still quite high, being about 580 /(A/V at 
5 V (see Fig. 9). so that satisfactory conversion ampli
fication is also possible on short waves. At very nmeh 
higher oscillator voltages than 8 V the conversion conduc
tance deviates only slightly from the optimum value; the 
conductance, and also the amplification, therefore, vary 
only to a small degree as a result of wide fluctuations in 
the oscillator voltage within the wave-range. The value 
of 8 V (200 /¡A passing through the grid leak of 50.000 
ohms) gives a satisfactory compromise between background 
noise, whistles and the desired conversion conductance. 
With a view to the control and prevention of cross- 
modulation. the ECH 3 is designed for potential-divider 
feeding of the screen grid. Although from the aspect of 
। conomy a screen series resistor would take less cur
rent, this involves one great disadvantage in that 
the potential of the screen in that case increases to 

such an extent with rises in the control voltage that it approaches that of the 
anode. At higher screen-grid voltages, however, secondary electrons emitted by 
the anode are attracted by the screen grid, with the result that the internal resistance 

hAgA)

Fh. 5
Anode current of the hexode unit as a function 
of the Uriel bias, at différent screen potentials 

with an anode voltage of 200 to 250 V.

Anode current of the hexode unit as a function 
of the grid bias, at different screen potentials, 

with an anode voltage of 100 V.
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is greatly reduced. Consequently, when the control is in operation the selectivity of 
the band-pass filter in the anode circuit also suffers. A correct choice of resistances 
for the potential-divider network will place a limit on the increase in screen voltage 
and thus avoid any alteration in the internal resistance of the valve; the control 
on the amplification can also be made to operate more slowly or rapidly by a judicious 
arrangement of the values of the resistances in this network.
Adjustment of the conversion conductance may be fairly rapid, and the characteristics 
with regard to cross-modulation are very good throughout the whole range of control 
(see Figs 15 to 20).

HEATER RATINGS

Heating: indirect, A.C. or D.C., series or parallel supply.
Heater voltage..............................................................................................
Heater current..............................................................................................

1} - 6.3 V
If -= 0.200 A

CAPACITANCES

a) Hexode section

Ju =-■ 4.9 /.</(F 
(% ~= ' 9.0 fipF 
C'ain < 0.003 ppF 
(Jf < 0.001 /i/iF

b) triode section

(% - S.8 /t/iF
< „ 4.4 pu F
Jin ■ 1-4 /i/iF

c) between hexode 
and triode

JlTgiH < 0.3 /IflF

Si lu AV)

Fig. 7
('inversion conductance Sc as a function of the 
grid bias Tf/t at different screen-grid voltages 
and for an anode voltage of 200-250 V.

Sc>vA.V!

Fig. S 
Conversion conductance as a function of the 
grid bias bf/j at diUerent serren voltages and 

for an anode voltage of 1 <KJ V.
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OPERATING DATA (hexode section employed as frequency-changer)
a) FIXED SCREEN VOLTAGE
Anode voltage 

F« 200 V 250 V
Screen-grid voltage

132,1
Cathode resistor

Rk
Oscillator-grid lea k 

Rgs
Oscillator-grid current 

Cs
Grid bias (grill 1)

100 V

215 ohms

50,000 ohms

200 pA

100 V

215 ohms

50,000 ohms

200 /(A

Vn " -2 V1) —17 V2) —23 V >) -2 V 2j ■ -17 V 2) „23 V *)
Anode current

C —- 3 mA _ _ 3 mA _
Screen-grid current 

Ca + Cr 3 mA — — 3 mA _
Conversion conductam

i9c = 650
•e
//AV 6.5 1.5 650 «A V 6.5 1.5

Internal resistance 
Ri = 0.9 1.3 > 5 > 6 M ohms

J) Without control 2) Conversion conductance reduced to one-hundredth of uncontrolled value
3) Extreme limit of control

Sc(yAM SctgAM RilMnJ

Conversion conductance Sc, internal resistance 
Hi and alternating oscillator voltage Vuse 
as a function of the oscillator grid current 
Ig3, at Fa = 250 V, Hg3 = 50,000 ohms and 

with fixed screen voltage of 100 V.

Conversion conductance Sc, internal resistance 
Hi and alternating oscillator voltage Foxe 
as a function of the oscillator-grid current Ig.^ 
at Va = 250 V, Bg3 = 50,000 ohms and with 
screen fed from a potential divider of 24,000 4- 

33,000 ohms (normal operation).
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b) SCREEN FED FROM A POTENTIAL DIVIDER (normal operation) (current 
passing through the potential divider itself: 3 mA).

Supply or anode voltage Tj = 
Resistance of potential divider

(see Fig. 28) R,
Resistance of potential divider

(see Fig. 28) R,
Cathode resistor.............................Rk
Oscillator grid leak.........................
Grid bias (grid 1)......................... 1%
Screen-grid voltage........................ I7ÿ23
Anode current.................................l„
Screen-grid current.......................I,,. + /,,,
Conversion conductance................ S',.
Internal resistance.............................R;

250 V

24,000 ohms

33,000 ohms 
215 ohms 
50,000 ohms

'—2 V ]) —23A V2) —31 V% 
.100 V — 145 V

3 mA —
3 mA — —

650 /«A/V 6.5 /zA/V 1.5 pA/V 
1.3 AI ohms > 3 M ohms > 4 AI ohms

D Without control 2) Conversion conductance reduced to one-hundredth of uncontrolled v a.
3) Extreme limit of control

Conversion conductance Sc. internal resistance 
Ri and alternating oscillator voltage Fosr 
as a function of the oscillator-grid current 
at Fa = 250 V. Rg3 50,000 ohms and with 
screen fed from a potential divider of 47.000 -4 

33,000 ohms (noise-free operation).

Conversion conductance Sc, internal resistance 
Ri and alternating oscillator voltage Foxe 
as a function of the oscillator-grid current Igs, 
at Va = 250 V, Ry2 = 50,000 ohms and with 
screen fed from a potential divider of 22,000 4- 
84,000 ohms (optimum setting from the point 
of view of freedom from cross-modulation).
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c) ARRANGEMENT FOR LEAST POSSIBLE BACKGROUND NOISE; SCREEN
GRID FED FROM A POTENTIAL DIVIDER (current passing through the 
potential divider itself: 2.1 mA).

Supply or anode voltage F(> -= T„ = 
Resistance of the potential divider

(see Fig. 28) R2
Resistance of the potential divider

(see Fig. 28) R., —
Cathode resistor.............................Rk =
Oscillator-grid leak.........................Rl/3 —
Oscillator-grid current.................... I,/3 —
Grid bias (grid 1).............................J'SI
Screen-grid voltage........................................ —
Anode current.................................la —
Screen current...............................Ln Lit ”
Conversion conductance................ Sc —
Internal resistance.........................R, =

250 V

47,000 ohms

3.3,000 ohms 
310 ohms 
50,000 ohms
200,» A ________

—2 V x) —19 VT —2.3 V 3)
70 V — 100 V

1.5 mA — —
1.6 mA — —

450 MA/V 4.5 /iA/V 1.5 MA/V
2 M ohms > 5 M ohms > 6 M ohms

’) Without control 2) Conversion conductance reduced to one-hundredth of uncontrolled value. 
Extreme limit of control

Sc^/VJ RIMIJ SclgA/V) RilMnJ

Conversion conductance Sc. internal resistance 
Bi and alternating oscillator voltage 1'o.sc 
as a function of the oscillator grid current. 1<j2. 
at I’« : - 200 V, Ha, = 50,000 ohms and with 
screen fed from a potential divider of 19,000 — 
54,000 ohms (for receivers with switch ior A.C.

Conversion conductance Sc, internal resistance 
Bi and alternating oscillator voltage Voce 
as a function of the oscillator-grid current 7;/3, 
at Va = 100 V, = 50,000 ohms and with 
screen fed from a potential divider of 19,001) -a 
54,000 ohms (for receivers with switch for A. C.

or D.C.). or D.C,).
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cl) OPTIMUM SETTING FROM THE POINT OF VIEW OF CROSS-MODULA
TION; SCREEN GRID FED FROM A POTENTIAL DIVIDER (current 
passing through the potential divider itself 1-5 mA).

Supply or anode voltage T'j = Va 251) V
Resistance of the potential

divider (see Fig. 28) . . . 
Resistance of the potential

divider (see Fig. 28) . . . 
('athode resistor..................... 
Oscillator-grid leak................  
Oscillator-grid current .... 
Grid bias (grid 1)....................  
Screen-grid voltage................  
Anode current......................... 
Screen-grid current .... 
Conversion conductance . . . 
Internal resistance................

22.000 ohms

Bl- 
Bga

I <13

—2 V ’) 
125 V

4.5 mA
4.3 mA

800 /cA/V
0.8 M ohm

84,000 ohms
165 ohms
50,000 ohms
200 /iA

—28.5 V2) —40 V2)
— 200 V

S /<A/V
< 0.8 M ohm

1.5 /(A/V
< 1.1 M ohms

x) Without control 2) Conversion conductance reduced to one-hundredth of uncontrolled value.
3) Extreme limit of control

Fig. 15
At J'a — 250 V and with fixed screen-grid 

voltage of 100 V:
Upper diagram. Permissible R.F. voltage at 1 % 
cross-modulation (K = 1 %) and permissible 
alternating voltage of the interfering signal on 
the grid, with 1 % modulation hum(/ud = 1 %), 
as a function of the conversion conductance. 
J.mvcr diagram. Anode current la, screen-grid 
current Ig^ + conversion conductance Sc 
and internal resistance Hi as a function of the 

bias on grid 1.

Fig. 16
At Fa = 250 V and with screen fed from a 
potential divider of 24.000 + 33,000 ohms 

(normal setting):
Upper diagram. Permissible R.F. voltage at 1 % 
cross-modulation (K = 1 %) and permissible 
alternating voltage of the interfering signal on 
tiie grid at 1 % modulation hum (mb — 1 %), 
as a function of the conversion conductance.
Lower diagram. Anode current Ta, screen-grid 
current 1g* 4- Ig^, conversion conductance Sc 
and internal resistance Hi as a function of the 

Bias on grid 1.
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e) FOR A.C./D.C. RECEIVERS; SCREEN GRID FED FROM A POTENTIAL 
DIVIDER (current passing through the, potential divider itself: at IT = 200 V, 
1.85 mA, at IT = 100 V, 1 mA).

■) Without control 2) Conversion conductance reduced to one-hundredth of uncontrolled value.
3) Extreme limit of control

Supply or anode voltage
T'T '-= I a - 100 V 200 V

Resistance of potential
divider (see Fig. 28) Rt = 19,000 ohms 19,000 ohms

Resistance of potential 
divider (see Fig. 28) R., = 54,000 ohms 54,000 ohms

Cathode resistor
Rk - = 210 ohms 210 ohms

Oscillator-grid leak
Rg2 50,000 ohms 50,000 ohms

Oscillator-grid current
IIJ3 — 200 /(A 200 pA

Bias on grid 1 _____ , ___ _
Vgi = —1.25 V1) —13.5 V2) —16.5 V3) -2 V1) —23.5 V2) —31 V3)

Screen voltage
7^,4 =- 55 V - 75 V 100 V 145 V

Anode current
la “ 1 mA — — 3 mA — —

Screen current
d- Igi ~ 1 -4 mA — — 3 mA — —

Conversion conductance
Sc = 450 M/V 4.5/iA/V 1.5/zA/V 650 pAfV 6.5 pA/V 1.5 /iA/V

Internal resistance
Ri = 1.3 >4 >5 0.9 >2 >2.5

M ohms M ohms M ohms M ohms M ohms M ohms

OPERATING DATA: Triode section employed as oscillator

Supply voltage......................................... IT = 100 V 150 V 250 A’
Anode load resistor.................................
Anode current under oscillation

Ra = — — 45,000 ohms

(Rg = 50,000 ohms, I,, = 200 //A). . 
Anode current at commencement of

la = 3.3 mA 8 mA 3.3 mA

oscillation ( IT.w =- 0).........................
Mutual conductance at commencement

la = 10 mA 18 mA 6.3 mA

of oscillation ( ITSC = 0) .................
Amplification factor (IT :0 V; Nm,< =

^0 = 2.8 mA/V 3.8 mA/A7 2.8 mA/A’

0 V)......................................................... /( = 24 24 24
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MAXIMUM RATINGS for the hexode section
Anode voltage in cold condition..................................... T„o
Anode voltage................................................................. I7«
Anode dissipation............................................................. If,,
Screen voltage in cold condition.................................
Screen voltage (Ia = 4.5 mA).................................... I %
Screen voltage (Iu < 0.5 mA).................................... I ,,,
Screen dissipation..................................................................11%
Grid voltage at grid current start = + 0.3 pA) 1%
Grid voltage at grid current start (Ig3 = + 0.3 pA)
Cathode current............................................................. lk
External resistance in circuit, grid 1.............................Rgtk
External resistance in circuit, grid 3............................ R,J3k
External resistance between heater and cathode . . Rjk
Voltage between heater and cathode (direct voltage

or effective value of alternating voltage) . . . 1%

max. 550 V 
max. 300 V
max. 1.2 W 
max. 550 V 
max. 125 V 
max. 200 V 
max. 0.6 V7 
max. —1.3 A7
max. —1.3 V 
max. 15 mA 
max. 3 AI ohms 
max. 100,000 ohms 
max. 20,000 ohms

max. 100 V

rig. it
At Va = 250 V, with screen fed from a poten
tial divider of 47,000 + 33,000 ohms (noise- 

free setting).
Upper diagram. Permissible R.F. voltage with 
1 % cross-modulation (K = 1 %) and permissi
ble alternating voltage of the interfering signal 
on the grid with 1 % modulation hum (mb — 
1 %), as a function of the conversion conduct-

ance.
Lower diagram. Anode current la, screen current 
lg« + Jgi} conversion conductance Sc and 
internal resistance Hi as a function of the

bias on grill 1.

Fig. 18
At Va = 250 V with screen fed from a potential 
divider of 22,000 + 84,000 ohms (for freedom 

from appreciable cross-modulation).
Upper diagram. Permissible R.F. voltage with 
1 % cross-modulation (K = 1 %) and permis
sible alternating voltage of the interfering signal 
on the grid with 1 % modulation hum (mb — 
1 %), as a function of the conversion conduct

ance.
Lower diagram. Anode current la, screen current 

conversion conductance Sc and inter
nal resistance Hi. as a function of the. bias on
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MAXIMUM RATINGS for the triode section
Anode voltage in cold condition.................................... 1’,,,, max. 550 V
Anode voltage......................................................................T„ - - max. 150 V
Anode dissipation..................................................................H'« ----- max. 1.5 W
Grid voltage at grid current start = + 0.3 /<A) I’,, = max. —1.3 V
External resistance in the grid circuit .................... R^k = max. 100,000 ohms

The triode oscillates very freely, owing to its high mutual conductance, and, since it 
is also brought into oscillation easily, the reaction can with advantage be fairly loose. 
A grid leak of 50,000 ohms is recommended and a grid capacitor of 50 miF is satis
factory; these values can be maintained on all wave-ranges.
In order to limit possible frequency drift and “pulling” of the oscillator tuning by 
the R.F. circuit, it is advisable to incorporate the tuned oscillator circuit in the anode 
circuit of the triode section. If the tuned circuit is connected to the grid circuit, the 
frequency drift is about twice as much as in the former case. The alternating voltage 
at the oscillator frequency occuiring in the input circuit due to the capacitance C^ya

Fig. 19
At Va = 20U V. with screen fed from a potential 
divider of 19,000 + 54,000 ohms (for receivers 

with switch for A.C. or D.C.).
Upper diagram 1’ermissible effective R.F. voltage 
at 1 % cross modulation (K = 1 %) and permis
sible alternating voltage of the interfering 
signal on the grid at 1 % modulation hum 
(mb = 1 %), as a function of the conversion 

conductance.
Lower diagram. Anode current la. screen voltage 
Igz + conversion conductance Sr, and 
internal resistance Hi as a function of the bias 

on grid 1

Fig. 20
At Fa = 100 V, with screen fed from a potential 
divider of 19,000 + 54,000 ohms (for receivers 

with switch for A.C. of D.C.).
Upper diagram. Permissible R.F. voltage at 1 % 
cross modulation (K — 1 %) and permissible 
alternating voltage of the interfering signal on 
the grid at 1 % modulation hum (mb = 1 %). 
as a function of the conversion conductance. 
Lower diagram. Anode current la, screen cur
rent Tgt + L^, conversion conductance Sc and 
internal resistance Hi, as a function of the 

bias on grid 1.
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327«/
Fig. 21 

Grid-current slopea as a function of the grid bias.

SiTcen-grid current I<jz + I(ji as a function of the screen voltage 
Ig.^ at various values of grid bias I'.'/j
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augments or decreases the conversion conductance according as the oscillator frequency 
is higher or lower than the input frequency, and it is therefore advisable, on the short 
wave ranges, to employ a higher oscillator frequency than the input frequency. Fig. 28 
shows the theoretical circuit diagram of the ECH 3 employed as frequency-changer. 
The oscillator circuit may be parallel-fed in the usual manner, in which case the 
resistor in series with the anode should be about 30,000 ohms with a supply voltage 
I’j = 250 V; the coupling capacitor should be between 50 and 500 /i/xF.
In order to keep the alternating oscillator voltage constant in the medium and long 
wave ranges it is important to connect the reaction coil by means of a padding 
capacitor; the oscillator-grid current on the medium and long waves will then be 
200-300-200 /(A, whilst on short waves the oscillator voltage can be stabilized by a 
resistor of 75 ohms in series with the reaction coil. This resistor, in conjunction 
with the input capacitance of the triode, has a damping effect which closely follows 
any increase in the frequency.
In A.C./D.C. receivers the circuit arrangement described above can be employed on 
a 250 V supply, provided that the feed voltage of the valve is not too low (say not 
less than 200 V). On a supply voltage of 100 V the anode potential is too low, in view 
of the fact that the anode of the triode has to be fed through a 30,000 ohm resistor; 
if a lower value were used for this purpose the oscillator circuit would be damped 
too much and, moreover, the padding curve would be unsatisfactory (greater fluctua
tions in the oscillator frequency, due to detuning of the oscillator circuit by the feed 
resistor). Since, generally speaking, the requirements of A.C./D.C. receivers working 
on lower voltage mains are not so stringent as otherwise, in such cases the oscillator 
circuit can be included in the grid circuit. In receivers designed for switching over 
either to A.C. or to D.C. and which are suitable for both 220 and 110 V mains, it 
is simpler to leave the tuned oscillator circuit in the anode feed circuit and to use the 
normal feed resistor for the parallel feed, also on low voltage. Naturally, there will 
then be a considerably lower oscillator voltage on 110 V mains than on 220 V.
Different values of resistance in the potential divider for the screen feed of the hexode

Fig. 23
Equivalent noise resistance Tîcças a function of t he screen-grid voltage 

F72)1 at different values of grid bias Vg^



ECH 3

Fig. 25 
Internal resistance Ri as a function of the

I’ig. 24 
Internal resistance Ri as a function of the
screen-grid voltage F^2>4 at different values of 

grid bias Vgu with Fa = 250 V.
RKMfU

3233Q
Fig. 26

Internal resistance Ri as a function of the 
screen-grid voltage Vg2)4 at different values of 

grid bias Vglf with Va = 100 V.

Fig. 27
Anode current of the triode section laT at 

VaT =150 and 100 V.
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section have a very marked effect on the range of control, besides giving rise to different 
effects with respect to the signal-to-noise ratio, the control cut-off, cross-modulation 
and so on. The valve data therefore include various values for this potential divider, 
firstly for average operation, secondly to produce a good signal-to-noise ratio during 
the time that the valve is under the effect of the cont rol and, lastly, a combination that 
will give an improved cross-modulation characteristic. For the use of the ECH 3 in 
A.C./D.C.reecivers the different values are such as to render the valve suitable for 
the type of receiver that is fitted with a switch for the different mains voltages, the 
screen-grid potential divider and cathode, resistor thus being adapted to both high 
and low voltage mains. On 110 V mains the grid bias in the uncontrolled condition is 
certainly only - 1.25. which means that grid current may occur, but since the demands 
made of sets working on 110 V are not so high this may be regarded as acceptable.

34408

Fig. 28
Theoretical eireuit diagram showing the ECU 3 employed as a fre- 
qiieney-ehanger. A value of 100 pF for capacitor C, will usually 
give it more constant, oscillator voltage throughout the whole wave- 

range.

Fig. 23 shows the characteristics with respect to the equivalent noise resistance 
plotted against screen voltage at different values of t he grid bias. By means of Fig. 22, 
which gives the screen current as a function of the screen voltage, it is possible to 
derive the noise resistance curve for any given potential divider and this, again, in 
conjunction with the dynamic characteristic of the A.G.C. of a receiver will give the 
signal-to-noise ratio. Figs 24 to 26 reproduce the internal resistance curves as a 
function of the screen-grid voltage; these, together with Fig. 22, will supply the 
resistance as a function of the control voltage on grid 1.
The latter is often of great interest, since many potential dividers as employed for 
feeding the screen will cause the screen voltage to rise too rapidly when the control 
operates, thus reducing the resistance of the valve. In order to avoid parasitic oscilla
tion a resistc.r of about 30 ohms may be included in the anode and control-grid 
leads.
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EEP 1 (EE 1) Secondary-emission valve
The EEP 1 is an amplifier with secondary-emission cathode. Although 
originally designed for wide-band amplification in television receivers, 
it is now recommended for use exclusively as a driver valve for radio 
receivers and amplifiers with a ba lanced output stage. The use of this 
valve not only saves the expense of the transformer normally 
required to produce the two alternating voltages of opposite 
phase, but it also provides a very high degree of amplification. In 
amplifiers especially, this tends to reduce the total number of valves 
required and also allows the use of negative feed-back, without 
losing too much of the gain.
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Secondary emission and construction of the valve

When electrons strike a metal surface at a certain velocity a small 
number of them are thrown back, whilst the majority of them pene
trate the superficial layer and there liberate electrons from the local 
atoms. Due to the impact of the primary electrons on the metallic 
surface, considerable velocity is imparted to the liberated electrons 
and if their direction of movement is favourable they are able to 
leave the surface. 'These electrons liberated from the surface of the 
metal by the primary electrons are known as secondary electrons. 
The capacity for emitting secondary electrons is expressed by the

Fig. 1
Dimensions in mm.

"secondary-emission factor” 8, which is the average number of 
secondary electrons liberated by the primaries. The number of 
secondary electrons and the path which they follow depend on the

a

¡<2

g2

kt 3263S

Fig. 3
Diagram of the system employed in 
the secondary-emission valve. Primary 
electrons, leaving the cathode Z^arc 
deflected towards the secondary-emis
sion cathode k2 and the secondary 
electrons liberated from the latter pass 
to the anode. The direction followed by 
the electrons is shown by means of 
arrows and it is just the opposite to that 
of the stream in an ordinary receiving 

valve.

construction of the valve, on the 
potential at the various electrodes 
and on the physical properties of 
the bombarded surface. A nickel 
surface, for instance, gives a secon
dary emission factor of only 0.94 
at a potential difference of 150 V. 
so the number of secondaries will 
not be greater than the number of 
primaries; in other words there 
will be no multiplication of elec
trons. 'The latter can take place

28837

elect rodes and 
,ise connections.

only when the-
factor is greater than 1. Fig 3 shows the principle 
of the secondary-emission valve, and its action 
as applicable to the EEP 1 is briefly as follows. 
Electrons are drawn away from a primary, in-
directly-heated cathode by a secondary-emission 
cathode at a positive potential (150 V). A screen 
and grid are mounted between the cathode proper 
and the secondary cathode and each electron 
reaching the latter liberates a large number of secon
dary electrons from it, these being attracted by the 
anode which is at a high potential (250 V).
It will be clear that every variation in the current 
flowing to the secondary-emission cathode, atten-
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Fig. 4
Cross-suction through secondary-emission valve, 
showing the path of the primary electrons and also 
that of the secondary electrons liberated from the 

cathode k2.
/■ = primary cathode
y, = control grid
g, — screen grid (150 V)
Sj = screen for protection of secondary cathode 

(0 V) from deposits caused by evaporation of 
the cathode

s. = deflector screen (0 V)
¿3 = secondary-emission cathode (150 V)
a + g^ = anode (250 V).

dai it upon changes of voltage on the grid 
<j„ must produce a much greater variation 
in the current flowing from the secondary 
cathode to the anode, thus imparting 
steep-slope characteristics to the secon
dary emission, without necessitating an 
abnormally large cathode or an extremely 
small space between cathode and grid. 
If a comparison be made between two 
valves having similar cathodes, control 
grids and anodes, one of these valves em
ploying the secondary-emission principle 
whilst the other does not, it will be found 
that the mutual conductance of the 
former is very much the greater.
For the same anode current, the mutual 
conductance of the secondary-emission 
valve is 81/k times greater than that of 
the ordinary valve, k being a factor 
related to both the design of the valve 
and the anode voltage. If the primary 
cathode current is not too low the value 
of the factor k will be constant at about 

1.6, the mutual conductance in that case being 8°-6 times greater. Suppose that 8 = 5, 
then 30-° will be 2.6.
If the primary cathode (indirectly-heated, with oxide layer) and the secondary-emis
sion area were provided inside the valve without any precautions to avoid this, the 
secondary emission area would in time become covered with a deposit of material 
produced by evaporation of the cathode (e.g., barium and barium oxide) and 
the stability of the secondary emission would thus be seriously affected; the 
use of an electron-optical device, coupled with a careful arrangement of the paths 
for the electron streams, however, prevents the deposition of any material on the 
secondary cathode. In the EEP 1 this difficulty, namely the tendency of the primary 
cathode to produce deposits, is overcome by employing an electron deflector. It is 
assumed that the molecules liberated from the primary cathode move virtually in a 

Fig. 5 
Equipotential areas in the secondary-emission valve. For design

ation of the electrodes see Fig. 4.

straight line and an appropriate 
arrangement of the electrodes in 
the valve makes the secondary- 
emission cathode accessible to 
electrons from the primary 
cathode, but not to material 
thrown off by this cathode. The 
action of the secondary-emission 
valve can best be explained in 
relation to Fig. 4 x), which shows 
a section through the system of 
electrodes in the EEP 1. The 
primary cathode k, (indirectly- 
heated oxide cathode), the 
control grid p,, concentric with

*) The diagram shows the construction of the original model of the EEP 1, but in later models the 
«anode plate a is omitted to ensure satisfactory operation of the valve as a pre-amplifier and phase- 
nverter in balanced output stages, thus leaving only the anode-“grid” g3 as virtual anode. 
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the latter, and the screen grid g. (at a potential of about 150 V with respect 
to kA together constitute the first three electrodes of a normal screen-grid 
valve; k2 is the secondary-emission cathode, which is usually also given a potential 
of 150 V. Between the system of three electrodes already mentioned and the 
secondary cathode a screen plate is provided to prevent the deposition of 
material from the primary cathode upon the secondary; this screen is connected 
internally to the cathode. A second screen s2 is fitted about the electrode system, this 
being also at cathode potential and suitably shaped for correct deflection of the 
electrons. Finally, the valve contains an anode-grid g2, stretched parallel to the emis
sion cathode and connected to the anode plates a. The shape of the screen is such 
that the field produced between the primary and secondary cathodes causes the elec
trons to follow curved paths around the screen Sj towards the secondary cathode k2 
(see Fig. 4). Fig 5 shows the equipotential areas in one half of the valve. Between 
the screen grid g2 and the secondary cathode the electrons travel through two concen
trating fields, deflection taking place in the low-potential area formed by screen «s, 
and Fig. 5 clearly illustrates the so-called focusing arrangement. An electron arriving 
at the secondary-emission cathode liberates a number of secondary electrons (sec. 
emission factor 8 = 5) which are collected by the anode-grid g2, mounted at about 
1.5 mm distance from it and operating at a voltage of some 100 V higher than that 
of the secondary cathode.
It is worthy of note that the electrons released from the secondary cathode set up 
a negative current to this cathode; whereas normally the external current flows 
towards the positive electrode, the current in 
this case passes away from the secondary cathode 
and follows a path through the source of vol
tage to the primary cathode. Simultaneously, 
however, the positive current flows to the 
secondary cathode, so that the emission current 
must be diminished by the value of this primary 
current.

'The secondary-emission valve as -pre-amplifier in 
balanced output stages without transformer.
When balanced output stages are driven by 
means of the secondary-emission valve EEP 1.
use is made of the fact that the secondary-emission current (in a positive sense) 
passes externally to the anode and is taken away at the secondary cathode. It must 
then be remembered that the current from the latter cathode is reduced to the extent 
of the primary electrons flowing in the opposite direction. The phases of the currents 
passing to the two electrodes are therefore 180° opposed and, if these currents be 
passed to or from the electrodes across resistors, voltages will be obtained which 
will also be 180° out of phase (see also Fig. 6).
These two alternating voltages of opposite phase may be applied through coupling 
capacitors with grid leaks to the grids of two output valves in a balanced circuit, 
and the values of the resistors in both anode and secondary-cathode circuit should 
naturally be such that the two opposed alternating voltages are exactly equal.
As already stated, the action of the valve depends upon the fact that for every electron 
reaching the secondary cathode 8 electrons arrive at the anode; the number of electrons 
at the secondary cathode is therefore augmented by (8—1) electrons passing through

1) to the secondary cathode, whilst 8 electrons leave the anode through R„ in 
respect of these.
*) In Fig. 16 7?, is made up of li, and It, in parallel.

<1 *2
•—" Truwuir----------- +4-

Fig. li
Schematic arrangement showing the action 
of the secondary-emission valve employed as 
driver valve. The arrows indicate the direc
tion followed by the electrons. The normal 
current flow is in the opposite direct ion to 

that of the arrows.
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Anode curront, screen-grid current and secon
dary-cathode current as a function of the. 

grid bias.

Fig. 8
Anode current plotted 
against anode voltage 
at different values of 
grid bias.
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lafmA)

Fig. 9 
Secondary-emission cathode 
current as a function of the 
anode voltage, for different 
values of grid bias.

If the effect of the secondary cathode on the anode current is ignored, equal voltages
will depend on the following expression:

$_ 1
(8—1) R, = 8 R.., or R. = —R, 

o
In practice R. will have to be slightly less than this value, m view of the fact that 
the alternating voltage at the secondary cathode also contributes to the anode current. 
Fig. 16 shows the theoretical circuit diagram of the EEP 1 driving a balanced output 
circuit. Since the factor 8 is governed by the negative potential of the grid of the EEP 1, 
a method of stabilizing the grid bias is employed; the cathode is given a potential of 
about 23 V positive with respect to the earth line or negative H.T. line, whilst the 
first grid and screen grid are fed from a potential divider. In this way the first grid 
receives a positive potential of about 20 V.
Negative feed-back may be included in the cathode circuit as shown in Fig. 17.
A potential divider, Rs, Rs, is connected across the loudspeaker; resistor Rs is simul
taneously included in the cathode circuit of the EEP 1 and the speech voltage across 
Rs therefore occurs between the cathode and the grid of this valve. The sum of the 
resistances of R7 and Rs should correspond to the value of the cathode resistor as 
specified for this valve (the value of R- in Fig. 16; see also the following data).
HEATER RATINGS
Heating: indirect, A.C. or D.C. parallel supply.
Heater voltage..................................................................................................I) - 6.3 V
Heater current..................................................................................................If — 0.6 A
CAPACITANCES

Caal < 0.006 /IflR Cgiki < 0.001 /1/lP
STATIC RATINGS
Anode voltage................................................................................. 1« 250 V
Screen-grid voltage......................................................................... r-= 150 V
Secondary-cathode voltage............................................................. l'/,-3 - 150 V
Grid bias..............................................................................................b'/i " —2.5 V
Anode current..................................................................................J,, - 8 mA
Screen-grid current......................................................................... Jgi — 0.45 mA
Current to secondary cathode.....................................................—6.5 mA
Mutual conductance......................................................................... S’ -17 mA/V
Internal resistance................................ .............................R;, 50,000 ohms
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¿¿(mA)

Fig. 10
Anode current as a function 
of the screen-grid voltage, for 
different values of grid bias.

}g2(mA)

Fig. 11
Screen-grid current as a func
tion of the screen voltage for 
different values of grid bias.

-Ik2(mA)
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lg2(mA)

Anode current as a function 
of the secondary cathode po
tential at different values of 
grid bias.

g. 14 
Screen-grid current as a func
tion of the secondary cathode 
voltage at different values of 
grid bias.

-Ik2(mA)

Fig. 15
Current flowing to the secon
dary cathode as a function of 
the potential of that cathode, 
for different values of grid bias.
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OPERATING DATA: EEP 1 employed as pre-amplifier and phase-inverter 
in balanced ouput stages

(For resistance, current and voltage references see circuit, Fig. 16)

Supply voltage..................................................... IT
Resistor................................................................. Rt
Resistor................................................................. R.,
Resistor................................................................. R3
Resistor................................................................. Ri
Resistor................................................................. Rs
Resistor.............................................................
Cathode resistor-.................................................. R-
Alternating output voltage per grid in output

stage......................................................... Fo
Alternating input voltage.........................Iq
Gain between grid of EEP 1 and grid of output

stage.............................................................IT/Fj
Total distortion.............................................Jot

400 V 500 V
26,000 ohms 26,000 ohms

208,000 ohms 208,000 ohms
29,000 ohms 29,000 ohms
85,000 ohms 105,000 ohms
30,000 ohms 30,000 ohms
9,000 ohms 9,000 ohms
6,900 ohms 6,000 ohms

10 30
34 114

300 265
1.4 4.6

10 30
31 96 mVy

325 315
0.9 3.2 %

MAXIMUM RATINGS

Anode voltage in cold condition...................................Fno — max. 700 V
Anode voltage................................................................ F« — max. 400 V
Anode dissipation............................................................H „ = max. 2 W
Screen-grid voltage in cold condition....................... F!/2<1 max. 400 V
Screen-grid voltage........................................................F„2 — max. 150 V
Screen-grid dissipation....................................................11% — max. 0.1 W
Voltage on sec. emission cathode in cold condition Fa»0 = max. 400 V
Voltage on sec. emission cathode............................... 1% = max. 200 V
Dissipation of sec. cathode ............................. 11% = max. 2 W
Primary-cathode current.................................................7jt -- max. 10 mA
Grid voltage at grid current start (I,H + 0.3 //A) 1% = max. —1.3 V 
Resistance between grid and cathode.........................Rgik = max. 0.7 M ohm
Resistance between filament and cathode................ Rp- = max. 20,000 ohms
Voltage between filament and cathode (direct voltage

or effective value of alternating voltage) .... 1% — max. 50 V

APPLICATIONS

In connection with the foregoing the following points should also be noted. The EEP 1 
must be allowed to work only with automatic grid bias; normally the bias is obtained 
from a resistor connected to the cathode and the value of this resistor should 
be such that the potential difference corresponds exactly to the required bias. The 
working point A will then lie just on the point of intersection of the line OA with the 
characteristic (see Fig. 18). A slight displacement of the curve would, in the case of 
normal valves, produce only a small increase or decrease in the anode current. In 
the EEP 1, however, a very much greater variation in anode current results and, since 
the normal cathode resistor is of a fairly low value and offers only a small degree 
of compensation, special precautions have to be taken. Better automatic control of 
the cathode current is possible if the slope of the line 0 A in Fig. 18 is reduced and t his 
effect can be obtained by using a higher resistance, duo to the fact that the slope of the 
line in question is determined by the quotient of the cathode potential and the cathode
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Fig. Ki
Thenr'dica! circuit diagram showing the EEP 1 used as driver valve without negative feed-back. The 

values of resistors R^ to R- may be obtained from the operating data.

Fig. 17
The EEP 1 employed as driver, with negative feed-back. The circuit is the same as that of Fin. 16, with 
t he exception of R, and R^ of which the values depend on the required feedback; the sum of the values 

of R- and R* should correspond to the value of resistor R- in Fig. 16.
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current. This, however, would make the grid bias too high, so that a positive potential 
has to be applied to the grid. In Fig. 18 this potential is represented by OB. From 
the point B the new line is drawn and the total grid bias as a function of the cathode 
current is then restored. It will be seen that the cathode current, regulated in this 
manner and indicated by the point of intersection with the curve, does not vary to 
any extent from the average value.
When the EEP 1 is employed as driver valve in a balanced circuit it is recommended 
that a supply voltage Vb of not less than 275 V be employed; otherwise the results 
will not be satisfactory.

Fig. is
Simplified diagram show
ing the effect of the 
cathode resistor on the 
constancy of the cathode 
current. The automatic 
control of the current is 
better according as the 
resistance line becomes 
flatter.
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EF 5 Variable MU R.F. pentode
The EF 5 is a variable-mu R. F. or I.F. pentode. Special care has 
been devoted in the design of this valve to the greatest possible 
reduction in cross-modulation and modulation hum. At a screen
grid voltage of 100 V the anode current of the EF 5 is 8 mA, when 
the mutual conductance is 1.7 mA/V, the control range being from 
—3 to —46.5 V. The control range is capable of modification by 
means of the screen voltage; at lower screen potentials, for the same 
grid bias, the mutual conductance drops sharply, but the cross
modulation conditions are then not so very good. With a screen 
voltage of 85 V the control range extends from —2 to —39 V only. 
Obviously, a lower screen potential will result in a lower screen 

max 32
I——n

22239

Fig. 1
Dimensions in mm.

current as well as a lower anode current and it is thus possible to 
reduce the bias at the working point from —3 to —2 V to increase 
the slope; the working value of the mutual conductance is then
1.85 mA/V. g?
With 60 V screen potential the conductance is still further reduced. g2 i| —I! r,i 
to —2/—29 V. UZUT
The very greatly diminished modulation hum in this valve is of first
importance in A.C./D.C. receivers, where alternating voltages at I I J, 
mains frequency can easily occur between heater and grid. The EF1 5 k f f 
is notable for its low inter-electrode capacitances and high internal 
resistance; excellent results are obtained on the short-wave range.
Although on short waves the circuit magnification is usually only fair, 
the excellent properties of the EF 5 make it possible to achieve 
extremely good amplification in this range. On short waves, too, the 
mutual conductance is the same as on the other ranges (e.g. 200 m). 
The high impedance of anode and grid with respect to earth in the 
12 to 60 metre band, as compared with the impedance values of 
practical tuned circuits, enables the EF 5 to produce in that range 

Arrangement nt 
electrodes and 

base connections.

amplification values equal to the product of mutual conductance and 

Fig. 3
Anode current and screen current as a function of the grid bias, for different 
values of screen potential, at 250 V anode. The curves also apply as an 

approximation to anode voltages of 100-250 V.

impedance. On the short
wave bands the (feed
back) impedance, which 
takes the place of the 
anode-to-grid capaci
tance on the long waves, 
is unusually high and 
there is therefore no 
risk of parasitic oscilla
tion, even with the 
maximum permissible 
amount of gain.
A factor contributing in 
no small degree towards 
the high properties of 
this valve is the use of 
side contacts (P-type
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base). The suppressor 
grid and metallizing, 
each with their own 
individual contacts, can 
be connected direct to 
earth to give the best 
possible results with 
short-wave reception.

1'ig. 4
Anode current as a function 
of the anode voltage, for 
different values of screen 
l>otential and grid bias.
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HEATER RATINGS
Heating: indirect, A.Ct or D.C'.. scries or parallel supply
Heater voltage..............................................................................................
Heater current..............................................................................................

1} = 6.3 V
!f = 0.200 A

CAPACITANCES
Cag, 0.003 /ipF
Gi = 5.4 /yiF
C„ = 6.9 fi,uF

OPERATING DATA:: valve employed as R.E. or I.F. amplifier
Anode voltage

V« (V)
Screen-grid voltage

F^ (V)
Suppressor-grid voltage

Vgs (V)
Cathode resistor

Rk (ohms)
Grid bias

Vgi (V) -2.851)

100 200

100 100

0 0

170 180

-34-) -46.5“) -2.951) -34-)

250

100

0

180

-46.53) -3') -342) -46.53)
Anode current

, la (A) 8 — 8 — 8 - —
Screen current

Ig2 (mA) 2.6 — - 2.6 — — 2.6 — —
Mutual conductance

»8 (/jA/V) 1700 17 2 1700 17 2 1700 17 2
Amplification factor

/i 500 - 1600 — — 2000 — —
Internal resistance

Ri (M ohms) 0.3 > 10 > 10 0.95 > 10 > 10 1.2 > 10 > 10

Anode voltage
Va (V)

Screen-grid voltage
1% (V)

Suppressor-grid voltage
, G, (V)

Cathode resistor’
Ric (ohms)

Grid bias
!%(¥) -1.91)

100 200

85 85

0 0

190 195

-29-) -393) -1.951) -292)

250

S5

0

200

-393) -21) -292) -393)
Anode current 

la (mA) 7.5 — — 7.5 7.5 — —
Screen current

Ig. (mA) 2.45 — 2.45 - — 2.45 — —
Mutual conductance

S (pA/V) 1850 18 2 1850 18 2 1S5!» 18 2
Amplification factor

fi 550 1750 — 22co —
Internal resistance 

R, (M ohms) 0.3 .> 10 > 10 0.95 > 10 > 10 1.2 - 10 > 10
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Anode voltage
K(V)

Screen-grid voltage
Vÿ2 (V)

100

60 60

2+1

60
Supressor-grid voltage

Vg* (V)
Cathode resistor

Rb (ohms)
Grid bias

Vgl (V) -1.91)

0

360

-222) -293) -2.951)

0

370

-22=) -293) -21)

0

3S0

-222) 293)
Anode current 

la (mA) 4 __ ._ - 4 _ __ _ 4 _ _
Screen-grid current

Ig. (mA) 1.3 _ — 1.3 — — 1.3 __ _
Mutual conductance

S (M/V) 1400 14 2 1400 14 2 1400 14 2
Amplification factor

p 1200 ._ _ _ 1900 —. — 2000 __ _
Internal resistance 

Ri (M ohms) 0.85 > 10 > 10 1.35 > 10 10 1.4 > 10 > 10
1) Without control
2) Mutual conductance reduced to one-hundredth 
of uncontrolled value.
3) Extreme limit of control.

MAXIMUM RATINGS

’ a 

n;« 
I

92
Ik

Un
%!
Hr
VR

-= max. 550 V 
- max. 250 V 
; max. 2 W 
= max. 400 V
; max. 125 V 

max. 0.4 W 
max. 15 in A

- -¡-0.3 /tA) max. —1.3 V 
max. 2.5 M ohms 
max. 20,000 ohms 
max. 100 V ’)

’) Direct voltage or effective value of alternating 
voltage.

Due to the curvature of the characteristic, 
the uses of the EF 5 are restricted to R.F. 
and I.F. amplification. It can be employed 
as amplifier with either automatic or 
manual control. It is preferable to feed 
the screen through a potential divider;- 
in many cases it would be found when 
using a series resistor that the screen 
voltage would become too high on full 
control and that the amplification control 
would be far too tardy.

Vi(mVeff) 28649

Fig. 5
At 10Û-250 V anode and 100 V screen;

Upper diagram. Alternating grid voltage as a 
function of the mutual conductance, with i % cross 

modulation.
Centre diagram. Alternating grid voltage as a 
function of the mutual conductance, with 1 % 

modulation hum.
Lower diagram. Mutual conductance S, anode 
current la and screen current Igz as a function of 

the voltage on the first grid.
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Fig. 6
At 100-250 V anode and 85 V screen;
Upper diagram. Effective alternating grid vol
tage as a function of the mutual conductance, 
with 1 % cross modulation.
Centre diagram. Effective alternating grid vol
tage as a function of the mutual conductance, 
with 1 % modulation hum.
Lower diagram. Mutual conductance S, anode 
current la and screen current lg3 as a function 
of the grid bias.

Fig. 7
At 100-250 V anode and 60 V screen:
Upper diagram. Effective alternating grid volt
age as a function of the mutual conductance, 
with 1 % cross-modulation.
Centre diagram. Effective alternating grid volt
age as a function of the mutual conductance, 
with 1 % modulation hum.
Lower diagram. Mutual conductance S, anode 
current la and screen current Ig, as a function 
of the grid bias.
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25 50 75 100 125 150

Fig. 8 
Screen-grid current as a function of the screen voltage, for different 

values of grid bias.

Fig. 9
Anode current as a function of the screen-grid voltage, for different 

values of grid bias.
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EF 6 Pentode
Tills valve is particularly suitable for A.F. amplification and either 
anode-bend or grid detection. The EF 6 works only on a fixed bias 
and therefore finds no application in practice as an R.F. or I.F. 
amplifier. The degree of A.F. amplification, however, is very high 
indeed, the ultimate signal voltage on the anode being so great that 
practically distortionless modulation is possible in any kind of output 
stage. Used as a grid detector, this valve has many advantages when 
good reception of local stations is required.
It is also a very useful valve in special circuits, for instance as an 
amplifier for the control voltage in an automatic gain control circuit 
and so on. The EF 6 will also give very good results on the short
wave ranges, where the mutual conductance is the same as in the 
broadcast wave-bands.
As the R.F. impedance of anode and grid in the 12 to 60 m range, 
with respect to the impedance of normal tuned circuits, is extremely 
high, the gain obtainable from this valve is equal to the product 
of mutual conductance and impedance. In the short-wave range, 
the impedance, which replaces the anode-to-grid capacitance on long 
waves (anode feed-back), is also very high, so that the maximum 
permissible amplification may be obtained without risk of parasitic 
oscillation.

In part, the excellent short
wave qualities of the EF 6 
are due to the use of the 
I'-typc side-contact base 
and separate suppressor
grid connection. Gross- 
modulation and modulation 
hum are both very slight 
indeed, especially at the 
maximum permissible 
screen-grid voltage and, for
this reason, the valve gives good results in 
A.C./D.C. receivers; in view of the high alter
nating voltages occurring between the heater 
and earth, and induced on the grid, in 
this type of receiver it is important that, 
modulation hum should be as low as possible.

max 32

¿2238

Fig. 1 
Dimensions in inni.

a

k f f

Anode current, screen-grid current and mutual 
conductance as a function of the grid bias at 
Kf/a = 100 V. The curves also apply as an 
approximation at all anode voltages from 

100 V upwards.

12
26

Fig. 2
A rangement of 
electrodes and 

base connections.

HEATER RATINGS
Heating, indirect, A.C. or D.C., parallel 
supply.
Heater voltage. .................ly == 6.3 V
Heater current .................If 0.200 A

CAPACITANCES
C'arji < 0.003 ppF
Cqi = 5.2 p/iF

= 6.9 W,F
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Fig. 4
Anode current as a function 
of the anode voltage at — 
100 V, for different values of 
grid bias.

OPERATING DATA

Anode voltage.........................
Screen-grid voltage................

• • • 7« = 
• • ■ 7,3 =

100 V
100 A7

200 V
100 V

250 V
100 A7

Suppressor-grid voltage . . • • • Ga 0 V 0 V 0 V
Grid bias................................. —2 V —2 A’ —2 A7
Anode current........................ ■ ■ ■ Ia = 3 mA 3 mA 3 mA
Screen grid current .... • • • Igz — 0.8 mA 0.8 mA 0.8 mA
Amplification factor .... ... /I = 1800 3600 4500
Mutual conductance .... . . . s = 1.8 mA/A7 1.8 mA/V 1.8 mA/V
Internal resistance .... ... Ri 1.0 AI ohm 2.0 AI ohms 2.5 AI ohms

MAXIMUM RATINGS

1%............................................................................. --- max. 550 V
Va............................................................................. — max. 300 V
17«................................................................................ - max. 1 W
Vg2B.............................................................................. - max. 550 V
Vg2............................................................................. -= max. 125 V
11%............................................................................. - max. 0.3 AV
/ k................................................................................. - max. ß mA
1% (t/i - + 0.3//A)................... -...................... ™ max. —1.3 A7
Ryik (auto, grid bias).................................. ” max. 1.5 M ohms
Rgik (fixed bias).................................. • max. 1 AI ohm
Rfk............................................................................. = max. 20,000 ohms
1%............................................................................. = max. 75 A7 ')

’) Direct voltage or effective value of alternating voltage. 
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Fig. 5
EF 6 employed as triode. Anode current as a fund ion 

of the grid bias for I’« 150 V.

The valve is metallized and no additional 
screening is necessary, but the separate 
base contact to which the metallizing is 
connected internally must be effectively 
connected to the chassis. If in special 
circuits the cathode is negative with 
respect to the chassis, the metallizing 
should be connected to the cathode. The 
suppressor grid also has its own separate 
base contact for direct connection to 
earth.
Care must be taken when using the EF 6 
as detector or A.F. amplifier in A.C./D.C. 
receivers, however, to see that the heater 
of the valve, in the heater circuit, is 
connected as closely as possible to the 
chassis end, in order to avoid hum.

1) GRID DETECTOR WITH 
RESISTANCE COUPLING

For grid detection it is advisable to feed 
the screen from a resistor and not 
from a potential divider, since in that 
ease the grid swing will increase with 
signal strength. In A.C./D.C. receivers 
for use on 110 V mains the EF 6 is not
generally satisfactory, as the output 

voltage is usually insufficient to load the output valve fully at low modulation depths. 
Table 1 gives the results to be obtained with the EF 6 when employed as grid detector.

2) A.F. AMPLIFIER WITH RESISTANCE COUPLING
The EF 6 is eminently suitable for A. F. amplification since it provides considerable
gain with only very
moderate distortion; the 
screen should preferably 
be fed through a resistor, 
for which a suitable 
value is indicated in 
tables II and III.
The A.F. signal applied 
to the grid must not be 
too strong, as this tends 
towards microphony 
when the loudspeaker 
used is cf a sensitive 
type. This valve can be 
used only in circuits 
having not more than 
one stage of A.F. ampli
fication and must there
fore in every case be 

Fig. 6
EF 6 employed as triode. Anode current as a function of the anode 

voltage, for different values of grid bias.

followed immediately by 
the output valv<\
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Generally speaking, the A.F. sensitivity 
at tlie grid of the EF 6 should not be 
less than 5 mA7.

Fig. 7
Curi-e A: Jhlective alternating grid voltage as n 
function of the screen-grid voltage of the EF 6, with 
6 % cross-modulation (3 % increase in modulation 
depth + 2.25 m % modulation distortion, in = 
modulation depth). 0 % cross-modulation corres
ponds to 0.5 % third harmonic.
Ciirre B. Eîïective value of the alternating grid 
voltage as a function of the screen-grid voltage 
with 4 % modulation hum (corresponding to 1 % 
second harmonic).

Fig. 8
Circuit driagram of the EF 6 employed as grid detector with 

resistance coupling.

Va

Circuit diagram of the EF 6 employed as A. F. amplifier 
with resistance coupling.
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TABLE I
LT 6 employed as grid detector with resistance coupling in A.C. receivers.

Heaters fed in parallel in A.C. receivers; 
megohm. Modulation depth

detector grid leak = 1 megohm; grid capacitor — 100 iiuF1. Grid leak of next (output) valve Rgix = 0.7
M = 0.3 (30 %). Screen fed through series resistor; la and Ig2 measured without signal.

Supply 
volt-

Anode 
Coup-

Anode 
cur-

Screen
grid

Screen 
cur-

Max. 
alter-

Used with EL 2 as next 
(output) valve.

Va — F(/2 = 250 V

Used with EL 3 as next 
(output) valve.

Vu = Vg2 = 250 A’

Use

Va

d with EL 5 as 
(output) valve. 

= 250 V; Vg2 =

next

275 V
age ling 

res.
rent series 

resistor
rent nating 

output For 50 mW 
output

For full 
excitation

For 50 mW 
output

For full 
excitation

For 50 mW 
output

For full 
excitation

Vb 
(V)

Ra 
(M ohm)

la 
(mA)

Ry 2 
(M ohm)

I'J, 
(mA)

Vomax1 
ae/n

Output 
volts 
Vo 

(Veff)

Input 
volts 
Vi 
(mW)

Output 
volts 
Vo 
(W)

Input 
volts 
Vi

Ae/n

Output 
volts 
Vo 
(W)

Input 
volts 
17 

(mVeff)

Output 
volts 
Vo 
CW)

Input 
volts 
Vi 

W'ff)

Output 
volts 
Vo 
(W)

Input 
volts
Vi 

(mVeff)

Output 
volts 
Vo 
CW)

Input 
volts 
Fi 

(VcZZ)

300 0.2 1.35 0.6 0.45 19 0.9 63 11.2 0.35 0.33 35 3.7 0.14 0.5 43 8.5 0.27
300 0.2 1.15 0.8 0.35 17 0.9 58 11.2 0.35 0.33 33 3.7 0.13 0.5 41 8.5 0.26
300 0.2 1.0 1.0 0.30 15 0.9 58 11.2 0.42 0.33 33 3.7 0.14 0.5 41 8.5 0.28

250 0.2 1.15 0.6 0.35 16 0.9 60 11.2 0.35 0.33 33 3.7 0.14 0.5 40 8.5 0.27
250 0.2 0.95 0.8 0.28 14 0.9 60 11.2 0.35 0.33 33 3.7 0.13 0.5 40 8.5 0.26
250 0.2 0.8 1.0 0.23 11.5 0.9 65 11.2 0.42 0.33 33 3.7 0.14 0.5 40 8.5 0.28

300 0.1 2.6 0.3 0.85 23 0.9 58 11.2 0.43 0.33 38 3.7 0.14 0.5 50 8.5 0.35
300 0.1 2.2 0.4 0.65 20 0.9 58 11.2 0.43 0.33 38 3.7 0.14 0.5 50 8.5 0.35
300 0.1 1.8 0.5 0.55 17 0.9 58 11.2 0.48 0.33 38 3.7 0.15 0.5 50 8.5 0.35

250 0.1 2.1 0.3 0.7 19 0.9 70 11.2 0.43 0.33 38 3.7 0.14 0.5 50 8.5 0.35
250 0.1 1.8 0.4 0.55 16 0.9 70 11.2 0.43 0.33 38 3.7 0.14 0.5 50 8.5 0.35
250 0.1 1.5 0.5 0.45 14 0.9 70 11.2 0.48 0.33 38 3.7 0.15 0.5 50 8.5 0.35

300 0.05 4.6 0.15 1.5 24 0.9 77 11.2 0.6 0.33 44 3.7 0.25 0.5 56 8.5 0.45
300 0.05 3.9 0.2 1.2 20 0.9 77 11.2 0.6 0.33 44 3.7 0.25 0.5 56 8.5 0.45
300 0.05 2.9 0.3 0.9 15 0.9 79 11.2 0.7 0.33 46 3.7 0.25 0.5 59 8.5 0.60

250 0.05 3.7 0.15 1.3 18 0.9 80 11.2 0.6 0.33 42 3.7 0.25 0.5 55 8.5 0.45
250 0.05 3.1 0.2 1.0 16 0.9 80 11.2 0.6 0.33 42 3.7 0.25 0.5 55 8.5 0.45
250 0.05 2.4 0.3 0.65 12 0.9 84 11.2 0.7 0.33 45 3.7 0.25 0.5 60 8.5 0.60

9 In these values for the alternating output the distortion in the detector is less than 5 %
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TABLE II

The EF 6 as resistance-coupled A.F. amplifier in A.C’. mams receivers

For use in A.C. mains receivers with heaters in parallel; grid leak of the following (output) valve Ry^i: = 0.7 megohm; cathode decoupling capacitor 
= 50 pF. Screen grid fed through a resistor; la and lgt measured without signal.

Supply 
volrage

r&
(V)

Anode 
coupling 
resistor

Ra 
(megohm)

Anode 
current

la 
(mA)

Screen- 
grid series 
resistor

(megohm)

Screen
grid 

current

Ilh 
(mA)

Cathode 
resistor

(ohms)

Voltage 
gain

Vo
Vi

Used with EL 3 as 
output valve

Fa = Fj/a — 250 A’

Used with EL 5 as 
output valve
Va = 250 V;
I’l/i = 275 V

Used with EL 2 as 
output valve

Va = Vys — 250 V

Used with AD 1 as 
output valve 
Fa = 250 V

Output 
voltage
Vo ’) 
(Vpj)

Total 
distortion
(hota) 
(%)

Output 
voltage
Fo') 
(V<77)

Total 
distortion
(¿tot2)

■ (%)

Output 
voltage
Vo 9 
(Vet})

Total 
distortion

(¿tot 2) 
(%)

Output 
voltage
Vo x) 
(Veff)

Total 
distortion
dtot2) 
(%)

300 0.3 0.7 0.8 0.25 4,000 175 3.7 < 1.0 8.5 1.0 11.2 1.4 31 4.4
250 0.3 0.6 0.8 0.20 4,000 165 3.7 < 1.0 8.5 1.6 11.2 2.2 31 5.0

300 0.2 1.1 0.4 0.40 3,000 150 3.7 < 1.0 8.5 1.0 11.2 < 1.0 31 2.7
250 0.2 0.9 0.4 0.35 3,000 140 3.7 < 1.0 8.5 1.3 11.2 1.8 31 2.4

300 0.1 1.9 0.25 0.65 1.600 115 3.7 < 1.0 8.5 1.0 11.2 1.0 31 2.0
250 0.1 1.6 0.25 0.3'1 1,600 110 3.7 < 1.0 8.5 1.0 11.2 1.0 31 2.7

a) For the A.F. amplifier with fully loaded output valve.

2) Id the A.F. amplifier with fully loaded output valve.



TABLE III

The EF 6 used as resistance-coupled A. F. amplifier in A.C./D.C. mains receivers

For the A.F. amplifier with fully loaded output valve,

Used in A.C./D.C. receivers with heaters in series (heater current 200 mA); grid leak of the next (output) valve Rg^ = 0.7 megohm. Cathode 
decoupling capacitor = 50 screen fed through a resistor. la and Ig2 measured without signal.

Supply 
voltage

Anode 
coupling 
resistor

Anode 
current

Screen
grid series 
resistor

Screen 
current

Cathode 
resistor

Voltage 
gain

Used with CL 1 as 
output valve 
Va — Vg2 = 
supply voltage

Used with CL 2 as 
output valve 

Va = supply vol
tage; Vg* = 100 V

Used with CL 4 as 
output valve 
Va = Vg2 = 

supply voltage

Output 
voltage

Total 
distortion

Output 
voltage

Total 
distortion

Output 
voltage

Total 
distortion

Vb
(V)

Ra
(Mohm)

la 
(mA) (M ohm) (mA)

Rk 
(ohm)

Vo

Vi
Vo ■) 
(Veff)

rftot ’) 
(%)

Vo *) 
(Veff)

dtot2) 
(%)

Vo x) 
(Veff)

iZtot8) 
(%)

200 0.3 0.45 0.6 0.17 6,400 130 9.6 2.8 10 3.0 5.0 1.8
150 0.3 0.35 0.6 0.13 6,400 120 — — 10 2.5 4.0 1.3
100 0.3 0.22 0.6 0.08 6,400 105 •—• — 10 3.5 2.4 < 1.0

200 0.2 0.60 0.4 0.23 5.000 115 9.6 2.0 10 2.1 5.0 1.0
150 0.2 0.45 0.4 0.17 5,000 110 — — 10 2.6 4.0 0.9
100 0.2 0.30 0.4 0.12 5,000 100 —• — 10 4.2 2.4 0.9

200 0.1 1.2 0.2 0.4 3,000 95 9.6 1.5 10 1.6 5.0 < 1.0
150 0.1 0.85 0.2 0.3 3,000 90 .— — 10 2.1 4.0 1.1
100 0.1 0.60 0.2 0.2 3,000 85 — — 10 3.3 2.4 < 1.0

2) In the A.F. amplifier with fully loaded output valve.



ÜH 8

EF 8 Low-noise variable-MU R.F. amplifier 
pentode
The EF 8 is a variable-mu R.F. amplifier the chief feature of which 
is its very low noise factor. As the noise produced in screen-grid 
and pentode valves is caused mainly by the distribution of the 
current between the screen and the anode — from which point of 
view a low screen current is advantageous — efforts have been made 
in the design of this valve to keep this current as low as possible. 
In principle, the construction of the El1 8 is similar to the conven
tional pentode, embodying control, screen and suppressor grids, but 
between the control grid and screen of this valve an additional grid 
has been introduced, wound with exactly the same pitch as the screen 
and normally connected to the cathode. The turns of this extra grid 
are situated exactly opposite those of the screen grid and this auxiliary 
electrode repels and bunches the electrons on their way towards 
the anode, the bunches thus passing just between the turns of the 
screen grid. In this way, the number of electrons actually arriving 
on the screen is very much smaller than when the auxiliary grid is 
not used. Fig. 3 illustrates the paths of the electrons through the 
different grids.

max32

Dimensions in mm

Control grid Cathode
Screen grid-*^ f*-]- • •

Additional grid • • ♦ •

Intercepting grid . . • — . .

.x .

The purpose of 
grid 3 is to draw 
from the cathode 
a sufficient num
ber of electrons 
through the two 
grids (grids 1 and 
2) with their low 
potential and this 
can take place 
only if the con
ductance of 
through g2 is high 
enough, which 
means a wide 
pitch for grids 2 
and 3. For the 
same reason it is 
necessary to in
crease the screen

a

¿7789

g4

26
Î777C

Fig. 2 
Arrangement of 

electrodes and 
base connections

3 S3 78

Paths of the electrons from the cathode to the space between 
screen grid and anode. The second grid together with the 
third form a focusing device the actual focus of which lies 
roughly in front of grid 2. In this way the electrons are 
passed through the meshes of the third grid, resulting in a 

very low current to this grid.

voltage, which in the EF 8 is 
250 V instead of the usual 100 V. 
One drawback of this arrangement 
is that the dimensions of the 
various grids must be such as to 
permit the anode to exert sufficient 
attraction through the grids 
f/s and (Jv
In consequence, the anode-to-grid 
capacitance is higher than usual in
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Fig. 4
Auodo current as a function of the grid voltage, 

for different values of the bias on grid 2.

including background noises, an R.F. pre-amplifier is employed.
The use of the EF 8 as R.F. amplifier ensures excellent characteristics from the point
of view of the suppression of cross-modulation. The valve is generally provided 
with automatic gain control and its high performanci' should therefore be maintained
especially on very strong 
signals, that is, with the 
full control applied to 
the valve. A very satis
factory cross-modulation 
curve is obtained on an 
anode current of 8 mA 
in the uncontrolled con
dition and the special 
design of the valve en
sures that background 
noise, for which this 
high anode current 
would otherwise be an 
adverse factor, is kept 
at an extremely low 
level.
In connection with these, 
features, the screen cur
rent has been effectively- 
reduced to 0.2 mA. 

a pentode such as the EF 5 or EF 9, being 
max. 0.007 /ifiF, as against 0.003 /i,uF in 
the ease, of the EF 5. The impedance is 
therefore also lower, viz. 0.45 megohm. 
However, as the EF 8 finds practical 
application only as an R.F, amplifier, 
that is. as the input valve in a receiver, 
the higher (',„11 and lower impedance do 
not in themselves form an objection. In 
the short-wave range the circuit impe
dances are in any case on the low side, 
whilst in the normal broadcast bands the 
<>pi>ort.unitics for amplification by means 
of this valve would, usually, not be fully 
utilized, since the signal input to the 
frequeney-ehanger Mould then be too 
great.
Amplification is greatest behind the input 
valve of the receiver, but it is much 
less in the following stages and the 
latter therefore contribute in a very much 
smaller degree towards the general back
ground noise. L'sually the input valve 
is a frequency-changer and, as is generally 
known, this type of valve is fairly noisy, 
for which reason, in high-performance 
receivers where many different precau
tions are taken to suppress interference.

Fig. 5
Anode current as a function of the anode voltage, for various values 

of the Idas on grid 1; grid 2 is connected to the cathode.
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Fig. 6
Screen-grid current as a function of the screen 
voltage, for different values of grid bias; grid 2 

connected to cathode.

in contrast with which that of the EF 5 
is 2.6 mA and, due to this low current, 
the equivalent noise resistance does not 
exceed 3,200 ohms.
The corresponding value in the EF 5 is 
15,000 ohms, which means that the EF 8 
is five times better from the aspect of 
freedom from background noise.
At the same time, the valve, as such, is 
not the only source of noise; the circuits 
and resistors connected to the grid are 
also contributory factors and ultimate 
improvement in the signal-to-noise ratio 
is obtained more especially in certain 
particular cases. For example, if the 
impedance of the tuned circuit connected 
to the grid is, say, 10,000 ohms at 15 m, 
the arrangement may be regarded thus, 
that the noise in the first stage is produced 
by a resistance of 10,000 + 3,000 - - 
13,000 ohms; with the EF 5, the total 
noise resistance would be 10.000 4- 
15,000 = 25,000 ohms. Now the noise 
voltage of a resistance is proportional to 
the root of the resistance value, and this 
shows an improvement, in the case of

.... o , 1/25,000 4.EI’ 8, of 1/ — - 34 1.4 times.
y 13,000

At the low-frequency end of the short
wave range, say at 50 m, the impedance 
of the circuit is usually much lower, being 
of the order of 3,000 ohms, and here the 
advantages of the EF 8 come more to the 
fore, since the total noise resistance, using 
that valve, becomes 6,000 ohms, as against 
18,000 ohms in the case of the EF 5. This 
yields an improvement factor, with respect 
r r i r • ri/lWO . „„ to freedom from noise, of I /------- 1.73

|/ 6,000
On the other hand, in the medium- and 
long-wave ranges circuit impedances are 
much higher, being in the region of 
100,000 ohms, and the preponderance of 
the noise, both with the EF 8 and the 
EF 5, is due to the circuit and not to the 
valve; the EF 8 then generally gives the 
better results. If, for any reason, the 
circuit impedances in these ranges are also 
comparatively low, the EF 8 will still 
ensure greater success.
In order to avoid an excessive signal

l-'ig. 7
Screen-grid current as a function of the screen 
voltage, for different values of grid bias; grid 2 

connected to the bias of grid 1.
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voltage being applied to the frequency
changer of a receiver employing R.F. 
amplification, the latter should not be too 
high, a factor of about 10 being quite 
sufficient. When “noisy” valves are used 
successive amplification should be sup
pressed somewhat to limit the noise, and 
tins can be effected by taking a tapping 
from the second R.F. circuit. Conversely, 
if the valve is not noisy the amplification 
preceding the valve may be reduced so 
that also the R.F. valve will have weaker 
signals to handle, this being better from 
the point of view of reducing cross
modulation and modulation distortion. 
The signal on the R.F. valve is reduced 
by connecting the grid to a tapping in 
the circuit and this has the effect of 
considerably lessening the background 
noise.
The noise resistance of the EF 8 increases

Fig. 9
Upper diagram. Effective alternating grid voltage 
as a function of the mutual conductance, with 1 % 
cross-modulation; grid 2 connected to control vol

tage on grid 1.
Centre diagram. Effective alternating grid voltage 
as a function of the mutual conductance, with 1 % 

modulation hum.
Lower diagram. Mutual conductance S and anode 

current la as a function of the grid bias

Fig. 8
Upper diagram. Effective alternating grid vol
tage as a function of the mutual conductance, 
with 1 % cross-modulation. Grid 2 connected 

to cathode.
Centre diagram. Effective alternating grid vol
tage as a function of the mutual conductance, 

with 1 % modulation hum.
Lower diagram. Mutual conductance 5 and 
anode current La as a function of the grid bias.

according as the grid becomes more nega
tive, but as a higher control voltage from 
the A.G.C. corresponds to a stronger 
signal the ratio of signal to noise is never
theless improved.
On short waves the impedance values of 
the EF 8 are very good and ensure satis
factory amplification in this range; as the 
H.F. resistance between anode and grid, 
to earth, as compared with that of the 
ordinary practical circuit is quite high, 
amplification values can be obtained from 
the EF 8 in the short-wave range equal 
to the product of anode impedance and 
mutual conductance.
Grid 2 may be either connected direct to 
the cathode or it may be included with 
grid 1 in the automatic gain control 
circuit. In the latter case the control is 
more pronounced, but the cross-modula
tion curve is then not so good as when 
grid 1 is connected to the cathode: it is
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Fig. 10
Characteristics relating to various data as a function of the anode 
and screen-grid voltages; grid 2 connected to cathode. Left-hand side 
of the vertical line: at Ufa = -2 V; right-hand side: at Za = 8mA.

Fig 11.
Characteristics relating to various data as a function of the anode 
nda screen voltages. Grid 2 connected to control voltage on grid 1. 
Left-hand side of vertical line: Fr/j = Vg2 = -2 V. Bight-hand side: 

la = 8mA
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thus possible by means of the EF 8 to 
design A.G.C. circuits giving more, or 
less, control as required.

HEATER RATINGS
Heating: indirect, A.C. or D.C.; series 
or parallel supply-.
Heater voltage .... I y 6.3 A'
Heater current ..../„ = 0.200 A

CAPACITANCES
Cam < 0.007 ¡i/iF
('m = 4.6 /i/iF
C„ 7.8 /i/iV

Fig. 12
Equivalent noise resistance as a function of the 
grid bias. The broken line refers to the case 
where grid 2 is connected to the control voltage 
on grill 1; the full line is for the grid connected 
to cathode.

OPERATING DATA: EF 8 employed as R.F. amplifier
(ga and g4 connected to cathode)
Anode voltage................
Voltage on grid 2... .
Screen-grid voltage . . .
Voltage on grid 4. . . .
Cathode resistor ....
GiiJ bias.............................
Anode current................
Screen-grid current . . .
Mutual conductance . . .
Internal resistance . . .
Equivalent noise resistance

1 m 
la

>s
Ri
Reg

• • ■ • F„ 250 v
.... r,,., o v
.... T,,:, 250 V
. . . . I ;ll 0 A
.... R^ 305 ohms
—2.5 V >) —34 V 2) — 50 V »)
8 mA — —
0.2 mA —
1.800//A/V 18/zA/V 1 //A V
0.45 :> 10 V- 10 M ohms
3.200 ohms — —

OPERATING DATA: EF 8 employed as R.F. amplifier
(ga connected to control voltage on grid 1 ; g4 connected to cathode).
Anode voltage................................................................. Va
Screen-grid voltage .......................................................... J
Voltage on grid 4.................................................................. T,,4
Cathode resistor............................................................. Rk
Grid bias (grids 1 and 2) I’(/l F^. = —2.2 V ')
Anode current.................................Ia =8 mA
Screen-grid current .........................A/» == 0.2 mA
Mutual conductance.........................S -- 1.800/zA/V
Internal resistance.............................R; = 0.45
Equivalent noise resistance.... Req = 3,200 ohms

= 250 A7
= 250 A'
- 0 A'
' 265 ohms

—22 Vs) —28 V3)

18/fA/V 2.5 /z A/ A7
> 10 10 M ohms

9 Without control
a) Mutual conductance reduced to one - hundredth of uncontrolled value 
G Extreme limit of control.
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MAXIMUM RATINGS

Anode voltage in cold condition . .................... l’«„ max. 550 V
Anode voltage............................................................ I'« — max. 300 V
Anode dissipation............................................................ II « — max. 2.5 W
Screen voltage in cold condition..................................I’^o —- max. 550 V
Screen voltage............................................................. = max. 300 V
Screen dissipation............................................................. II’73 = max. 0.08 W
Cathode current............................................................. lk = max. 12 mA
Grid voltage at grid current start (1^ + 0.3/¿A) I'ÿl — max. —1.3 V
Grid voltage at grid current start (I02 - T 0.3 yA) F72 = max. —1.3 V
Resistance between grid 1 and cathode.................... Rnk = max. 3 M ohms
Resistance between grid 2 and cathode..................................—- max. 3 M ohms
Resistance between filament and cathode.....................7?//,- max. 20,000 ohms
Voltage between filament and cathode (direct voltage

or effective value of alternating voltage) . . . Vjk max. 100 V

Fig. 13
Circuit diagram of the EF 8 used as H.F. amplifier in a superhet 

receiver with A.G.C. on grid 1 only.

+250V ^77e'

Fig. 14
As Fig. 13 but with A.G.C. on grids 1 and 2.

APPLICATIONS

The application of this valve 
is restricted to the first R.F. 
stage of a receiver. With respect 
to background noise it has 
outstanding properties in the 
short-wave range, as well as 
on medium and long waves. 
The very good cross-modulation 
characteristic, inter alia, is of 
considerable importance. Grid 
3 may be connected direct or, 
better still, via a resistor of 
low value with decoupling 
capacitor, to the H.T. line. At 
voltages higher than 250 V it 
is necessary to increase the 
grid bias in order to avoid over
stepping the scheduled maxi
mum anode dissipation; this 
has the effect of reducing 
slightly the mutual conduct
ance. Figs 10 and 11 give some 
useful data for this valve, at 
different values of anode and 
screen grid voltages.
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EF 9 VariaLIe-MU R.F. pentode
This is an R.F. or I.F. variable-mu pentode that can also be used 
as a resistance-coupled A.F. amplifier, with or without control of 
the amount of gain (A.G.C. operating also on the A.F. stage). The 
design of this valve differs from that of the EF 5 in that in place 
of a fixed screen potential the latter is made to vary on an increasing 
bias. Instead of taking the screen voltage from a potential divider 
the screen may be fed via a resistor. Without control the screen 
potential is adjusted, by means of the voltage drop across this resistor, 
to about 100 V. Due to the application of gain control the screen

max 32

2730«

current drops and therefore also the potential difference across t
the resistor; the screen Dimensira/ in mm.

Va = 250 V -10000

■1000

-10-50-70 -60 -!0 0-X -X

Fig. 3
la/Vg, characteristics using Vgt as parameter. 
The broken line shows the anode current with 
control applied to the valve, with the screen 
fed through a resistance of 00,000 ohms from 

a supply voltage of 250 V.

■100.000 voltage thus rises again

—. 250V, ffy ■ 90000JI fcg

until, under full control, 
it approaches the value 
of the supply voltage. 
This varying voltage on 
the screen is referred to 
as “self-adjusting” or 
“sliding” screen voltage. 
The advantage of using 
a screen-grid series re
sistor is to be found in 
the fact that, assuming 
roughly equal cross-mo
dulation conditions, the 
anode current without 
control is lower and 
the mutual conductance 
higher than in a valve 
with fixed screen vol
tage. For example, the 
anode current of the 
EF 9, at —2.5 V and

5^11] 
f f

27807

Fig. 2 
Arrangement of 
electrodes and 

base connections.100 V screen, in the
uncontrolled condition
is 6 mA and the mutual conductance 
2.2 mA/V, whereas in the case of the EF 5. 
at F« = —3 V and Fff2 ■— 100 V, the 
anode current is 8 mA and the mutual 
conductance 1.7 mA/V.
When the screen voltage rises the Ia/ I

characteristic is displaced to the left and, if the curve has a short “tail” when the
valve is in the uncontrolled condition, this will steadily increase in size as the screen 
voltage rises: the logarithmic la/Vg, characteristics with respect to different screen 
potentials shown in Fig. 3 will confirm this fact. Arising from these circumstances 
it may be said that, although the Ig/Vg, characteristic for the uncontrolled valve has 
only a short tail, the cross-modulation properties during the time that control is 
applied are considerably better than if the screen voltage were constant.
On a supply voltage of 250 V the screen-grid series resistor must be 90,000 ohms in order 
to obtain 100 V on the screen without control. As there is a different screen voltage for
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ri«. -4
Mutual conductance as a function of the grid 
Idas, with J>/2 as parameter. The broken line 
represents the mutual conductance of the valve 
when under control, with a screen-grid series 
resistor of 90,000 ohms and a supply voltage 

of 250 V.

every value of the grid bias, the anode 
current plotted against grid bias is shown 
by a broken line. An alternating grid 
voltage does not affect the screen voltage, 
since the screen is decoupled with a 
capacitor and in this case the anode 
current varies in accordance with the 
If K/i characteristic relating to the 
appropriate grid bias.
According to Fig. 3, the screen voltage 
at 12.5 V bias is 175 V, so that at this 
bias value the IfVgi characteristic 
refers to Fg, - 175 V.
On other supply voltages the screen-grid 
resistor must be adjusted accordingly 
and the control curve is thereby slightly 
modified: for instance on a 200 V supply 
(as in A.C./D.C. sets) 60,000 ohms will 
be required to produce 110 V screen 
voltage without control. The anode voltage 
will then fall rather more rapidly. On a 
supply of 100 V, however, the sliding 
screen voltage no longer functions and 
the valve has therefore to be used with 
a fixed screen potential. In this case the 
IfVgi characteristic for Vgi = 100 V 
shown in Fig. 3 applies. If a potential 
divider is used for feeding the screen it 
is possible to obtain a more rapid control
ling effect than with fixed screen potential

by a judicious arrangement of the resistance values in the network, but it should 
be borne in mind that the cross-modulation characteristic is then not quite so good. 
By means of the IgAVg- curves in Fig. 10 the various values can be determined for 
each particular case in advance.
A suitable choice of control curve will also guarantee excellent modulation-hum 
characteristics, this being of especial importance when dealing with A.C./D.C. mains 
receivers.
A special feature of the EF 9 is the very low interelectrode capacitance; the anode-to- 
grid capacitance is less than 0.002 p/iF and the valve therefore gives very good results

Fig. 5
Theoretical circuit diagram of an I.F. valve employing the principle of the 

“sliding” screen voltage.
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Fig. 6
Upper diagram. Effective alternating grid vol
tage as a function of the mutual conductance, 
with 1 % cross-modulation; screen fed via 
a resistor of 90,000 ohms from 250 V supply. 
Centre diagram. Effective alternating grid vol
tage as a function of the mutual conductance, 

with 1 % modulation hum.
Lower diagram. Mutual conductance S and 
anode current la as a function of the grid bias.

Upper diagram. Effective alternating grid vol
tage as a function of the mutual conductance 
with 1 % cross-modulation; screen grid fed 
via a resistor of 60,000 ohms from a 200 V 

supply.
Centre diagram. Effective alternating grid vol
tage as a function of the mutual conductance, 

with 1 % modulation hum.
Lower diagram. Mutual conductance .$ and 
anode current la as a function of the grid bias.

in the short-wave range. Although in this range the magnification of the circuits 
is usually only fair, the EF 9 will ensure a high degree of amplification.
As already mentioned, the EF 9 can also be employed as a resistance-coupled A.F. 
amplifier; by applying a control voltage to the grid the amplifier may be so regulated 
that the performance of the A.G.C. of the receiver is enhanced by the A.F. stage. 
The relevant data will be found in the table on page 276.

HEATER RATINGS
Heating: indirect, A.C. or D.C., series or parallel supply.
Heater voltage...................................................................................................I’/
Heater current.......................................................................................... If

- 6.3 V
- 0.200 A

CAPACITANCES

Can < 0.002 ppF
On = 5.5 ppF
Ca = 7.2 ppF

83



EF 9 2 7C13

Fig. $
Upper diagram. Effective alternating grid vol
tage as a function of the mutual conductance 
with 1 % cross-modulation, at Va = 100 V, 
F(72 = 100 V (fixed).
Centre diagram. Effective alternating grid vol
tage as a function of the mutual conductance 
with 1 % modulation hum.
Lower diagram. Mutual conductance S and 
anode current la us a function of the grid bias.

OPERATING DATA: EF 9 used 
as R.F. or I.F. amplifier

Anode voltage.................................................................. Vn

Suppressor grid voltage......................................................I/s
Screen-grid series resistor.................................................. Rg2

Cathode resistor................................................................. Rk
Grid bias.....................................................
Screen voltage.........................................
Anode current.........................................
Screen current.........................................
Mutual conductance.................................
Internal resistance.................................

Vgi = —2.5 V q
Vg. = 100 V
Ia =6 mA
Ig2 =1.7 mA
S~ = 2,200
Ri = 1.25

= 250 V
= 0 V
— 90,000 ohms
= 325 ohms
—39 V 2) -M9 V 3)
— 250 V

Anode voltage......................................................................Va
Suppressor grid voltage..................................................... Vg3
Screen-grid series resistor.................................................Rg.
Cathode resistor.............................................................Rk

Grid bias.....................................................
Screen voltage.........................................
Anode current.........................................
Screen current.........................................
Mutual conductance.................................
Internal resistance.................................

Vg2 = 100 V 
Ia = 6 mA 
lg. = 1.7 mA 
S~ = 2,200 
Ri = 0.9

22 4.5 M/V
>10 > 10 M ohms
= 200 V
= 0 V
= 60,000 ohms
= 325 ohms
—32 V 2) —39 V 3)
— 200 V

Anode voltage................................................................. Va
Suppressor-grid voltage............................................. Fga
Screen-grid voltage..............................................................Vgs
Cathode resistor............................................................. Rk

22 5.5 /jA/V
>10 >10 M ohms
= 100 V
= 0 V
= 100 V
= 325 ohms

Grid bias.....................................................
Anode current.........................................
Screen current.........................................
Mutual conductance.................................
Internal resistance.................................

Vgi = -2.5 V ?)
Ia =6 mA
Ig., = 1.7 mA
S = 2.200
Ri = 0.4

—16 V 2) —19 V 3)

22
> 10

7 pAfe
> 10 M ohms

9 Without control. ’) Mutual conductance reduced to one-hundredth of uncontrolled value.
limit of control range.

3) Extreme
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Fig. 9
Anode current as a function 
of the anode voltage at differ
ent values of the grid bias, 
with a fixed screen voltage of 
100 V.

MAXIMUM RATINGS

Anode voltage in cold condition.................................1% = max. 550 A7
Anode voltage................................................................. 7« = max. 300 V
Anode dissipation............................................................. If,, = max. 2 AV
Screen voltage in cold condition...............................7,/2O = max. 550 V
Screen voltage at Ia = 6 mA...................................1% = max. 125 V
Screen voltage at la ----- 3 mA...................................F%a = max. 300 V
Screen-grid dissipation..................................................... 7% = inax. 0.3 W
Cathode current............................................................. lk = max. 10 mA
Grid voltage at grid current start (% - + 0.3 pA) 1% = max. —1.3 V
Resistance between grid and cathode.........................Rglk •= max. 3 M ohms
Resistance between filament and cathode.................Rfk = max. 20,000 ohms
A7oltage between filament and cathode (direct voltage

or effective value of alternating voltage) .... Vfk = max. 100 V

Fig. 10
Screen current as a function of the screen voltage at different values 
of the grid bias. These curves also apply as an approximation to anode 

voltages between 100 and 250 V.

For data referring to 
the use of the valve as 
a resistance-coupled 
A. F. amplifier see 
Table on p. (272).

The EF 9 is used as 
amplifier valve with ma
nually or automatically 
controlled amplification. 
The heating-up time is 
shorter than usual and 
the cathode insulation is 
rated to carry 100 V 
direct voltage or effec
tive value of the altern
ating voltage; this value 
should not be exceeded.
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EFM 1 A.F. Amplifier and electronic indicator
The EFM 1 combines a variable-mu A.F. amplifier pentode with an 
electronic indicator, the former being the lower of the two assemblies 
in the envelope; a conical fluorescent screen, of the type used in 
the EM 1, is mounted above the pentode unit, so as to be visible 
at the top of the envelope. The cathode extends into the space 
formed by the fluorescent screen and is screened off, so that the light 
emitted by the cathode will not be visible; this screen is supported 
on two rods, arranged in such a manner that they are invisible from 
the outside. Between the cathode and the. screen, a grid and two 

tmax37t

deflectors are mounted; the grid is wound without backbones and Kijx. i
is supported only at the ends. A space charge thus occurs in front Dimensions in mm.
of the grid and this promotes a more uniform flow of electrons to the 
fluorescent screen. Further, on very weak signals, when the 
fluorescing areas are only small, the electron stream is thus confined 
to a relatively small working area of the screen. The two deflector 
rods are connected to the screen grid of the pentode unit and two 
fluorescent spots appear on the screen.
The pentode section is designed on the sliding screen-voltage prin

a I

k,g3,g f f

ciple, the screen, therefore, being fed through a resistor. When the f f 
A.G.C. voltage is applied to the grid the screen current drops aaA k,g3,gfiÀA~Dyf, 
the voltage on the screen, and therefore also on the deflectors, 
increases. The fluorescent screen being connected directly to the ¡¿s’5 
supply voltage, the difference between the potential of the deflector \Æ By/
electrodes and that of the fluorescent screen decreases, as also the gf sgto
deflecting effect of the two electrodes, in consequence of which the

Fig. 3
Right-hand diagram. Anode current as a function of the grid bias, with 
screen voltage as parameter. These curves relate to an anode voltage of 
150 V. The broken line represents the dynamic characteristic at Vb — 

250 V, Rg2 = 0.35 M Ohm and Ra — 0.13 M Ohm.
Left-hand diagram. Mutual conductance as a function of the grid bias, 
with screen voltage as parameter. Those curves are in respect of an anode 
voltage of 150 V. The broken line refers to the mutual conductance as a 
function of the grid bias, using a. screen-grid resistor of 0.35 M Ohm 

and an anode resistor of 0.13 M Ohm, both on a 250 V supply.

Arrangement of 
electrodes and 

base connections, 

fluorescent areas are in
creased and the dark 
sections decreased in 
size. As the screen grid 
is decoupled by a ca
pacitor, it is possible 
simultaneously to apply 
A.F. voltages to the 
grid, without affecting 
the size of the luminous 
sectors. The anode cir
cuit may be resistance- 
coupled to the next valve 
for further amplification 
of the A.F. signal.
To produce the desired 
indication of the cor
rect receiver tuning, 
the direct voltage from 
the detector diode, or 
the A.G.C. control vol-
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Fig. 4
Screen-grid current as a function of the screen voltage, with grid 

bias as parameter: resistance-line for J dm = 350,000 ohms.

tage is applied to 
the grid. When a 
strong signal arrives 
at the diode the grid 
of the EFM 1 is ren- 
dered strongly nega
tive and the ampli
fication is reduced, 
which means, of 
course, that the A.F. 
amplification stage 
is included in the 
A.G.C.
This combination of 
electronic indicator 
and A.F. pentode 
thus virtually auto
matically furnishes a 
variable-mu A.F.

amplifier, and a pentode of this type must necessarily meet the requirement that 
distortion shall remain low throughout the whole range of control. The pentode 
part of the EFM 1 is designed to give an amplification factor of about 60 with an 
anode resistor of 130,000 ohms and a screen series resistor of 350,000 ohms, with 
—2 V grid bias. By increasing the bias from —2 to —20 V the amplification is 
reduced from 60 to roughly 13, giving a control of 1: 4.5, and this extra amount of 
control can be put to good use where effective automatic gain control is required.
The above variation in grid bias just corresponds to the full deflection of the fluorescent 
bands and the construction of the screen grid is such as to ensure a constant anode 
current over the whole of the range. The amount of distortion is therefore also 
fairly constant and, at the same time, well within the ordinary practical limits. 
In order to suppress distortion, a fairly high control voltage is needed for the 
amplifier section of the valve, so that per degree of deflection in the indicator a 
greater voltage variation 
must be established on 
the grid of the EFM 1 
than is the case with, 
say, the tuning indica
tor EM 1.
The use of the combined 
amplifier — indicator 
makes it possible to 
reduce the total number 
of valves required for 
many different types of 
radio receiver, without 
dispensing with electro
nic indication, or reduc
ing the sensitivity. As 
this valve is necessarily 
a compromise, however, 
it must not be expected 
that it will give results 
in every way comparable

Fig. 5
Distortion as a function of the grid bias, with alternating output 
voltage as parameter, at Rgt = 350,000 ohms, Ra = 130,000 ohms 
and Vb = 250 V; also shadow angle a as a function of the grid bias.
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Vi

OßlftF

¿0,47
“T“

OßluF
Rg2 vaut

^50fiF

iA.V.C.

Fig. G
Circuit diagram illustrate 
the symbols used in the ret

data.

A.L.R.

with those of an A.F. amplifier with sepa
rate indicator.
The EFM 1 has no diodes for detection and 
will therefore be frequently used in conjunc
tion with the double-diode I.F. pentode EBF 
2; it can also be employed successfully with 
a separate diode such as the EAB I or EB 4.

Fluorescent 
sector

__ Supporting rod 
' _Cathode-light 

screen

Fig. 7
Sketch of the fluorescent screen, showing 

the light and dark sectors.

HEATER RATINGS
Heating: indirect, A.C. or D.C’., series or parallel supply.
Heater voltage.............................................................................................
Heater current.............................................................................................

T y 6.3 V 
/f = 0.200 A

OPERATING DATA
Supply and fluorescent screen voltage...................... 1’^=1’; = 250 V
Anode resistor............................................................. Ra = 130,000 ohms
Screen-grid series resistor.........................................R,J2 = 350,000 ohms
Cathode resistor...........................................................Rk = 980 ohms
Grid bias in uncontrolled condition.................... F(/1 -= —2 V —
Grid bias with full control.........................................T(/1 = - — —20 V
Anode current.............................................................Iu — 0.8 mA 0.5 mA
Screen-grid current.....................................................lg2 0.6 mA 0.2 mA
Current on fluor, screen............................................./[ - 0.65 mA 0.8 mA
Screen-grid voltage.....................................................l'^ = 40 V 180 V
Anode voltage.............................................................Vu = 146 V 185 V
Voltage gain................................................................. Vo/Vt = 60 13
Distortion at 5V (eff) A.C. anode.............................ckot = 2% 1.7 %
Shadow angle of single sector, measured at edge 

of screen................................................................. a > 70° < 5°

MAXIMUM RATINGS
Anode voltage in cold condition.................................T’uo = max, 550 V
Anode voltage.................................................................Fa = max. 300 V
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Anode dissipation................................................................. B'a
Screen-grid voltage in cold condition.......................... Vg20

Screen-grid voltage.........................................................Vg2

Screen-grid dissipation......................................................... IFy2
Voltage on fluorescent screen in cold condition . . 1%
Voltage on fluorescent screen...................................... Vi
Voltage on fluorescent screen...................................... F;
Cathode current............................................................. lk
Grid voltage at grid current start (Ig, = + 0.3 /t.\) Fgi 
Screen-grid current, under same conditions . ... Jg2 
Resistance between grid and cathode............................ Eg it:
Resistance between filament and cathode.....................itjk
Voltage between filament and cathode (direct voltage

or effective value of A.C. voltage).............................Vfn

-- max. 0.4 W
- max. 550 A?

- max. 300 V
= max. 0.4 W
" max. 550 V

। max. 300 V
- min. 200 V
- max. 5 mA

= max. —1.3 V
-- min. 0.53 mA

-• max. 3 M ohms 
max. 20,000 ohms

- = max. 100 V

APPLICATIONS

The EFM 1 can be used only as 
an A.F. amplifier combined with 
an electronic indicator, and Fig. 8 
shows the theoretical circuit of 
the valve in conjunction with 
a preceding, detector, valve. The 
R.F. signal from the diode resistor 
7?, is fed through a capacitor 
to the grid of the EFM 1 and the 
negative D.C. voltage across the 
grid leak is fed from A, by way 
of resistors R2 and R3, also to 
this grid. Resistor R2 and eapa- 

Fig. s
Circuit diagram showing EFM 1 used as variable A. F. 
amplifier and electronic indicator, following a diode-detector 

stage.

citor C\ make up a smoothing filter for the A.F. voltage occurring across the diode 
resistor, to ensure that only direct voltage reaches the grid of the EFM 1 along 
this path. H3 is the grid leak.
The negative D.C. voltage for the control of the EFM 1 is usually taken from the 
detector diode; it can be derived also from the A.G.C. diode, but in the case of delayed 
automatic gain control the cathode-ray indication, on signals of the strength less 
than that of the delay voltage, will then not function.
In view of possible microphony, the A. F. sensitivity at the grid of the EFM 1 should 
not be too great and care should be taken when mounting the valve itself that no 
trouble can occur through acoustic vibration. If a steep-slope output valve such as 
the EL 3 is used in the next stage, it is advisable to reduce the sensitivity by applying 
sufficient negative feed-back. To prevent hum, the direct voltage applied to the anode 
coupling resistor must in every case be smoothed by an R.C. filter, but no allowance 
has been made for this filter in the data and characteristics, since these will depend 
on each individual case and will also differ according to the supply voltage employed. 
Practical applications of the EFM 1 are confined to two possibilities. One is the 
improvement of the A.G.C. of a receiver, by virtue of the fact that the control voltage 
applied to the grid is also operative on the EFM 1. As already stated, the A.F. gain in 
the case of a high-mutual-conductance output valve may be reduced by means of 
negative feed-back; if the cathode capacitor of the EL 3 be omitted, the negative 
feed-back factor will be about 21/,, but this does not represent a sufficient reduction 
in the sensitivity and the only alternatives are to use a higher value of calhode resistor 
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for the output valve, or to reduce the gain of the EFM 1 in the uncontrolled 
condition. To ensure the proper amount of grid bias the grid of the EL 3 should, 
in the first instance, be connected to a tapping on the cathode resistor; a value of 
500 ohms for the latter gives a feed-back factor of about 41/2 and will ensure sufficient 
reduction in the sensitivity. Naturally, however, this amount of feed-back is obtained 
at the expense of the optimum output power; with a resistor of Rk = 500 ohms, 
the maximum obtainable output is not more than about 3.3 IV and for this reason 
preference is usually given to a reduction in the amplification of the EFM 1. This can 
also be achieved by using a higher value for the cathode resistor, but it will result 
in a smaller variation in the shadow angle of the indicator (see also Fig. 5). A cathode 
resistor of, say, 2,000 ohms provides a bias of about —4 V; the corresponding 
amplification factor is then 40 instead of 60 and the range of deflection of the indicator 
is thereby reduced from 5—75° to 5—65°.
Another method consists in the use of a lower anode coupling resistor than the 
value of 130,000 ohms suggested; a smoothing resistor is then connected in series 
with it to bring the value up to 130,000 ohms, or the appropriate higher value in the 
case of higher supply voltages.
One result of the limited feed-back when using high-mutual-conductance output 
valves (EL 5 or EL 6) is that the A.F. sensitivity is still quite high. As the reader will be 
aware, the strength of the I.F. signal to be applied to the detector diode and, therefore, 
also the delay voltage for the A.G.C. is determined by the amount of A.F. gain. When 
the A.F. sensitivity is high it is not necessary to have a large signal strength at the 
detector and this leaves only small voltages available for controlling the EFM 1: 
this means, in effect, that the dark sectors will be reduced only on very weak signals, 
or that the electronic indicator will be relatively insensitive.
A still greater reduction in the A.F. sensitivity than by means of simple feed-back in 
a steep-slope output valve may be obtained by means of a valve having low A.F. 
sensitivity, such as the triode AD 1, in which case the sensitivity of the indicator 
will be greatly improved.
Notwithstanding the higher alternating output voltage of the EFM 1 necessary to 
load fully the AD I, the distortion is extremely slight; on an average, the distortion 
from the combination of EFAI 1 + AD 1 is less than in the AD 1 alone, this being 
due to the compensation of the second harmonics.
The second course open in the application of the EFM 1 consists in shifting the point 
of equilibrium of the sensitivity of the indicator unit in such a way that it will contribute 
less towards the A.G.C. In this case a higher D.C. voltage is required at the detector 
and therefore also a stronger I.F. signal, with less A.F. amplification; the latter may 
be reduced by means of strong negative feed-back. Since negative feed-back produced 
by the omission of the cathode capacitor from the output valve results in a consider
able loss of output power, it is necessary to feed back from the loudspeaker to the 
grid of the EFAI 1. Voltage feed-back to the EFAI 1 has the advantage that the A.F. 
gain can be reduced at will by increasing the amount of coupling, whilst, further, the 
internal resistance of the output stage is reduced instead of increased, as in the case 
of current-coupling by omission of the cathode capacitor. In this way it is possible 
to include in the feed-back circuit components which are dependent on the frequency, 
so as to improve the frequency characteristic.
The object of tills voltage feed-back, then, is to stabilize the amount of gain, but a 
great part of the A.F. gain control is thereby lost. On a strong carrier wave the EFAI 1 
can be fully controlled, in which case the amplification is lower and the negative feed
back weaker; there is also less distortion.
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COMBINATION OF EFM 1 and EBF 2
When the EFM 1 is used as L.F. amplifier the EBF 2 will often lie selected to serve, 
as I.F. amplifier and detector, and this arrangement opens two possibilities:
1) EFM 1 as A.F. amplifier with weak negative feed-back on the output valve; the 
electronic indicator is then more or less insensitive.
2) EFM 1 as A.F. amplifier with strong feed-back from the loudspeaker to this valve. 
It has already been mentioned that the A.F. gain must be on the low side if a good 
tuning indication is to be obtained; in this ease the delay voltage should be somewhat

EBF2

Ct

■'UUIP

’ip [Reverse

higher (5 to 6 V). The 
most suitable circuit is 
shown in the diagram of 
Fig. 9; the cathode vol
tage of the EBF 2 is 
5—6 V and the cathode 
of the EFM 1 is connect
ed to that of the EBF 2 
through a resistor

feed-back the voltage drop of

Fl 296SI

Fig. 1)
Circuit diagram showing the EFM 1 used in conjunction with the EBF 2

■with negative feed-back to the former.

which supplies the grid 
bias for the EFM 1. 
This resistor is not capa
citively decoupled and 
it serves also as part 
of the potential divider 
for the negative feed
back.

ftfiflft
*3

When the EFM 1 is employed with negative feed-back the delay voltage from the 
A.G.C. must be higher than the normal cathode voltage of the EBF 2 (2 V), firstly 
in order to load fully the output valve and secondly so as not to limit the operation 
of the electronic indicator on weak signals. For, if the A.G.C. comes into operation 
before the output valve is fully loaded the direct voltage on the detector, for the same 
signal, is restricted and the sensitivity of the indicator reduced. A delay of 5 to 6 V 
is in most cases sufficient.
One complication to be taken into account is as follows. If efforts are directed towards 
less A.F. amplification, not by means of negative feed-back, but by using an output 
stage of lower sensitivity (e.g., the AD 1), the increased control on the EFM 1 will 
mean that the total A.F. gain on increasing signal strengths will again be reduced. 
In consequence, a very much stronger signal is needed at the detector to load fully 
t he output valve on strong incoming signals than would be the case if the A.F. control 
were compensated by the negative feed-back, i.e., the delay voltage of the A.G.C. 
should be higher than the value suggested, and this in turn introduces still greater 
obstacles in the control of the EBF 2. It will therefore be appreciated that tiie use of 
negative feed-back is much to be preferred in reducing the A.F. gain subsequent 
to the detector stage.
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EH 2 Heptode
This pentagrid valve can be employed very successfully on very 
short wavelengths as a controlled modulator in conjunction with a 
separate oscillator, and also as R.F. or I.F. amplifier with limited 
control range.
The action of this valve is similar to that of a hexode in that, when 
used as modulator, the input signal is applied to the first grid and 
the oscillator signal to the third. The 2nd and 4th grids are screen 
grids having their own separate contacts on the base of the valve. 
The fifth grid which, regarded superficially, constitutes the main 
point of difference with the earlier type of hexode, is a suppressor 
grid, whose purpose is to improve the internal resistance and to 
ensure satisfactory performance when the valve is used in A.C./D.C.

Dimensions in min

receivers with 100 V on the anode.
When the EH 2 is employed as frequency-changer a separate oscilla-
tor has many advantages; a triode such as the EBC 3 has an initial g5
mutual conductance (at I'g = 0, S = 3.0 mA/V) that will guarantee- 9^—4 — - - II g.? 
stability of oscillation also in the short-wave range. A variable-mu trZzEIZ gi 
modulator valve should meet the following requirements:
1) Conversion conductance should be sufficiently high. I W"!
2) Required oscillator voltage should be as low as possible. * f j
3) Currents due to transit-time must not occur.

Fig. 2 
Arrangement of 
electrodes and 

base connections.

Fig. 3
Conversion conductance, internal resistance and oscillator-grid 
current as a function of the oscillator voltage on grid 3, at 250 V 

anode, 100 V screen and -3 V Idas on grid 1.

4) Parallel input impedance 
should remain as high as pos
sible, down to the very shortest 
wavelengths.
5) A satisfactory compromise 
between the least possible back
ground noise, narrow range, of 
bias for full control of the 
valve and also least possible 
cross-modulation.
6) Negligible frequency drift 
arising from the automatic gain 
control or from mains voltage 
variations.
7) Least possible coupling be
tween input and oscillator 
circuits (inductive effect).
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Fig. 4
Conversion conductance, internal resistance 
and oscillator current as a function of the os
cillator voltage on grid 3, with 250 V anode, 

80 V screen and -2 V bias on grid 2.

1) In the EH 2 the required con
version conductance is ensured by 
the high conductance of the 1st 
grid with respect to the anode 
current (when using this valve as 
a straight amplifier and at Vg3 = 0). 
This conductance is l.S mA/V.
2) With regard to the required 
oscillator voltage, the characteris
tic of the conductance of the first 
grid in relation to the anode cur
rent. as a function of the voltage 
on the 3rd grid, is the deciding 
factor. The more steeply this 
characteristic drops when the bias 
on the 3rd grid ( Vg3) is increased, 
the lower the peak oscillator vol
tage on the grid. Due to the parti
cular construction of the first grid, 
this conductance is so high that 
when grids 2 and 4 are given a 
potential of 100 A7 the oscillator 
voltage necessary for the normal 
conversion conductance is approxi
mately 14 Neff, which can be 
supplied by any ordinary oscilla
tor. Figs 3 and 4 reproduce the

conversion conductance as a function of 
the oscillator voltage and these figures 
show that the values at very much lower 
oscillator voltages are still quite reason
able. This is important for short-wave 
reception.
3) The question of transit time current 
has also been satisfactorily dealt with. 
The electrons encounter a certain amount 
of delay in the field between grids 2 and 
3, but at very' high frequencies some of 
them, as a result of the alternating field 
produced by the oscillator voltage on 
grid 3, accprire so much kinetic energy 
that, despite the negative bias on grid 1,

Fig. 5
Upper diagram. EH 2 used as a frequency changer. 
Alternating input voltage as a function of the 
conversion conductance as controlled by the bias 
on grid 1, with 6 % cross-modulation.
Centre diagram. Alternating input voltage as a 
function of the conversion conductance as controlled 
by the bias on grid 1, with 4 % modulation hum. 
Lower diagram. Conversion conductance and anode 
current as a function of the bias on grui 1

¡0 fCO 1000 10.000
ScfpA/V); btpA)
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EH 2 used as an K.F. or I.F. amplifier.
Upper diagram. Alternating input voltage as a 
function of the mutual conductance when con
trolled by a similar bias on grids 1 and 3, with 

6 % cross-modulation.
Centre diagram. Alternating input voltage as a 
function of the. mutual conductance ■when con- 
trolled by the bias on grids 1 and 3, with 4 % 

modulation hum.
Lower diagram. Mutual conductance and anode 
current as a function of the bias on grids 1 

and 3.

to mains voltage fiectuations that

they return in the direction of this grid: 
this will take place when the period of 
the alternating field corresponds in order 
of size to that of the transit time required 
by the electron between these grids. 
This transit time is reduced by making 
the space between grids 3 and 2 small, 
but normally this procedure has an ad
verse effect on other properties of a 
heptode and in this respect the EH 2 
represents the best possible compromise. 
4) The parallel input impedance in the 
short-wave range shows a considerable 
improvement over other types, by reason 
of the very small spacing of gj - k and 
g2 - gt. At 15 metres and on a signal 
frequency of 500 kc/s above the oscillator 
frequency (fosc = fi + 500 kc/s) the 
following values of input impedance and 
capacitance were obtained by actual 
measurement:
Finput = 30,000 ohms 
I input = 6.3 ppE
5) In the development of the EH 2 
every effort has been made to keep the 
noise factor as low as possible, whether 
the valve be used as frequency-changer 
or as R.F. amplifier. As will be seen 
from Figs 5 and 6, the alternating input 
voltage with 6°/ cross-modulation, when 
under the effect of control, is in either 
case less than 0.3 Veg.
6) When used with a separate oscillator 
valve, the valve has a frequency drift due 

may be regarded as extremely slight. The 
drift arising from variations in the mutual conductance is also very small, since this is 
caused by differences in 
the capacitance of grid 3 
which in themselves are 
negligible.
7) The heptode EH 2 
will not produce any 
electrical coupling effects 
between oscillator and 
input grids, because grid 
3 in no way influences 
the electrons in the 
neighbourhood of grid 1 :

Fig. 7
Anode current as a function of 
the voltage on grid 1. EH 2 
used as a frequency-changer.
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■10 Fig, 8
Anode and screen-grid current 
as u function of tile voltage 
on grids 1 and 3 when using 
the EH 2 as K.F. or I.F. 

.75 amplifier.

there is therefore no 
■5 negative capacitance, be

tween grids 1 and 3.
The normal capacitance 
exists between the elec- 
trodes mutually, this 
being about 0.2 ¡.ifiF, 
which on very short 

0 waves does result in
-30 —25 -20 -15 -10 —5 ww 0 retroaction from the

Vst.VgaM oscillator voltage to the
input circuit, although if the oscillator frequency is taken higher than the input 
frequency this will not affect the performance of the valve.

HEATER RATINGS
Heating: indirect, A.C. or D.C., series or parallel supply.
Heater voltage..............................................................................................
Heater current...............................................................................................

Vf = 6.3 V 
Jf = 0.200 A.

CAPACITANCES
Cayl < 0.0015 fipV
G g I 5 fl/W
Ca 11 ftfiV
Cgvj< 0.2 ll/lV

OPERATING DATA: EH 2 used as frequency-changer
Anode voltage.................................F„
Screen-grid voltage.........................T’f/2.
Grid leak, oscillator.........................Rg2
Oscillator voltage, grid 3 . . . . I',,,.,.
Cathode resistor.............................R/,-
Grid bias.................................................1%
Anode current.................................1„
Screen current......................... /72 + I,,,
Conversion conductance................ S,.
Internal resistance.........................R;

250 250 V
100 80 V
0.5 0.5 M ohm
14 10
530 380 ohms1—^.

—3 —25 _ 2 —20 V
1.85 — 1.8 — mA
3.8 — 3.5 — mA
400 < 10 400 •< 10 ¡iAj\

2 > 10 o > 10 M ohms

OPERATING DATA: EH 2 used as R.F. or I.F. amplifier
Anode voltage....................................... V„ — 250 250 V
Screen-grid voltage .... T,zä - Vfli — 100 80 V
Cathode resistor.................................. Rb = 430 310 ohms
Grid bias.....................................1% - 1% ™ ^25 '^2 ^20V
Anode current.................................I„ = 4.2 — 4 — mA
Screen current......................... Jg. + lgi = 2.8 — 2.5 — mA
Mutual conductance.........................S --- 1400 < 2 1400 < 2 /iA/V
Internal resistance.........................Ri I >10 1 10 M ohms
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MAXIMUM RATINGS

I no -• max. 550 V (-U = + 0.3 yA) = max. —1.3 V
Va - max. 250 V I ¡73 {LjS = + 0.3 //A) = max. —1.3 V
iu = max. 1.5 W Em = R» = max. 2.5 M oh
1 = I |/-lo - max. 400 V h = max. 10 mA
U/S = Vgt = max. 125 V Rr.- -- max. 5,000 oh’
Ùs = Um = max. 0.5 W U- = max. 100 V ’ i

APPLICATIONS
A) R.F. OR I.F. AMPLIFIER WITH VARIABLE SLOPE
A potential divider should be given preference for feeding the screen grids (grids 2 
and 4) and the slope is best controlled by applying the same control voltage to both 
grids 1 and 3; if the latter 
grid is controlled by an 
attenuator (potential divi
der) giving a lower voltage, 
the control range is increas
ed, but as the cross-modu
lation characteristic is iden
tical in both instances this 
arrangement offers no ad
vantages.
The metallizing of the enve
lope is connected to a sepa
rate contact on the base 
of the valve and, generally 
speaking, this should be 
earthed. The usual care 
must be taken with respect 
to the screening of the leads 
and the arrangement of the 
wiring, and the supply lines 
should be decoupled by 

Fig. 9
Circuit diagram of the EH 2 used as an I.F. amplifier, with the same 

control voltage applied to grids 1 and 3.

means of filters. Fig. 9 shows the circuit diagram of this valve employed as a variable- 
mu I.F. amplifier.

B) VARIABLE-MU MODULATOR
Fig. 10 shows the circuit of the EH 2 used as a modulator, with the EBC 3 as oscillator, 
although the EF 6, connected as a triode, can also be employed for this purpose. 
This circuit will give satisfactory results at wavelengths of 5 m; it is preferable to 
couple the tuned oscillator circuit to the anode of the oscillator valve. The oscillator 
is coupled to grid 3 of the heptode EH 2 through a capasitor of 20 to 50 fiyF, the 
latter being the best value for “all-wave” reception.
For wavelengths of 5 to 12 metres the oscillator coil may be made from about 4’;, 
turns of wire on an inside diameter of approximately 10 mm, not too closely wound 
and without an iron core. Tinned copper wire must not be used for this purpose 
and the leads from the coils to the tuning capacitor should be as short as 
possible. The coupling coil may also consist of 41/. turns of silk-covered wire about 
0.1 mm in diameter, wound directly on the anode-circuit coil. A resistor of 40 ohms in 
series with the grid of the oscillator will prevent over-oscillation at the lower end of 
the wave-range.
*) direct voltage or effective value of the alternating voltage.
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When the EF 6 is used as oscillator the oscillator voltage will be somewhat higher and, 
in the short-wave range, in contrast with octodes such as the EK 2. the oscillator 
frequency should be higher than the input frequency, as is usual on the medium and 
long waves. The other coupling, established by the capacitance between g, and f/;!, 
then provides a voltage across the input circuit of the same frequency as the oscillator, 
and the phase of this voltage is such that it tends to augment the conversion ampli
fication. In the uncontrolled condition the bias on grid 1 should be —2 V with 80 V 
on screens 2 and 4, or —3 V with 100 V on the screens. The control voltage from 
the A.G.C. is in this case applied only to the first grid. The two screens (2 and 4) 
should be fed from a generously proportioned potential divider.

Fig. io
Circuit diagram of the EH 2 used as frequency-changer with the EBC 3 as 

oscillator
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EK 2 Octode
The EK 2 is a six-grid frequency-changer, employing the principle 
of electronic mixing; the small dimensions and particular internal 
construction of this valve provide the following advantages:
1) The, electronic coupling effect met with especially on short waves 
is for the greater part counteracted by a capacitor between the first 
and fourth grids, the object of this capacitor being to compensate, 
with a positive capacitance, the apparent negative capacitance pro
duced by electronic coupling.
2) Small dimensions and narrow spacing of the electrodes practically 
eliminates transit-time effects in the range of very short waves.
3) The parallel input resistance between control grid and cathode

max 32

tig. 1 
Dimensions in mm.

is very liigh, even on the very short waves, and its effect on the 
amplification may therefore be ignored.
4) Background noise, which is proportional to the root of the 
anode current divided by the mutual conductance, is only very
slight.
5) The performance of the valve from the point of view of absence 
of whistles is extremely good.

a

k f f mu

rig. 3
Construction of the new octode 
EK 2. The capacitor for the 
compensation of inductive 

elfect is shown at 12.

6) Interference due to cross-modulation 
or modulation-distortion when control is 
applied to the valve is a minimum.
7) The internal resistance is more than 
1 megohm and permits the use of very 
good quality I. F. circuits, giving a high 
degree of gain.
8) Microphony is so slight that it may 
be ignored in the design of a receiver.

rig. a 
Arrangement oi 
electrodes and 

base connections.

HEATER RATINGS

Heating: indirect; A.C. or D.C., series or parallel supply.
Heater voltage......................................... Vf = 6.3 V
Heater current .... .........................If = 0.200 A

CAPACITANCES

Oogi < 6*61 fipF 
Cu = 10 fifiF 
Cy, = 6.0 fl/lF

Ogtm = LI

--■xp

= 4.5 miF 
< 0.25 pi/iF 
= 8.8 yfiF
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OPERATING DATA (for medium- and long-wave operation) 
Anode voltage
, v“ . = 100 V 200—250 V
Screen-grid voltage

^3,5
Oscillator-anode voltage

50 V 50 V

100 A7 200 V
Oscillator grid leak

Gi =
Oscillator voltage, grid 1

50,000 ohms 50,000 ohms

I Ose —
Oscillator grid current

9 Neff 15 Neg

Igi '
Cathode resistor

200 /¿A 300 pA

Rk 570 ohms 490 ohms
Bias, grid 4

Gi = —2 V’) “^15 Vf“—20 V 3) —2 Vi) -15 V2) —20 V 3)
Anode current

Ia = 1 mA
Screen-grid current

— — 1 mA — —

Igs + Igs ~ 1 ln*^ 
Oscillator-anode current

— —■ 1.1 mA — —

Ig. = 1.5 mA — — 2.5 mA — —
Conversion conductance

Sc = 550
Internal resistance

5.5 o 550 5.5 2 //A/V

Ri = 1.2 > 10 10 2 > 10 > .10 Al ohms
Conductance, grid 1 with respect to grid 2 ( Vmr = 0)

Sw, = 0.3 mA/V — —— 0.4 mA/V — —
Direct current, oscillator anode at commencement of oscillation ( V„gC = 0)

Ig2 -- 3.2 mA — — 5.5 mA —

’) Without control
2j Conductance reduced to one-hundredth of uncontrolled vann
•) Extreme limit of control
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Anode voltage

OPERATING DATA (for reception on all wavelengths) 4)

G 100 A7 200—250 A7
Screen-grid voltage

I vo 5 —
Oscillator-anode voltage

Gs =
Oscillator grid leak

Ryi —
Oscillator voltage, grid 1

I OXO —
Oscillator grid current

I<ji =
Cathode resistor

Rk
Bias, grid 4

V.,, = -3V')

80 A'

100 V

16,000 ohms

6 Wg

300 pA

395 ohms

—26 V -) —40 A7 3) —4 A7 *)

80 Ar

200 V 

50,000 ohms

9 Gÿ

200 pA

525 ohms

~26 V V —40 V :,1
.Anode current

1„ - 2.5 mA — — 1.7 mA __ _
Screen-grid current

2.8 mA — — 1.3 mA _ _
Oscillator-anode current 

lg2 = 2.3 mA — — 4 mA __ _
Conversion conductance

Sc = 550/zA/V 5.5 1 5C0 5.5 1
Internal resistance

Hi — 0.65 > 10 > 10 1.4 > io :> 10 M ohms
Conductance grid 1 with 

— 0.35
respect to grid 2 ( Fosc = 0)

— — 0.9 — — mA/V
Direct current, oscillator anode at commencement of oscillation ( VU!ic = 0)

fy. = 4 mA —- — 9 mA —

9 Without control 2) Conductance reduced to one-hundredth of uncontrolled value 3) Extreme limit 
of control *) In view of the possibility of frequency drift, the valve should not be controlled in the 
short-wave range.

MAXIMUM RATINGS

I7«,, = max. 550 A7
A7

Wg2 
Ik --

max.
max.

1.3 W
12 mAVa — max. 250

17« = max. 1.0 A\7 Gi (G " ■ 0.3 pA) = max. —1.3 V
Gx3o= 550 A7 Rgik = max. 2.5 M ohms
Gs.5 “ maX- 125 AT Rgik = max. 100,000 ohms
B%,5 “ maX- 0.3 AAT Rfk — max. 5,000 ohms
Vgw = max.
Vg2 — max.

550
225

V
V

Vfk = max. 100 V1)

■) Direct voltage or effective value of alternating voltage.
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Fig. 4
Conversion conductance Sc, internal resistance Hi 
and oscillator-grid current Jg, as a function of the 
oscillator voltage, with Vg. 2011 V and Vg. . 
= 50 V.

r Fig. 5
Conversion conductance Sc, internal 
Bi and oscillator-grid current Ig, as 
of the oscillator voltage, with Vg. 
and Vg„t = 80 V.
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Fig. <!
Conversion conductance Sc, internal resistance lb 
and oscillator-grid current Ifa as a function of the 
oscillator voltage, with F.y2 = 100 V and Vg^ = 
80 V.

JgtfiiA)

Fig. 7
Conversion conductance Sc, internal resistance 
Ri and oscillator-grid current Ig1 as a function 
of the oscillator voltage, with J’f/2 = 100 V and 
F!73,5 — 50 V.
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Fig. 8
Upper diagram. Alternating input voltage as a 
function of the conversion conductance con
trolled by the bias on grid 4, with 1 % cross

modulation.
Centre diagram. Alternating input voltage as a 
function of the conversion conductance con
trolled by the bias on grid 4, with 1 % modu

lation hum.
Lower diagram. Anode current and conversion 
conductance as a function of the bias on grid 4.

The supply for the various electrodes 
should be derived preferably from a high- 
value potential-divider network, although, 
naturally, it is also possible to apply 
the voltages through series resistors of 
sufficiently high value. As the oscillator 
unit functions just as easily without bias 
(i.e. F,zl = 0), the grid leak of the EK 2 
can be connected directly to the cathode. 
A value of 15 Tzcrr for the oscillator 
voltage guarantees efficient working with 
very little back-ground noise and, in the 
medium- and long-wave ranges, this 
value can usually be attained without 
any difficulty. It is possible, however, 
that the reaction at 600 metres may need 
to be so tight that at 200 metres the 
oscillator voltage would be twice as much 
and this may tend to cause periodical 
interruption of the oscillation (squegging).

This effect was formerly met with in 
simple types of receiver with reaction, 
manifesting itself as a troublesome varia
tion in reception, or else a host of 
whistles when the set was being tuned 
to certain stations, this being actually 
due to very rapid cessation and re
commencement of the oscillation. Squeg
ging may be prevented by, inter alia, 
reducing the number of turns on the reac
tion coil; the oscillator voltage at the upper 
end of the wave-range will then certainly 
be slightly lower than normal, but from 
the characteristic of the conversion con
ductance as a function of the oscillator 
voltage (Fig. 4) it will be seen that at 
about 9 or 10 Vcff the slope is even better 
than at 15 Vcflf. In order to stabilize the 
oscillator voltage throughout the whole 
range a damping resistor is frequently 
connected in parallel with the coupling 
coil.

i-'ig. 9
Upper diagram. Alternating input voltage as a 
function of the conversion conductance controlled 
by the bias on grid 4, with 1 % cross-modulation. 
Centre diagram. Alternating input voltage as a 
function of the conversion conductance with 1 % 

modulation hum.
Lower diagram. Anode current and conversion 
conductance as a function of the bias on grid 4.
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Another remedy is to employ lower values of grid capacitor and leak for the oscillator 
section of the valve and this gives excellent results in the short-wave range; satisfactory- 
values are about 50 p/iF for the grid capacitor and 50,000 ohms for the leak. Since 
50 ppF is really too low for good long-wave reception (a value of about 200 to 1000 ppN is 
usually preferred), the value of the grid leak may be reduced in all-wave receivers, 
instead of using a smaller capacitor, e.g., 10,000 or 16,000 ohms (see also data relevant 
to the latter value).
At the same time this resistor must not be in parallel with the oscillator circuit, 
as this damps the latter too much; Fig. 11 illustrates the proper arrangement, whilst 
Fig. 12 shows a circuit in which a lower value of grid leak is employed with the 
padding capacitor serving also as grid capacitor; this again results in less damping 
of the oscillator circuit. If the value of the padding capacitor C.p is too low, however, 
damping will still occur and in “all-wave” receivers the circuit depicted in Fig, 13 
is recommended.
Here a grid leak of 50,000 ohms is used for the broadcast range and 10,000 ohms 
for the short waves. If a padding capacitor C'p is also to be included on short waves 

23167
Fig. 10

Circuit diagram showing the application of the EK. 2.

this will generally' 
be of a high value, 
to provide ade
quate earthing of 
the circuit.
In the short-wave 
range it is not 
so simple to ob
tain a sufficiently 
high oscillator 
voltage, and the 
following values 
are recommen
ded:
Vg2 = 200 V 

= 80 V
This generally 
provides an oscil
lator voltage of 5
to 6 Veff, but if the

magnification of the circuits is very good this potential will be higher. It is not good 
practice to aim at producing extra high voltages for short-wave reception, as the 
tuned input circuit of the octode will then tend to oscillate; an oscillator voltage of 
5 to 6 V,,(f is quite good and the valve can best be made to operate on this value.
Frequency drift is especially troub
lesome in the short-wave range; 
whilst theoretically almost negligi
ble in the broadcast bands, this 
factor must certainly be taken into 
account in short-wave operation. 
Drift due to mains voltage fluctua
tions is so slight as to make no 
difference on short-waves; at a 
wavelength of 13 metres it is only 5 
kc/s. On the other hand, frequency' 
drift in the 13—50 m band caused 
by variations in the bias on the 

Fig. 11
Circuit employing a low value of grid leak (10,000 ohms). 
Tile method of measuring the amplitude of the oscillator 

voltage by means of the grid current is also shown.
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fourth, grid is so great that control 
must not be applied in that range. 
If, despite this fact, control is to 
be employed, it is essential to use 
a separate triode as oscillator, 
although it is much better to omit 
the control from the mixing valve 
and precede the octode by a 
variable-mu R.F. amplifier pen
tode, applying the control to that 
valve. Without this R.F. amplifier 
the sensitivity in the short-wave 
range is not very high and it is 
therefore sufficient to control the 
I.F. valve only.
Since suppression of the image
frequency in short-wave reception 
(due to the lower magnification 
of the R.F. circuits in that range) 
is more difficult than in the broad
cast wave-bands, it is advisable in 
receivers for short-wave reception 
to employ a high intermediate 
frequency (450—475 kc/s), which is, 
moreover, advantageous in sup
pressing electronic coupling. At 

Fig. 12
Circuit for low value of grid leak, with padding capacitor 

in series with the coil.

Fig. 13
Diagram of oscillator circuit with low-value grid leak, and 
low-value padding capacitor for medium and long-wave 

reception.
lower intermediate frequencies it
is good practice, in order to simplify balancing of the circuits, to detune the input 
stage by about 500 kc/s at the low'er end of the wave-range, i.e., to increase the 
difference between the oscillator and input frequencies by 500 kc/s. This has prac
tically no effect on the sensitivity, but it does facilitate the trimming. In the broadcast 
range the oscillator frequency should be higher than that of the input, or it will not 
be found possible to cover the whole of the range, but on short waves, in view of 
electronic coupling, the situation should be reversed.
The inclusion of a small compensating capacitor definitely reduces the inductive 
effect but does not entirely eliminate it, since too much 
compensation causes the input circuit to oscillate. In 
the 13—50 m band the padding capacitor is often 
omitted, the difference in frequency being obtained from 
differences in the self-inductance and trimming capa
citor; the oscillator frequency can therefore be lower 
than the input frequency also in this range.
The tuned oscillator circuit must be coupled to the first 
grid and the reaction coil to the second (oscillator anode). 
The EK 2 may also be used successfully as a self-oscillat
ing mixer valve in the 5—13 m wave-band, but this 
range cannot be fully covered without the use of 
switches. The oscillator can be maintained in oscillation 

3:340

Fig. 14
Oscillator coil for use on very 
short waves (6 to 8 metres). 
Si = 5 turns of 2 mm bare 
copper wire (not tinned). Ss = 
5 turns of 0.1-0.2 mm enam

elled copper wire.

only over a small part of this range, for instance from 6 to 8 metres, but for that 
matter it would be difficult to include the whole range of from 5 to 15 m on a single 
scale. Fig. 14 shows the construction of a coil suitable for use between 6 and 8 metres 
and, for the rest, extreme accuracy and simplicity of controls are essential features.
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EK 5 Octode
The EK 3 is an octode frequency-changer the characteristics of which 
show a considerable improvement over those of the EK 2; certain 
forms of interference are here reduced to a minimum by means of 
electronic bunching.
This valve gives an equally high conversion amplification in the 
short-wave band and in the ordinary broadcast ranges. In comparison 
with other frequency-changers the EK 3 oilers many advantages. 
The principle of electronic bunching makes it possible to separate 
the oscillator unit from the mixing section as completely as though 
two separate valves were involved. Four electron bunches are formed, 
two for generating the oscillation and two for the mixing, and the 
two functions are to such an extent independent of each other that 
interaction is practically impossible. Fig. 3 shows a cross-section 
through the system of electrodes, together with the different electron

.,1)3x48

27765

streams. The advantages of this 4-channel system are as follows: 
1) Frequency drift caused by mains voltage fluctuations, or variation 
of the bias on grid 4. is extremely slight.
2) Constant oscillator slope on very short wavelengths.
The almost perfect screening of the oscillator section of the EK 3 
means that electrons returned to the 4th grid as a result of the con

trol have no

Fig. 1 
Dimensions in mm.

Fig. 3
Cross-section of the system of electrodes in the EK 3, showing 
the electron streams. The two bundles to left and right serve 
to generate the oscillation. The oscillator voltage thus occurs 
on grid 1 and the two streams flowing upwards and downwards 
are modulated by this voltage. The oscillator section is sur
rounded by a screen having in it two slots through which the 
bundles of electrons are directed; this screen is maintained at a 
positive potential and functions as a third octode grid. Electrons 
ieaving the oscillator section are deflected to a certain extent 
before they reach the 4th grid. Any electrons that may be 
repelled back cannot re-enter the oscillator section but return 

to the screen surrounding the oscillator.

effect what- k f f 
ever on the
space charge 
and slope of 
the oscillator Zq 
unit; frequen-
cy drift i 
ing from 
trol on 
valve is ■ 
avoided 
the EK 3 
therefore

con
tile 

thus 
and

1 can 
be

aris- g2

t f

a

g1 g3,g5

L.35.
27 76A

Fig. 2 
Arrangement of

included in 
the A.G.C.,
even on the

electrodes and 
base connections.

short-wave range.
This screening of the oscillator 
unit is accompanied by the
following advantages:
a) the space charge between 
grid 1 and the cathode, and 
between grids 2 and 1, does not 
vary when the bias on grid 4 
is altered.
b) The mutual conductance of 
grid I with respect to grid 2 
is not affected by the bias on
grid 4.
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c) The mutual conduc
tance of grid 4 with 
respect to grid 2 may 
be entirely ignored. In
terference due to un
desired coupling be
tween the input circuit 
and the oscillator is 
thus avoided; coupling 
of this kind will often 
set up an oscillation in 
the input circuit of the 
valve as well as relaxa
tion oscillations caused 
by frequency drift.
The oscillator anode con
sists of two V-shaped 
plates and the electron 
streams directed to - 
wards these are held by 
them, variations in the 

Fig. 4
Details of construction of the 4-channel octode.

direct voltage on grid g3 being prevented from influencing the oscillator unit in any way. 
The short path of the electrons from the cathode to the auxiliary anode plates ensures 
very short transit-times in the oscillator section; this effect is so pronounced that 
the oscillator conductance corresponds to the statically measured slope, even at 
very short wavelengths.
The static conductance of grid 1 with respect to grid 2 is extremely high, being 4 mA/V 
at the tlireshold of oscillation, for which reason the coupling of the components in 
the oscillatory circuit may be fairly loose; the valve capacitances then only play 
a very small part in the detuning of the oscillator frequency. Measures have been 
taken in the design of the valve to reduce the inductive effect (electronic coupling 
between grids 1 and 4) and the amount of interference met with under this head is 

extremely small. A 
(pAiVj capacitor in series 

* with a resistor is 
connected between 
grids 1 and 4, the 

, function of the re
sistor being to make 
the phase angle of 
the alternating volt- 

? age, as applied to 
grid 4 through the 
capacitor, exactly 
equal to that of the 
induced voltage aris
ing from the transit 
time of the electrons 
passing from grid 1 
to grid 4; the con
version amplification

Conversion of the 4th grid as a function of the direct voltage lower end of
on grid 1 the different wave-
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50,000 ohms is used.

ance curve and the amplification of the 
sidebands is not uniform; the resultant 
asymmetry tends to cause considerable 
distortion in the detector.
In the EK 3 such capacitive variations 
are very small, namely only 0.2 ii/iV, and 
the consequent detuning effect is only- 
slight, in any case within the limits for 
the normal broadcast bands.
If a better cross-modulation characteristic 
is required it should be noted that the 
conductance of the EK 3 drops less 
sharply when a control voltage is applied 
to the 4th grid.
The high conductance of the oscillator 
unit and increased conversion conductance 
necessitate a high power cathode and the 
heater current is accordingly well above 
200 mA, being actually 0.6 A; this valve 
cannot therefore be used in A.C./D.C. 
receivers, for which purpose a special 
valve with a 200 mA filament for series 
operation has been developed. 

ranges is hardly influenced at all by the 
effect in question.
The input impedance of the EK 3 in the 
short-wave bands is very high in com
parison with the impedance of the normal 
receiver circuit, and its effect on the 
amplification may therefore be ignored. 
At a wavelength of 14 metres the impe
dance is about 60,000 ohms. The input 
capacitance is different for every value of 
control voltage applied to the grid, 
because variations are produced in the 
density of the space charge in front of 
the grid and these variations tend to 
detune the circuit coupled to the grid 
and reduce the sensitivity of the receiver. 
Furthermore, the R.F. signal in this case 
does not occur at the centre of the reson-

MpAhSctpAIV)

Fig. 7
Upper <V,ugram. Alternating input, voltage as 
a iuaction of the conversion conductance con
trolled by the bias on grid 4, with 1 % cross- 

moduiation.
Centre, diagram. Alternating input voltage as a 
function of the conversion conductance con
trolled by the bias on grid 4, with 1 % modu

lation hum.
Lower diagram. Anode current and conversion 
conductance as a function of the bins on grid 4.
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HEATER RATINGS
Heating: indirect, A.C., parallel supply.
Heater voltage.................................................................................................. Fy = 6.3 V
Heater current............................................................................................. .If ~ 0.6 A

CAPACITANCES
< 0.07 ypR

Ca = 16.5 yyF
Ui = 14 yyF

= 1.1 yyF
= 8.6 yyF
= 15.2 yyF

Lgigi

Gn

OPERATING DATA:
wave” reception

EK 3 employed as a frequency-changer for “all-

Anode voltage.................................................................
Screen-grid voltage.........................................................
Oscillator-anode voltage.................................................
Oscillator grid leak.........................................................
Oscillatory voltage, grid 1.............................................
Oscillator-grid current.....................................................
Cathode resistor.............................................................

F„ = 250 A?
Us.5 = loo v
Ua = 100 A?
R,,, - 50,000 ohms
F„S(, = 12 Ne0
Igl = 300 pk
Rk 199 ohms

Bias, grid 4.....................................................Fgi
Anode current.............................................Z„
Screen-grid current.....................................7,/3j-
Oscillator-anode current.............................I,/2
Conversion conductance............................ S',.
Internal resistance.....................................Ri
Mutual conductance, grid 1 with respect

to grid 2 (Fow =0).................................S,JWi
Direct current, oscillator anode at threshold 

of oscillation (Fosc =0).................... I,J2

= —2.5 V *) —38 A7-) —42 Vs)
= 2.5 mA — —
= 5.5 mA —
= 5 mA — —
= 650 6.5 3 yk/'V
= 2 > 10 > 10 M ohms

= 4 mA V —

= 18 mA —
’) Without control
2) Conversion conductance reduced to one-hundredth of uncontrolled value
3) Extreme limit of control

MAXIMUM RATINGS
Anode voltage in cold condition............................ F„„
Anode voltage..............................................................F„
Anode dissipation..........................................................If'„
Screen voltage in cold condition............................... Us.:»
Screen voltage.........................................................F,,^
Screen dissipation.....................................................9 i/s.s
Oscill. anode voltage in cold condition .... I>/2„
Oscill. anode voltage.............................................F,/2
Oscill. anode dissipation.........................................
Cathode current.........................................................Ik
Grid voltage at grid current start (I,/t = |- 0.3 yk) Ui
Resistance in circuit of grid 4.................................Rgik
Resistance in circuit of grid 1.................................Ralk
Resistance between filament and cathode . . . Rjk
A7oltage between filament and cathode (direct 

voltage or effective value of alternating voltage) Fp.-

max. 550 A’ 
max. 300 V 
max. 1 AV' 
max. 550 A? 
max. 150 A7 
max. 1 VA7 
max. 550 A7 
max. 150 A7 
max. 1 AV 
max. 23 mA 
max. —1.3 A7 
max. 3 M ohms 
max. 100,000 ohms 
max. 20,000 ohms

max. 50 A7
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Because of the steep slope of the oscillator section it is not a difficult matter to 
establish and maintain the oscillation: the grid leak can therefore be connected to 
the cathode. 'The triode unit also oscillates readily and the reaction may with advantage 
be fairly loose: over-oscillation or squegging will then not occur. A grid leak of 
50,000 ohms with a grid capacitor of 50 /i/iF is recommended and will serve for 
all wavelengths.
In the EK 3 the inductive effect is counteracted by a form of compensation between 
grids 1 and 4, to which end it is necessary for the oscillator voltage at the lower end 
of the short-wave range to be 12 V (effective), (300 /«A grid current passes tlu-ough 
the 50,000 ohm grid leak). On other wavelengths the oscillator voltage will, of course, 
be different and the compensation not quite so complete, but outside the short-wave 
range the inductive effect is so slight that it may otherwise be ignored.
The principle of electron bunching ensures that frequency drift is kept as low as 
possible; only the potential of the 3rd grid has any effect on the capacitance of the 
first, but this is to be expected, as the former surrounds the latter. If frequency drift

Fig. 8
Circuit diagram showing the oscillatory circuit in the oscilla
tor-anode circuit of the EK3, with the anode fed through 
a resistor of 30,000 ohms. The oscillator circuit is not 

accessible to the direct voltage.

is to be minimized the voltage 
on the screen (Vg^) must be 
stabilized by means of a poten
tial divider passing a fairly con
siderable current; for practical 
purposes, however, there is a 
limit to this stabilization of the 
screen voltage. A useful method 
of eliminating any residual 
frequency drift consists in 
coupling the oscillator circuit 
to the anode circuit of the 
triode. Capacitive variations in 
the 1st grid then have less 
effect upon the tuning, provided 
that the reaction is not too 
tight, since the grid capacitance 
is induced in the oscillator 
circuit by way of this coil. 
This demonstrates clearly the 
importance of the high mutual 

conductance of this valve, since the coupling may be made extremely loose.
The circuit to be recommended from the point of view of frequency drift is that 
shown in Fig. 8, in which the oscillator circuit is not coupled directly to the anode circuit 
but by means of a capacitor of 100 /ifiF. In this way the direct voltage of 100 V7 
does not reach the plates of the tuning capacitor. The circuit is a simple one, but 
it has the drawback that it is damped by the feed resistor of 30,000 ohms, whereas 
damping of this circuit is the very thing to be avoided, since:
1) the coupling in the short-wave range should preferably be as loose as possible to 
avoid frequency drift;
2) on long waves extra damping is often provided in series with the padding capacitor 
on medium waves, expressly to prevent parasitic oscillation. In the great majority 
of cases the circuit depicted in Fig. 8 will present no difficulties.
If a padding capacitor Cp is connected in series with the oscillator coil (on the medium 
and long wave ranges), this should actually be bye-passed by a high value resistor, 
to prevent a direct voltage from occurring across the tuning capacitor C,-.
Another method of feeding the oscillator anode is shown in Fig. 9, where the voltage 
is applied through the oscillator coil; the padding capacitor then serves simultane
110
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ously to block the voltage from the variable capacitor Cv. This circuit also has a 
disadvantage, in that extra contacts are required on the wave-change switch for 
connection to the padding capacitor Cp; on the other hand, the damping of the 
oscillator circuit is not so heavy as in the circuit in Fig. 8. The latter, in which 5 
turns of wire are used for the reaction coil, grids 3 and 5 being fed through a resistor, 
has given an actual measured frequency-drift value of only 4.5 kc/s at 15 m, this 
measurement being taken with control applied to the 4th grid, of from —2 to —20 V , 
in other words, under extremely adverse conditions. When the voltage for the screen 

taken from a potential divider the frequency drift is even less.

Fig. 9
Circuit diagram of oscillatory circuit in the oscillator-anode 
circuit, this anode being fed through the coil. The padding 
capacitor also serves to isolate the variable capacitor Cr 

from the direct voltage.
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EL 2 Output pentode
The EL 2 is an indirectly-heated, 8 W output pentode for use in 
car-radio receivers; the low heater-power consumption makes this 
valve, very suitable for this purpose. With an anode and screen 
potential of 250 V, the mutual conductance is 2.8 mA/V at the working 
point. The cathode attains its full working temperature in a very 
short time, namely 18 seconds. The control-grid connection is at 
the top of the envelope.

HEATER RATINGS
Heating: Indirect by battery current; series or parallel supply.
Heater voltage............................................................. Vf — 6.3 A7
Heater current............................................................. If -- 0.2 A

max 37

CAPACITANCES
Anode to grid 1................................................. Cagl < 0.6 ppF

Fig. 1 
Dimensions in min •

Anode and screen current as functions of the grid 
bias for equal anode and screen voltages of 200 V 

and 250 V.

f f

Fig. 2 
Arrangement of 
electrodes and 

base connections.
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OPERATING DATA: EL 2 used as Class A output valve (single valve)
Anode voltage.....................................................= 200 V 250 V
Screen-grid voltage.............................................Vg2 = 200 V 250 V
Cathode resistor.................................................Rk = 480 ohms 485 ohms
Grid bias................................................................. Vn = —14 V —18 V
Anode current.....................................................lu =25 mA 32 mA
.Screen-grid current.............................................Ig. = 4 mA 5 mA
Mutual conductance.............................................,8 =3 mA/V 2.8 mA/V
Internal resistance.............................................R; = 70,000 ohms 70,000 ohms

OPERATING DATA: EL 2 used as output valve in balanced circuit (2 valves)

Load resistor......................................................... Ra = 8,000 ohms 8.000 ohms
Output with 10 % distortion............................. JK,, = 2.3 W 3.6 W
Alternating grid voltage with 10 % distor-

tion..................................................................... Vi = 8.5 IAff 10 Vrl[
Alternating grid voltage for 50 mW output . . Vi = 1 vcff 0.9 V.!lf

Anode voltage.....................................................
Screen-grid voltage.............................................
Common cathode resistor................................  
Anode current (without signal)........................  
Anode current at full modulation....................  
Screen current (without signal)........................  
Screen current at full modulation................  
Load resistor between the two anodes . . . 
Output power.....................................................  
Total distortion at full modulation..................  
Alternating grid voltage at full modulation .

Automatic grid bias
200 V 250 V

J 02 = 200 V 250 V
Rk 320 ohms 305 ohms
lao ~ 2 X 21 mA 2 x 27.5 nir
^amax “ 2 X 24.5 mA2 X 32.5 m
hj2O ~ 3.5 mA 2 x 4.5 mA

2 X 6 mA 2x8 mA
Raa — 9,000 ohms 8,000 ohms
B Oman = 5 W 8 W
^tot — 1.5 O' /O L4%
Vi 14 Ve.tr 17 Vcfr

Fig. 4
Anode current ns a function 
of the anode voltage with V<it 
as parameter, at Vg, = 250 V.
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Various data as function of anode and screen voltage of the EL 2.
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OPERATING DATA: EL 2 used as triode (grid 2 connected to anode)
Anode and screen-grid voltage........................ Va = 250 A7 250 V
Grid bias................................................................. J % = —27 V —20 V
Anode current..................................................... /„ =15 mA 30 mA
Mutual conductance............................................. S =1.7 mA/V 2.6 mA/V
Internal resistance.............................................Rf = 4,100 ohms 3,100 ohms
Amplification factor.............................................p = 7 8

MAXIMUM RATINGS
Anode voltage in cold condition................................... 1% = max. 550 A7
Anode voltage................................................................. I7« = max. 250 V
Anode dissipation............................................................. Wa = max. 8 AV
Screen-grid voltage in cold condition........................T%(J = max. 550 V
Screen-grid voltage......................................................... 1% = max. 250 V
Screen-grid dissipation.................................................11% = max. 1.6 AV
Cathode current.............................................................lk = max. 45 mA
Grid voltage at grid current start (1^ = -j- 0.3 pA) VtJ1 = max. —1.3 V 
Resistance between grid and cathode with automatic

bias...........................................................................Rglk = max. 1 M ohm
Resistance between grid and cathode with fixed bias Rink = max. 0.6 M ohm
Resistance between filament and cathode.......... Rjk = max. 5,000 ohm
AToltage between filament and cathode (direct voltage

or effective value of alternating voltage) .... 1% = max. 50 V

This valve can be used 
in a single or balanced 
output stage in car radio 
sets. For 12 V batteries 
the heaters of two of 
these valves can be 
connected in series, or, 
alternatively, one EL 2 
may be placed in series 
with another valve in 
the same series, for 
example the EBC 3 or 
EF 6. The cathode must 
be decoupled with re
spect to the earth line 
through a capacitor of 
at least 2 //F, but an 
even higher capacitor of 
25 or 50 pF is better. 
AA’hen used in balanced 
output circuits (two
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sae?'
Fig. »

Anode current, screen current and total distortion as a function of 
tlie output power for two EL 2 valves in a balanced circuit, with 

automatic grid bias, with Va = Vg, = 250 V.

valves), the bias 
should preferably be 
automatic and the 
EBC 3 or EL 2, 
connected as triode, 
may be employed as 
driver. Bearing in 
mind the cost of the 
driver transformer 
and the required 
reproduction of low 
audio frequencies, the 
designer will find a 
transformation ratio 
of 1 : (2 + 2) quite 
suitable, but if the 
EL 2 is used, connec
ted as triode, the ratio 
may be somewhat 
higher.
Tables I and II fur

nish particulars of the EL 2 for the single output valve, allowing for the voltage 
drop across the output transformer; the values for output power refer to the 
effective power at the output side of the valve and in this case the transformer 
losses should be deducted.

Fig. 10
Circuit diagram of the EL 2 as employed for the 
measurements the results of which are given in 

Tabic I. Loading resistance
Ra — Rprim + n*Rsec 4- nURl = Rtr + n-Rl.

Output power
Ifo = ia2 (Rprim + iVRsec + n?Rl) 

= ia5 (Rtr + nzRl) — i^Ra.
Direct voltage on the anode = Va = Vb-Ta Rprim.

Power loss in output transformer —
la* (Rprim + n~ Rsee) = ia~ Rtr = Ifo ~

Fig. 11
Circuit diagram of the EL 2 as used for the 
measurements the results of which are given 
in Table II. For the symbols and formulae 

employed see text, Fig. 10
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TABLE I
EL 2. Output power and alternating voltage across grid leak as a function of the voltage drop across the output transformer, at 
an anode voltage of 250 V.

Ia = 32 mA

Anode 
voltage

F« (V)

Supply 
voltage

F6 (V)

Screen 
resistor

Rgt (ohm)

Voltage 
drop in 
output 
transf.
Fir (V)

With 10 % distortion At 5 % distortion
Power loss 
in output 
transformer

117r
-FT" 300 % 11 0

Anode 
load 

resistor

Ra (ohm)

Alternating 
grid 

voltage

T’i (Veff)

Output 
power

11'0 (W)

Anode 
load 

resistor

Ra (ohm)

Alternating 
grid 

voltage

(W)

Output 
power

Tro (W)

250 250 0 0 8,000 9.4 3.65 8,000 4.7 1.3 __
250 260 1,600 10 8,000 9.4 3.5 8,000 4.5 1.1 8
250 270 3,300 20 8,000 9.3 3.3 8,000 4.4 1.1 16
250 280 4,900 30 8,000 9.0 3.2 8,000 4.4 1.1 24
250 300 8,400 50 8,000 8.5 2.95 8,000 4.3 1.0 40

TABLE II
EL 2. Output power and peak alternating grid voltage as a function of the voltage drop across the output transformer at 250 V 
supply and screen voltages.

1,, = 32 mA

Anode 
voltage

Fa (V)

Supply 
voltage

rb (V)

Screen 
voltage

vjt ( V)

Voltage 
drop in 
output 
transf. 
!7r(V)

With 10 % distortion At 5 % distortion
Power loss 
in output 

transformer

100 %
II 0

Anode 
load 

resistor

Ra (ohm)

Alternating 
grid 

voltage

n (Seff)

Output 
power

JKo (W)

Anode 
load 

resistor

Ra (ohm)

Alternating 
grid 

voltage

Ui (Veff)

Output 
power

Ifo (W)

250 250 250 0 8,000 9.4 3.65 8,000 4.7 1.3 —.
250 250 250 10 7,500 9.6 3.55 7.500 4.7 1.2 8
250 250 250 20 7,000 9.6 .3.35 7,000 4.7 1.1 18
250 250 250 30 7,000 9.5 3.15 7,000 5.2 1.3 27
250 250 250 50 6,000 9.8 2.9 6,000 5.1 LI 52

Note-. In calculating the power loss due to the resistance of the output transformer windings, it was assumed that the losses in 
" primary and secondary windings were equal. EL 2
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EL 5 Output pentode
This is a high-nnitual-conductance, indirectly-heated 9 W output 
pentode which, owing to its accuracy of construction, is capable 
of delivering 4.5 W with 10 % distortion (i.e., efficiency 50 %). 
The mutual conductance, is 9 mA/V and the valve lends itself well 
to reception incorporating A.F. feed-back; the grid input signal for 
full modulation is 4.2 V. In balanced output stages it is possible 
to obtain an output of 8.2 W at Va = Vg2 = 250 V, in which case 
the distortion is 3.1 % whilst the input signal need only be 6.7 V 
(per half of the secondary winding of the drivei' transformer). At 
a screen potential of 265 V, with 250 V applied to the anode and 
allowing for a voltage drop of 15 V in the output transformer, an 
output power of 9 W is developed, with 6.8 % distortion, on a grid 
input of 5.6 V (effective). The special construction of the cathode

max 46

30010

Fig. 1 
Dimensions in mm

imparts to this valve its very high mutual conductance with 
comparatively low heater power; at the heater voltage of 6.3 
the current, is only 0.9 A.

HEATER RATINGS
Heating: indirect. A.C. or D.C. parallel supply.
Heater voltage.............................................................Vf = 6.3 V
Heater current .........................................................If = 0.9 A

30003

Fig. 2 
Arangement of 
electrodes and 

base connections.

CAPACITANCES
Anode-to-grid................................................. C'agì — < 0-8

OPERATING DATA: EL 3 employed as single output valve
Anode voltage..................................................................... Fo = 250 V
Screen-grid voltage............................................................. Vg2 = 250 V
Grid bias................................................................................. T7yl = —6 V
Cathode resistor................................................................. Rk = 150 ohms
Anode, current..................................................................... Ia .‘>6 mA
Screen-grid current............................................. I,J2 == 4 mA
Mutual conductance............................................................. >8 =9 mA/V
Internal resistance.............................................................Ri = 50,000 ohms
Load resistor......................................................................... Ra = 7,000 ohms
Output power with 10 % distortion.............................IF0 = 4.5 W
Alternating grid voltage at IT6 = 4.5 W.................... Vi = 4.2 V^
Sensitivity (ll'o = 50 mW).................................................V{ = 0.33 V,.#
Amplification factor; grid 2 with respect to grid 1. . il,J2,ji = 23
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OPERATING DATA: EL 3 used in balanced output stage (2 valves)
(automatic grid bias)

Anode voltage.....................................................
Screen-grid voltage.............................................
Cathode resistor.............................................
Anode current (without signal)........................
Anode current at max. modulation................
Screen current (without signal)....................
Screen current at max. modulation................
Load resistor between anodes........................
Output power.....................................................
Distortion.............................................................
Alternating input voltage (per grid) . . .

G = 250 V 250 V
Gì = 250 A7 250 A7
Rk = 140 ohms 190 ohms *)
lao = 2 x 24 mA 2 x 31 mA
la max = 2 x 28.5 mA 2 x 34 mA
Ä/20 = 2 X 2.8 mA 2 x 3.6 mA
¿72 max = 2 X 4.6 mA 2 x 5.8 mA
Raa = 10,000 ohms 10,000 ohms
IG = 8.2 AA7 9 W
%ot - 3.1 % 6.8 %
Vi 6.7 Veil 5.6 Vefr

■) separate cathode resistor per valve.

OPERATING DATA: EL 3 employed as triode (Grid 2 connected to anode)

Anode voltage................................................................. V„ = 250 V
Grid bias......................... .................................Gt = —8.5 A7
Cathode resistor.............................................................G — 425 ohms
Anode current.................... ................................./„ = 20 mA
Amplification factor......................................................... // = 20
Mutual conductance................................................. 8 = 6.5 mA/V
Internal resistance............................................................. R{ = 3,000 ohms
Load resistor......................................................................... Ra = ",000 ohms
Output power with 5 % distortion....................................H'o = 1.1 AV
Alternating grid voltage......................................................Vi = 5.9 A7cff
Sensitivity (JF0 = 50 mW).............................................G = 1.1

MAXIMUM RATINGS

Anode voltage in cold condition.................................
Anode voltage.................................................................
Anode dissipation.............................................................
Screen-grid voltage in cold condition........................
Screen voltage.................................................................
Screen dissipation ( Fj = o).........................................
Screen dissipation (Wo = max.) .............................
Cathode current.............................................................

1 «0
V« 
IG 
i «20 
JU 
Wu

h-'

Grid voltage at grid current start (Lj, = 0.3 pA) Va3
External resistance between grid and cathode . . . Rgik 
External resistance between filament and cathode . Rjk 
Voltage between filament and cathode (D.C. voltage

or effective value of alternating voltage) .... Vfk

= max. 550 V
— max. 250 A7
= max. 9 W
= max. 550 V
= max. 275 V
= max. 1.2 AV
= max. 2.5 W
= max. 55 mA
= max. —1.3 V
-= max. 1 M ohm
= max. 5,000 ohms

= max. 50 A7
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soon

As there is normally a 
voltage drop across the 
output transformer, it is 
necessary to allow for 
this in determining the 
supply voltage if the 
maximum output is to 
be obtained from the 
valve. Usually, the 
screen grid is connected 
directly to the supply 
line and, in order to 
ensure maximum anode 
voltage (250 V), the 
screen potential should 
be slightly higher, this 
being limited to 275 V 
maximum (see maxi
mum ratings). Fig. 7 
gives a number of useful 
data as plotted against 

the screen voltage within a range of 250—275 V and these curves furnish the main 
operating data with respect to any voltage drop of from 0 to 25 V in the output 
transformer.
Fig. 8 supplies additional data as a function of the screen voltage for the case where 
the receiver supply is less than 250 V and the anode potential is less than the screen 
voltage by 15 V (equal to the voltage drop across the output transformer).
Grid bias may be of the automatic type only (cathode resistor); semi-automatic 
bias is permissible provided that the cathode current of the EL 3 exceeds 50 % of 
the total current flowing through the biasing resistor. The maximum value for 
the grid leak, as shown in the maximum ratings, should then be reduced in accordance 
with the formula: (cathode current of output valve/total current in the resistance) 
X Rg,!,-- Furthermore, the fact must be taken into account that the current of any 
valves controlled by A.G.C. will affect the bias on the output valve, so that, if A.G.C. 
is to be employed, the bias may be too low and the anode current therefore too high. 
In the design of a receiver it is essential to take the high mutual conductance into 
consideration, as it may otherwise give rise to feed-back and parasitic oscillation. Leads 
to the valve holders must be as short as possible and a resistor of 1,000 ohms in 
the control-grid lead is in many cases necessary.
When this valve is to be used in balanced output circuits the following should also 
be borne in mind. If the standing anode current is more than 25 mA a separate 
resistor must be used for each valve; differences in the anode currents might be the cause 
of overloading, due to the fact that one valve carrying a high current would receive 
too little bias from another with too low a current. It is advisable to watch tins point 
in all cases where the removal of one of the valves would cause damage to another. 
The data supplied in respect of this valve when used as a triode give a clear idea of 
its performance as a pre-amplifier in balanced output circuits.
To prevent oscillation it is advisable not to connect the screen directly to the anode 
but to interpose a resistor of 100 ohms, without any decoupling; for the rest, the 
same precautions must be taken as for a pentode, such as short leads, etc. The EL 3 
coupled as a triode will also give good results when employed as a driver valve in 
balanced output stages operating with grid current.
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Fig. 4
Anode and screen-grid current as a function of 

the grid bias at Va — = 250 V.

Fig. 5
Anode ana screen-grid current as a function of the anode voltage, 

with Vg as parameter. EL 3 used as a triode.
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Fig. 6
Total distortion, 2nd and 3rd harmonic distortion and alternating 
grid voltage as a function of the output power. EL 3 used as singh* 

output valve with automatic bias (Va = F<78 = 250 V).

Output power
with 10 % distortion. . . 

Alternating grid voltage . . 
Sensitivity................ 
Cathode resistor...........  
Anode current.............

Fig. 7
TFo (10 %) )
Fi (10%) (
Fi (50 mW) (
Rk \
la /

as a function of the 
screen-grid voltage (in 
the range 250-275 V), 
at constant anode 
voltage ( Va = 250 V)
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rig. s
Output power
with 10 % distortion. . . 

Alternating grid voltage . . 
Sensitivity................ 
Cathode resistor...........  
Anode current.............

IFo(10 %) i 
Pi (10 %) /
Pi (50 mW) V 
Rk I
la }

as a function of the 
screen-grid voltage 

(in the range
200-265 V) and at an 
anode voltage of 15 V 
less than the screen 

potential.

I' ig.
Anode current la, screen current Igt, total distortion, 2nd and 3rd har
monic distortion and alternating grid voltage Vi as functions of 
the output power JI’o, for 2 EL 3 valves in a balanced circuit, with 

Va = P(/2 = 250 V.
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EL 5 Output Pentode
a

k f f

J /

L__ 35^

Fig. 2 
Arrangement of 
electrodes and 

base connections.

Tiie EL 5 is a steep-slope, 18 W output pentode.
Using this valve it is possible to obtain greater [ • ■
output power than with two 9 AA7 pentodes in a I ,--------------
balanced circuit. Linear and non-linear distortion U I 
are considerably reduced by applying A. F. feed- ( '
back. I 1
Two of these 18 W pentodes in a balanced circuit I m

will deliver an effective output of 20 W, in which r----- —» 6
case contrast expansion can be successfully em- I ’/ 
ployed. The particular form and dimensions of )
the 3rd grid ensure a very satisfactory upper bend L A- 
in the dynamic characteristic. At full excitation 
it is possible for the anode voltage to drop to very Fig. 1 
low values, with the result that the distortion at Uimenslons 111 “ra
ff W output is extremely low, being 10 % when 
automatic bias is employed; at lower output powers the amount 
of 3rd harmonic distortion is very slight indeed. All the advantages 
of a triode are thus obtained, without its disadvantages, viz. that 
the output power with a given amount of distortion drops sharply 
when a loading resistance higher than the normal is used.
As the valve may be used with a screen voltage of 275 A7 this, in

conjunction with an anode voltage of 
250 V, will allow for a drop of about 25 V 
in the output transformer.

HEATER RATINGS

Heating: indirect by A.C., parallel supply.
Heater voltage................ Vf = 6.3 A7
Heater current................ If = 1.3 A

CAPACITANCES

Anode-grid Cu<n < 0.8 /ipF

Fig. 3
Anode current and screen current as a function 
of the grid bias, at Va = 250 V, Vgt = 275 V.

124



EL 5

OPERATING DATA: El 5 used as normal output valve (single valve)
Anode voltage.................................................................................. I'„ = 250 V
Screen-grid voltage..................................................................... 1’^., = 275 V
Cathode resistor............................................................................ Rk ~ 175 ohms
Grid bias......................................................................................... ryi —14 V
Anode current............................................................................. 1„ = 72 mA
Screen current................................................................................. Ig* = 7 mA
Mutual conductance..................................................................... S' = 8.5 mA/V
Internal resistance..................................................................... Il, = 22,000 ohms
Load resistor................................................................................. R„ =- 3,500 ohms
Output power (dtot = 10 %)................................................................ : 8.8 W
Alternating input voltage with 10 (list...............................I’, = 9.1 Vctr
Sensitivity ( Wo = 50 mW)......................................................... I ; = 0-5 Vcir

El 5 in a balanced output circuit (two valves), with automatic bias

Anode voltage................................................................. F(t = 250 V
Screen-grid voltage......................................................... F,,2 = 275 V
Cathode resistor............................................................. llt = 120 ohms
Anode current (without signal)......................................Im = 2 X 58 mA
Anode current at max. modulation.............................I„ max - 2 X 65 mA
Screen current (without signal)......................................I,,.,,, = 2 X 6.25 mA
Screen current at max. modulation.............................7,/2 ]]UIX 2 X 10.5 mA
Load resistor between anodes.........................................Iiua - - 4.500 ohms
Output power (Irjl = + 0.3 pA).....................................W„ = 19.5 W
Total distortion (Igl = + 0.3 p.A)................................ </tot = 5.1 %
Alternating input voltage (G = +0.3 pA) . . . T; = 12.5 V,.«

MAXIMUM RATINGS
Va„ = max. 550 V Ik = max. 90 mA
F„ = max. 250 V T',Z1 (Igi = + 0.3 //A) = max. —1.3 V
B'd = max. 18 W Rnk (aut0. bias) = max. 0.7 M ohm
Vg20 = max. 550 V Rjk max. 5,000 ohms
Vg2 = max. 275 V If max. 50 V
Wg2 = max. 3 W
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A. Single output Amplifier

Fig. 5
Alternating grid voltage, total distortion and distortion constituents, 
as functions of the output power; EL 5 used normal output valve 
with appropriate anode voltage, 3,500 ohms load resistor and 

decoupled bias resistor.

Generally speaking, it 
is not advisable to cou
ple the EL 5 directly to 
a diode. Figures 5 and 6 
indicate the alternating 
grid input and distortion 
at F« = 250 V, 1% - 
275 V and Up = 175 
ohms, corresponding to 
an anode current of 72 
mA, as a function of the 
output power; Fig. 5 
relates to a loading 
resistance of 3,500 ohms 
and Fig. 6 to 2,500 ohms. 
From these curves it is 
evident that when a 
load of 2,500 ohms is 
used the 3rd harmonic 
component is muchsmal- 
ler than in the case of 

the 3,500 ohms load, so that in all instances where this would be an important factor 
the smaller load deserves preference.
The suggested pre-amplifier for use with the EL 5 is the EL 6 or EBC 3. When the 
EL 6 is employed in conjunction with the EL 5 the distortion curve is almost iden
tical to that of the EL 5 alone. With the combination EBC 3 + EL 5 the distortion 
curve, at a lower output than three-quarters of the maximum, is about 10 % lower, 
this low distortion figure being due to partial compensation of the 2nd harmonic 
in the EL 5 by that of the EBC 3. Owing to its high mutual conductance, the EL 5 
is eminently suited to the application of negative A.F. feed-back for reduction of 
distortion. When feed
back is applied, using 
a factor' of about 10, 
the result is as shown 
in Fig. 7, in which the 
EF (> is represented as 
pre-amplifier, with the 
feed-back applied to 
both vah es.

B. Balanced output 
Stages (2 Valves)

If greater output, or less 
distortion, is desired, 
two EL 5 valves can 
with advantage be cou
pled in a balanced 
circuit. With an anode 
voltage of 250 V and 

Fig. fl
delation between alternating grid voltage, total distortion, distortion 
components and output power of the EL 5, with normal anode vol

tage, 2,500 ohms load resistor and decoupled bias resistor.
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screen voltage cf 275 V, the common cathode resistor should be 120 ohms and 
distortion can be kept down by decoupling this resistor with a high capacitor 
(25 or 50 /(F). The full line in Fig. 8 represents the distortion obtained with this 
arrangement, with a load resistor of 4,500 ohms (between anodes), as a function 
of the output power. The distortion is due. to 3rd harmonic only.

Fig. 7 
delation between alternating 
grid voltage Vi, total distor
tion dtot and output power; 
EL 5 with pre-amplifier EE 6 
and negative feedback applied 
to the latter.

Fig. 8
Anode current and total dis
tortion as a function of the 
output power; two EL 5 valves 
in balanced output stage with
out grid current, employing 
normal anode voltage and 
load resistor of 3,000 ohms 
or 4,500 ohms between anodes.



EL 6

EL 6 Output Pentode
This is another 18 W, indirectly-heated, high conductance output 
pentode, the need for which arose from a demand for a “larger” 
output valve which, fully excited, would take about the same grid 
input as the EL 3. The advantage of this valve is that receivers 
having a 9 W or 18 AV output stage, apart from the rectifier, may 
lie developed along exactly the same lines. At the working point 
the EL 6 has the unusually high mutual conductance of 14.5 mA/V. 
AVith 10 % distortion the maximum obtainable output is 8 AV. The 
peak alternating grid voltage for this output is only 4.8 V(etr) whilst 
the sensitivity (for 50 mAA7 output) is 0.3 A7(Off).
The valve can also figure in balanced output stages, although the

max 52

¿7818

Fig. 1 
Dimensions in mm.

output obtainable is then not so high as in the case of two EL 5 
type valves. On the other hand, the EL 6 has the advantage of a 
higher mutual conductance. The optimum output power is 14.5 AV
with 2.2 % distortion at an alternating grid voltage of 7.3 V(etf) 
per grid. Taking into account an average voltage drop of 15 V across 
t he output transformer, the output at Vn = 250 A7 with 1%, = 265 V I 
is somewhat higher, viz. 16 AV, with 1.4% distortion with a grid g2 I 
input of 8.5 A7(Cif). The maximum distortion is roughly 3 %, which m—f 
occurs at approximately 10 AV output. [
The very high mutual conductance is due to the special construction 
of the cathode, with its relatively low heater power: at 6,3 V the 
current consumed is 1.2 A.

Fig. 3
Anode and screen current as a function of the 

grid bias, at Va — Vgt = 250 V.

128

¿7817

Fig. 2 
Arrangement of 
electrodes and 

base connections.
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Fig. 4
Anode current as a function of the anode voltage at 

with V<Ji as parameter.

HEATER RATINGS

Heating: indirect by A.C., parallel supply.
Heater voltage.....................................................................  1/ = 6.3 V
Heater current............................................. . . ... lj = 1.2 A

CAPACITANCES

Anode-grid Cagi 9.7 pp I’

OPERATING DATA: EL 6 used as a normal output valve (single valve)

Anode voltage......................................................................... 7« = 250 V
Screen-grid voltage................................................................. 1% -- 250 V
Grid bias......................................................................................7,/t = —7 V
Cathode resistor..................................................................... Rk =90 ohms
Anode current......................................................................... — 12 mA
Screen-grid current................................................................. Ig2 = S.O mA
Mutual conductance................................................................. 8 = 14.5 mA/V
Internal resistance................................................................. Ri = 20,000 ohms
Load resistor............................................................................. Ra = 3,500 ohms
Output power with 10 % distortion................................... 17„ = 8 W
Alternating input voltage for I1T = 8 W...........................7,- = 4.8 Vc|f
Sensitivity (17O = 50 mW).....................................................7; = 0.3 Vetr
Amplification factor, screen with respect to grid 1 . . . pg2n = 20
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OPERATING DATA: EL 6 used as an output valve in balanced
(two valves) with automatic grid bias.

Anode voltage.....................................................
Screen-grid voltage.............................................
Cathode resistor.....................................................
Anode current (without signal)........................  
Anode current at max. modulation................  
Screen current (without signal)........................  
Screen current at max. modulation................  
Load resistor between anodes........................  
Output power.....................................................  
Distortion.............................................................  
Alternating grid voltage per grid....................

circuits

G = 250 V 250 Vu = 250 V 265 V
Rk = 90 ohms 97 ohms

¿ao = 2 X 45 2 x 45 mA
1 a max = 2 x 53 2 x 54 mA
Igio = 2 x 5.1 2 x 5.1 mA

max = 2 X 8.5 2 x 9.9 mA
R«a = 5,000 ohms 5,000 ohms
IF» = 14.5 AV 16 W

- 2.2% 1.7%
F; - 7-3 VcH 8.2 Ve»

MAXIMUM RATINGS

Anode voltage in cold condition.................................
Anode voltage.............................................
Anode dissipation.............................................................
Screen voltage in cold condition.................................
Screen voltage.................................................................
Screen dissipation ( F(- =- o)............................ ....
Screen dissipation (!)'„ max.)....................................
Cathode current.............................................................
Grid voltage at grid current start (Igl = + 0.3 pA) 
External resistance between grid and cathode . . . 
External resistance between heatei- and cathode . . 
Voltage between heater and cathode (D.C. voltage 

or effective value of alternating voltage) ....

Fao = max. 550 V 
Va = max. 250 V 
IF« = max. 18 W 
V<J20 = max. 550 V 
Vg2 = max. 275 V 
Wrj2 = max. 2 W 
11’^2 = max. 3 W 

lie = max. 90 mA 
Fj,] —- max. —1.3 V 
Rgli- = max. 0.7 M ohm 
Up- = max. 5,000 ohms

Vp = max. 50 V

Fig. 6 gives a number of useful data plotted against the screen voltage in the range 
250—275 A7. With an anode voltage of 250 V by means of these characteristics any 
voltage drop in the output transformer from 0 to 25 V can be taken into account 
in investigating the operation of the valve. Dynamic characteristics of the EL 6 as 
a function of the screen voltage, in the case of receivers in which the available anode 
voltage is less than 250 V and whereby the anode voltage is less than that of the screen 
by 15 V, are given in Fig. 8. Allowance is made for an average voltage drop of 15 V 
across the output transformer.
Tn the case of Class A and A/B amplification the grid bias must be automatic (cathode 
resistor); semi-automatic bias may be employed so long as the cathode current 
of the EL 6 is in excess of 50 % of the total current flowing through the biasing 
resistor. The maximum value of the grid leak, as indicated in the Maximum Ratings 
should then be reduced in accordance with the following:

Cathode current of the output valve
Total current passing through the resistor producing the voltage drop
It should be noted, further, that the current of those valves to which automatic gain 
control is applied will affect the bias on the output valve, so that when the control 
voltage rises the bias quickly becomes too low and the anode current too high.
The high mutual conductance of this valve should be taken into consideration in 
the design of receiver circuits, in view of the resultant tendency towards R.F. feed
back and oscillation. Leads to the valve contacts should therefore be as short as possible, 
and a resistor of about 1,000 ohms in the grid lead is indispensable.
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For the use of the valve in balanced circuits employing automatic bias the necessary 
data will be found in Figs 8 and 9: the former gives the distortion and alternating 
grid voltage at Va = 250 V and Vg2 = 250 V, whilst Fig. 9 shows various data, such 
as the biasing resistor, output power, etc. as functions of the screen voltage when 
the anode current is 2 X 24 mA with a constant voltage of 250 V on the anode. 
Using the curves it is possible for the designer to obtain the appropriate operating 
conditions with respect to almost any voltage drop across the output transformer. 
In balanced output stages care should be taken, if the anode current (without signal) is 
more than 45 mA per valve, to see that each valve has its own biasing resistor. This 
precaution is advisable in all cases where a possibility exists that one of the valves 
may be removed while the set is in operation, as this will otherwise result inevitably 
in damage to the other valve.

¿Mil
Fig. 5

Total distortion, and 2nd and 3rd harmonic distortion; EL (i used as 
normal output pentode with auto, bias and decoupling capacitor iu 

the cathode circuit (Va — Vg2 = 250 V).
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Output power
with 10 % distortion. . . IFo (10 %) j as functions of the 

Alternating grid voltage at r screen voltage (in the
10 % distortion........... 17(10%) range250-275 V) with

Sensitivity................Vi (50 mW) I a constant anode vol-
Cathode resistor........... 7?X- ' tage (Va = 250 Vy
Anode current............. hi

Fig. 7
Total anode current la, total screen current Ig2, total distortion dtot, 
3rd harmonic distortion and alternating grid voltage per grid Vi, 
as functions of the output power Wo when using two EL 6 valves in 

a balanced circuit with Va = = 250 V.
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Output power 
with 10 % distortion 

Alternating grid voltagf 
with 10 % distortion

Sensitivity.........
Cathode resistor. . .
Anode current. . . .

Vi (10 %) 
17 (50 mW) 
Rk

IFo
as functions of the 
screen-grid voltage (in 
the range 200-205 A7) 
where the voltage 
the anode is 15 
lower than that 

the screen.

of

làirrA)

Output power at max. modulation . . . 
Total distortion......................... 
Anode current at max. modulation . . . 
Screen current (without signal)......... 
Screen current at max. modulation . . . 
Cathode resistor (lao = 45 mA per valve)

U'omax 
dtot (n’oiuax; as functions of the 

screen-grid voltage (in 
the range 250-275 V), 
at constant anode 
voltage ( Va = 250 V)
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ELL 1 Double Output Pentode
This valve was specially designed for car radio receivers and consists 
of two output pentode units enclosed in a single envelope, each 
unit having an anode dissipation of 4.5 W. From the point of view 
of its operation from the car battery, both the heater and the 
anode current have been kept as low as possible; in consequence, 
the mutual conductance of each unit invidually is not so very high, 
viz. 1.7 mA/V. The two valve units have been housed in a common 
bulb for use in balanced circuits, in order that the power supplied 
to the anode shall be utilized to the best possible advantage; with 
3.5 distortion, the output power is 4.5 AV.
The two cathodes, screen grids and suppressors are inter-connected 
within the valve.

max 42

Eig. 3
Anode and screen-grid currents of a single pent ode 
unit of the ELL 1 as a function of the grid bias, 

at Va = J\/2 — 250 V.

Fi«. 1 
Dimensions in mm.

¿7898
Fig. 2 

Arrangement of 
electrodes and 
base connections.

HEATER RATINGS
Heating: indirect by battery current, rectified A.C. or D.C.; parallel supply.
Heater voltage.................................................................................................. U = 6.3 A’
Heater current................................................................................................. I] ~ 0.45 A

CAPACITANCES
Anode-grid system 1
Anode-grid system 2 
134

.   - - Vagi < 1*3

.   • ■ Va gi < 1.3 ypF



ELL 1

STATIC RATINGS (PER SYSTEM)
Anode voltage . . 
Screen-grid voltage 
Grid bias................
Anode current . . 
Screen-grid current 
Mutual conductance 
Internal resistance

V,

Vu 
la 
Ln 
s

Ri

= 250 V
= 250 V
= —19.5 V
= 15 mA
= 2.5 mA
= 1.7 mA/V
= 110,000 ohms

OPERATING DATA FOR BALANCED CIRCUIT
Anode voltage................................................................. Fa 250 V
Screen-grid voltage......................................................... V,l2 - 250 V
Common cathode resistor.............................................Rk = 560 ohms
Grid bias..............................................................................Gi = —19.5 v
Anode current (without signal).................................... lao = 2 x 15 mA
Anode current at max. modulation............................A mux ~= 2 x 17 mA
Screen current (without signal).................................... I,J2„ - 2 x 2.5 mA
Screen current at max. modulation............................L/smax 2 x 5 mA
Load resistor between anodes.....................................R„u = 16,000 ohms
Output power................................................................. Wo = 4.5 W
Total distortion................................................................. Aot, = 3.5 %
Alternating input voltage per grid.............................F; 19 Veft

MAXIMUM RATINGS
Anode voltage in cold condition.................................I ao = max. 550 V
Anode voltage................................................................. T,, - max. 250 V
Anode dissipation (per system).....................................W„ = max. 4.5 W
Screen-grid voltage in cold condition.........................V,J20 = max. 550 V
Screen-grid voltage......................................................... 17,2 = max. 275 V
Screen dissipation per system ( Fy = o)....................lFffi -= max. 0.7 W
Screen-grid dissipation per system ( T„ = max.) . . Wg2 max. 1.5 W
Cathode current per system.........................................It- max. 30 mA
Grid voltage at grid current start (ly, = + 0.3 //A) =- max. —1.3 V
External resistance between heater and cathode . . Rfk - max. 5,000 ohms
Voltage between heater and cathode.........................Vjk max. 50 V

The data and characteristics given with respect to this valve refer only to a resistance- 
free source of voltage; in general, car radios are driven by the car battery by means 
of a vibrator and the latter, together with the transformer and anti-static circuit, 
have a fairly high resistance which will somewhat reduce the maximum obtainable 
output power; the internal resistance, therefore, should be as low as possible. In 
the case of an internal resistance in the supply unit of, say, 1,600 ohms, with the 
pre-amplifier valves taking 20 mA, the following values will furnish an output of 
4.75 W, with 3 % distortion:

Internal resistance of the anode-feed source .... 74 -= 1,600 ohms
Current consumption of amplifying valves................ lq -- 20 mA
Anode voltage................................................................. Fn = 250 V
Screen voltage................................................................. Vg2 ~ 250 V
Cathode resistor............................................................. Rk == 600 ohms
Anode current (without signal).....................................Ia„ = 2 X 15 mA
Anode current at max. modulation........................ 7« max = 2 x 16.5 mA
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Screen current (without signal).................................... IJ2o
Screen current at max. modulation................................ %3max
Load resistor between anodes.....................................RUa'

Output power.......................................................................... H'o
Distortion.............................................................................¿tot
Alternating input voltage, per grid........................... I,

= 2 .< 2.5 mA
= 2 X 4.7 mA 
= 16.000 ohms 
= 4,75 W 
_ o 0/ — ° /o
= IS Veff

Fig. 4
Anode current of one pentode unit of tile ELL 1 as a function of tiic 
anode voltage for different values of grid bias, at = 250 V.

The output obtainable 
in respect of other values 
may be estimated from 
the above figures.
The maximum anode 
voltage is 250 V, which 
on an average car bat
tery voltage of 6.3 V 
must definitely not be 
exceeded; actually the 
use of car batteries may 
give rise to considerably 
greater overloads than 
are usually met with in 
the case of mains opera
tion, since, when the 
battery is charging, vol
tages of 8 to 9 V may 
occur, with consecpient 
detriment to the life of 

the valves. With automatic bias, however, over-voltages on the anode and screen 
grid of 20 % are permissible. The maximum screen voltage of this valve being 275 V, 
the voltage drop across the output transformer is allowed for, and there is no 
necessity for a reduction in anode voltage.

Fig. 5
Total distortion dtot, alternating grid voltage Li, total anode current 
I a and total screen current I<js, as functions of the output power 
of the ELL 1 when used in a balanced output stage with automatic 

grid bias.
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EM 1 Electronic indicator
The electronic indicator EM 1 is designed on the lines of a high 
vacuum tube and is thus able to react without the slightest lag. 
It consists essentially of the virtual indicator itself, comprising a 
cathode, anode (screen or target) and four deflection plates. The 
anode is conical in shape and is coated on the inside with a fluorescent 
substance, the glow of this fluorescent screen, caused by the electrons 
striking it, being visible from the end of the valve. Between the 
cathode and this screen there are four deflection plates, mounted 

wax 28

radially, which, as their name implies, exert a deflecting effect upon Kj(, x 
the electrons passing to the screen. In this way the screen, which Dimensions in mm.
is connected directly to the positive high-tension line of the receiver, 
gives rise to four bands of shadow of variable width.
In a normal receiver circuit the tuning to the desired transmitting 
station is set to give maximum width of the lighted sectors.
The lower part of the electronic indicator consists of a triode which 
amplifies the variable control voltage from the automatic gain control 
circuit, and the anode of this triode is connected internally to the 
deflection plates and externally, through a resistor of 2 megohms, 
to the positive side of the H.T. supply.
The variable control voltage on the grid produces variations in 
potential at the anode and therefore also on the deflector plates, 
thus varying the width of the sectors of light.
The EM 1 can be used equally well in 6.3 V A.C. receivers, car-radio 
sets and A.C./D.C. models with their heaters fed in series. Since 
the direct voltage on the fluorescent screen must not drop below 
200 V, however, the use of this tube in A.C./D.C. sets is limited to 
those working on 220 V D.C. without voltage doubling, A.C. 220 V 
mains, and 110 V A.C. mains with voltage doubling.

a.o i

k f f

Fig. 2 
Arrangement of 
electrodes and 

base connections.
HEATER RATINGS
Heating: indirect by A.C. or D.C., series or parallel supply.
Heater voltage..................................................................Vf = 6.3 V
Heater current.................................................................If = 0.200 A

OPERATING DATA
Supply voltage......................................................................Vb = 200 V 250 V
Anode series resistor.....................................................= 2 M ohms 2 M ohms
Grid bias for smallest angle of light sector . . . . F, = 0 V 0 V
Grid bias for largest angle of light sector..................... I/, = —4 V —5 V
Anode current at Vg = 0 V.............................................. Ia =75 yA 95 /(A
Anode current at Pg = —4 V or —5 V...................../(l = 20 /zA 21 /iA
Screen current at F,7 = 0 V..............................................It — 0.13 mA 0.13 mA
Screen current at Vg = —4 V or —5 V.....................It — 0.14 mA 0.14 mA
Angle of light at the edge of the screen, measured

at Va = 0 V................................................................ p =20° 16-
Angle of light at the edge of the screen, measured 

at = —4 and —5 V.........................................p = 90° 90c
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b HSX-
Fig. 4

a. Width of light sectors 
on the fluorescent 
screen with a high bias 
on the grid of the 
triode section.

b. The same on «a low 
grid bias.

Fig. 3
Anode current of the triode section, la, current on fluorescent screen 
II, and light angle [5 measured at the edge of the screen, as 

functions of the grid bias, at Vb — 200 V.

Fig. 5
Top view of the indicator in the holder. The support 
for the cathode-light screen indicates the position 

of the cross.

MAXIMUM RATINGS
Vao = max. 550 V
Va = max. 250 V
1% = max. 550 V
Vi = max. 250 V 7)
Tip — max. 5,000 ohms
Rp — max. 2.5 M ohms
Ty* = max. 100 A7 2)
x) Allowing for 10 % over-voltage of the mains.
s) Direct voltage or effective value of alternating 
voltage.

Fig. 6 
Anode current of the triode 
section la, current on fluo
rescent screen I{, and light 
angle (3 measured at the edge 
of the screen as functions of 
the grid bias, at Vb — 250 V.

138



C/EM

C/EM 2 Electronic indicator
The Philips C/EM 2 is an indicator for accurately tuning the receiver 
to the required station. It works on the same principle as the EM 1, 
being a high-vacuum valve, with conical screen which is viewed from 
above. Two fan-shaped fluorescent patterns are formed on the screen 
and the width of these sectors varies with the tuning.
The difference between this tube and the EM 1 is that instead of 
four deflector plates only two are provided, whilst there is an 
extra grid between the anode and the fluorescent screen. As in the 
EM .1. moreover, the indicator comprises two sections, combined 
in a single envelope. The lower part of the tube is a triode with a 
high amplification factor and serves to amplify the direct voltages 
obtained from the automatic gain control circuit. In the upper 
portion of the valve a grid is mounted between the conical fluorescent 
screen and the cathode, by means of two rods. The supporting rods 
of the triode-anode protrude into the virtual indicator section ami 
lie in the same plane as the grid supports; there are therefore two 
w ays in which electrons from the cathode to the anode (fluorescent 
screen) can be controlled, viz.
1) by utilizing the deflecting effect of the two triode-anode sup- 
ports, which serve the same purpose as the four deflector plates in 
the EM 1 and react upon the width of the light sectors; simultane
ously an intensity variation occurs when the voltage on the triode 
anode falls;
2) the light strength of the fluorescence is controlled by the applica
tion of different potentials to the grid of the indicator; in other words, 
this controls the brilliance, which can ultimately be made to disappear 
altogether. At the same time, due to the deflecting action of the grid 
supports, the angles of the sectors can be varied; this means that 
the indication can be obtained in various ways:
a) The tuning ran be rendered visible by coupling the grid of the 
triode section to the A.G.C. circuit: the anode supports, projecting 
into the indicator, then receive a higher or lower voltage due to 
the variable voltage drop across a series resistor as in the case 

Fig. 1
Dimensions in mm.

Fig. 2 
Arrangement of 
electrodes and 

base connections.

of the EM 1; the electrons on their way to the anode are thus deflected to a 
greater or lesser degree.
b) Alternatively, the voltage on the grid of the indicator itself may be varied, for 
instance by connecting it to the screen-grid circuit of a controlled R.F. or I.F. valve, 
leaving the triode section available for other purposes, such as the suppression of 
interference due to crackle, or the amplification of the A.G.C. voltage.
e) Tuning can be made visible by means of a combination of the two above-mentioned 
arrangements. It is possible to obtain an effect whereby the light sectors on the 
fluorescent screen are very small and of low intensity when the receiver is not tuned 
to a station. As the tuning approaches the carrier-wave frequency the intensity 
increases until the area of the light sectors, and their intensity, are at a maximum 
(the screen is then saturated), after which, on a strong carrier wave, a maximum 
width of about 150° may be reached.
Tuning is thus facilitated by the variations in the intensity as well as by the changes 
in the width of the light sectors, especially on weak signals.
As in the EM I, the cathode is provided with a screen cap to avoid unpleasant 
effects caused by the light emitted by the cathode.



C/EM 2

*10 -8 -6 -4 -2 0

Fig. 3
Triode section of the C/EM 2. Anode current 
as a function of the grid bias at Va = 200 V 

and 250 V.

'fhe C/EM 2 can be used iu A.C. sets 
as well as car radio receivers, and A.C./ 
D.C. sets with series heater supply. Since 
the direct voltage on the fluorescent 
screen must never be less than 200 V, 
the use of this tube in the latter type 
of receiver is restricted to those working 
on 220 V D.C. without voltage doubling, 
A.C. 220 V mains, and 110 V A.C. with 
voltage doubling.

anode voltage for various values of grid bias, reproduced on a large 
anode-current scale.
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Fig. 5
Triode section of the C/EM 2. Anode current as a function of the 
anode voltage for various values of grid bias, reproduced on a small 

anode-current scale.

Fig. 6
Light sect or angle 3 of the fluorescent screen as 
a function of the anode voltage Va of the triode 
section, with the grid bias Vg of the indicator 
section as parameter. The broken lines on the 
curve indicate the range in which the light 
sectors decrease in size. Voltage VI on the 

screen constant at 250 V.
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Fig. 7
Light angle, p of the fluorescent screen as a 
function of the voltage Va on the triode anode 
and deflector rods, with the voltage Vg' on 
the grid of the indicator section as parameter. 
The broken lines in the curves indicate the 
range in which the intensity of the light de
creases. Voltage VI on the screen constant at 

200 V.

function of the voltage Vg’ on the grid of the 
indicator section, with the voltage Va on the 
anode of the triode as parameter. Voltage VI 
on the fluorescent screen constant at 250 V.

function of the voltage Vg' on the grid of the 
indicator section, with the voltage Va on the 
anode of the triode as parameter. Voltage VI 
on the fluorescent screen constant at 200 V.
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HEATER RATINGS
Heating: indirect by' A.C. or D.C., series or parallel supply-.
Heater voltage..............................................................................................7 6.3
Heater current..............................................................................................Jj =- 0.200 A

OPERATING DATA: Triode section
Anode voltage.............................................................
Grid voltage.................................................................
Anode current.............................................................
Mutual conductance.....................................................
Amplification factor.............................
Internal resistance.............................

200 V

OPERATING DATA: Indicator section

I .'/ 
Ju 
8
A 
H;

= —2.5
= 3 mA
= 2 mA/V
= 50

—3.5 V
3 mA
2 mA/V
50

= 25,000 ohms 25,000 ohms

Voltage on fluorescent screen . . Vt — 250 V
1. Indicator grid voltage Vg' variable.

Angle of fluorescent sector . . p = 5' 150°
Voltage on anode of triode. . F„ = 25u 250
Voltage on grid of indicator . F/ —6 0

2. Voltage on anode of triode F„ variable.
Angle of fluorescent sector . . p 95°
Voltage on indicator grid . . F/ 0
Voltage on triode anode . . . F„ = 0

Voltage on fluorescent screen . . Fj = 200 V
I. Indicator grid voltage F/ variable.

Angle of fluorescent sector . . p = 5 150°
Voltage on anode of triode. . F„ -- 200 200
Voltage on grid of indicator . F/ = —4.5 0

2. Voltage on anode of triode variable
Angle of fluorescent sector . . p - 90°
Voltage on indicator grid . . F</ 0
Voltage on triode anode . . . F„ 0

160
250 V
-I- 3 V

150=
0 A’

250 V

160 ■’ 
200 V
+ 3 V

150e
0 A’

200 A’

With screening
MAXIMUM RATINGS

I no
Va

Vl„
Vl
1/ 
h 
Ik
Vg (I g = + 0.3 y A) 
v</' Ui “ T 0-3 M) 
Bgk
Rg k
Rjk
Vfk

max. 550 A'
= max. 300 V

- = max. 1.5 W 
■ max. 550 Ar 

= max. 250 A’ 
- min. 150 Ar 
- max. 1 mA

- I max. 12 mA
- max. —1.3 A7

—. max. —1 AT
— max. 2.5 M ohms 
= max. 2.5 M ohms 
= max. 20,000 ohms 
= max. 125 A’ ’)

o
Without screening

Fig. JO 
Definition of the 
light angle p. Top 
view or electronic 

indicator, 
a. with cathode 

light screened, 
h. with cathode 

light not 
screened.*) Direct voltage or effective value of alternating voltage.
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EM 4 Dual-sensitivity electronic indicator
The EM 4 is a dual-sensitivity electronic indicator valve which enables 
weak and strong signals to be tuned in with equal ease and ac
curacy. It is hardly possible to distinguish this tube from the EM 1 
as regards appearance; it works on the same principle and also has 
the conical fluorescent screen, upon which shadow sectors are 
produced by deflection of the electron streams, these sectors being 
variable in width. Here, too, the screen is observed from the top of 
the valve. Instead of 4 fluorescent sectors, this tube gives only two and, 
therefore, also two shadow zones; in the case of the EM 4 tuning 
is effected by means of the shadow sectors rather than by the light. 
The shadow sectors do not vary in size to an equal extent when 
the set is being tuned; one sector is very much more sensitive than 
the other, that is to say, the angular variation takes place more 
rapidly.
The development of this tube was prompted by the following 
considerations: in circuits employing the EM 1 it was often found 
difficult to obtain a satisfactory indication on weak signals as well 
as on strong ones, so that, if a sensitive indication is essential on 
weak signals as well, there is no alternative but to feed the grid of 
the EM 1 directly with the direct voltage from the load resistor of the 
receiving diode or, at any rate, to reduce this voltage only slightly 
by means of a potential divider. On strong signals, however, such 
a high voltage occurs on the grid of the indicator that the fluorescent

tmax28

Dimensions in nun.

D2

g-

a2
a1J)i

k^f

sectors cover the whole of the screen long before
resonance curve is reached.
On the other hand, if preference is

/-------- Window

Anode of the 
tmode pant with~ 
towgam factor

Control g nd of 
the two triode 

systems

Filament — — —

Deflection rod 
with high sen- 

tivity

Space-charge 
grid

Cathode-hghi 
screen

— Cathode

_ Lacquer 
coating

Fluorescent
■* screen

----- Deflection rod 
with low senti- 

vity 
- ---Cathode-hght 

screen support

Anode of the 
'tmode with high 
gain factor

given to 
visible 
strong
suitable tapping being 
provided on the poten
tial divider for this 
purpose, there will be 
hardly any indication 
at all on the weaker 
stations ; the direct 
voltage variations at 
the grid during tuning 
are so small that the 
movement at the edges 
of the fluorescent zones 
is barely visible.
In view of the above,

Construction of Philips Electronic Indicator EM 4. 
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Fig. 2 
Arrangement of 
electrodes and 

base connections.

a satisfactory indication on both weak 
and strong signals can virtually be 
obtained only by using two indicators, one 
being connected direct and the other 
across a potential divider, to the load 
resistor of the receiving diode, but 
a better solution consists in connecting 
the two indicators to the load resistor



EM 4

Fig. 4 
Arrangement of the components in the indi

cator section of the EM 4.

in the same manner, e.g. one of the 
indicators being very sensitive and the 
other of low sensitivity.
By sensitivity, in the case of an electronic 
indicator, is meant the angular variation 
in the fluorescent and shadow sectors for 
one volt variation in grid voltage. The 
use of two valves for indicating purposes, 
due to the high cost and extra space 
required, would be out of the question, 
however, even in the highest class types 
of receiver and the need, therefore, 
is for a valve that will embrace the 

qualities of both high and low sensitivity.
Hence the EM 4, which may be regarded as a combination of two electronic indicators 
of different sensitivity, was developed; the construction, however, is almost as 
simple as that of the EM 1. The two units have a common fluorescent screen and cathode. 
one half of the screen serving each of the units.
The construction is as shown in Fig. 3: the conical fluorescent screen is at the top 
of the tube and the extremity of the cathode projects into it. Between the cathode 
and the screen, taking the components in order from the centre outwards, there is 
a space-charge grid, connected to the cathode, and two diametrically opposed deflector 
rods. The top end of the cathode is screened with a small cap to counteract the 
unpleasant effect of the light emitted by the cathode. This cap rests on two rods 
mounted vertically on the fluorescent screen, in contrast with the EM 1, which has an 
oblique rod. The two rods are fitted on a bar lying at 90° to them (see Fig. 4) and 
are at the same potential as the screen.
The amplifier section of the tube is at the lower end and consists of two triodes, of 
different amplification factors, mounted one above the other around the cathode; 
they are served by a common grid, but the latter is wound at a different pitch for 
each triode unit. The two anodes are electrically isolated from each other; the upper 
one, this being the smaller, is that of the high-amplification-faetor triode. Each anode 
is connected to one of the deflector rods of the indicator unit and has its own separate 
contact on the base of the tube.
In the circuit (see Fig. 9) these anodes are 
connected across 1 megohm resistors to 
the positive H.T. line of the receiver; 
the fluorescent screen is at the same 
potential.
The two triodes are controlled simultane
ously by the bias on the grid (control 
voltage from the detector diode) and they 
function as voltage amplifiers; variations 
in the bias are equivalent to a voltage 
drop across the anode resistors and 
therefore produce a variation in the width 
of the shadow sector behind the deflector 
rods.
The high-sensitivity triode unit produces 
a greater variation in the shadow angle 
behind the relative deflector rod than 
the other section, for a given grid voltage; 
in this tube the shadow angle for 0 V 

Various characteristics of the shadow angle plotted 
against grid voltage:

a. Characteristic of the less sensitive unit of the EM 4. 
b. Characteristic of a valve with variable pitch grid, 
c. Characteristic of the more sensitive unit of the 
EM 4.
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grid potential (and 250 V supply), is 90°. 
With —5 A7 on the grid the shadow angle 
of the high sensitivity deflector rod is 5° 
whereas the less sensitive rod does not 
give tins shadow angle until —16 A7 is 
reached.
Fig. 6 shows the characteristics of the 
sections of the valve, which clearly demon
strate the action of the indicator. The 
two sensitivities of the EM 4 are thus 
obtained by the use of two amplifier 
triodes having different amplification 
factors. Originally, a solution to the 
problem of obtaining a clear indication 
for both weak and strong signals was 
sought in a special form of characteristic 
in the amplifier part of the triode, for 
instance by employing a grid of varying 
pitch, so that the Ia/Vg characteristic 
would have a long “tail”, but character
istics of this type do not give good results, 
as w'ill be seen from Fig. 5, in which 
curve (b) represents the shadow angle as 
a function of the grid voltage of a tube 
of this kind. At small grid voltages the 
mutual conductance is relatively high, 
giving fairly good sensitivity on weak 
signals, but not nearly so high as in curve.

Fig. 6
Shadow angles a, and aa measured at the 
edge of the screen, and screen current II as func
tions of the grid voltage on a supply of 250 V.

in the figure, which refers to the more sensitive section of the EM 4. At hit'll
values of grid potential the tube operates 
on the tail of the curve and the mutual 
conductance is low, with correspondingly 
low sensitivity of the indicator. From 
Fig. 5 it will be noticed, however, that 
even on strong signals the indicator is 
anything but satisfactory; assuming a 
direct voltage of —10 to —15 A7 during 
tuning, curve (a) gives an angular variation 
of 18° and curve (b) only 6°.
The indication obtained on strong sig
nals is thus not sensitive enough when 
the indication for weak signals is good; 
valves made with varying pitch do, in 
actual fact, yield curves as shown in b, 
which means that such tubes are satis
factory only on W'eak signals. For a really 
good indication for both weak and strong 
signals the only solution is a tube of

Fig. 7
Shadow angles ax and a2 measured at. the edge 
of the screen, and screen current If as functions of 

the grid potential on a supply of 200 V.
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the type of the EM 4 with its dual sensi
tivity ranges.
It should be noted that the EM 4 has 
only two fluorescent zones instead of the 
four in the EM 1. In the first place 
this ensures greater angular variation in 
each of the individual sectors; secondly, 
experience has shown that the average 
listener finds it easier to tune with only 
two sectors than with four. When there 
are four fluorescent sectors the layman 
invariably tries to obtain a symmetrical 
pattern on the screen, with correspon
dingly faulty tuning. With only two 
shadow sectors there is less to occupy 
the eye and there is not so much tendency 
towards inaccurate tuning. Due to the 
presence of the two rods supporting the 
cathode-light screen, the fluorescent areas 
are divided by two thin lines of shadow. 
Fig. 6 shows that at —16 V and —5 A7 
the characteristic commences to flatten 
out; small lines of shadow remain over, 
due to the fact that the deflector rods 
absorb a certain amount of current which 
in turn produces a voltage drop across 
the coupling resistor, this preventing the 
rods from exceeding a certain positive 

potential. It is on account of this fact that the fluorescent areas cannot overlap each 
other. Fig. 4 depicts diagrammatically the arrangement of the electrodes and supporting 
rods in the indicator section of the EM 4.
At the upper end the bulb is moulded to a special shape, being, as it were, depressed 
to a concave surface, in order that the edge of the glass, which is lacquered, may 
form a dark background before the actual “window” of the tube. In this way the 
contrast between the fluorescence and the dark background is accentuated and ven- 
slight variations in the light and shadow during tuning are rendered more easily 
perceptible.
Heater ratings have been chosen for this tube that will render it suitable for parallel 
feeding on 6.3 V as well as series feeding in 200 mA circuits. Needless to say in 
A.C./D.C. receivers operating on 110 A7 the brilliance of the fluorescent sectors is 
less than when the applied screen voltage is 250 A7.

HEATER RATINGS
Heating: indirect by A.C. or D.C., series or parallel supply.
Heater voltage..............................................................................................
Heater current..............................................................................................

1} == 6.3 V
If = 0.200 A
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aj = shadow angle with respect to deflector rod D,, measured at the edge of the screen, 
a» = the same with respect to deflector rod D2.

OPERATING DATA: EM 4 used as tuning indicator
Voltage supply to screen and 

anode circuits......................... Vb = 100 V 200 V 250 A'
Anode series resistor for the 

high-sensitivity section. . . . RaL =1 M ohm 1 M ohm 1 M ohm
Anode scries resistor for the 

low-sensitivity section .... R„., =1 M ohm 1 M ohm 1 M ohm
Screen current at Tg = 0 V . . Il = 0.2 mA 0.55 mA 0.75 mA
Grid voltage for a shadow angle 

of 90° in the high-sensitivity 
section..................................... Vf?i = 90°) = 0 V 0 V 0 V

Grid voltage for a shadow angle 
of 90° in the low-sensitivity 
section.................................... I', (a. = 90°) = 0 V 0 V 0 V

Grid voltage for a shadow angle 
of 0° in the high-sensitivity 
section..................................... GU = 0°) = —2.5 V

Grid voltage for a shadow angle 
of 0° in the low-sensitivity 
section..................................... Vy (z. = 0°) = —8 V

Grid voltage for a shadow angle 
of 5° in the high-sensitivity 
section..................................... I,/ (oti ~ 5°) = — —4.2 V -5 V

Grid voltage for a shadow angle 
of 5° in the low-sensitivity 
section..................................... Vg (a2 = 5°) = — —12.5 V —16 V

MAXIMUM RATINGS

I aio....................... ■
Vai..........................-
Iaio............................ -

...................~
Vio..........................-

max. 550 V Vi.................................= max. 275 V
max. 275 V Vg (ly = 4- 0.3 /zA) = max. —1.3 V
max. 550 V Ryk................................ = max. 3 M ohms
max. 275 V Rik................................ = max. 20,000 ohms
max. 550 V Vf a.................................= max. 100 V1)

’) Direct voltage or effective value of alternating voltage

APPLICATIONS
The EM 4 can be used in all A.C. or A.C./D.C. receivers incorporating diode rectifica
tion, so long as the signal strength at the diode detector is sufficiently great (super
heterodynes). The electronic indicator should for preference be connected to the 
diode load resistor; connection to the A.G.C. diode in the case of delayed control 
has the disadvantage that the indicator will not then function on signals which are 
below the delay level. Since the more sensitive side of the EM 4 is otherwise designed 
to permit of exact tuning on weak signals and will do so even when the signal is below 
the delay level, it is advisable to connect the grid of the EM 4 directly to the detector 
diode. In this way, moreover, the control voltage rises more quickly during tuning, 
because the signal voltage at the diode is taken from the second tuned circuit in the 
I.F. band-pass filter, whilst the signal voltage for the A.G.C. diode is usually derived 
from the first tuned circuit.
The apparent sensitivity is thus greater at the detector diode than at the A.G.C. diode. 
Fig. 9 is a typical example of a superhet receiver circuit incorporating the EM 4. 
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Here the grid receives the full control voltage across the load resistor of the detector 
diode. An R.C.-filter circuit is provided to suppress low frequencies existing across 
the load resistor. Nonetheless, in many cases the signals on the diode will be too 
strong and it will be found necessary to cut down the direct voltage across the load 
resistor by means of a potential divider. In this, however, care should be taken 
to see that the A.C!. resistance (Rl0) of the diode circuit is not reduced too far, as 
this will have a bad effect on the ratio of Rg to Ru, and the maximum modulation 
depth for undistorted rectification will be reduced; this can be avoided by using 
high-ohmic resistors for the potential divider. Actually the same applies to the 
resistance of the R.C.-filter circuit shown in Fig. 9. In general it will be necessary 
to ensure that the direct voltage on the grid of the EM 4 corresponding to the strongest 
anticipated aerial signal is just sufficient to produce the smallest possible shadow 
sector a» of the less sensitive side of the indicator. If this can be done the indications 
will be excellent. The sensitivity values of the two indicator sections are such that 
in the majority of cases accurate tuning will be possible on the weakest signals; but. 
if even greater sensitivity is required on very w eak signals, this can be obtained only 
at the expense of the 
deflection on the 
stronger signals.
Should the resonance 
curve of the receiver 
exhibit two peaks, 
the indicator may 
possibly give a maxi
mum deflection on 
one of the sidebands, 
and every care must 
be exercised in en
suring that the band
pass filter produces a 
single peak only.
\A7hen the indicator 
is used in low voltage 
A.C./D.C. receivers, 
efforts must be made 
to see that the screen 
receives the highest 
possible potential;

EBC3

Fig. 9
Theoretical circuit diagram showing the EM 4 in a superheterodyne 
receiver. The diagram reproduces the I.F. and A.F. sections only.

otherwise the brightness of the fluorescence will be too low. It may also be found 
that on a 100 V supply the high-sensitivity section of the indicator gives only a 
slight indication, and this can be explained in the following manner.
The grid circuit of the EM 4 must include a resistor of from 1 to 2.5 megohms 
with a decoupling capacitor to filter out any modulation on the load resistor of 
the detector diode (see Fig. 9). With no signal, grid current flows, which produces 
a potential of about 1 V negative, across this resistor. Since the grid swing of the 
sensitive side of the indicator is only about 2.5 V on a supply of 100 V, this negative 
potential of 1 A7 considerably reduces the deflection of the shadow sector; Fig. 10 
demonstrates the actual effect of a grid resistor of 1 and 2.5 megohms respectively 
(chain-dot and dotted lines in fig. 10).
On high supply voltages this effect is not so marked, because the grid swing of the 
sensitive unit is then much greater, although the effects of grid current are, never
theless, perceptible.
In view of the above, the sensitive side of the indicator is not generally used in 
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receivers operating on a supply of 100 V and, as the less-sensitive part is then much 
more sensitive than normally on 250 V, approximating more closely the characteristic 
of the EM 1 at 250 V, this section of the indicator will give a much more satisfactory 
range of deflection on average signal strengths.
In A.C./D.C. receivers operating on 100 V it is also possible to short the two anodes 
of the triode and feed them through a common resistor of 1 megohm, and the

Fig. 10
Full live. Shadow angles ai 
and aa measured at the edge 
of the screen, as a function of 
the grid potential on 100 V 
supply, with no resistor 
connected in series with the 
grid.
Chain-dot line. The same with 
a resistor of 1 megohm con
nected to the grid.
Dotted line. The same with a 
resistor of 2.5 megohms in 
series with grid.
As from — 1.2 V, the three 
curves coincide.

characteristics in Fig. 11 show the working conditions under this arrangement, 
which ensures a marked variation in the shadow angles following upon voltage 
variations on the grid, even at potentials below the control level. The curve of the 
shadow angle plotted against the control voltage now lies roughly between that of 
the more sensitive section of the EM 4 and that of the low sensitivity side on a 
supply of 250 V. In Fig. 11 the shadow angle refers to a grid resistor of 2.5 megohms; 
at lower values of the control voltage it is true that the bend in the curve caused 
by grid current is plainly to be seen, but this bend is nevertheless not nearly so 
marked as in the characteristic shown in Fig. 10. At a grid potential of 0 V the 
mutual conductance is higher, from which it follows that the indicator sensitivity 
is greater. This arrangement will give a maximum shadow angle of about 70°, which

is quite sufficient for all 
tuning purposes; both 
the shadow angles of the 
EM 4 are then the same, 
as is also the angular 
variation in the two 
sectors.

Fig. 11
Shadow angle a of the two 
sectors, and screen current II 
as functions of the grid voltage 
on 100 V supply, with the two 
anodes interconnected and fed 
through a resistor of 1 
megohm. A resistor of 2.5 
megohms is connected to the 
grid.
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EZ 2 Rectifying valve
The EZ 2 is an indirectly-heated full-wave 
rectifying valve, specially designed for car radio 
receivers. The heater is fed from the car battery 
at 6.3 V and for this reason the heater-current 
consumption has been kept as low as possible. 
The optimum D.C. output is sufficient to operate 
a normal car radio receiver, not including energizing 
current for a loudspeaker.

max 37

HEATER RATINGS

¿¿¿90
Fig. 1 

Dimensions in mm.

Fig. 2 Heating: indirect by A.C. or D.C.
Arrangement oi Heater voltage.............................................................  
electrodes and TT °

base connections. Heater current.............................................................
U = 6.3 V
If = 0.4 A

MAXIMUM RATINGS

Voltage on no-load, across the secondary winding
of the power transformer.........................................1% = max. 2 X 350 Vett

D.C. output..................................................................... l0 = max. 60 mA
Voltage between heater and cathode (absolute peak 

value)..........................................................................Vfk = max. 500 V
Internal resistance of the power transformer (per 

anode)..........................................................................lit = min. 600 ohms
Capacitance of first smoothing capacitor at

Vtr = 2 X 350 Veg..................................................... C = max. 16 /zE
Capacitance of first smoothing capacitor at

Vtr = 2 X 300 Vefr.....................................................C = max. 32 pF

As rectifying valve in a car radio receiver, the direct voltage with a superimposed 
ripple voltage between the filament — which is connected to the car chassis 
through the battery — and the cathode which is taken directly to the positive 
H.T. side of the first smoothing capacitor must be accepted as such.
At such time as the rectifying valve is not loaded a potential occurs between these 
components equal to the peak value of the voltage applied to the valve. The maximum 
permissible voltage between heater and cathode is 500 V, i.e. the maximum peak 
value of the alternating anode voltage, whilst the optimum value of the direct current 
delivered is 60 mA, this being an absolute value, applicable also to alternating voltages 
of 2 X 300 A(elf)
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Current per anode as a function of the applied 
voltage.

Fig. 4
Loading curves for the rectifying valve EZ 2, for 
voltages of 2 x 300 and 2 x 350 V on no load, 
across the secondary winding of the power 
transformer, and with respect to different values 
of the internal resistance of the rectifier circuit. 
The input capacitance is at most 16 //F on 
2 x 350 V, or 32 //F on 2 x 300 V. If the 
internal resistance of the power transformer 
is less than the minimum of 600 ohms, it must 
be increased to that value by means of an extra 
resistor Ri in series with the half-secondary.
Rt = Rs + Rx + n2 Rp
Rp = resistance of primary winding.
Rs — resistance of half secondary winding. 
n = transformer ratio; prim, winding/sec. 

half-winding.
= additional resistance when total resis

tance is too low.
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4 Rectifying valve

Fig. 2 
Arrangement of 
electrodes and 

base connections.

The EZ 4 is in indirectly-heated full-wave recti
fying valve for use in high-power receivers and 
small amplifiers. With the two anodes shorted 
the valve can be used as a half-wave rectifying 
valve, and two valves connected in this manner 
provide a full-wave circuit that will give a high 
voltage with considerable power. The optimum 
power thus delivered is twice the value that can be 
obtained from a single EZ 4, the two valves giving 
350 mA with 2 X 400 A7 A.C. across the secondary 
winding of the power transformer.
The dimensions of this valve are unusually small;

Fig. 1 
Dimensions in mm.

notwithstanding the low current consumption, the output is, rela
tively speaking, exceptionally high.

HEATER RATINGS
Heating: indirect by A.C.
Heater voltage.................................................................
Heater current.....................................................................

Vf = 6.3 V
1j = 0.9 A

MAXIMUM RATINGS

Voltage, on no load, across the secondary winding 
of the power transformer.....................................

D.C. output .....................................................................
Voltage between heater and cathode.........................
Internal resistance of the power transformer, at

Vtr = 2 X 300 Vcir (per anode).............................
Internal resistance of the power transformer, at 

Vtr = 2 x 350 Veff (per anode)........................
Internal resistance of the power transformer, at 

Vtr = 2 X 400 VCft (per anode)............................  
Capacitance of the first smoothing capacitor at 

Vtr = 2 X 350 Vefr and 2 X 400 Vea...............
Capacitance of the first smoothing capacitor at 

Vtr = 2 X 300 Veff................................................

Vtr 
h 
Vjk

Rt

Rt

Rt

C

C

= max. 2 X 400 V,.«
= max. 175 mA
= 0 V1)

= min. 200 ohms

= min. 250 ohms

= min. 300 ohms

— max. 16 pF

= max. 32 pF
’) The cathode must in every case be connected to one side of the heater.

The heater of the valve must not be included in the heater circuit of the receiving 
valves, but a separate winding should be provided in the power transformer; the 
cathode should be connected directly to one end of the heater. Of the smoothing 
capacitors, the first may be increased in value from 16 to 32 pF, provided the A.C. 
voltage is reduced to 2 X 300 VPff. Owing to the very low internal resistance of 
this rectifying valve, not much heat is developed and it is therefore not necessary to 
take any special precautions in the design of the receiver or the mounting of the 
valve to ensure ventilation.
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Fig. 3
Current per anode, plotted against the applied 

direct voltage.

Fig. 4
Loading characteristics of the rectifying valve 
EZ 4, for voltages of 2 x 300, 2 x 350 and 
2 x 400 V(eff) across the secondary winding of 
the power transformer, for different values of 
the internal resistance of the transformer.
The input capacitance C of the filter is at most 
32 u,F on 2 x 300 V(eff), or 16 uF with 2 x 350 
and 2 x 400 V(eff). If the internal resis
tance of the transformer is less than the 
minimum value it must be raised to this 
minimum by means of an extra resistor Rr in 
series with the half-winding of the secondary. 
Rt = Rs 4- Ry. + nzRp
Rp = resistance of primary winding
Rs — resistance of the half-secondary winding 
n = transformer ratio; primary winding/ 

half-secondary winding.
Rt — extra resistance when total resistance 

is too low.
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AZ 1 Rectifying valve
This is a directly-heated, full-wave rectifying valve for medium
power receivers operating on normal working voltages.

FILAMENT RATINGS
Heating: direct by A.C.
Filament voltage...................................................................... I7/ = 4 V
Filament current. ... . If = LI A

Fig. 1 
Dimensions in mm.

a a'

27626

f f

35
17BZ7

Fig. 2 
Arrangement of 
electrodes and 

base connections.

MAXIMUM RATINGS
Voltage, on no load, at the secondary winding of

the power transformer......................................................I'/r = 2 X 500 V(eft)
D.C. output on ly,- = 2 X 500 Vcft.................................G = max. 60 mA
D.C. output on Vtr = 2 X 400 Veit.................................7« = max. 75 mA
D.C. output on Vtr = 2 x 300 Vefr.................................I„ ~ max. 100 mA
Capacitance of the first smoothing capacitor. ... C = max. 60 /tF

If the valve is to be mounted horizontally, it should be located so that the filament 
lies in the vertical plane.

155



AL 1

Current per añade, as a function of the applied
direct voltage.

Fig. 4
Loading characteristics relating to different trans
former voltages, on no load, for different values of 
the internal resistance of the transformer (Rt = 
Rs 4- n2 Rp 4- R^)
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AZ 4 Rectifying valve
The AZ 
receivers

4 is a directly-heated full-wave rectifyin 
consuming a heavy current.

FILAMENT RATINGS
Heating: direct, A.C.
Filament voltage....
Filament current. . . .

max 51

Fig. 3
Current per anode, as a func
tion of the applied direct 
voltage.

Fig. 1 
Dimensions in mm.

Fig. 2 
Arrangement of 
base connections 
and electrodes.

MAXIMUM RATINGS
Voltage, on no load, across the secondary winding 

of the power transformer..........................................Vtr
D.C!. output with Vtr = 2 x 500 Veft.............................L,
D.C. output with Vtr = 2 x 400 Veff.............................Io
D.C. output with Vtr = 2 x 300 Veft.............................Io
Capacitance of the first smoothing capacitor. ... (J

= max. 2 X 500 Vcfl
= max. 120 mA
= max. 150 mA
= max. 200 mA
= max. 60 pF

For medium-power amplifier equipment two AZ 4 valves each working as a half-wave 
rectifying valve (anodes connected in parallel) may be used in a full-wave rectifier 
circuit.
If the valve is to be mounted horizontally it should be located so that the filament 
lies in the vertical plane.
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Fig. 4
Loading characteristics for transformer voltages, 
on no load, of Vtr = 2 x 300 V and 2 x 500 V 
and with respect to different values of the inter

nal resistance of the transformer 
(lit = Rs 4- n* Rp 4* Ri).

Loading characteristics relating to Vtr = 
2 x 400 V, for different values of the internal

resistance of the transformer 
(Rt = Rs 4- n2 Rp 4- Rj).
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Valves for A.C./D.C. receivers
Valves for operating on both alternating and direct current are referred to briefly 
as A.C./D.C. valves. A full range of Philips valves is available for such receivers, 
all working on a heater current of 200 mA, which represents quite a low current 
consumption in the heater circuit. The original series of A.C./D.C. valves comprised 
the following:

Type 
No. Type of valve Heater 

voltage

CB 2 Double diode..................................................... 13 V
CBC 1 Double-diode-triode......................................... 13 V
CC 2 Triode................................................................. 13 V
CF 3 Variable-mu pentode..................................... 13 V
CF 7 Pentode ............................................................. 13 V
CH 1 Hexode............................................................. 13 V
CK 1 Octode................................................................. 13 V
CL 1 5 W output pentode (also for car radio) . 13 V
CL 2 8 W output pentode ..................................... 24 A’
CL 4 Steep-slope 9 W output pentode................ 33 V
CY 1 Half-wave rectifying valve............................. 20 V
CY 2 Half-wave rectifying valve and voltage

doubler.........................................................30 V

This range has now been completed by the addition of a 4-channel octode, the CK 3, 
a double-diode pentode CBL 1 and a steep-slope output pentode for low mains 
supplies, the CL 6.
Of the modern “Miniwatt”, E-type valves, quite a number are also suitable for 
A.C./D.C. receivers, namely those whose current consumption is 200 mA at 6.3 V; 
these valves can be connected with their heaters in series with any other specific 
A.C./D.C. valves and comprise the so-called pre-amplifiers, such as R.F. pentodes, 
frequency-changers and A.F. amplifiers; output valves and rectifying valves in general 
require more heater power than 1.26 W and their current consumption is therefore 
more than 200 mA. They are, of course, not suitable for series feeding. In the design 
of A.C./D.C. receivers, incorporating the red“E”-type valves, a choice must be 
made from among the valves in the existing range as far as output and rectifying 
valves are concerned. For the mixer stage the triode-hexode ECH 3 is recommended.
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In order to complete the range of A.C./D.C. valves, using the 1.26 W, E-types, the 
following should also be added.

Type 
No. Type of valve Heater 

voltage

CBL 1 Double-diode output pentode.................... 44 V
CK 3 4-channel octode............................................. 19 V
CL 4 Steep-slope output pentode......................... 33 V
CL 6 Steep-slope output pentode for 100 V supply 35 V
CY 1 Half-wave rectifying valve............................. 20 V
CY 2 Half-wave rectifying valve and voltage

doubler.........................................................30 A7

In the following pages the data and characteristics of the 200 mA valves are given; 
the red pre-amplifier valves (E-type) have already been fully described in the fore
going.
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CBL 1

CBL 1 DouEIe-diode output pentode
The CBL 1 is a combination of double-diode and steep-slope pentode 
for A.C./D.C. receivers, both units being housed in a common 
envelope; the cathode is also common to both.
The pentode unit is comparable with the high-mutual-conductance 
output pentode CL 4.
In view of the considerable heater power required, the heater 
voltage, with a current of 200 mA, is 44 V. The two diodes are 
mounted below the pentode section, on each side of the cathode, 
with the anodes, which are almost semi-cylindrical in shape, level 
with each other; the diodes are, therefore, electrically identical. 
Further, the diode unit is separated from the pentode section by 
a screen and, to ensure that the grid of the pentode cannot be 
affected in any way by the diodes, and also to prevent hum, the 
control-grid connection is taken out to a top cap on the envelope.

52 max

23276

Fig. 1 
Dimensions in mm.

HEATER RATINGS
Heating: indirect by A.C. or D.C., series supply.
Heater voltage.............................................................
Heater current.............................................................

CAPACITANCES
< 1-0
< 0.2

C,ta C 0.4
Cil'g i <C 0.15
T \lgi <; 0.15

OPERATING DATA

<-!df < 0.5
Cp < 1
Cdk = 3.5 /z/zF
Cdk = 3.6 fi,uF
Cdd < 0.25 ppF

Anode voltage............................................. 
Screen-grid voltage..................................... 
Cathode resistor......................................... 
Grid bias.....................................................  
Anode current.............................................
Screen-grid current..................................... 
Mutual conductance................................

V„ 
V,ls 
Ri- 
vg, 
la

s

Kf J

23273

= 200 V
-, 200 V

= 170 ohms
= —8.5 V
= 45 mA

23276

Fig. 2 
Arrangement of 
electrodes and 

base connections
Internal resistance........................................ Hi
Load resistor.................................................Ra
Output power with 10 % distortion . . 1F„
Alternating input voltage for 4 W output I';
Sensitivity (U’o = 50 mW)................ F;

6 mA
8 mA/V 
40,000 ohms

4,500 ohms

= = 5 Veff
= 0.5 Veif

= 4 W
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CBL 1

MAXIMUM RATINGS
Pentode section:
Uo = max. 550 V
Va = max. 250 V
Wa = max. 9 W
Uio = max. 550 V
Vff2 = max. 250 V
^,(^=0) = max. 1.2 W
Wff2 (Ko = max) = max. 2 W
Ik = max. 70 mA
Vgi(Igl = + 0.3 pA) = max. —1.3 V
Rgik = max. 1 M ohm
Rfk = max. 5,000 ohms
1% = max. 175 V *)
9 Direct voltage or effective value of alternating 
voltage

Fig. 3
Anode and screen current as a function of the grid 

bias at Va = F/za = 200 V.

Diode section:
Voltage on anode of diode %
Diode current Ig
Diode voltage at diode current start (Z,/ = .

= Vd = max. 200 V
= Id = max. 0.8 mA

d = + 0.3 pA) V,i = TV = max. -1.3 V

The characteristics relating to the increase in the voltage (△ V) across the grid leak, 
as plotted against theun modulated R.F. voltage, and for the A.F. voltage V lf across 
the grid leak as a function of the 30 % modulated R.F. voltage applied to one of the 
diodes, are exactly the same as those of the EB 4, so for these data the reader is referred 
to the last-mentioned valve.
Grid bias must be provided only by means of a cathode resistor; semi-automatic 
bias is also permissible, but the cathode current of the valve must then be definitely 
in excess of 50 % of the total current passing through the resistor producing the 
voltage drop.
In general, the capacitance of the decoupling capacitor should be at least 2 pF, but 
for better reproduction of the lower audio frequencies an electrolytic capacitor of 
25 tot 50 pF capacitance is better. Leads to the valve contacts should be kept as 
short as possible and a resistor of about 1000 ohms in the control-grid lead will 
often be found necessary.
It should be observed that any A.F. amplification between the detector diode and the 
pentode section of the valve may possibly give rise to trouble due to hum or micro
phony. Any such amplification should therefore not exceed at most 15 times.
Tables I and II provide an idea of the power delivered, having regard to the voltage 
drop across the output transformer. The theoretical circuit diagrams employed to 
obtain the values given in these tables are depicted in the figures relating to the 
EL 2 valve.



CBL 1

for different values of grid bias

Fig. 5
Alternating grid voltage and total distortion as functions of the 

output power.
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GBL 1

TABLE I
Output power and grid input voltage as functions of the voltage drop in the output 
transformer, on an effective anode voltage of 200 V D.C.

Ia = 45 mA

Effec
tive 
D.C. 
volts 
on the 
anode

Va (V)

Supply 
voltage

Vb (V)

Screen- 
grid 
series 
resistor

R<12 
(ohm)

Volt
age 
drop 
across 
output 
transi.

Vtr (V)

With 10 % distortion With 5 % distortion
Loss in 
power in 
output 
transf.

Wo 
(%)

Ext. 
anode 
res.

Ra 
(ohm)

Alt. 
grid 
volts

Fi(V^)

Output 
power

Wo (W)

Ext. 
«anode 
res.

Ra 
(ohm)

Alt. 
grid 
volts

ViCVeff)

Output 
power

Wo (W)

200 200 0 0 4,500 4.4 4.0 4,500 2.7 2.1 __
200 210 1,800 10 4,500 4.3 3.7 4,500 2.5 1.8 10
200 220 3,400 20 4,500 4.25 3.6 4.500 2.4 1.6 20
200 230 5,000 30 4,500 4.2 3.5 4,500 2.3 1.5 30
200 250 8,500 50 4,500 4.1 3.3 4,500 2.3 1.5 50

TABLE II
Output power and grid input voltage as functions of the voltage drop in the output 
transformer when the screen and supply voltage = 200 A7.

Ia = 45 mA

Effec
tive 
D.C. 
volts 
on the 
anode

Fa (V)

Supply 
voltage

Vb (V)

Screen- 
grid 

voltage

Vg2 (V)

Volt
age 
drop 
across 
output 
transf.

Vtr (V)

With 10 % distortion With 5 % distortion
Loss In 
power in 
output 
transf.

WfrXlOO
Wo 
(%)

Ext. 
anode 
res.

Ra 
(ohm)

Alt. 
grid 
volts

Fi(W)

Output 
power

Wo(W)

Ext. 
anode 
res.

Ra 
(ohm)

Alt. 
grid 
volts

Vi(Veff)

Output 
power

Wo (W)

200 200 200 0 4,500 4.4 4.0 4,500 2.7 2.1 0
190 200 200 10 4,200 4.4 3.5 4,200 2.5 1.85 11
180 200 200 20 4,000 4.3 3.4 4,000 2.6 1.75 22
170 200 200 30 3,800 4.3 2.9 3,800 2.7 1.65 35
150 200 200 50 3,350 4.2 2.6 3,350 2.9 1.65 66

Note-. The loss of power due to the resistance of the output transformer is calculated 
on the assumption that 2?prini = n-



CK 3

CK 5 Octode
This is an octode of the 4-channel type; with the exception of the 
heater ratings it is similar to the EK 3, for A.C./D.C. receivers. 
With a view to its use on 100 V mains, the sixth grid has been 
modified slightly, but the data as given for the EK 3 also apply 
to this valve, which offers the same advantages with respect to 
frequency drift, induction effect, conversion conductance, cross
modulation, oscillator slope, etc.

Conductance of the 4th grid as a function of the direct voltage on 
grid 1.

35 r 
¿7764

Fig. 2 
Arrangement of 
electrodes and 

base connections.

HEATER RATINGS
Heating: indirect, A.C. or D.C., series supply.
Heater voltage..............................................................................................1/ = 19 V
Heater current..............................................................................................If = 0.200 A

CAPACITANCES
Cast < 0.1 (IflF
Ca = 16.5
Cgl =14 fi/iF
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= 15.2 WzF



CK 3

Fig. 4
Internal resistance, conversion conductance 
and oscillator-grid current as functions of the 
oscillator voltage, for a grid leak of 50,000 ohms, 

with Va = 200 V.

Fig. 5
Internal resistance, conversion conductance 
aud oscillator-grid current as functions of the 
oscillator voltage, for a grid leak of 50,000 ohms, 

with Va = 100 V.

OPERATING DATA: CK 3 used as frequency-changer 
200 V
Anode voltage .... 
Screen-grid voltage . . 
Oscillator-anode voltage 
Grid leak, oscillator . .

Va = 200 V
Vy^ = 100 V
Vy2 = 100 V
Ryi = 50,000 ohms

Alternating oscillator voltage, grid 1 . . . . T'G(osc) = 12 Vea
Oscillator-grid current . . . 
Cathode resistor....................  
Bias, grid 4........................  
Anode current....................  
Screen-grid current .... 
Oscillator-anode current . . 
Conversion conductance . . 
Internal resistance .... 
Conductance: grid 1 with 

respect to grid 2 (Vose = 0) 
Oscillator-anode current at 

threshold of oscillation 
(Cose — 0)....................

I 'u 
la

Jf/3 

Lji
Sc
Ri

'ja

■ ■ ■ L»
■ ■ - Rt
= —2.5 V1)
== 2.5 mA
= 5.5 mA
= 5 mA
= 650
= 1.7

= 300 yA
= 190 ohms
—38 V 2) —42 Vs)

= 4 mA/V

= 18 mA
x) Without control.
2) Conductance reduced to one-hundredth of uncontrolled value. 
:‘) Limit of control.

6.5
> 10

3 pA/V
> 10 M ohms



CK 3

100 V

Anode voltage................ .... . . .
Screen-grid voltage................................
Oscillator-anode voltage........................
Oscillator grid leak................................
Alternating oscillator voltage, grid 1 , 
Oscillator-grid current........................  
Cathode resistor.........................................
Bias, grid 4.........................F,,4
Anode current.................... /«
Screen-grid current . ... Ig2 + lj;y 
Oscillator-anode current . . Ig2 
Conversion conductance . . »S',.
Internal resistance .... R;
Conductance, grid 1 with re

spect to grid 2 (VOsc = 0) Sg^..
Oscillator-anode current at 

threshold of oscillation 
(F03c = 0).................... Ig 2

- 100 A'
■ ■ = 100 A7
■ ■ - f,2 = 100 A7

= 50,000 ohms
• Ul(OSC) = 12 Veff

. . ■ Ln = 300 pA
• • ■ Rf = 175 ohms
= -2.3 V1) —38 A7 2) —42 A7 2)
- 2.5 mA — —
- 5.5 mA — —

5 mA — —
» 650 6.5 3 ¡lAiA

0.7 > 10 > 10 M ohms

4 mA/Ar — —

-= 18 mA

•) Without control.
s) Conductance reduced to one-hundredth of uncontrolled value.
a) Limit of control.

MAXIMUM RATINGS

Anode voltage in cold condition............................. F„„
Anode voltage............................................................. Va
Anode dissipation......................................................... W'u
Screen voltage in cold condition..............................F,/3!5„
Screen voltage............................................................. F^..,
Screen dissipation......................................................... Il !/3,5
Oscillator-anode voltage, cold.......................................... Vg2U
Oscillator-anode voltage............................................F^
Oscillator-anode dissipation............................................W'!/2
Cathode current............................................................. Ip
Grid voltage at grid current start (lg, = - +0.3/tA) J',/4
External resistance between grid 4 and cathode . Rg,/.,
External resistance between grid I and cathode . Rg^
External resistance between heater and cathode . Rjp
Voltage between heater and cathode (direct voltage

or effective value of alternating voltage) .... Tf/.

= max. 550 V
= max. 300 V
= max. 1 W
= max. 550 V
= max. 150 V
= max. 1 W
= max. 550 V
= max. 150 V

= max. 1 W
= max. 23 mA
= max. —1.3 A7
= max. 3 M ohms
= max. 100,000 ohms
= max. 20,000 ohms

= max. 100 A7

The frequency drift in this octode will be at its minimum when the tuned oscillator 
circuit is coupled to the oscillator anode; the coupling coil is then connected to the 
control grid and Fig. 7 shows the method of arranging the feeds. The direct voltage is 
applied to the oscillator anode across a resistor of 30.000 ohms.
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CK 3

The direct voltage on the oscillator anode must be 100 V; on 110 V mains this is of 
the same order as the supply voltage and the series resistor should then actually 
be much less than 30,000 ohms, but this, again, is not feasible since the oscillator 
circuit is damped by this resistor and either the oscillator voltage in the short 
and medium ranges would then be too small, or it would not be possible to maintain 
it. An alternative method is to use the CK 3 in the other type of circuit, shown in 
Fig. 8, although a drawback to this arrangement is that extra contacts have to be 
provided in the -wave-change switch for changing over the padding capacitor Cp.

However, Fig. 9 offers a better solution

Fig. 6
Upper diagram. Input signal as a function of 
the conversion conductance as controlled by 
the bias on the 4th grid, with 1 % cross-modula
tion. (Conductance and voltage on logarithmic 

scale)
Centre diagram. Input signal as a function of 
the conversion conductance as controlled by 
the bias on the 4th grid, with 1 % modulation 
hum. (Conductance and voltage on logarithmic 

scale)
Lower diagram. Conversion conductance and 
anode current (logarithmic scale) as a function 

of the bias on grid 4 (on linear scale).

that can be quite serviceable on a high 
intermediate frequency, provided that 
the padding capacitance, is kept fairly 
small. In the long-wave range, for in
stance, this capacitance is of the order 
of 200 ¡if', but this is insufficient for 
by-passing the feed resistor of 5,000 
ohms and would produce too much damp
ing of the oscillator circuit; in the other 
wave ranges, in which Cp is of a higher 
value, this does not apply to such an 
extent, so that the type of circuit shown 
in Fig. 1 may be used for the long-wave 
range and that of Fig. 9 for the other 
ranges; the combined circuit is shown in 
Fig. 10. On long waves, when switches 
St and S„ are open, the circuit closely 
resembles that of Fig. 7, although the 
feed is not applied at the extreme “top” 
of the circuit. The oscillator circuit is 
thus fairly heavily damped by the resist
or of 5,000 ohms, but on long waves 
it is not a difficult matter to obtain a 
sufficiently tight coupling.
On the medium waves, with iS, closed, 
the circuit is as shown in Fig. 9; the 
padding capacitor is large enough, as is 
also the case for the short waves.
If it is necessary to isolate the tuning 
capacitor from the D.C. supply of 100 V, 
a fixed capacitor of fairly high capacitance 
is placed in series with it, although this 
is superfluous if the tuned oscillator 
circuit is connected to the first grid. The 
frequency7 drift due to control of the 

voltage on the 4th grid is then somewhat more, but this must be accepted if 
control on the valve is essential.
It should be noted that no account has been taken of the 100 V D.C. occurring on the 
contacts of the ■wave-change switch and in many instances this will not be acceptable 
in view of prevailing safety precautions. High-capacitance isolating capacitors then 
have to be included, but if this is considered too costly the only alternative is to 
connect the tuned oscillator circuit to the first grid.
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CK 3

Fig. 7
Oscillator anode fed through a resistor of 30,000 ohms. This 
circuit is not suitable for the CK 3 when used on 100 V supply.

+100V +250V

¿5987

Fig. 8
Oscillator anode fed through the tuning coil. This arrange
ment is suitable for 100 V supply but has the disadvantage 
that the padding capacitors for the different wave ranges 

have to be switched.
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CK 3

Fig. 9
Oscillator anode fed through the tuning coil using a series 

resistor of 5,000 ohms.

Fig. 10
Combination of circuits of Figs 7 and 9



CL 4

e

Fig. 2 
Arrangement of 
electrodes and 

base connections.

The CL 4 is an indirectly-heated 9 W output pentode 
of high mutual conductance, especially for use in 
A.C./D.C. receivers; it lends itself admirably to 
the construction of simple types of receivers. As the 
mutual conductance, as stated, is very high, the 
heater power is also on the high side; the current 
with 33 V is 200 mA.
The CL 4 may be employed either as a Class A 
amplifier or in balanced output circuits, and in the 
latter instance will deliver 8 W with 1.5 % distor
tion; with a potential of 250 V on both anode and 
screen, as much as 13.5 W can be obtained from 
this valve with 5.7 % distortion (the anode-to-anode 
load is 6,000 ohms). The cathode biasing resistor 
must then be 175 ohms and the alternating grid 
voltage 12.5 per grid.

50max

24/2/

Fig. 1 
Dimensions in mm.

12
7 m

ax

HEATER RATINGS
Heating: indirect, by A.C. or D.C., series supply. 
Heater voltage..................................................................Ij = 33 V
Heater current................................................................. Ij = 0.200 A

CAPACITANCES
Anode-grid . . . < 1 I'l'V

OPERATING DATA: CL 4 used as single output valve
Anode voltage......................................................................Va
Screen-grid voltage..............................................................Vg2
Cathode resistor..................................................................... Rk
Grid bias..................................................................................Vgl
Anode current................................................................. In
Screen-grid current.............................................................l!l2
Mutual conductance.........................................................8
Internal resistance............................................................. 1!;
Load resistor......................................................................... Ra
Output power with 10 °.o distortion............................. D’o
Alternating input voltage................................................. Vi,
Sensitivity (II7,, = 50 mW)................................................. Vi

- 200 V
= 200 V 
= 170 ohms 
= —8.5 V 
= 45 mA
= 6 mA
= 8 mA/V 
■ = 35,000 ohms 
-- 4,500 ohms
= 4 W
=- 5 Veff
= 0.5 Veff

OPERATING DATA: CL 4 used in balanced stage (2 valves)
Anode voltage................................................................. Vn ■ = 200 V
Screen-grid voltage......................................................... J',/2 , 200 V
Cathode resistor................................................................. Ri- =135 ohms
Anode current (without signal).....................................J„„ - 2 x 33 mA
Anode current at max. modulation.............................- - 2 x 40 mA
Screen-grid current (without signal).............................Ig20 - 2 x 3.5 mA
Screen-grid current at max. modulation.....................Ig«m^ 2x6 mA
Load resistor, anode-to-anode.....................................Rua - - 4,500 ohms
Output power at max. modulation............................ - 8 W
Total distortion at max. modulation.........................dM = 1.5 %
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CL 1
MAXIMUM RATINGS

= max. 400 V 
= max. 250 V
= max. 9 W 
= max. 400 V 
= max. 250 V 
= max. 2 W 
= max. 70 mA

l'I,1(Z'w=+0.3/iA)= max. —1.3 V
R,,lk = max. 1 M ohm
Rfk = max. 5,000 ohms
1% = max. 125 V x)
l) Direct voltage or effective value of alternating 
voltage.

Fig. 3
Anode current as a function of the grid bias at 

Va = Vffz ~ 200 V.

Grid bias is to be obtained only by means of a cathode resistor; semi-automatic 
bias may be employed provided that the cathode current of the valve is more than 
50 % of the current passing through the resistor producing the voltage drop. The 
decoupling capacitor should, generally speaking, be 2 pF, but for better reproduction 
of the lower tones it is better to use an electrolytic capacitor of 25 to 50 pF.

Leads to the valve contacts must be kept as short as possible, whilst a resistor 
of about 100 ohms in the control grid circuit is often desirable. Tables I and II relating 
to the CBL 1 also apply to this valve; they provide details of the output power, having 
regard to the voltage drop in the output transformer. The circuits employed for the 
measurements given in these tables are reproduced in the text relating to the EL 2.

In balanced output circuits employing two type CL 4 valves, a suitable pre-amplifier 
is the EBC 3, the EF 6 connected as triode, or the CL 4, also connected as triode. 
A satisfactory ratio for the coupling transformer is 1 : (2 + 2) for the EBC 3 and 
EF 6 (as triode), or 1-: (3 + 3) for the CL 4 (as triode).

The CL 4 is also very useful in A.C./D.C. receivers employing negative feed-back 
to reduce distortion and to improve the frequency-response curve of the amplifier.
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CL 4

Fig. 4
Anode current as a function 
of the anode voltage at Fgj — 
200 V, for different values of 
grid bias.

Fig. 5
Alternating grid voltage and 
total distortion as functions 
of the output power of the 
CL 4 when used as a single 
output valve.

Fig. 6
Anode current, screen current 
and total distortion as func
tions of the output power for 
two CL 4 valves in a balanced 
output stage.
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CL 6

The CL 6 is a highly sensitive output pentode designed for use in 
A.C./D.C. receivers operating on low-voltage mains. In such cases 
the screen voltage needs to be about 100 V, this being the reason 
why the CL 6, as well as the CL 2, has been designed on that basis. 
With Va = Vg2 = 100 V, the anode current is 50 mA, which gives 
the CL 6 an output of 5 W. The mutual conductance is then 8.5 mA/V 
and, when properly matched, the valve delivers 2.1 W with 10 % 
distortion. The alternating grid voltage under these conditions is 
5.6 V(eff), the sensitivity being 0.62 V(eff).
The high mutual conductance of this valve is an advantage in that, 
in receivers designed to use the CL 4 as pre-amplifier valve, the 
CL 6 can also be employed without any modification to the circuit. 
In A.C./D.C. receivers for use on low-voltage mains, another advan
tage of the steep-slope pentode is that, owing to the high conduct

max51

27737

Fig. 1 
Dimensions in mm.

ance, the alternating grid voltage is very much lower than in 
an average output valve. As the bias is produced by means of a 
cathode resistor, or by the voltage drop across a resistor in the 
negative H.T. line, and therefore reduces the amount of anode 
voltage available for the output valve, it is obviously an advantage 3^ 
to ensure that the grid bias takes the smallest possible proportion 

of the direct voltage 
available. The necessary 
bias for the CL 6 is 

a

27733

g3 
gi

<7® 
f_f

Fig. 3
Anode current and screen current as functions 
of the grid bias, with Vg3 = 100 V and Va -- 

100 and 200 V.

—8.3 V, with Va = V91 
= 100 V, as against
—15 V in the case of the 
CL 2. The CL 6 thus/n.^gJX^p^ 
ensures a volta.ae whinh //^ensures a voltage which
is 6.7 V higher, this 
being a not inconsider
able difference, on low- 
voltage mains.
A.C./D.C. receivers are

a

27736
oftendesignedforswitch- o
ing over from high to Arrangement of
low-voltage mains and electrodes and 

, . . base connections.vice versa, and in view 
of this the possibility of 
using an anode potential of 200 or 250 V 
has also been taken into account in the 
design of the valve; at the higher anode 
voltages it can be used as a 9 W output 
valve. The screen potential must in no 
case exceed 125 V and should, therefore, 
always be applied through a resistor 
or potential divider. For A.C./D.C. sets 
operating only on high-voltage mains it
is more economical to use the CL 4. 
With 200 V on the anode and 100 V on 
the screen, the mutual conductance is
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CL 6

Fig. 4
Anode current as a function of the anode voltage at Vg2 = 100 V, 

with grid bias as parameter.

8 mA/V, in which case 
the valve is similar to 
the CL 4. The output 
power with 10 % distor
tion is 4 W, the alter
nating grid voltage being 
5-6 V(eff). As receivers 
designed for switching 
to either high or low- 
voltage mains generally 
give some trouble in the 
switching of the biasing 
(cathode) resistor, the 
same resistor is employ
ed on a working voltage 
of 200 as on 100 V 
With a view to ensuring 
a low current, in order to 
obtain the least possible 
voltage drop in the recti
fier smoothing circuit, it

is usual to connect a resistor in series with the screen.
The bias resistor for a working voltage of 100 A7, is 140 ohms, from which it follows 
that the resistance in series with the screen, on 200 V, should be 27,000 ohms, this 
giving an output of 2.6 W with 8 % distortion. In order to obtain a higher output, 
A.C./D.C. sets intended for use on low voltages are frequently provided with a bal
anced output stage, in which case the CL 6 delivers 4 W with 5 % distortion, on 
I7« = Vg2 = 100 V; the alternating grid voltage is 6.7 V(etf) per grid. In small 
portable amplifiers for operation on all mains voltages the CL 6 in a balanced output 
stage is very useful in view of its suitability for switching over from high mains to 
low and vice versa. On anode voltages of 200 and 250 V the power is quite consider
able, this being another 
feature in its favour in 
small amplifiers. A bal
anced circuit with 125 A7 
on the screens and 200 A7 
on the anodes will deliver 
a maximum of 12 W 
with 1.8 % distortion, 
whilst with an anode 
voltage of 250, 13.5 W 
with 6.3 % distortion can 
be obtained.
The grid connection of 
this valve is placed at 
the top of the envelope 
in order to keep hum at 
a minimum.

Fig. 5
Total distortion, 2nd and 3rd harmonic distortion and alternating 
grid voltage of the CL 6 when used as single output valve with auto

matic bias. Va = Vg2 = 100 V.



CL 6

Fig. 6
Total distortion ana alternating grid voltage; CL 6 used as 
single output valve with automatic bias. Va = 300 V, llg = 

27,000 ohms.

Fig. 7
Total distortion, 2nd and 3rd harmonic distortion and alternating 
grid voltage; CL 6 used as single output valve with automatic bias.

Va = 200 V, Vg2 - 100 V.
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HEATER RATINGS

Heating: indirect by A.C. or D.C., series supply.
Heater voltage..............................................................................................
Heater current..............................................................................................

Vf = 35 V
If = 0.200 A

CAPACITANCES

Anode-grid . . ......................................................................................Cagl < 0.5 /i/iF

OPERATING DATA: CL 6 used as single output valve

Anode voltage.................... ■ • • vn = 100 V 200 A7 200 V
Screen-grid voltage .... . . . vg2 = 100 V — 100 V
Screen series resistor . . . • • • Rgi = — 27,000 ohms —
Screen decoupling capacitor . . . — — 32 ¿iF —
Cathode resistor.................... ■ ■ ■ Rk = 140 ohms 140 ohms 190 ohms
Grid bias................................. . . . Vgl = —8.3 V — —9.5 V
Anode current.................... ... Ia = 50 mA 45 mA 45 mA
Screen-grid current .... ■ ■■ Igi = 9 mA 4.5 mA 5.5 mA
Mutual conductance .... . . . S = 8.5 mA/V — 8 mA/V
Internal resistance .... . . . Ri = 12,000 ohms — 22,000 ohms
Load resistor......................... ■ • • Ra = 2,000 ohms 6,000 ohms 4,500 ohms
Output power.................... . . . = 2.1 W 2.6 W 4 W
Distortion............................. = 10% 8% 10 %
Alternating grid voltage . . . . . Vi = 5.6 Veff 3.8 Veff 5.6 Veff
Sensitivity (Wo = 50 mW). . . . F,- = 0.62 Veff 0.42 Veff 0.47 Veff
Amplification factor: grid 2 with

respect to grid 1 . . . . • ■ ■ Fingi = 7.0 — 6.5

OPERATING DATA: CL 6 used in balanced stage 12 valves)

Anode voltage.....................Va = 100 V 200 V 200 V 250 V
Screen-grid voltage . . . Vg2 = 
Common screen series resistor

100 V — 125 V 125 V

-^<72 “

Cathode resistor, per valve
— 10.000 ohms — —

Rb = 190 ohms 190 ohms 250 ohms 365 ohms
Anode current ( F; = 0 F) IUo = 
Anode current at max. modulation

2 X 42 2 X 45 2 x 45 2 x 36 mA

max = 2 x 42 2 X 40 2 x 51 2 x 43 mA
Screen current ( F; = 0 F) Igw = 
Screen current at max. modulation

2 x 7.5 2 X 5.2 2x5 2 x 4.1 mA

^amax =
Load resistor between anodes

2 X 12.5 2 X 6.2 2 x 11.7 2 X 12.5 mA

Raa — 3,000 6,000 4,400 7,000 ohms
Output power.....................1FO =
Distortion at max. modulation

4 W 6.8 W 12.1 W 13.5 W

^tot ™

Alternating input voltage, per grid
5.6 % 3.5 % 1.8 % 6.3 %

F; 6.7 Veff 5.9 Veff 11 Veff 13.7 Veff
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MAXIMUM RATINGS
Anode voltage in cold condition.....................................T’(<0 = max. 550 V
Anode voltage..................................................................... F« = max. 250 V
Anode dissipation................................................................. IF« = max. 9 W
Screen-grid voltage in cold condition.............................VIJ20 = max. 550 V
Screen-grid voltags............................................................. F72 = max. 125 V
Screen dissipation (IF0 = max.).........................................B7/2 = max. 1.5 W
Screen dissipation (F; = OF).............................................IF72 = max. 1.0 W
Cathode current................................................................. Ik = max. 70 mA
Grid voltage at grid current start llyi = + 0.3 /;A) 17,1 = max. —1.3 V 
External resistance between grid and cathode .... = max. 1 M ohm
External resistance between heater and cathode . . . Rfk = max. 5,000 ohms 
Peak value of voltage between heater and cathode , V/k = max. 175 V

Fig. 8
Output power
with 10% distortion. . . . W’o(10%)
Alternating grid voltage at
10% distortion.........Fi(10%)

Sensitivity.................. Vi (50 mW)
Cathode resistor............. Jik
Anode current............. Ja
Screen-grid current .... 
Load resistor............... Jia

as functions of the 
anode voltage (within 
the range 175 to 
250 V), for operation 
at Wa = 9 W, with 
constant screen vol
tage Vgt — 100 V. 179



CL 6

Output power
with 10 % distortion. . . .
Alternating grid voltage at

10 % distortion.........
Sensitivity................
Cathode resistor...........
Anode current. .....
Screen current ...........

TFo (10 %)

Fi (10 %)
Vi (50 mW)
Rk 
la

as functions of the 
screen voltage (in the 
range 80 to 100 V), 
with an anode volt age 
5 V lower than that 
of the screen.

Fig. 10
Anode current la, screen current Igz, total distortion dtot (= rf3) and 
alternating grid voltage Vi as functions of the output power TFo 
for two type CL 6 valves in a balanced circuit with Fa — Ff/2 = 100 V.
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CL 6

Fig. H
Anode current la, screen current lg2, total distortion Blot and 
alternating grid voltage Vi as functions of the output power of the 
CL 6 in a balanced circuit with Va = 200 V, using the same cathode 

resistor as for Va — Vg, = 100 V.

In order to show the 
performance of the CL 6 
at other working volta
ges than those given in 
the standard data, va
rious values have been 
included in the curves 
of Figs. 8 and 9, not 
only as functions of the 
anode voltage at a con
stant screen-grid poten
tial with continuous 
anode dissipation, with 
respect to higher feed 
voltages, but also as 
plotted against 1% in 
the case, of an anode 
voltage which is 5 A7 
lower than that of the 
screen. In the latter 
instance an average vol
tage drop of 5 A7 in the 

onlv (auto, bias); semi-
output transformer has been taken into account.
Grid bias must be obtained by means of a cathode resistor 
automatic bias is permissible only when the cathode current of the CL 6 is in excess 
of 50 % of the total current passing through the resistor that produces the voltage 
drop: the maximum value for the grid leak, as shown in the Maximum Ratings, must 
then be reduced in accordance with the following:

Cathode current of the output valve
Total current passing through resistor producing the voltage drop '
In this case, moreover, it must be remembered that the current in those valves which 
are subjected to control will affect the bias of the output valve; in other words, when 
the control is operating, the bias very quickly becomes too low and the anode current 
of the output valve too high.
The high mutual conductance of the valve must also be considered in the design of 
the receiver, as it may otherwise result in R.F. feed-back and oscillation. Leads to the 
valve contacts must be kept as short as possible, and a resistor of about 1,000 ohms 
in the control-grid lead is recommended. With 100 V on the anode, the optimum 
value of the load resistance is 2,000 ohms; with 200 A7 anode, 4,500 ohms. In A.C./D.C. 
receivers for both high and low-voltage mains operation a switch must be provided 
in the output transformer circuit that will ensure the best possible matching conditions 
on different anode voltages.
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Fig. 12
Anode current Ja, screen-grid current Ig^, total distortion dtot and 
alternating grid voltage Ff, as functions of the output power JJ’o for 
two CL 6 valves in a balanced circuit with Va = 200 V. and Vg* = 

125 V.

Fig. 13
Anode current Ta, screen current Jg2. total distortion dfot and 
alternating grid voltage Lt as functions of the output power for two 
tvpc CL 6 valves in a balanced circuit with Fa =[250 V. and Vg., = 

125 V.
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CY 1

CY 1 Rectifying valve

X « 
Arrangement of 
electrodes and 

base connections.

Philips CY 1 is a half-wave rectifying valve taking 
a heater current of 200 mA at 20 volts. The internal 
resistance is very low and the anode current therefore 
produces only a very slight decrease in the voltage. 
In the applications of the CY 1, it is well to bear 
in mind that the peak voltage between filament 
and cathode must not exceed 450 V; on high mains 
voltages, when large-capacitance smoothing capa
citors are used, a resistor should be included in 
the anode circuit to safeguard the valve. The mini
mum value of this resistor will be found in the 
following table :

¿sisa

Fig. 1 
Dimensions in mm



CY 1/CY 2

GY 1
Fig. 4

Anode current as a function of the applied 
voltage.

CY 2
Fig. 5

A node current as a function of the applied 
direct voltage, per anode.

IM



CY 2

2 Rectifying valve and voltage doubler
The CY 2 has a split cathode and two anodes and can be used either 
as a half-wave rectifying valve (see fig. 3) or as a voltage doubler. 
In the former case the valve will deliver 120 mA, whilst as voltage 
doubler it gives a maximum of 60 mA at roughly twice the voltage 
when used as rectifying valve.
It should be noted that the peak voltage between cathode and 
filament must in no case exceed 450 V and, on high-voltage mains, 
with large smoothing capacitors, a protecting resistor should be 
included in the anode circuit; minimum values for this resistor are

maxi 4

¿4262

Fig. 1 
Dimensions in mm.

the table below.given in

a' a

k' f f k 
242CO

f f

L_30 ,|
242B1

Fig. 2 
Arrangement of 
electrodes and 
base connections.

500-

400-

1400+'

ton
200-

Mains 
voltage

Smoothing 
capacitor

Series 
resistor

Max. 250 A7 32 pF Min. 125 ohms
16 pF Min. 75 ohms
8 pF 0 ohms

Max. 170 V 64 pF Mm. 75 ohms
16 pF Min. 30 ohms
8 pF 0 ohms

Max. 127 V 32 pF 0 ohms
16 /zF 0 ohms

8 /zF 0 ohms

no-

0- 
0

300

¡25 JT'

V=mV=, m^on

50 100
Fig. 3

- Io (mA) 
"¡50

Loading characteristics of the CY 2 employed as 
half-wave rectifying valve.
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1'ig. 4
Loading characteristic of the CY 2 used as a voltage 
doubler. This curve also applies to both voltage

doubling circuits

HEATER RATINGS
Heating: indirect by A.C. or D.C., series supply.
Heater voltage..............................................................................................Ig — 30 V
Heater current.................................................................................................If = 0.200 A

MAXIMUM RATINGS
1) As half-wave rectifying valve. 

Alternating anode voltage................................................ 
Direct current....................................................................

2) As voltage doubler 
Alternating anode voltage................................................ 
Direct current....................................................................

Voltage between heater and cathode (peak value) . . . .

Vi = max. 250 V(Cip
l0 = max. 120 mA

Vi = max. 127 V(eir,
Io = max. 60 mA
Vfk = max. 450 V
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KB 2 Indirectly-heated double-diode
The KB 2 is an indirectly-heated double-diode valve for battery 
receivers. The current consumption is very low indeed, being only 
about 95 mA on 2 V.
As the cathode is indirectly heated, sets in which this valve is used 
may be equipped with delayed automatic gain control; the delay 
may be regulated as desired by applying a positive potential from 
the H. T. battery to the cathode. The KB 2 can be employed as a 
detector preceding a stage of A.F. amplification using a valve such 
as the KF 4, or a driver, e.g. the KC 3, or it can be coupled directly 
to a pentode output valve.
The strong signals which in the latter case would inevitably occur 
on the KB 2 can be quite easily handled by this diode.
The capacitance between the two diodes has been kept as low as 
possible, as this is of importance when the second anode is used for 
the delayed A.G.C., and is accordingly connected to the primary 
side of the preceding band-pass filter. The characteristics of the D.C. 
voltage gain (A V) across the load resistor as a function of the 
unmodulated R.F. signal, as well as that of the A.F. voltage ( Vlp) 
across the resistor of 0.5 megohm as plotted against the 30 % 
modulated R.F. voltage on one of the diodes, are identical with 
those relating to the EB 4, to which reference may be made for 
details.

HEATER RATINGS
Heating: indirect by battery, parallel supply.
Heater voltage.........................................U = 2.0 \T
Heater current.........................................!• 0.095 A

Fig. 1 
Dimensions in xnm.

di d2

k f f

m,-f -I f

Fig. 2 
Arrangement of 
electrodes and 

base connections.
CAPACITANCES

< 0.25 /z/iF
Ckdi = 2.1 ppF
Ckdi = 1-7 W<F

MAXIMUM RATINGS
Voltage on diode (peak value).............................1% = 1% = max. 125 V
Diode current.........................................................1 = Iti2 = max. 0.5 mA
Voltage between heater and cathode................................. 1% = max. 50 V
External resistance between heater and cathode . . . Rjk = max. 20,000 ohms
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KBC 1 Double-diode triode
The KBC 1 is a directly-heated double-diode triode. This combina
tion of triode with two diodes promotes a considerable saving in 
filament current, this being a matter of some importance in battery 
receivers.
This valve can be employed to advantage in “straight” circuits or 
in superheterodyne receivers; the triode unit may be used also as a 
driver in conjunction with the Class B output amplifier KDD 1, or 
as pre-amplifier for the output pentode KL 4.
The diode located at the negative end of the filament should be used 
as detector and the other diode, at the positive end, for the delayed 
A.G.C. In Fig. 2, the diode situated at the end of the filament marked 
f, is shown as d, and the other, at the extremity /2, as d.,. If the 
filament extremity f, is positive, diode d2 is employed as detector; 
otherwise weak signals are not properly rectified. The loading resistor 
on the diode should preferably be connected to the positive, not 
to the negative, end of the filament, as this gives a better detection 
characteristic.
The second diode is approximately 2 V negative with respect to 
the positive extremity of the filament, thus providing a similar 
amount of delay voltage; if a greater delay is desired, this can be

fl f2 Qgobtained by the use of a special circuit (see Chapter XXV). The 
diode unit is separated from the triode section by a screen, which 
effectively prevents any coupling between the two.

di
FILAMENT RATINGS

Heating: direct, by battery; parallel supply.
35
Fig. 2 

Arrangement of

Filament voltage................................................. Fy = 2 V
Filament current................................................ Zy =0.115 A

electrodes and
CAPACITANCES base connections

Diode section: Cdl = 2.7 ppF
Cdl =2.5 ppR
Cd,d2 < 0.5 ppF
Cdig < 0.003 ppF
Cdzg < 0.003 ppF

Triode section: Cu(l = 3.1 ppF
Cu = 6.5 /z/zF
% = 3.0 ppF

STATIC DATA OF THE TRIODE SECTION

Anode voltage.................................................................
Grid bias.............................................................................
Anode current.................................................................
Amplification factor.........................................................
Mutual conductance.....................................................
Internal resistance.....................................................

F„ = 90
Vg = 3.1
I a = 1
p = 16
S = 0.7
R; = 23.000

135 A’
—4.5 V
2.5 mA
16
1 mA/V
16,000 ohms
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KBC 1

MAXIMUM RATINGS
Triode section: I« = max. 150 V

IT« = max. 0.6 W
Ik = max. 6 mA
G (Lj = + 0.3 nA) = max. —0.2 V
R,, -= max. 3 M ohms

Diode section:
Voltage on diode (peak value) . Vh = I\/2 = max. 125 V
Diode current.................................I,/, - l,i„ == max. 0.2 mA
Diode voltage at diode current 

start........................................ (Ia« = + 0.3 pA) T'(/2 = max. —0.4 V

When the triode section is to be employed as a resistance-coupled A.F. amplifier, 
the necessary data may be obtained from the following table:

TABLE
KBC 1 used as a resistance-coupled A.F. amplifier

Battery Coupling Anode Grid Output Distor- Stage
voltage resistor current bias voltage tion gain

G Ra la G Vo d G
(V) (M ohm) (mA) (V) (Vefl) (%) Vi

135 0.2 0.35 —2.0 5
8

0.7
1.2 12.5

90 0.2 0.19 —2.0 3 0.8
1.3 11

135 0.1 0.69 —2.0 8
0.7
1.2 12

90 0.1 0.36 —2.0 3
5

0.8
1.3 11

135 0.05 1.25 —2.0 5
8

0.8
1.3 II

90 0.05 0.60 —2.0 3 1.0
1.6 10



KBC 1

Fig. 3 
la/Vg characteristics for the triode section of the 

KBC 1.

Fig. -1
Anode current of the triode section of the KBC 1 as a function of the 

anode voltage with grid bias as parameter.
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KC 1

KC 1 Triode

t f

This triode is useful as an A.F. amplifier valve, 
anode-bend detector, or oscillator in battery recei
vers. Its use as a grid detector is not recommended, 
since the maximum alternating output voltage is 
then usually insufficient for the output stage. In the 
ease of A.F. amplification, care must be taken that 
the A.F. gain following the grid of this valve is not 
made too great, as this is liable to set up microphony.

Salta
Fig. 1 

Dimensions in mm.

Q

I. JO J
Fig. 2 

Arrangement of 
electrodes and 
base connections.

FILAMENT RATINGS

Heating: direct by battery; parallel supply.
Filament voltage.............................................................
Filament current..............................................................

Vf = 2.0 V
If = 0.065 A

CAPACITANCES
Ca,j == 3.5 /i/iF
Ca = 2.0 fiyF

- 3.0 W/F

STATIC DATA
Anode voltage

V„ = 90 I'
Anode current

la = 0.3 mA 
Grid bias

Vg = 1.5 V
Internal resistance

Hi = 60,000 ohms 
Amplification factor

y = 25

135 V

1.2 mA

—1.5 V

40,000 ohms

MAXIMUM RATINGS
Va = max. 150 V
1FO - max. 0.5 W
Ik = max. 4 mA
Vg (Ig = T 0.3 //A) = max. —0.2 V
Rgf = max. 3 M ohms
192
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KG 1

Anode current as a function of the anode voltage with grid bias as 
parameter.

TABLE
KC 1 used as a resistance-coupled A.F. amplifier

Battery 
voltage

Vb 
(V)

Coupling 
resistor

7la 
(megohms)

Anode 
current

la 
(mA)

Grid 
bias

Vg 
(V)

For an alternating 
output voltage 

of 7 Vcff

For an alternating 
output voltage 

of 10 Velf

Gain Distortion Gain Distortion
Fo_
Vi

¿tot 
(%)

Fo 
“fT

¿tot 
%

90 0.32 0.08 —1.5 14.6 2.7 — —

90 0.32 0.13 —0.75 16.7 1.6 — —

135 0.32 0.18 —1.5 — — 19 1.0
135 0.32 0.23 —0.75 —- — 20 0.8

90 0.2 0.11 —1.5 14.3 4 — —

90 0.2 0.17 —0.75 16.2 1.5 — —

135 0.2 0.26 —1.5 — — 18 1.0
135 0.2 0.32 —0.75 — — 18.5 0.8
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KC 5 Triode
This triode is a driver valve for Class B output 
stages in which the grid of the output valve passes 
a certain amount of current. In view of the high 
power required for the excitation of a Class B 
output circuit in which grid current flows, the fila
ment consumption is on the high side.
The KC 3 should be employed only in conjunction 
with the Class B output valve KDD 1, using a 
driver transformer having a ratio of 2 : (1 + 1). 
The sensitivity of the combination of KC 3 and 
KDD 1 valves is so high that the KF 4, connected 
as A.F. amplifier or detector, may precede it only 
when operating below its maximum amplification; 
otherwise the receiver becomes microphonic.

Fig. 1 
Dimensions in mm

Fig. 2 
Arrangement of 
^“nedkms. FILAMENT RATINGS

Heating: direct by battery; parallel supply.
Filament voltage.............................................Ty = 2.0 V
Filament current.........................................Ir = 0.21 A

CAPACITANCES
C,„, = max. 6.3 /z/zF

STATIC DATA
Anode voltage . .
Grid bias................
Anode current . . 
Mutual conductance 
Internal resistance 
Amplili l’ation factor

I’„ = 90 135 V
Vy = —1.6 —2.8 V
Ia - 3 mA
iS’ = 2.2 2.5 mA/V
Ri = 14,000 12,000 ohms
u ------ 25 25

MAXIMUM RATINGS
Tzz
11«
Ik
G (1,1 = 4- 0.3 /zA)
If

- - max. 150 V
= max. 1 W
■ = max. 7 mA
= max. —0.4 V
- < max. 3 M ohm
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KC 4 Triode
The triode KC 4 can lie used either as oscillator valve for the 
frequency-changer KH 1, or as A.F. amplifier. In the last-mentioned 
case the total A.F. gain, as from the grid of the valve, should not 
be too high, as this may result in microphony.

FILAMENT RATINGS
Heating: direct by battery; parallel supply.
Filament voltage.................................................................U = V
Filament current................................................................. If — 0.1 A

¿7? is

CAPACITANCES

- 00
Ui
CUJ

2.9 ppF
2.1 ppF
5 ppR

STATIC DATA
Anode voltage L„ = 90 
Grid bias 1’7 -= —1.5
Ancde current 1„ = 0.5
Amplification factor p = 30 
Internal resistance It, = 37,500 
Mutual conductance 8 = 0.8

135 A
—1.5 V
2.2 mA
30
21,500 ohms
1.4 mA/V

Fig. 1 
Dimensions in nun

Fig. 3
Anode current as a function of the grid 

bias, with Fa = 90 and 135 V.

Fig. 2 
Arrangement of 
electrodes and 

base connections
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OPERATING DATA: KC 4 used as resistance-coupled A.F. amplifier

Battery 
voltage

Vb
(V)

Coup
ling 

resistor

(M ohms)

Grid 
bias

Ff/ 
(V)

Anode 
current

la 
(mA)

Stage 
gain
Vo

Fi

For valve 
KL 1

For valve 
KL 2

For valve 
KL 4

Va = Vb Va = Vb Va = Vb

Vo 
(Vetf)

rftot 
(%)

Vo 
(Veff)

dtot 
(%)

Vo 
(Vetf)

iitot 
(%)

135 0.2 —1.5 0.32 21.5 4.2 < 1 8 1.2 5 < 1
90 0.2 —1.5 0.15 18.5 3 1.5 5 2.3 3.3 1

135 0.1 —1.5 0.52 20 4.2 < 1 8 1.3 5 < 1
90 0.1 —1.5 0.23 16.5 3 1.7 5 2.9 3.3 1.1

135 0.05 —1.5 0.8 17.5 4.2 < 1 8 1.6 5 < 1
90 0.05 —1.5 0.32 13.5 3 2.8 5 4 3.3 1.5

MAXIMUM RATINGS
Anode voltage......................................................................... F„ = max. 150 V
Anode dissipation..................................................................... JI',, = max. 0.5 W
Cathode current......................................................................... Ip —■ max. 5 mA
Grid voltage at grid current start . . (1g -- + 0.3 /iA) Ff/ max. —0.2 V
External resistance between grid and filament................. Rgf - max 3 M ohms

Fig. 4
Anode current as a function of the anode voltage for various values 

of grid bias.

Fig. 5
Theoretical diagram of circuit employing resis
tance-coupled amplification and illustrating 
the symbols used in the data.
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KCH 1 Triode hexode
The KCH 1 is a frequency-changer for battery superheterodyne 
receivers. It consists of a combination of hexode for mixing the 
input signal with the signal generated by the oscillator, and a 
triode for use as the latter.
Every effort has been made in the development of this valve to 
attain the highest possible conversion conductance, with a low 
filament current consumption. The main object was to produce 
a mixer valve for battery receivers that ■would give a reliable 
performance on short waves and also permit of automatic gain 
control on that wave range, with a minimum of interference due 
to frequency drift and so on.
Because of the rapid control required in battery receivers, great

max 48 _

Fig. 1 
Dimensions in mm.

care has been taken to ensure good characteristics from the aspect 
of cross-modulation. A variation in the grid bias of from —0.5 to 
—17 V, with an anode potential of 135 V and “sliding” screen vol
tage, is sufficient to reduce the conversion conductance to one- 
hundredth. Without control the conversion conductance is 325 pA/V. 
The screen-grid voltage of the hexode section of the KCH 1 may 
be arranged so as to be self-adjusting; this saves the current that

IìhWi

Fig. 3
Anode current of t he hexode unit as a function 
of the grid bias, with the screen-grid voltage as 
parameter. The broken lines show the anode 
current in the case of the controlled valve, with 
the screen fed from the 135 V battery through 

a resistor of 67,000 ohms.

would otherwise pass 
through the potential 
divider and operates 
the valve as economic
ally as possible. On a 
battery voltage of 135 
V, with a resistor of 
67,000 ohms in series 
with the screen, the 
total load on the anode 
battery is only 5 mA. 
With a fixed screen 
potential, control of 
the conversion con
ductance is consider
ably more rapid, but 
the cross-modulation 
characteristics are not 
so favourable.

an ar

g3

f

as*

Or

Arrangement of 
electrodes and 

base connections.

Further, when the valve is operated on a 
fixed screen voltage the internal resistance 
during the control period, even on a low 
battery voltage, increases rapidly, whereas 
if a screen series resistor is used the inter
nal resistance commences to decrease. This 
is explained by the fact that the screen vol
tage, when self-adjusting, closely approaches 
the same value as the anode voltage when 
control is applied; due to secondary emission 
the internal resistance drops, until the anode 
voltage has decreased so far in response to
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the control that the internal resistance again rises. The curve relating to the internal 
resistance of the valve when under control, as a function of the grid bias, shows a 
decrease at —5 V. At Va — 135 V and Rrj2tl — 67,000 ohms, the internal resistance 
diminishes to 0.5 megohm, whilst on 7« = 90 V and Vgiu = 29,000 ohms the 
minimum is 0.1 megohm. Although a value of 0.5 megohm is still quite serviceable, 
0.1 megohm must be regarded as too low, as the selectivity of the associated I.F. 
circuit is then reduced too much. On a low battery voltage, therefore, a fixed screen 
voltage will normally be preferred, or alternatively, potential-divider feed; the latter 
need take only a very small amount of current, viz. 0.5—1 mA.
Much attention has been given to the oscillator section of this valve to ensure reliable 
oscillation when the valve is to be used in conjunction with ordinary standard coils 
and circuits. Every effort has also been made to procure the highest possible conduct
ance in the triode section at the threshold of oscillation; this is 1.3 mA/V at an anode 
potential of 70 A7, and constant oscillation is thus guaranteed.

Fig. 4
Conversion conductance as a function of the 
grid bias, with the screen voltage as parameter. 
The broken line refers to the conductance when 
control is applied to the valve, with the screen 
fed from the 135 V battery through a resistor 

of 67,000 ohms.

Conversion conductance Sc, internal resist
ance Ri and effective oscillator voltage Vosc 
as functions of the oscillator-grid current Ig3 
(grid leak of oscillator, Rga — 25,000 ohms), at 
Va = 135 V and a fixed screen voltage of 55 V.

FILAMENT RATINGS
Heating: direct by battery; parallel supply.
Filament voltage.........................................................................
Filament current.........................................................................

7/ = 2.0 V
I, = 0.18 A
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CAPACITANCES
a. Hexode section.
Gi = 7 wV

Ca =16 yf
Vagi < 0.05 /z/iF

b. Triode section
G/ = 13.5 pf
Oaf = 3.6 yyY
Ogg = 3.5 /if

Between hexode and triode. 
CgTgiH < 0.4 yf

a) FIXED SCREEN-GRID VOLTAGE
OPERATING DATA: Hexode section

Anode voltage • G = 90 135 V
Screen-grid

voltage. . . • Gm — 55 V 55 V
Grid leak. . . • Rg:, - 25,000 ohms 25,000 ohms
Oscillator-grid

current. . . • Ljn — _____  280 yA ______ 280 yA
Grid bias. . . .• G. = —0.51) — 8 -] —^.5 3) —0.5’) ~8 2) —9.5 3)
Anode current . iu = 1 mA — — 1 mA — —
Screen current .• 1^,1 = 1.2 mA — — 1.2 mA — —
Conversion

conductance .. Sc = 320 3 1 325 3 1 iiA/V
Internal

resistance . . Ri = 0.7 >4 > 5 1.5 > 10 > 10 M ohms

i<'b- «
Conversion conductance Sc, internal resistance 
Ri and effective oscillator voltage Vosc as 
functions of the oscillator-grid current I/i3 
(oscillator grid leak Rg3 = 25,000 ohms), with 
Va — 90 V and fixed screen voltage of 55 A'.

svista
Fig. 7

Conversion conductance Sc, internal resistance 
Ri and effective oscillator voltage Vose as func
tions of the oscillator-grid current Ig3 (oscillate r 
gridleak Rg3 = 25,000 ohms), with Va = 135V 
and screen fed from 135 V battery through a 

resistor of 67,000 ohms.
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b) WITH SCREEN SERIES RESISTOR

For footnotes see next page.

Anode voltage
Screen series

• % = 90 V

resistor. . . • ^g2,i = 29,000 ohms
Grid leak. . . 
Oscillator grid

■ Rgs = 25,000 ohms

current. . . ■ Igs — 280 yk
Grid bias. . . 
Screen-grid

■ Vg, = —0.5 ■) -12 =) --15 3)

voltage. . . • 172,4 ~ 55 .—. 90
Anode current
Screen-grid

■ Ia = 1 ■—' —

current. . . ■ Ln,gi = 1.2 —• —
Conversion 

conductance
1 nternal

• sc = 320 3 1

resistance . .■ Ri - 0.7 ') > 0.9 >> 1

135 V

67,000 ohms
25,000 ohms

280 yk
—0.5 >) —17 2) —20 V 3)'

55 — 135 V
1 — — mA

1.2 — — mA

325 3 1 pk/V

1.5 5) >1 > 1.5 M ohms

Fig. 8
Conversion conductance Sc, internal resistance 
JU and effective oscillator voltage Vosc as func
tions of the oscillator-grid current Ig2 (oscillator 
grid leak Rg^ = 25,000 ohms), with Va — 90 V 
and screen fed from 90 V battery through a 

resistor of 29,000 ohms.

Fig. 9
With 135 V anode voltage and fixed screen 

voltage 55 V ;
Upper diagram. Alternating grid voltage of 
interfering signal (effective value) as a function 
of the conversion conductance, with 1 % cross

modulation.
Lower diagram. Conversion conductance Sc, 
anode current la, screen current Jg2 t if?* anil 
internal resistance Ri as functions of the grid 

bias Vg4.
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e) SCREEN FED FROM A POTENTIAL DIVIDER

Anode voltage . Va = 90 V 90 V
Potential divider 

resistor.... 
Potential divider 

resistor....
Potentiometer 

current. . . .
Grid leak. . . . 
Oscillator-grid 

current....

RP) =

7?, 6) =

Ip ---
IU =

Igi =

16,000 ohms

55,000 ohms

I mA 
25,000 ohms

_______ 280 /zA______

22,000 ohms

110,000 ohms

0.5 mA 
25,000 ohms

280 pA____ _
Grid bias. . . . 
Screen-grid

Vgi = —0.5 i) —9.5 2) —11 V3) —0.51) —10-) —12 3) V

voltage.... Um = 55 — 70 V 55 — 75 V
Anode current . la = 1 — — mA 1 — — mA
Screen current . 
Conversion

Igi-gi = 1.2 — — mA 1.2 — — mA

conductance .
Internal

U = 320 3 1 325 3 1 /zA/V

resistance . . IL = 0.7 >2 >3 0.7 >1.5 > 2.5 M ohms
J) Without control
8) Conversion conductance controlled to 1 : 100
a) Limit of control
*) With a grid bias of -5 V the internal resistance is approx. 0.1 megohm
’) With a grid bias of -6 V the internal resistance is approx. 0.4 megohm 
e) See circuit diagram, Fig. 16.

OPERATING DATA: triode section used as oscillator

Anode voltage................................................. Va = 70 — — V
Battery voltage................................................. U = — 90 135 V
Anode series resistor.....................................
Anode current with Ig = 280 yA and

— 22,000 22,000 ohms

Ry, = 25,000 ohms..................................... la = 3 2 3 mA
Anode current ( Vg = 0, lg = 0)................
Mutual conductance at threshold of

la = 2.4 — — mA

oscillation ( Vg = 0, Ig = 0)..................... s„ = 1.3 1.1 1.3 mA/V
Amplification factor, with Vg = 0, Ig = 0 F = 28 28 28

MAXIMUM RATINGS: Hexode section

Anode voltage................................................................. Va
Anode dissipation............................................................. 11%
Screen-grid voltage without control on the 

valve (Ia = 1 mA).................................................Fÿ2)l
Screen voltage, valve under control 

(Ia < 0.2 mA).........................................................
Screen-grid dissipation......................................................... IK«,»
Cathode current.............................................................
External resistance between control grid and 

cathode......................................................................... Rgik
Grid voltage at grid current start (Igl = + 0.3 /zA) Vgl

= max. 135 V
= max. 1.5 W

= max. 60 V

= max. 135 V
= max. 1 W
= max. 8 mA

= max. 3 M ohms
= max. —0.2 V
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MAXIMUM RATINGS: Triode section
Anode voltage.................................................................
Anode dissipation.............................................................
Grid voltage at grid current start (ly + 0.3 //A) Ff/
External resistance between grid and cathode . . . Ryk

= max. 80 V
= max. 0.5 W

max. — 0.2 V
= max. 50,000 ohms

APPLICATIONS
A few further remarks may be added to the above. In order to limit frequency drift 
as much as possible, the oscillator circuit should be connected to the anode of the 
triode unit of the KCH 1; the reaction coil is therefore connected to the grid. At 
a wavelength of 15 metres, the drift will then be 3 kc/s -with a grid voltage variation 
of from —2 to —15 V, which means that this valve is quite suitable for automatic 
gain control in the short-wave range. For the medium and long waves, the “bottom” 
end of the reaction coil should be connected to the “top” of the padding capacitor; 
the inductive coupling will then be assisted by the capacitive reaction through the

Fig. 10
With 90 A’ anode voltage and fixed-screen voltage 

of 55 V:
Upper diagram. Alternating grid voltage of the 
interfering signal (effective value) as a function 
of the conversion conductance, with 1 % cross- 

modulation.
Lower diagram. Conversion conductance Sc. 
anode current la, screen-grid current Ig2 + Igt 
and internal resistance Ri, as functions of the 

grid bias Vg^

RdMSli

Fig. 11
With 135 V anode voltage and screen fed through 
a resistor of 67,000 ohms from a 135 V 

battery :
Upper diagram. Alternating grid voltage of 
the interfering signal (effective value) as a 
function of the conversion conductance with 

1 % cross-modulation.
Lower diagram. Conversion conductance Sc, 
anode current la, screen-grid current Ig2 + Igt 
and internal resistance Ri as functions of the 

grid bias Vg^
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Fig. 12
With 90 V anode voltage and screen fed through 
a resistor of 29,000 ohms from a 90 V battery: 
Upper diagram. Alternating grid voltage of the 
interfering signal (effective value) as a function 
of the conversion conductance, with 1 % cross

modulation.
Lower diagram. Conversion conductance Sc, 
anode current la, screen-grid current Igt 4- Igt 
and internal resistance Ri as functions of the 

grid bias Vt/i.

Fig. 13
With 90 V anode voltage and screen fed from 
a potential divider carrying a current of 0.5 mA 

(full line), or 1 mA (broken line):
Upper diagram. Alternating grid voltage of 
interfering signal (effective value), as a function 
of the conversion conductance, with 1 % cross- 

modulation.
Lower diagram. Conversion conductance Sc, and 
internal resistance Ri, as functions of the grid 

bias Vgt.

Fig. 14
Screen-grid current ly^ 4- Igt as a function of the screen voltage 
Ff/su with grid bias Vg^ as parameter. The resistance lines for Rg^i — 
67,000 ohms for a battery voltage of 135 V, and for F<78)4 with reference 

to a 90 V battery are also given.
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latter. This ensures more uniform oscillation throughout the whole wave-range. 
For short waves a padding capacitor is not usually employed. A grid capacitor 
of some 50 to 70 yyF will give reliable oscillation on long waves, with very little 
frequency drift on the short waves. 
A value of 25,000 ohms is recommended 
for the grid-leak resistor as this will 
prevent over-oscillation and will at the 
same time not damp the oscillator circuit 
too heavily. When a 135 V battery is 
used, it is advisable to feed the anode 
through a resistor of 22,000 ohms; 
this resistor is in parallel with the 
oscillator circuit for the high frequencies, 
thus slightly damping the circuit. Fig. 16 
shows the circuit diagram of the KCH 1 
when used on a 90 V or 135 V battery. 
If on a 90 V battery supply the resistor 
in series with the anode is any lower 
than 7,000 ohms, the damping of the 
oscillator circuit is considerably increased, 
but, on the other hand, if the 22,000 ohms 
resistor is used, the conductance at the 
threshold of oscillation will be reduced. 
With the last mentioned value, however, 
oscillation is more reliable, which is, of 
course, the more preferable result. To 
avoid any possibility of parasitic oscilla
tion, a small resistor of 30 to 50 ohms 
can be included in the first grid circuit.

lar(mA}

Fig. 15
Anode current of the triode section, laT. as 
a function of the grid bias VgT, with Ka 7’ - 

50 and 70 V.

Fig. 16
Circuit diagram showing the KCH 1 employed as a frequency-changer in a battery receiver operated 

from a 135 V or 90 V battery.
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KDD 1 Class B output valve
The KDD 1 is, in effect, two triodes housed in a single envelope; 
it is intended for use in Class B output circuits operating with grid 
current and, in conjunction with a suitable driver valve, it will 
deliver 2.2 AV without too much drain on the H.T. battery. The 
valve is of a type that requires no grid bias; without bias, grid 
current flows during almost the whole of the cycle of grid signal, 
thus avoiding any sudden surges of grid current in the secondary 
winding of the transformer, which would produce severe distortion 
of a very unpleasant character by reason of the clearly audible higher 
harmonics.
When there is no signal on the grid the anode current is extremely 
low, being only about 3 mA for the two anodes together, on 135 A7; 
the current becomes appreciable only when the signal is applied. 
Consumption of anode current is roughly proportional to the alter
nating grid voltage, which means that a considerable saving may be 
effected, since the average current is much less than with maximum 
excitation. It is also possible to relieve the drain on the H.T. battery 
somewhat by turning down the receiver volume control to a low level. 
With a signal present on the grid, grid current flow's in both of the 
triodes, and the driver valve must be capable of supplying the input 
required to load the valve fully.
The construction of the grid is such that grid current is limited to 
a minimum, whilst ensuring the greatest economy and sensitivity 
in the driver stage.
A suitable driver transformer, of ratio 2 : (1 + 1), should be used 
with the KDD 1 and the optimum matching impedance between 
anodes will in this ease be 10,000 ohms.

FILAMENT RATINGS
Heating: direct by battery; parallel supply.
Filament voltage................................................. Jy = 2.0 A’
Filament current.................................................If — 0.22 A

max44

Fig. 1 
Dimensions in mm

9

Fig. 2
Arrangement of 
electrodes and 

base connections.

OPERATING DATA
Anode voltage.................................................................. I'„
Grid voltage...................................................................... J',,
Anode current (without signal).................................1WI
Anode current at max. modulation.........................I„ m.
Output ¡lower at max. modulation.........................If,,
Load resistor between anodes.................................lt„„
Alternating grid voltage of the driver valve ... F;
Total distortion............................................................. ilf„t

= 90 V 135 V
= 0 0 A7
= 2 x 0.8 2 >< 1.5 mA
= 2 x 8.5 2 x 14 mA
= 0.72 *) 2.0 AV 7)

= 10.000 10,000 ohms
= 1.5 i) 1.9 Veff ’)
- « !) 10 % ')

') Measured with KC 3 as driver: transformation ratio 2 : (1 -r 1).

MAXIMUM RATINGS PER SYSTEM
Anode voltage..............................................................................
Anode dissipation ( F; = 0).....................................................
Anode dissipation (IK, = max.).................................................
Direct current per anode (average value).............................

F« = - max. 150 A’ 
H’„ -- max. 0.35 W
II’,I = max. 1.5 W
I„ = max. 20 mA
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TABLE
VALVES KG 3 KDD 1

Ratio of driver 
transformer 
prim. wdg. 

sec. wdg.
•

1.6
T

7 2
1

7 2.3
= 'T

I

Load resistor 
between anodes (ohms)

Raa
5,000 7,500 10,000 15,000 20,000 5.000 7,500 10,000 15,000 20,000 5,000 7,500 10,000 15,000 20,000

Max. output power 
(limited by grid cur

rent of KO 3)
(W) 1.8 22 2.2 2.2 1.9 1.6 2.0 2.2 2.1 1.8 1.5 1.8 2.0 2.0 1.8

Distortion with that 
output (%) 10 II 13 19 22 7.2 8.2 10 15 20 5 5.7 8.0 13 18

Combined anode cur
rent of both anodes 
with that output

(mA) 35 32 32 24 20 33 30 28 23 19 31 29 27 22 19

Alternating grid vol
tage I7; for 50 mW 
output (sensitivity)

(G/7) 0.31 0.26 0.22 0.19 0.17 0.35 0.29 0.25 0.22 0.20 0.39 0.32 0.29 0.25 0.22
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Fig. 3
Anode current and grid current as functions 

of the grid voltage.

with grid voltage as parameter.
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Fig. 5
Anode current, alternating grid voltage and total distortion dtot as 
functions of the output power of the KDD 1 for an anode voltage 

of 135 V, using the KC 3 as driver valve.
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of 135 V, using the KBC 1 as driver valve.



KF 3

The KF 3, a variable-mu R.F. pentode, offers excellent cross- 
modulation characteristics throughout the whole range of control on 
the valve. At the normal working point the anode current is very low; 
only a small control potential will completely quench the valve. 
These rapid control characteristics are of great importance in superhet, 
battery receivers that include a short-wave range and, although it 
is not generally advisable to apply control on that range, effective 
A.G.C. can nevertheless be obtained in the case of the KF 3.
This valve can be used only for R.F. and I.F. amplification; when 
employed in the former capacity it gives very good results also on 
short waves; not only are the low capacitances subject to very little 
variation when control is applied, but the input and output damping 
resistances are high and retroaction from the anode extremely slight. 
On short waves, especially, it is advisable to earth both the metallizing 
and the suppressor grid by means of the shortest possible (low 
inductive) leads.

max 40

Fig. 1 
Dimensions in mm.

FILAMENT RATINGS
Heating: direct by battery: parallel supply.
Filament voltage.................................................
Filament current.................................................

a

rn-
92-

T/ --= 2 V 
If = 0.045

g3 
rql

CAPACITANCES
Gm < 0.00C ///'F
Cg, = 6.2 WzF

Anode and

g2
30
Fig. 2 

Arrangement of 
electrodes and 

base connections.

screen-grid current as functions of the 
grid bias.
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OPERATING DATA
Anode voltage................ % = 90 135 V
Screen-grid voltage. . . 90 135 V
Suppressor grid voltage. ili — 0 0 V
Grid bias......................... K,, = ' —0.5 —9 —0.5 —13.5 V
Anode current................ h, - 1 — o — mA
Screen-grid current. . . Ln - 0.2 — 0.6 - mA
Amplification factor . . /« = 1000 — 850 —
Mutual conductance . . .8 500 5 650 6 5 /¿A/V
Internal resistance . . . Ri = 2 > 10 1.3 > 10 M ohms

MAXIMUM RATINGS
I7„ = max. 1.35 V
U7a = max. 0.5 W
Ik = max. 5 mA

I/l (I .Ji = T 0.3 Ilk)

I',/2 = max. 135 V
If,/2 = max. 0.2 W
11,,, = max. 3 AI ohms

max. —0.2 V
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o 100 200 300 VaM

Fig. 4
Anode current as a function of the anode voltage, 
with grid bias as parameter.

Fig. 5
Upper diagram. Max. permissible 
effective value of alternating grid 
voltage with 6 % cross-modulation 
(0.5 % 3rd harmonic) as a function 
of the mutual conductance.
Lower diagram. Mutual conduct
ance and anode current as functions 
of the grid bias.
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K.F 4 R. F. pentode
The R.F. pentode KF 4 has no control character
istic; it can be employed for R.F. or I.F. amplifi- 

- cation, anode-bend or grid detection, and as resist- 
’ ance-coupled A.F. amplifier.
I' When used for the last-mentioned function it 

should follow the indirectly-heated double-diode 
KB 2 for driving a Class A output stage using the
pentode KL 4 or, with the necessary driver trans- 

f f former, a Class B stage comprising two valves of 
the latter type.
The KF 4 gives excellent results on short waves; 
this is mainly due to the use of the P-type base 
with which it is fitted, and a separate contact for 
the suppressor grid connection. In the design of 
this valve output capacitances have been kept as

max 40

2224 3

Fig. 1 
Dimensions in in

Fig. 2 low as possible.
Arrangement of
base connections FILAMENT RATINGS 
and electrodes.

Heating: direct by battery; parallel supply.
Filament voltage................................................. Vf = 2.0 V
Filament current......................................... If = 0.065 A

CAPACITANCES
Ougi < 0.008 pyF
Cf = 6.0 ppF
G = 5.0 if

MAXIMUM RATINGS
Va = max. 135 V
IF« = max. 0.5 W
Gs = max. 135 V
BG = max. 0.25 W
Ip = max. 5 mA
Gi dgi = + 0-3 pA) = max. —0.2 V

= max. 3 M ohms

Fig. 3
Anode and screen-grid current as functions of 

the grid bias.

213



KF 4

STATIC DATA
Anode voltage................................. ...................Va= 90 V 135 V
Screen-grid voltage......................... .........................G2 = 90 V 135 V
Suppressor-grid voltage................ .........................Ga = 0 0 V
Grid bias............................................. .........................Gi = —0-5 V —0.5 V
Anode current................................. 2.6 mA
Screen-grid current......................... .................Ig. = 0.4 mA 1.0 mA
Amplification factor........................ ..............p = 800 700
Mutual conductance......................... ................ 8 =0.7 mA/V 0.8 mA/V
Internal resistance........................ .................Ri = Û.9 M ohms 0.8 M ohms

TABLE I
KF 4 used as grid detector with resistance coupling (connected as pentode); grid 

leak of following valve = 1 megohm.

Battery 
voltage

Vb
(V)

Coupling 
resistor

Ra 
(M ohm)

Anode 
current

la 
(mA)

Screen- 
series 

resistor

Rfh 
(M ohm)

Screen
grid 

current

lib 
(mA)

Detector amplification; 
modulation depth 30 %

Alternating output 
voltage; modulation 

depth 30 %

Altern. 
output 
voltage 
Vo (Neff)

Stage 
gain

Altern. 
output 
voltage 
Vo (Veg)

Altern. 
grid 

voltage 
Vi (Neff)

135 0.32 0.37 0.64 0.15 2 6.6 4.8 0.64
90 0.32 0.24 0.5 0.11 2 4.8 2.6 0.56

135 0.10 1.05 0.5 0.16 2 7.3 6.4 1.0
90 0.04 2.1 0.032 1.05 2 4.4 5.1 1.6

135 0.10 0.71 0.10 0.41 2 4.9 4.5 1.0
90 0.04 1.5 0.016 0.75 2 3.9 3.8 1.1

TABLE II
KF 4 used as grid detector with reaction and resistance coupling (connected as triode).

*) Max. excitation of the stage KC 3 + KDD 1 at Va — 135 V is reached at an alternating grid, voltage 
of2.2V(e^)

a) Max. excitation of the stage KC 3 + KDD 1 at Va — 90 V is reached at an alternating grid voltage of 
1.4 N(cff).

*) Maximum alternating output voltage.

Battery Coupling Anode

Detector 
amplification 
at m — 0.3

Alternating output 
voltage at m — 0.3

Alternating output 
voltage at m = 0.1

voltage resistor current Altern. 
output 
volts

Stage 
gain

Altern. 
output 
volts

Altern. 
grid 
volts

Distor
tion

Altern. 
output 
volts

Altern. 
grid 
volts

Distor
tion

Vb
(V)

Ra 
(Ohms)

la 
(mA)

Vo 
(Veff)

Vo 
(Veff)

Vi 
(Veff)

% Vo 
(Veff)

Vi 
(Veff)

%

135 20,000 2.6 0.5 1.9 2.2 *) 1.1 2 0.85 1.5 0.9

135 40,000 1.8 0.5 2.2 2.2 *) 1.0 3.6 0.86 1.5 2

90 20,000 1.5 0.5 1.6 1.4 =) 0.95 5 3) — — —

90 40,000 1.1 0.5 2.0 1.4 2) 0.8 4 — — —
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TABLE III
KF 4 used as A.F. amplifier (connected as pentode). Grid leak of following valve 

1 megohm.

Batterj7 
voltage

Vb 
(V)

Coupling 
resistor

Ita 
(Mohm)

Anode 
current

la 
(mA)

Screen 
series 

resistor

(M ohm)

Screen- 
grid 

current

Ig. 
(mA)

Grid 
bias

Vg, 
(V)

With an alternating 
output voltage of 

10 Veff:

With an alternating 
output voltage of 

14 Veff:

Gain 
factor

Distor
tion 
d(%)

Gain 
factor

Distor
tion 
d(%)

135 0.32 0.30 0.64 0.11 —1.5 72 0.5 72 0.7

90 0.32 0.18 0.4 0.10 —1.5 52 1.5 52 1.8

135 0.20 0.41 0.4 0.15 —1.5 62 0.8 62 1.0

90 0.20 0.24 0.25 0.10 —1.5 48 1.2 48 1.9

135 0.10 0.64 0.2 0.23 —1.5 47 0.9 47 1.6

90 0.10 0.50 0.05 0.20 —1.5 37 0.9 37 1.8

TABLE IV
KF 4 used as A.F amplifier (connected as triode). Grid leak of the following valve 

1 megohm.

Battery Coupling Anode Grid

With an alternating output 
voltage of 7 Neff: *)

With an alternating output 
voltage of 10 Veff: ’)

voltage resistor current bias Altern. 
grid 
volts

Stage 
gain

Distor
tion

Altern. 
grid 
volts

Stage 
gain

Distor
tion

Vb 
(V)

Ita
(M ohm)

la 
(mA)

Vg, Vi 
(Veff) d(%)

Vi 
(Veff) ¿(%)

135 0.32 0.25 —1.5 0.39 18 0.8 0.56 18 0.8
135 0.32 0.15 —3.0 0.43 16.2 1.5 0.62 16.2 2.8
90 0.32 0.13 —1.5 0.43 16.2 2 — — —

90 0.32 0.05 —3.0 0.62 11.5 10 — — —

135 0.20 0.35 —1.5 0.39 18 0.8 0.56 18 0.8
135 0.20 0.21 —3.0 0.45 16 1.7 0.63 16 3.0
90 0.20 0.17 —1.5 0.43 16.2 2 — — —

90 0.20 0.07 —3.0 0.65 10.5 13 — — —

135 0.10 0.56 —1.5 0.42 16.6 0.8 0.60 16.6 1.0
135 0.10 0.33 —3.0 0.48 14.5 2.4 0.70 14.5 4.0
90 0.10 0.28 —1.5 0.48 14.5 1.5 — — —

90 0.10 0.09 —3.0 0.76 9.5 18 — — —

l) Max. excitation of the KL 2 at Va — Vg2 = 
Max. excitation of the KL 4 at Va = 7^2 —

90 V is reached at an alternating input of
90 V is reached at an alternating input of

7 Veff.
2 Veff.

B) Max. excitation of the KL 2 at Va — Vg2 = 135 V is reached at an alternating input of 10 Veff.
Max. excitation of the KL 4 at Va = Vgt = 135 V is reached at an alternating input of 3.5 Veff.
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Fig. 4
Anode current as a function of the anode voltage, 
with grid bias as parameter, at F^. = 90 V and 
135 V.

Fig. 5
Upper diagram. Maximum per
missible effective value of the 
alternating grid voltage with 6 % 
cross-modulation (0.5 % 3rd har
monic), as a function of the mutual 
conductance controlled by varying 
the filament voltage.
Lower diagram. Mutual conduct
ance and anode current as func
tions of the filament voltage.
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KH 1 Hexode
This battery' hexode can be utilized for three different purposes, viz: 
I) As a frequency-changer with a separate oscillator valve, such as 
the KC 4 -which was specially designed for the purpose. The R.F. 
signal is applied to the first grid and the oscillator signal to the 
third grid. The screens, grids two and four, are given a positive 
potential of 60 V. The pitch of the first grid is such that A.G.C!. can 
be employed, with excellent cross-modulation characteristics; the 
conversion conductance, for a battery valve, is very high, being 
450 /zA/V.
2) As an R.F. vari-mu pentode in R.F. and I.F. amplifiers. The second 
and third grids are again given a potential of 60 V, whilst the fourth 
grid serves as suppressor and is accordingly earthed, this arrangement 
giving high mutual conductance (1.4 mA/V) with a low battery' 
current (2.95 mA).
3) As a variable-mu R.F. tetrode in R.F. or I.F. amplifiers. The 
second and fourth grids are joined and supplied with 60 V and the 
third grid is earthed. In this case the mutual conductance is slightly' 
higher than when the valve is used as a pentode (1.5 mA/V), and the 
anode current somewhat lower (2.8 mA); the control, however, is 
less rapid and the internal resistance is lower.

FILAMENT RATINGS

,jnax44r

Fig. 1 
Dimensions in mm.

a ■

f f
277St

Heating: direct by battery; parallel supply- 
Filament voltage............................................................. Vf = 2.0 A7
Filament current............................................................. Zy = 0.135

CAPACITANCES
Cg, = 7.8 ppF
Oga = 12.5 ppF
Cn = 16.3 ppV

<7®

27762
Fig. 2 

-Arrangement of 
electrodes and 

base connections.

= 0.17 ppR
CarJl - < 0.002 ppV
CiJI'JS

Oscillator circuit

396/9

Fig. 3
Circuit diagram showing the KÏÏ 1 used as a frequency- 

changer.



KH 1

OPERATING DATA: KH 1 employed as a frequency-changer
Anode voltage.........................................................
Voltage on grid 2.....................................................
Voltage on grid 4.....................................................
Grid leak, grid 3.....................................................
Oscillator voltage, grid 3..................................... IzoS(. = 10 Vea

u = 135 V
J g2 = 60 V
^4 = 60 V
Rga = 0.5 M ohm

Grid bias.........................................= —1.5 V ')
Anode current................................1„ =1 mA
Screen-grid current... Ig2 I- Igi = 1.1mA
Conversion conductance . ... Sc = 450 /'A/V
Internal resistance........................ R, = 1 AI ohm

—8 Vs)

4.5 p.A/V 
> 10 M ohms

—9.5 V 3)

1 pA/V
> 10 AI ohms

9 Without control. a) Conductance controlled to 1 : 100. 9 Limit of control.
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KH 1

W *(W
Fig. 7 

KH 1 as a pentode.
Upper diagram. Effective value of the alter
nating grid voltage as a function of the mutual 

conductance, with 1 % cross-modulation.
Centre diagram. Effective value of the alternating 
grid voltage as a function of the mutual con

ductance, with 1 % modulation hum.
Lower diagram. Mutual conductance S, screen
grid current Ig2 4- Ig3, and anode current 

as functions of the grid bias.

Fig.6
KH 1 as a frequency-changer.

Upper diagram. Effective value of the alter
nating grid voltage as a function of the 
conversion conductance, with 1 % cross

modulation.
Centre diagram. Effective value of the alternating 
grid voltage as a function of the conversion 

conductance, with 1 % modulation hum.
Lower diagram. Conversion conductance Sc and 
anode current la as funcitons of the grid bias.

OPERATING DATA: KH 1 connected as a pentode (R.F. or I.F. amplifier)
Anode voltage......................................................... Va = 135 V
Voltage on grid 2.................................................... Vg2 = 60 V
Voltage on grid 3.................................................... Vg3 = 60 V
Voltage on grid 4.................................................... Gz = 0 V
Grid bias.........................................Vgl = —1.5 V ’) —7.5 V =) —9.3 V3)
Anode current.............................7« = 2 mA — —
Screen-grid current . . . lg3 4- Ig3 = 0.95 mA — —
Mutual conductance..................... S = 1,400 pAfV 14 /zA/V I /zA/V
Internal resistance.................... Ri = 1.3 M ohms > 10 M ohms > 10 M ohms
OPERATING DATA: KH 1 connected as a tetrode (R.F. of I.F. amplifier)
Anode voltage......................................................... Va = 135 V
Voltage on grid 2........................................................ Vg2 = 60 V
Voltage on grid 3........................................................ Vgs = 0V
Voltage on grid 4....................................................Vgi = 60 V
Grid bias.........................................Gi = —L5 v 9 —8.5 v 2) ~11 v 3)
Anode current.............................7« =2.1 mA — —
Screen-grid current . . . Ig2 + Igi = 0.7 mA — —
Mutual conductance.....................S = 1,500 pA/V 15 /zA/V 1 pA/V
Internal resistance.....................Ri = 0.7 M ohm > 10 M ohms > 10 M ohms
*) Without control. a) Conductance controlled to 1 : 100. 3) Limit of control.
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MAXIMUM RATINGS
Anode voltage.........................................................................
Anode dissipation.....................................................................
Voltage, grid 2.........................................................................
Dissipation, grid 2 .............................................................
Voltage, grid 3.........................................................................
Dissipation, grid 3.................................................................
Voltage, grid 4.........................................................................
Dissipation, grid 4.................................................................
Grid voltage at grid current start . . (Igi = + 0.3 pA)

Ggs = + 0.3 pA)
Cathode current.............................................................
External resistance between grid 1 and cathode.
External resistance between grid 3 and cathode . .

7« = max. 150 V 
Wa = max. 0.4 W 
7«2 = max. 60 V 
7% = max. 0.1 W 
Vg3 = max. 60 V 
Wg3 = max. 0.1 W 
Vgl = max. 60 V 
7% = max. 0.1 W 
Vgi = max. ■—0.2 V 
Vg3 — max. —0.2 V 
Ik = max. 10 mA

• Rgik = max. 1 M ohm 
• Rgxk = max. 1 M ohm

TOLERANCES ON SCREEN-GRID CURRENT
a) valve used as a frequency-changer ( Va = 135 V. 1% = Val= 60 V. 1% = 10 V(,ff.

G = -1.5V).
Gs "v Lt — max. 1.45 mA
Ig2 + Ig) = min. 0.75 mA

b) valve used as a pentode (7« = 135 V, J% = Fff3 = 60 V, 7% = 0, Vgi = —1.5 V).
Ig2 + Ig3 = max. 1.3 mA
Ig2 -H lg3 = min. 0.7 mA

c) valve used as a tetrode ( Va = 135 V, Vg2 = 7W = 60 V, 1% = 0 V, Vg, = —1.5 V)
IJ2 -y Igi = max. 0.9 mA
lg2 -- lgi = min. 0.5 mA

Fig. S
KH 1 used as a tetrode:
Upper diagram. Effective value of the alternating 
grid voltage as a function of the mutual conductance, 
with 1 % cross-modulation.
Centre diagram. Effective value of the alternating 
grid voltage as a function of the mutual conductance, 
with 1 % modulalation hum.
Lower diagram. Mutual conductance 5, screen-grid 
current Ig« 4- Igt, and anode current la as functions 
of the grid bias.
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KK 2

KK 2¡ Octode
a

m 
95 
g3 
St

ft-) f(+)

pg6
-Q4 
^g2

The KK 2 is a directly-heated octode that can be 
used as a frequency-changer in battery super
heterodyne receivers for medium and long waves 
as well as short-wave reception. This combination 
of oscillator and mixer valve, operating on a 
common anode current and sharing a single fila
ment, ensures a considerable saving in current, 
this being an important factor in the design of

fi+j ff-lg6 sets. The filament current is only 0.13 A,
with a total cathode current of 3.5 mA on me-

g2MW 
gì gigs 

35 .

dium and long waves and 4.3 mA on the short
wave range.

max46

Fig. 1

Arrangement of 
electrodes and 

liase connections.

A superheterodyne receiver based on the use Dimensions in mm. 
of the KK 2 will always be a reliable and fool
proof proposition. For a battery valve, the conversion conduct
ance and internal resistance are both very high, ensuring a high 
degree of conversion amplification; further, automatic gain control 
may be applied with success. A grid voltage variation of only 
—12 V is sufficient to reduce the conversion conductance from
its maximum value to 0.002 mA/V.

FILAMENT RATINGS

25214
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KK 2

OPERATING DATA
1. FOR MEDIUM AND LONG WAVE RECEPTION
Anode voltage......................................... = 90 135 V
Oscillator-anode voltage................................. F„, = 90 135 V
Screen-grid voltage..........................................1%.-, = 45 45 V
Grid bias (without oscillation) .... F,;1 = 0 0 V
Oscillator voltage on control grid. . . . Fo„- = 8.5 8.5 Veff
Grid leak (control grid)................................ Rgl = 50,000 50,000 ohms
Bias, grid 4......................................................Vgl = —0.5 —0.5 V
Anode current (Vg, = —0.5 V).................... I„ = 0.7 0.7 mA
Oscillator-anode current................................ fy. = 1.6 2.2 mA
Screen-grid current........................................ Ljsjh = 1.0 1.0 mA
Conversion conductance (at 1% = —0.5 V) Sr = 0.27 0.27 mA/V
Conversion conductance (at Ty, = —11 V) Sr < 0.0027 0.0027 mA/V
Internal resistance (at 1% = —0.5 T) . R; — 2 2.5 M ohms
Internal resistance (at T,,4 -= —11 V) . R; > 10 > 10 M ohms

2. FOR SHORT WAVE RECEPTION
Anode voltage......................................... V„ = 135 V
Oscillator-anode voltage................................. 1% — 135 V
Screen-grid voltage......................................... F/;3.5 = 60 V
Control-grid bias (without oscillation) . Val = 0 V
Oscillator voltage at control grid .... Vosr — 6
Control grid leak.............................................R,n — 50,000 ohms
Bias, grid 4............................................. 1% = —1.5 —15 V
Anode current.................................................I„ = 1.0 mA —
Oscillator-anode current................................ Iy., = 3.0 mA —
Screen-grid current.........................................Za3^3 == 1.4 mA —
Conversion conductance................................ Sc = 0.3 0.003 mA/V
Internal resistance.........................................Ri = 1.7 > 10 M ohms

MAXIMUM RATINGS
V„ — max. 135 V 1%. — max. 0.6 W
Wa = max. 0.5 W Ik — max. 10 mA
^<73.5 “ max. 100 V T7^ (1^ = 4- 0.3 y A) = max. —0.2 V

— max. 0.4 ^g^k — max. 3 M ohms
Vy2 --= max. 135 v Ry-a- max. 0.1 M ohm



KK 2

Sc^A/V);^^

Fig. 4
Upper diagram. Alternating input voltage as a 
function of the conversion conductance (as controlled 
by the potential on the 4th grid), with 6 % cross- 
modulation (0.5 % 3rd harmonic), at F*73,s = 45 V. 
Centre diagram. Alternating input voltage as a 
function of the conversion conductance (as controlled 
by the potential on the 4th grid), with 4 % modu

lation hum, at Vg3.5 = 45 V.
Lower diagram. Conversion conductance and anode 
current as functions of the bias on the 4th grid, 

at F{73,5 = 45 V

Upper diagram. Alternating input voltage as a 
function of the conversion conductance (as con
trolled by the voltage on grid 4), with 6 % cross
modulation (0.5 % 3rd harmonic), at VgSiS = 60 V. 
Centre diagram. Alternating input voltage as a 
function of the conversion conductance (as control
led by the voltage on the 4th grid) with 4 % modu

lation hum, at Vg3,s = 60 V.
Lower diagram. Conversion conductance and anode 
current as functions of the grid bias (4th grid), at 

Vg2t., = 60 V.

Conversion conductance, internal resistance, factor A (governing 
the strength of the background noise) andfactor B (strength of whistles) 
as functions of the oscillator voltage of the KK 2 when used on medium 

and long waves.



KK 2
¿521 V

Conversion conductance and internal resistance 
as functions of the oscillator voltage of the 

KK 2 when used on short waves.

APPLICATIONS
In connection with the applications of 
the valve, the following points should be 
taken into consideration. The coupling 
of the oscillator circuit must be tighter 
than is normally the case with A.C. valves, 
and should be so adjusted that the current 
passing through the grid leak R2 is about 
100 pA (see Fig. 8); in the short-wave 
range the average grid current is approxi
mately 60 pA.
For the last-mentioned wave-range tight
er coupling may be obtained by em
ploying the circuit shown in Fig. 9 in which 
the inductive coupling is enhanced by 
capacitive coupling. The value of capa
citor Cs should be about 2,500 ppF.
Again, for short-wave work, improved 
results may be obtained in certain cir
cumstances by selecting an oscillator 
frecpiency which is lower than that of the 
input. The conductance in the medium 
and long wave ranges may be varied by 
applying the control voltage to the 4th 
grid, but on short waves frequency drift 
precludes any alteration in the voltage 
on the 4th grid.

Mg. 8
Theoretical circuit of the KK 2 as used on medium 

and long waves.
Fig. 9

The KK 2 in a short-wave circuit
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KL 4

KL 4 Output pentode
The KL 4 is an output valve using a relatively 
small filament current (0.15 A). The sensitivity is 
very high, only a small input voltage being required 
for full excitation; with 135 V on anode and screen 
the KL 4 will deliver 0.47 W, with 11.2 % distortion. 
This valve is suitable for use only in balanced 
output stages operating without grid current; the 
quality of reproduction is then excellent and the

mar output obtainable at the above-mentioned anode
f f g3

Fig. 2 
Arrangement of 
electrodes and 

base connections.

and screen voltage is approximately 0.8 W.

FILAMENT RATINGS
Heating: direct bj- battery; parallel supply.
Filament voltage.........................................................
Filament current.............................................................

V/ = 2.0 V
If = 0.150 A

Fig. 3
Anode and screen-grid current as functions of the 

grid bias, with Va = Vgt = 135 and 90 V.

OPERATING DATA
Anode voltage

Va = 90 
Screen-grid voltage

Vg2 = 90
Grid bias

Vgl = —2.6 
Anode current

la — LI
Screen-grid current

Ig2 = 0.8 
Mutual conductance

8 = 1.8
Internal resistance

Ri = 150,000 
Load resistor

Ra = 19,000
Output power (10 %

Wo = 0.16
Alternating input voltage

Vi = 1.9 3.3 Vea

135 V

135 V

—5 V

7 mA

1.1 mA

2.1 mA/V

130,000 ohms

19,000 ohms 
dist)

0.44 W
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KL 4

Fig. 4
Anode current as a function 
of the anode voltage, with 
grid bias as parameter, at a 
screen voltage of 135 V.

MAXIMUM RATINGS
Va = max. 135 V
Wa = max. 1 W
Vg. = max. 135 V

( Vi = 0) = max. 0.15 W

I%2 (Ko = max)
h

Rgi

Vgi (Igi — + 0.3 //A)

= max. 0.30 W
= max. 10 mA
= max. 1 M ohm
= max. —0.2 V

Fig. 5
Anode current as a function of 
the anode voltage, with grid 
bias as parameter, for a screen 
voltage of 90 V.
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KL 4

Fig. 6 
Alternating grid voltage Vi 
and total distortion of the 
K L 4 as functions of the output 
power, on Va = J’<7 — 135V.

Fig. 7 
Alternating grid voltage Vi, 
total distortion and combined 
anode current as functions of 
the output power of two KL 4 
valves in a balanced circuit 
operating without grid current 
( Va = Vgz = 135 V).



KL 4

Fig. 8 
Alternating grid voltage Vi 
and total distortion of the 
KL 4 as functions of the out
put power with Va = Vg., — 
90 V.

Fig. 9 
Alternating grid voltage Vi, 
total distortion and combined 
anode current as functions of 
the output power of two KL 4 
valves in a balanced circuit 
operating without grid current 
(Va = Vg2 = 90 V).
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KL 5

KL 5 Output pentod
This is a directly-heated output valve for 2 V battery receivers, 
delivering a reasonably high output on a very low current con
sumption; with 135 V on the anode, passing a current of 8.5 mA, 
the output is 0.52 W with 10 % distortion.
In this valve an improvement has been introduced in the form of 
mica dampers 011 the filament, which greatly reduce any tendency 
towards microphony; in this respect, too, therefore, the KL 5 is an 
extremely reliable valve. Two of these valves in a balanced circuit 
will deliver an output which for battery receivers is quite high, with 
relatively little distortion. The low filament consumption in such 
circuits is another important feature; with an anode potential of 
135 V, two KL 5 valves will give slightly more than 1 W, with about 
7 % distortion, the combined filament current being only 0.2 A. 
The sensitivity is such that the valve can be fully excited with any

max 37

I

J7435

normal A.F. valve, or with a pentode functioning as grid detector. 2

FILAMENT RATINGS
Heating: direct by battery; parallel supply.
Filament voltage.................................................
Filament current.................................................

Vf - 2.0 V

CAPACITANCES
Anode-grid .

Dimensions in mm.

a

g3

f f 
g3f f

Gi < 0.6 /if a

Arrangement of 
electrodes and 

base connections.

Anode and screen-grid current as functions of tie- 
grid bias, with Va = Vgs = 135 and 90 V.



KL 5

OPERATING DATA: KL 5 used as a single output valve
Anode voltage................................................. F« = 90 A7 135 A7
Screen-grid voltage......................................... I (12 = 90 V 135 A7
Grid bias............................................................. = —4 V —6.5 A7
.Anode current................................................. la = 4.8 mA 8.5 mA
Screen-grid current......................................... 1„2 = 0.9 mA 1.5 mA
Mutual conductance......................................... s = 1.4 mA/V 1.7 mA/A7
Internal resistance......................................... R, = 180,000 ohms 135.000 ohms
Load resistor..................................................... Ra = 19.000 ohms 16,000 ohms
Output power (10% distortion)................ IE, = 0.2 AV 0.53 AA’
Alternating grid voltage (10 %, distortion) . Ei = 2.6 A% 4.8 Vet,

Sensitivity (II’,, - 50 mW)............................. E; = 0.7 Vet, 0.8 Veg

OPERATING DATA: KL 5 used in a balanced output stage (2 valves)
Anode voltage................................................. E« = 90 A’ 135 AT
Screen-grid voltage......................................... 1 t/2 = 90 A7 135 A7
Grid bias............................................................. E,„ = —8.5 A7 —12 V
Anode current (without signal).................... 1 (10 = 2x1 mA 2x2 mA
Anode current at max. modulation .... max = 2 x 3.6 mA 2 x 6.25 mA
Screen-grid current (without signal). . . . I <¡20 = 2 x 0.1 mA 2 x 0.35 mA
Screen-grid current at max. modulation J gz max = 2 x 1.0 mA 2 x 2.4 mA
Load resistor between anodes.................... = 25.000 ohms 25,000 ohms
Output power at max. modulation .... 
Alternating grid voltage at maximum modu-

= 3.5 AA7 1.05 AA7

lation............................................................. E; = 6.5 Veg 8.7 Vt.g
Total distortion at maximum modulation . dtot = 3.8% i .■ U

MAXIMUM RATINGS
Anode voltage......................................................................... E« = max. 200 V
Anode dissipation..................................................................... Ha = max. 2.0 W
Screen-grid voltage..................................................................Fg2 = max. 200 A7
Screen-grid dissipation ( E; = 0 V)...................................... II7^ = max. 0.5 IV
Screen-grid dissipation (TE0 = max.).................................. JES2 = max. 1.0 W
Cathode current..................................................................... Ik = max. 12 mA
Grid voltage at grid current start . . (Igl — + 0.3 /zA) 1% = max. —0.2 V
External resistance between grid and cathode................ Rgik = max. 1 AI ohm
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KL 5

Fig. 5
Anode current as a function 
of the anode voltage, with 
grid bias as parameter, for a 
screen voltage of 90 V.

Fig. 6
Alternating grid voltage Vi 
and total distortion dtot of 
the KL 5 as functions of the 
output power (Va = Pj7a = 
135 V).
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KL 5

Fig. 7 
Alternating grid voltage I'?, 
total distortion dtot, combined 
anode current la and combined 
screen-grid current Igs as 
functions of the output power, 
for two KL 5 valves in a Class 
B output circuit without grid 
current (Va — V<j2 — 135 V).

Fig. 8 
Alternating grid voltage Fi 
and total distortion d(ot of 
the KL 5 as functions of the 
output power. Va — Vgs — 
90 V.

Fig. 9 
Alternating grid voltage Ju, 
total distortion dtot, combined 
•anode current la and com
bined screen-grid currcntZfoas 
functions of the output power 
of two KL 5 valves in a Class B 
output circuit without grid 
current. Va = Vg2 = 90 V.

0,1 0.2 0,3 0,4 0,5
3a4aQ

0
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Power output valves
and

Microphone pre-amplifier pentode



Power output valves
In the following, details are given of a number of directly and indirectly- 
heated power output valves for use in small, medium and large amplifier 
equipment. Some of these valves, when employed in a balanced output 
stage, are capable of delivering up to 55 or even 133 W. The mutual 
conductance of all these types is very high, necessitating only a low grid 
input to load them fully.

The valves concerned are the following:

4641 directly-heated 25 AV triode; Va = max. 1,500 V, Ty = l\.
4654 indirectly-heated 18 W pentode; F„ = max. 600 V, 

Ua = max. 425 V, Vf = 6.3 V.

4683 directly-heated 15 W triode; Vo = max. 350 V, Ty = 4 V.
4689 indirectly-heated steep-slope 18 W pentode; Va = max. 375 V,

F,,3 = max. 275 V, Vf = 6.3 V.

4694 indirectly-heated steep-slope 9 AV pentode; Va = max. 400 V, 
r,,a = max. 425 V, Vf = 6.3 V.

4699 indirectly-heated steep-slope 18 AV pentode; JT(( = max. 425 N, 
Va2 = max. 425 V, Vf = 6.3 V.

EL 51 indirectly-heated steep-slope 45 AV pentode; Vu = max. 750 A7.
I^a = max. 750 V, Fy = 6.3 V.

F 443 N directly-heated 25 AV pentode; F„ = max. 550 V, 
F^ = max- 300 V. Vf = 4 A7.

Besides these, Philips are marketing ranges of smaller and also considerably 
larger valves, particulars of which will be gladly given on application.

AVith the exception of types 4641 and F443 N, the amplifier valves in 
question are all fitted with the P-type, or side-contact, base. The small 
dimensions of these valves permit the design of small, compact amplifiers 
of outstanding efficiency, delivering high power with only slight distortion. 
The ranges include low and high power triodes for low-impedance output 
stages, as well as normal and steep-slope pentodes for high-impedance 
stages. The high working voltages of the new steep-slope pentodes, amongst 
other features, make it possible to design highly sensitive amplifiers incor
porating a minimum number of valves.
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The data reproduced in the following pages relate only to valves in output 
stages operating without grid current; if a valve is run in the grid-current 
zone it is certainly possible to obtain higher efficieny and therefore a 
greater output from it, but on the other hand there is serious, audible 
distortion, arising from the alternating flow and cessation of the grid current. 
For high-fidelity reproduction, such as may be expected from a good ampli
fier, Class B circuits involving grid current are not recommended.

This does not imply that the valves are not suitable for that purpose, 
however, and particulars will be furnished on request.
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4641

4641 Triode

f f

a The triode, type 4641, is a directly-heated 
25 AV valve intended mainly for use in balanced 
output stages, being equally satisfactory in 

9 Class AB or Class B circuits. In the latter 
instance the effective output is 68 W.
In view of the anode voltage this valve is fitted 
with the 4-pin base, whilst special precautions 
have been taken in the design to prevent flash- 
over within the valve.

FILAMENT RATINGS
Heating: direct by A.C.; parallel supply.

42

Filament voltage.........................I f f V
Filament current............................ If = 2.1 A

CAPACITANCES
Fig. 2 Anode-grid.........................................C<„, = ~/ipy

Arrangement of 
electrodes and

base connect¡uns.

OPERATING DATA

Class B 
output with 
fixed grid 

bias 
(2 valves)

Class AB 
output with 
auto, grid 

bias 
(2 valves)

Class B 
output with 
fixed grid 

bias 
(2 valves)

Anode voltage....................
Common cathode resistor-

G (V) 1,000 1,000 1,500

for auto, grid bias . . . Hi- (ohms) — 1,700 —
Fixed grid bias................ Vg (V) —93 — —144
Anode current ( V; = 0 A’)
Anode current at maximum

Iao (mA) 2 x 10 2 x 25 2 X 10

modulation....................
Load resistor

Za max (mA) 2 x 45 2 x 28 2 x 41

(between anodes) . . . Rm (ohms) 20,000 35,000 40,000
Output power....................
Alternating grid voltage 

(per grid) at maximum

U„ (AV) 41 29 68

modulation....................
Distortion at max. modu-

K (V^) 65 58 105

lation................................. dM GA 2.35 4.5 1. 9
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4641

STATIC DATA
Anode voltage.....................................
Grid bias.....................................................
Anode current.........................................
Mutual conductance............................
Internal resistance.................................

MAXIMUM RATINGS
7((0 = max. .3,000 V
V„ = max. 1,500 V
II'« = max. 25 W
Vv (J,j = + 0.3 /zA) = max. —2 V
Ik = max. 60 mA
R;lk (auto bias) = max. 0.3 M ohm
IJk (fixed bias) = max. 0.1 M ohm

Fig. 3
Anode current as a function of the grid bias 
with Va = 1,000 and 1,500 V.

7« = 1,000 V
Va = —85 V
I,, = 25 mA

= 3 mA/V
Rt = 3,400 ohms

1.500 V 
—140 V 
15 mA
2 mA/V 
4,600 ohms

[¿(mA,

Fig. 4
Anode current as «a iunction of the anode voltage for different values 

of grid bias.



4641

Fig. 5
Total distortion, alter
nating grid voltage and 
total anode current as 
functions of the output 
power of two 4641 valves 
in a Class AB output 
circuit with automatic 
bias. Va — 1,000 V.

Fig. 6
Total distortion, alter
nating grid voltage per 
grid and total anode cur
rent as functions of the 
output power of two 4641 
valves in a Class B output 
circuit with fixed bias. 
Va = 1,000 V.

Fig. 7
Total distortion, alter
nating grid voltage per 
grid and total anode cur
rent as functions of the 
output power of two 4641 
valves in a Class B output 
circuit, with fixed bias.
Va = 1.500 V.



4654

4654 Pentode
The 4654 is an indirectly-heated steep-slope 18 W output valve for 
a maximum anode voltage of 600 and maximum screen-grid voltage 
of 425. In view of the high anode voltage involved and the relatively 
small dimensions of the valve, the anode connection is located at 
the top of the envelope; high voltages in the pinch are thus avoided. 
The suppressor grid is connected to a separate contact on the base, 
making the valve also suitable for amateur transmission work; with 
the screen and suppressor grids joined, the valve can be employed 
as an electron-coupled master oscillator, in which case the top cap 
ensures a conveniently short connection between the anode and 
oscillator circuits.
The 4654 lends itself well to the following purposes in amateur 
transmitters:
1) modulator in Class A, AB or B circuits,
2) electron-coupled master oscillator.

max 51

¿seas

Fig. 1 
Dimensions in mm.

3) R.F. amplifier or frequency-multiplier in intermediate stages 
(Class C),

4) class C output amplifier in telegraphy transmitters,
5) output valve for telephony (Class C), with modulation on both 

anode and screen grid.
It can be used as transmitter valve at all wavelengths from 50 m, 
for which purpose a single valve, in a Class C amplifier, will deliver 

a carrier-wave output 
power of 36 W, at 67 % 
efficiency, excluding cir-

Fig. 3
Anode and screen current of the 4654 as func
tions of the grid bias, for various vahv's of anoik 

and screen potential.

92 
m

¿3691

g3 
gi

cuit
tage 
tage 
bias 
The

losses (anode 
600 V, screen 
200 V. and

—60 V).

vol- 
vol- 
grid

valve is eminently
suitablefor simultaneous 
modulation of both an
ode and screen, in which 
case it should once 
more operate on an 
anode voltage of 600 V, 
a screen voltage of 200 V 
and a grid bias of —60 V. 
the output then being

Arrangement of 
electrodes and 

base connections.

24 W (less circuit losses). Complete details 
will gladly be furnished on request.
As an amplifier valve the 4654 has various 
possibilities, both in amplifiers and modu
lator stages.
With a fixed bias, a supply voltage of 17, = 
425 V, an anode voltage of Ij, = 400 V 
and a common screen series resistor of 
Ry, = 500 ohms, an output of 48 W 
can be obtained without exceeding the 
maximum anode dissipation of 18 W.



4654

OPERATING DATA

Hg- 4
Anode current, as a {unction 
of the anode voltage for 
various values of grid bias. 
I'ga = 275 V.

HEATER RATINGS
Heating : indirect by 
A.C., parallel supply.
Heater voltage

Fy = 6.3 V 
Heater current

If = 1.35 A

CAPACITANCES
Anode-grid

< 0.8 /ijiB

The 4654 used as single output valve in class A 
.Anode voltage.............................................................................. F,t = 250 V
Suppressor-grid voltage................................................................. I%3 = 0 V
Screen-grid voltage......................................................................... V(/2 = 275 V
Cathode resistor............................................................................. Rb = 175 ohms
Anode current................................................................................. I„ = 72 mA
Screen-grid current..................................................................... I,,., = 8 mA
Mutual conductance................................................................. 8 = 8.5 mA/V
Amplification factor; screen with respect to control grid . it.iy' = 11 —
Internal resistance......................................................................... R, = 22,000 ohms
Load resistor..................................................................................Ra = 3,500 ohms
Alternating input voltage (I,n = + O.3 //A)........................ F; = 11.5 Veÿ
Power output (ly, = 4- 0.3 //A).............................................H’„ = 9.2 W
Total distortion (ly, = + 0.3 yzA).............................................dtnt = 11.4 %
Alternating input voltage (JF„ = 50 mW)...............................F, = 0.5 Veg

Fig. 5
Total distortion, anode and 
screen-grid current and alter
nating input voltage as func
tions of the output power; the 
4654 used as single output 
valve class A with Va = 250 V 
and Vg2 = V.
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4654

The 4654 used in class B output stage with fixed grid bias (two valves)
Load resistor between anodes . 
Common screen-grid series resistor

Rm = 5,000 5,000
500

ohms 
ohms500

Grid bias......................................... Gi = -38 —32 V
Suppressor-grid voltage . . . . T% = 0 0 1'
Alternating input ——_ ———

voltage .... G = 0 26.5 26.5 0 22.4 22.4 Vet)

Supply voltage. . . Vb = 425 425 400 375 375 350 V
Anode voltage . . . G = 420 400 375 370 350 325 V
Anode current . . . la = 2 X 20 2 ( 93 2 X81.5 2 x 20 2 X 79 2 x 70 mA
Screed-grid current. I,,-. = 2 < 2,2 2 < 21 2x18 2 x 2.2 2 X 17 2 X 15 mA
Power output . . . TG = 0 48 39 0 35 29 W
Total distortion . . dtot = — 2.5 4.2 — 2.5 4.0 0/ /U
The 4654 used in class AB output stage 
Supply voltage............................ Vb

with auto, grid bias (two valves)
425 375 V

Load resistor between anodes. • Ran 6,500 5.000 ohms
Common screen-grid series resistor 7?,,., 2,000 500 ohms
Common cathode resistor. . . • Rk — 265 195 ohms
Suppressor-grid voltage . . . • V!K — 0 0 V
Alternating input voltage. . . • Bi 0 27 0 22.5 Veff

Anode voltage............................ . G + T 'Itk ~ 405 400 355 350 V
Anode current............................ • G — 2X46.5 2x60 2x 53 2x66.5 mA
Screen-grid current.................... • In = 2x 5.4 2x13 2x6.5 2 x 15.5 mA
Power output............................ . 1G = 0 27.5 0 26 W
Total distortion........................ - Ifot = — 3 — 4.3 (>/ /O
The 4654 used in triode connection as single output valve class A (screen-grid

output stage with auto.

connected to anode)
Supply voltage . . G = . ; i a V Anode current. . . la = 50 mA
Suppressor-grid Alternating input

voltage .... g3 = 0 V voltage .... Vi = 17.5 Veff
Cathode resistor . Rk = 470 ohms Power output . . .■ 1G = 4.5 W
Load resistor . . . Ra = 3,000 ohms Total distortion . ,■ dtot = o o/■’ /o
The 4654 used ill triode connection in class AB 
(two valves)
Supply voltage.........................................................
Load resistor between anodes................................
Suppressor-grid voltage.............................................
Common cathode resistor.........................................
Alternating input voltage.....................................
Anode current.............................................................
Power output.............................................................
Total distortion.........................................................

grid bias

G = 400 V
Rua = 5,500 ohms
Ga = 0 V
Rk = 280 ohms-
Vi = 0 21 Veff

la = 2 x 50 2 x 56 ohms
G = 0 13 W
dtot — — 1 o//o

MAXIMUM RATINGS
T ao — max. 1.200 V I/; = max. 120 mA
Va = max. 600 V Gi (Gi = + °-3 f'-V) = max. —1.3 V
G — max. 18 w Rgi (auto, bias) — max. 0.7 M ohm
Gm — max. 1,000 V Rgi (fixed bias) = max. 0.5 M ohm
Ga = max. 425 V 7% = max. 50 V
n% ( G = o ) — max. 3 w Rft = max. 20,000 ohms
11% ( G = max.) — max. 10 w

Ml



4-654

I'ig- «
Total distortion, anode 
and screen-grid current, 
and alternating input vol
tage as functions of the 
output power; 2 valves 
4654 used in classB output 
stage with fixed grid bias. 
Vb - 425 V.

Fig. 7
Total distortion, anode 
and screen-grid current 
and alternating input vol
tage as functions of the 
output power; 2 valves 
4654 used in classB output 
stage with fixed grid bias, 
Fd = 375 V.

Fig. 8
Total distortion, anode 
and screen-grid current 
and alternating input vol
tage as functions of the 
output power; 2 valves 
4(554 used in class AB 
output stage with auto, 
grid Lias. I’d — 425 V.
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4654

Fig. 9
Total distortion, anode 
and screen-grid current 
and alternating input vol
tage as functions of the 
output power; 2 valves 
4654 used in class AB 
output stage with auto, 
grid l>ias, F& = 375 V

Fig. 10
Total distortion, anode current 
and alternating input voltage 
as functions of the output 
power; the 4654 used as single 
output valve in triode connec
tion (screen-grid connected to 
anode) class A with Vb = 
375 V.

Fig. 11
Total distortion, anode 
current and alternating 
input voltage as functions 
of the output power; 2 
valves 4654 in triode con
nection (screen-grid con
nected to anode) used in 
class AB output stage with 
Vb - 400 A7
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4683

4685 Triode
The 4683 is a directly-heated power triode 
having an anode dissipation of 15 W.

FILAMENT RATINGS
Heating: direct, A.C., parallel supply.
Filament voltage.........................1/ = 4 V
Filament current........................ If = 0.95 A

CAPACITANCES

23365

Fig. 2 
Arrangement of 
electrodes and 

base connections.

Fig. 1 
Dimensions in mm.

OPERATING DATA
Class AB output 

with auto, grid bias. 
(2 valves)

Class B output 
with fixed grid bias. 

(2 valves)

Anode voltage.....................................
Common cathode resistor for auto

matic bias.................................
Fixed grid bias.................................
Anode current (without signal) . . 
Anode current at max. modulation 
Load resistor (between anodes) . . 
Output power..................................... 
Alternating grid voltage (per grid) 

at max. modulation.................
Distortion at max. modulation . .

% =

Rk =

U =

la max “
R(l(l “

=

V/ -
dtot =

350 A7

850 ohms

2 X 43 mA
2 X 46 mA

8,000 ohms
15.6 AV

51 Ve0
2-3 %

350 A7

—75 A7
2 x 35 mA
2 X 70 mA

5,000 ohms
20 AT7

49
2 I 07'

MAXIMUM RATINGS per valve
Vao = max. 600 A7
1% = max. 350 A7
1% = max. 15 AA7
U (Lj ~ + 0-3 /'-M = max. —2 A7

Ik

Rgk (auto. bias) 
Rgh (fixed bias)

= max. 90 mA
= max. 0.7 M ohm
= max. 0.3 M ohm
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¿5367

Fig. 3 
Anode current as a function of the grid bias, 

with Va = 350 V.

Fig. 4
Anode current as a function of the anode voltag.* rnrdifferont vab«--

of grid bias.



4683
¿3370

Total distortion and total anode current as functions of the output 
power; 2 valves 4683 in a balanced circuit with automatic grid bias.

Fig. 6
Total distortion and total anode current as functions of the output 

power; 2 valves 4683 in a balanced circuit with fixed bias.



4689

4689 Pentode
This is an indirectly-heated steep-slope 18 W output valve using 
a maximum anode potential of 375 V. Two of these valves in a 
balanced circuit will deliver a combined output of nearly 29 W and, 
due to the high mutual conductance, an output stage of this type 
will operate on a very moderate grid input; any ordinary A.F. 
amplifier valve is therefore sufficient to excite fully the output stage. 
In view of the high mutual conductance, it is advisable to employ 
automatic grid bias; the published data relate to a constant screen 
potential of 275 V. Should a potential divider be used for the feed 
in order to reduce the screen voltage to 250 V, the screen voltage 
will fall on an increasing input signal, if the current passing through 
the potential divider is not sufficiently high; in consequence, the 
grid swing is reduced and, with it, the output. It is therefore recom
mended in all cases where such losses of power are undesirable, that 
the screen voltage be kept constant by means of stabilizer tubes, 
e.g. type 4687; this also has the advantage that the main voltage will 
not decrease as much as it is likely to do without stabilization.

HEATER RATINGS

Heating: indirect by A.C. or D.C.; parallel supply.
Heater voltage............................................................. Vf = 6.3 V
Heater current............................................................. Zy = 1.35 V

max 52

32992

Fig. 1 
Dimensions in mm.

a

f f 2557t

ff
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4689

OPERATING DATA

Class AB output 
with auto, grid bias 

(2 valves)

Anode voltage.............................................................
Screen-grid voltage.........................................................
Common cathode resistor.............................................
Anode current (without signal)..................................... 
Anode current at max. modulation............................. 
Screen-grid current (without signal)............................  
Screen-grid current at max. modulation....................  
Load resistor (between anodes)..................................... 
Output power.................................................................  
Alternating grid voltage (per grid)............................  
Distortion at maximum output................................

li 
II 

II 
II 

11 
11 

II 
II 

11 
II 

II 
« 

g

s 
K. « 

= 
S 

° ” s
. ° 

O

375 V
275 V 
165 ohms
2 X 48 mA
2 X 62 mA
2 X 5 mA 
2x9 mA 
6,500 ohms 
28.5 W
16 Veff
2.25 %

MAXIMUM RATINGS per valve
Vao = max. 600 V
Va = max. 375 V
Wa = max. 18 W 
Vg20 = max. 600 V 
Vg., = max. 275 V 
B%(F = 0)

— max. 2 W 
= max.)

— max. 3.5 W
Ik = max. 90 mA 
Vgi (A/i = + 0-3 M) 

= max. —1.3 V 
= max. 0.7 M ohm 

fyk — max. 5,000 ohms 
Vfp -- max. 50 V

23375

Fig. 4
Anode current of the 4689 as 
a function of the anode voltage 
for different values of grid bias. 
Vg2 = 275 V.

Fig. 5
Total distortion, total anode 
and screen-grid current as 
functions of the output power; 
two valves 4689 in a Class B 
output circuit with automatic 
grid bias.
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4694

4694 Pentode
The 4694 is an indirectly-heated steep-slope 9 W pentode. In balanced 
stages the available output is 12 to 13 W, which makes the valve 
very attractive for use in 10 W amplifiers. The maximum anode 
voltage is 400 V, that is to say 400 V on the anode and 425 V on 
the screen; the latter potential is thus slightly higher than that of 
the anode, so that allowance may be made for the voltage drop 
occurring across the output transformer. It is not necessary to feed 
the screen from a potential divider and the losses inherent in this 
type of feed are thus avoided, whilst the output is not reduced 
by decreases in the screen voltage at max. modulation. The rela
tively high working voltages of this valve make it possible to employ 
pre-amplification stages of very high sensitivity. Moreover, due to 
the high mutual conductance the alternating grid voltage is 
extremely low; grid bias, therefore, must be of the automatic type.

HEATER RATINGS
Heating: indirect, A.C.; parallel supply.
Heater voltage.........................................
Heater current.........................................

CAPACITANCES
Anode-grid........................ • Cagl < 0.8 ppV

Vf = 6.3 V
If = 0.9 A

Fig. 2 
Arrangement of 
electrodes and 

base connections.

STATIC DATA
Anode voltage . . Va 
Screen-grid voltage l’/2 
Grid bias .... V,n
Anode current . . Ia 
Screen-grid current Igi 
Mutual conductance 8 
Internal resistance Ri

max 46

300/O

Fig. 1
Dimensions in mm.

= 400 V
= 425 V
= —15.6 V
= 22 mA
= 2.8 mA
= 7 mA/V
= 75,000 ohms

Fig. 3
Anode and screen-grid current of the 4694 as func
tions of the grid bias, with respect to different anode 
and screen voltages.
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4694

OPERATING DATA

Class AB output 
with auto, bias 

(2 valves)

Anode voltage  
Screen-grid voltage  
Common cathode resistor  
Anode current (without signal)... ....
Anode current at max. modulation............................. 
Screen current (without signal).....................................  
Screen current at max. modulation............................  
Load resistor (between anodes)..................................... 
Power output.....................................................................  
Alternating grid voltage.................................................  
Distortion at maximum modulation............................. 5s

 si 
I?

 to -3
&

 - 
xi

 1 s
 : 1

 
2

£ 
g

il 1! 
Il II 

il II 
II II 

II II 
II 400 V

425 V
315 ohms

2 X 22 mA
2 x 25 mA
2 x 2.8 mA
2 X 6.2 mA
20,000 ohms

13 W
9 Neff
5%

Fig. 4
Anode current as a Junction 
of the anode voltage for various 
values of grid bias. Vg2 — 
425 V.

MAXIMUM RATINGS 
per valve
vao — max. 650 V
G = max. 400 V
IG = max. 9 W
Gao = max. 650 V
g2 = max. 425 V
IGs ( G = 0)

= max. 1.3 W
TG=OG = max.)

= max. 2.7 W
h = max. 55 mA
Gi (bi = + 0.3 pA)

= max. —1.3 V
Rgik = max. 1 M ohm
Rfk = max. 5,000 ohms
Vf* = max. 50 V

Fig. 5
Total distortion, total anode 
and screen-grid current and 
alternating grid voltage, per 
grid, as functions of the 
output power. 2 valves 4694 
in a Class AB output stage 
with auto. bias.

□3000
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4699

4699 Pentode
This pentode is an indirectly-heated 18 W output valve of extremely 
high mutual conductance, for A.C. heater-supply. It was designed 
especially for small amplifiers with Class AB output stages. In view 
of the high mutual conductance the valve is extremely useful for 
supersensitive amplifiers. For two 4699 used in class AB output stage 
with automatic grid bias an alternating input voltage of 17 Neg 
is sufficient to obtain a power output of 29 W. Older types of 
amplifying valves such as the 4689 are supplied with an anode 
voltage of 375 V, with 275 V screen; owing to the necessity for 
feeding the screen from a potential divider for this type of valve, 
there is a considerable drop in output at maximum modulation as 
the current passing through the potential divider is not high enough. 
When the grid signal increases, the screen current also rises, so

max 52 ,

278/8
Fig. 1 

Dimensions in nun.

that when a high resistance potential divider is used the screen 
voltage and grid swing are reduced. In practice the decrease in 
output due to this potential divider is 10 to 20 %.
The maximum anode and screen voltages of the 4699 are such that 
the latter may be fed direct, •without the use of anj- potential 
divider, and the advantages of equal anode and screen potentials 
may be listed as follows:
a) Less costly circuit, since two fairly high-wattage resistors and 

a smoothing capacitor are then unnecessary.

a

g2 
m

g3 
gi

f f

59577
Fig. 3

Anode and screen current of the 4699 as functions 
of the grid bias for various values of anode and 

screen potential.

b) Lower current con-
sumption, in view of 
the absence of the I
potential divider.

c) No reduction in out
put at maximum 
modulation, such as 
exists when the 
screen is fed from a 
potential divider.

The 4699 gives good

MW 
yg2 

. 35 .
2W7

Fig. 2 
Arrangement of 
electrodes and 

base connections.

results on both high and low voltages 
(V/> = 450 V and Vg = 375 V rcspecti-. 
vely); in the latter instance it is possible 
to economise in the supply section of the 
amplifier, whilst in the other case the 
stages of pre-amplification may be made 
more sensitive.
For a valve with such high mutual con
ductance the 4699 has an unusually low 
heater consumption (about 6.3 W), this 
being due mainly to the special form of 
the cathode.

HEATER RATINGS
Heating: indirect by A.C.; parallel supply.
Heater voltage.................... Vf — 6.3 V
Heater current.................... If = 1.0 A
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4699

Fig. 4
Anode current as a function of 
the anode voltage for various 
values of grid bias with — 
250 V.

CAPACITANCES
Anode-grid Agi < 0.7 ppR
OPERATING DATA
The 4699 used as single output valve in class A
Anode voltage................................................................................. Va = 250 V
Screen-grid voltage..........................................................................Vgî = 250 V
Cathode resistor..............................................................................Rk = 90 ohms
Anode current................................................................................. Ia = 72 mA
Screen-grid current......................................................................... Ig2 = 8 mA
Mutual conductance......................................................................... S = 14.5 mA/V
Amplification factor; screen with respect to control grid . . Pg^n = 20 —
Internal resistance......................................................................... Ri = 20,000 ohms
Load resistor......................................................................................Ra = 3,500 ohms
Alternating input voltage = + 0.3 pA)..........................Vi = 5.3 A7,y
Power output (Ivl = + 0.3 pA}............................IJ'O = 8 W
Total distortion (I(ll = -J- 0.3 pA)..........................<l(ot = 10 %
Alternating input voltage (iro = 50 mW).........................Vi = 0,3 A%
The 4699 used in class AB output stage with auto, grid bias (two valves) 
Supply voltage........................... Vi, = 425 375 V
Load resistor between anodes . Raa = 8,000 6,000 ohms
Common screen-grid series resistor R,]2 = 2,200 700 ohms
Cathode resistor...................... Rk = 170 125 ohms
Alternating input voltage . . . V, = 0 17 0 14 A%
Anode voltage.............................Va + Vpk = 405 400 355 350 V
Anode current................................Ia = 2 x 46 2 x 58 2 x 52 2 x 64 mA
Screen-grid current.................... = 2 x 5 2 x 14.5 2 x 6.5 2 x 16.5 mA
Power output.............................Wo = 0 29 0 27.5 W
Total distortion.............................dtot = — 5 — 4 %
The 4699 used in triode connection as single output valve class A (screen-grid 
connected to anode)
Supply voltage . . Vi, = 375 A7 Alternating input
Cathode resistor . . Rk = 300 ohms voltage......................Vi = 11 \eg
Load resistor . . . Ra = 4,000 ohms Power output . . . Wo = 4.5 W
Anode current. . . Iu = 50 mA Total distortion . . dfOt = 9 %
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4699

The 4699 used in triode connection in class AB output stage with auto, grid bias 
(two valves)
Supply voltage................................................................. Vb = 400 V
Load resistor between anodes................................ Raa = 5,500 ohms
Common cathode resistor.........................................Rk = 175 ohms
Alternating input voltage.........................................Vi = 0 13.5 V^
Anode current.............................................................la = 2x48 2x54 mA
Power output............................................................. ll’o = 0 13 W
Total distortion......................................................... dtot = — 1-5 %

MAXIMUM RATINGS
Anode voltage in cold condition................................ Go = max. 800 V
Anode voltage................................................................. Va = max. 425 V
Anode dissipation............................................................. II'« = max. 18 W
Screen-grid voltage in cold condition........................ l%o = max. 650 V
Screen-grid voltage.........................................................Vg2 — max. 425 V
Screen dissipation without signal.................................11% = max. 2 W
Screen dissipation at max. modulation.................... Wgs = max. 5 W
Cathode current............................................................. Ik = max. 90 mA
Grid voltage at grid current start (In = + 0.3 pA) Vsl = max. —1.3 V
External resistance between grid and cathode (auto, bias) 7?,= max. 0.7 llohm
External resistance between grid and cathode (fixed bias) Rgl = max. 0.5 M ohm
External resistance between heater and cathode . . Rjk = max. 20,000 ohms
Voltage between heater and cathode.........................!%• = max. 50 V

The 4699 is operated with automatic grid bias; semi-automatic bias may be employed, 
provided that the cathode current in the output stage constitutes more than 50 % of 
the total current flowing in the resistor producing the bias. The value of 1% must 
then be reduced in accordance with the following:

Cathode current of output valve z
Total current passing through resistor producing the voltage drop ' !,i'
Due to the high mutual conductance, a stopper resistor of about 1,000 ohms is 
included in the grid lead to prevent oscillation.



4699
Vifaff)

Fig. 5
Total distortion, anode and screen-grid current and alternating input 
voltage as functions of the output power; the 4699 used as single 

output valve class A with Va = 250 V and Vg2 — 250 V.

Fig. 6
Total distortion, anode and screen-grid current and alternating input 
voltage as functions of the output power; 2 valves 4699 used in 

class AB output stage with auto, grid bias, Vb = 425 V.
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4699

Fig. 7
Total distortion, anode and screen-grid current and alternating input 
voltage as functions of the output power; 2 valves 4699 used in 

class AB output stage with auto, grid bias, Vb = 375 V

59582
Fig. 8

Total distortion, anode current and alternating input voltage as 
functions of the output power; the 4699 used as single output 
valve in triode connection (screen-grid connected to anode) class A 

with Vb = 375 V.



4699

Fig. 9
Total distortion, anode current and alternating input voltage as 
functions of the output valve; 2 valves 4654 in triode connection 
(screen-grid connected to anode) used in class AB output stage 

with F& = 400 V.



EL 51

EL 51 Pentode
The EL 51 is a 45 W pentode for use in large amplifier equipment. 
Two of these valves in a balanced circuit with an anode and screen 
potential of 750 V will deliver an output of 140 W. A 68 W 
electric lamp must be connected in series with the screen grids to 
prevent the screen-grid being overloaded. The fact that the screen 
carries the same potential as the anode affords many possibilities 
in connection with the application of this valve, since the screen can 
be fed directly from the high-tension line, without necessitating the 
use of a potential divider carrying a high current.
The grid input for maximum modulation is quite small on account 
of the high mutual conductance; the heater consumption is, never
theless, relatively low, being 12 W.

HEATER RATINGS
Heating: indirect by A.C. or D.C.; parallel supply.
Heater voltage................................................................. G = 6.3 V
Heater current................................................................. If = 1.9 A

tnax6O

32319

Fig. 1 
Dimensions in mm.

CAPACITANCES
Anode-grid.....................................................................Cagl < 1.5 if

STATIC RATINGS
Anode voltage................................. G = 500 750 V
Screen-grid voltage......................... Gs 500 750 V ?
Grid bias............................................. Gi = —20 —37.5 V /T\
Anode current................................. G 87 60 mA J—g3
Screen-grid current......................... Gs 13 10 mA 12 _ gi
Mutual conductance.........................
Amplification factor; screen with

s II 8 mA/V

respect to control grid................ = 16,500 16,500 — k f f
Internal resistance ...... Ri = 33,000 50,000 ohms w?

OPERATING DATA
The EL 51 used in class B output stage 
(two valves)
Anode voltage.............................. G =
Screen-grid voltage......................Vg, =
Grid bias..........................................Vgi =
Load resistor between anodes . . Raa =
Alternating input voltage .... Vi =
Anode current.............................. Ia =
Screen-grid current......................Ig2 =
Power output.................................. Wo ==
Total distortion..............................f =

with fixed grid bias

750 
750

—40 
6,000
Ò 28?5 

2X40 2x145 
2x7.5 2x30

0 140
— 5

32313
Fig. 2 

Arrangement of 
electrodes and 

base connections.
') A resistor of 1,000 ohms should be included in series with the common screen- 

grid lead, or, better still, a special electric lamp (550 V, 68 W).



EL 51

The EL 51 used in class AB output stage with auto, grid bias (two valves)
Anode voltage.................................................................
Screen-grid voltage.........................................................
Common cathode resistor.............................................
Load resistor between anodes.....................................
Alternating input voltage.............................................
Anode current.................................................................
Screen-grid current.........................................................
Power output.....................................................................
Total distortion.................................................................

Va = 500 V
vgs = 500 V
Rk = 100 ohms
Raa = 4,800 ohms
Vi = 0 19 Veff

la = 2x87 2X110 mA
In = 2X13 2x23 mA
Wo = 0 67.5 W
ItOt — — 5 0/ /o

MAXIMUM RATINGS

V ao = max. 1,500 V Ik = max. 200 mA
Va = max. 750 V Ul ~ 4" 9-3 /¿A)
wa — max. 45 W = max. —1.3 V
Ueo = max. 1,500 V (fixed bias) = max. 0.35 M ohm
Ui = max. 750 V R<n (auto, bias) = max. 0.7 M ohm

= 0) = max. 7 W Vfk = max. 50 V
= max.)= max. 25 w Rfk — max. 20,000 ohms

Fig. 3
Anode and screen current of the EL 51 as functions 
of the grid bias, for various values of anode and 
screen potential.
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EL 51

Total distortion and alternating input voltage as functions of tini 
output power; 2 valves EL 51 used, in class B output stage with 

fixed grid bias, Fa == Vgs = 750 V.

Fig. 5
Total distortion and alternating input voltage as functions of the 
output power; 2 valves EL 51 used in class AB output stage with 

auto, grid bias, Va = Vg2 — 500 V.
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F 443 N

F 445 N Pentode
This is a directly-heated 25 W output pentode, 
fitted with a 5-pin base and suitable for a maximum 
anode potential of 550 V; the maximum screen 

g2 voltage is 300 V.
On an anode voltage of 300 A7 the same potential 
may be applied to the screen, thus avoiding the 
necessity for potential divider feeding, possibly with 
voltage stabilization. In balanced circuits, however,
the maximum output power is then considerably 
lower than in the case of operation with an anode 
voltage of 550 V and a screen voltage of 250 V; 
a Class AB output stage employing two of these 
valves at the last-mentioned rating and with auto
matic bias will yield 41 W with 4.3 % distortion.

j«» FILAMENT RATINGS
Fig. 2 

Arrangement of 
electrodes and 

base connections.

Heating: direct, A.C., parallel supply.
Filament voltage.................................................................
Filament current.................................................................

Vf = 4 V
% = 2 A

CAPACITANCES
Capi < $

Fig. 3
Anode current as a function of the grid bias, with 
Va = 550 V, F^. = 250 V; Va = 550 V, Ffo = 
200 V and Va = Vgs = 300 V.

¿4318
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F 443 N

Fig. 4
Anode current as a func
tion of the anode voltage 
for different values of grid 
bias. Kî7s = 300 V.

Fig. 5
Anode current as a func
tion of the anode voltage 
for different values of grid 
bias. Vgz = 250 V.

Fig. 6
Anode current «as a func
tion of the «anode voltage 
for different values of grid 
bias. Vg2 200 V.
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F 443 N

OPERATING DATA

Single 
ampli
fier 

(Class A)

Single 
ampli

fier 
(Class A)

Class AB 
output 
with 
auto, 
bias 
(two 

valves)

Class AB 
output 
with 
fixed 
bias 
(two 

valves)

Class AB 
output 
with 
auto, 
bias 
(two 

valves)

Anode voltage.................... V« (V) 550 300 5’0 300 300
Screen voltage.................... A* A) 200 300 250 . 300 .300
Fixed grid bias................ <11 ) —30 —40 •— —63 —
Common cathode resistor 

for auto, bias............ Zi/.(ohms) 647 455 445 — 330
Anode current

(without signal) .... A, (mA) 45 83 2 X 45 2 x 15 2 x 64
Anode current at max. 

modulation................ la max .—. — 2 x 53 2 X 7 9 5 2 x 72.5

Screen current 
(without signal) ....

(mA)

X-AmA) 1.4 4.6 2 x 0.8 2 x 0.4 2 x 2.0
Screen current at max. 

modulation................ ^72 max __ .— 2 x. 7.4 2x14.3 2x11.9

Mutual conductance . . .
(mA) 

.9 (mA/V) 3.2 3.9 — _ _
Internal resistance .... R; (ohms) 30,000 20,000 — — •—
Load resistor

(between anodes) .... 7îaa(ohms) 12,000 3.600 12,000 4,500 4,000
Power output..................... 1% (W) 12 10.3 41 26.5 24
Distortion at max. output (hot (%) 10 10 4.3 4.5 2.9
Alternating grid voltage at 

max. modulation .... Fi (Neff) 15.5 20 37 46 39

Fig. 7
Total distortion and alter
nating grid voltage as 
functions of the output 
power with Fa = Vg, — 
300 V. F 443 N used' a< 
a single output valve.
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F 443 N

Fig. 8
Total distortion and al
ternating grid voltage a> 
functions of the output 
power, with Va — 550 V 
and = 200 V. F 443 N 
used as a single output 

valve.

MAXIMUM RATINGS
vao — max. 900 V
Va = max. 550 V
wa = max. 25 w
Vgio = max. 500 V
Vg. = max. 300 V
n%(G = 0) = max. 1.5 w
M% (T7o = max) = max. 4.3 w

Ik = max. 100 mA
E/i = + 0.3 pA} — max. —2 V
l^gik (auto, bias) — max. 0.3 M ohm
Rgik (fixed bias) = max. 0.1 M ohm

Fig. 9
Total distortion, total 
anode and screen-grid 
current and alternating 
grid voltage as functions 
of the output power. Two 
F 443 N valves in a balan
ced output stage with auto
matic bias. Va = Vgz — 

300 V.



F 443 N

Fis. 10
Total distortion, total anode and screen-grid current and alternat
ing grid voltage as functions of the output power. Two F 443 N valves 
in a balanced output stage with fixed bias. Va = V(/2 = 300 V.

Fig. 11
Total distortion, total anode and screen-grid current, and alter
nating grid voltage as functions of the output power. Two F 443 N 
valves in a balanced output stage with automatic bias. Va — 550 V, 

F(7a - 250 V.

264



GF 50

CF 50 Microphone pre amplifier pentode
The CF 50 was specially designed for the amplification of very low 
voltages. Hum, background noise and microphony have all been 
reduced to a minimum and the principal application of the valve 
is as a pre-amplifier in crystal or ribbon-microphone equipment.
This valve is capable of being operated to give a stage gain of about 
300, producing an effective alternating output voltage of 3 V with 
less than 1 % distortion or, if required, a gain factor of between 395 
and 45 with distortion less than 0.4 % and an output voltage of 
0.1 Veg. This versatility of the valve may be ascribed to the fact that 
the input signals in this case are extremely small.
Details of the operating possibilities of this valve are set out in 
Tables I and II.
In view of the fact that the valve is specially intended for the ampli
fication of very small signals, extra care must be taken to prevent

*33®«-
Fig. 1 

Dimensions in mm.
hum, since otherwise the level of the hum will quickly approach that a
of the input signal itself. For this latter reason the valve is equipped 
with a bifiliar filament, in consequence of which the external 
magnetic field is very weak; as this field is proportional to the 
strength of the current, the heater current has been kept as low as 
possible, namely 200 mA, so that, in effect, there is hardly any external 

field at all. To ensure
k f f 

523224

Fig. 3
Anode current Id, screen-grid current Ig2 and 
mutual conductance S as functions of the grid 
bias Vgx with Va — 250 V and Vgs = 100 V.

35
32325

Fig. 2 
Arrangement of 
electrodes and 

base connections.

sufficient emission from 
the cathode on this cur
rent it has been neces
sary to employ a heater 
voltage of 30 V. The 
ultimate result is that, 
using a grid impedance 
of 0.5 megohm, the vol
tage on the grid corres
ponding to the hum on 
both grid and anode is 
less than 1 pV. Talking 
into consideration the 
fact that the voltage 
delivered by the micro
phone is of the order of 1 mA7, it may be 
claimed that the ripple level is very low 
indeed. In a cathode resistor without 
a decoupling capacitor the induced ripple 
voltage will be about 20 pV.
The equivalent noise resistance of the 
CF 50 is 2,500 ohms, which corresponds 
to an effective value of 0.7 pV for the 
noise voltage on the grid at a bandwidth 
of 10,000 c/s and this, compared with 
the voltages applied to the grid, is also
extremely low. In fact, the equivalent 
noise resistance gives the impression 
of being unnecessarily low in com-
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CF 50

parison with the custom
ary value of the grid 
leak, but it should be 
remembered that crystal 
microphones have a 
markedly capacitive 
character, due to which 
fact the noise resistance 
of the microphone, for 
the greater part of the 
frequency range, is con
siderably lower than 
the matching resistance 
based on the response 
over a relatively small 
range of low frequencies. 
The low value of the 
equivalent noise resist
ance of the CF 50 is a 
result of the liigh mutual 
conductance with a low 

Fig. 4
Anode current as a function of the anode voltage for different values 

of grid bias, at a screen potential of 100 V.

anode current (S = .3.3 mA/V, Ia = 1.5 mA).
Finally it may be noted that microphony is eliminated as far as possible by the use 
of special double mica supports for the system of electrodes; on the whole, then, the 
CF 50 is an excellent valve for the pre-amplifieation stage of the more sensitive type

250 V anode voltage. voltage.
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CF 50

of amplifier, more especially on account of the low noise resistance in cases where the 
voltage to be amplified comes from a source of which the noise resistance is also com
paratively low.

HEATER RATINGS

Fig. 7
Circuit diagram showing the CF 50 used as a 

microphone pre-amplifier.

Heating: indirect, A.C. or 
D.C., series or parallel 
supply-
Heater voltage Vf = 30 A'.
Heater current If — 0.200 A.

CAPACITANCES

Cam < 0-03 FfV
Cg, = 13 /J/lE
Ca = 14.5 fi/iF

STATIC RATINGS
Anode voltage . . 
Screen-grid voltage 
Grid bias................
Anode current . . 
Screen-grid current 
Mutual conductance 
Internal resistance

100 V
100 V
—2 V
1.5 mA
0.3 mA
3.3 mA/V
2 M ohms

Amplification factor; screen with respect to control 
grid......................................................................... /.Ig;,,, = 45

Equivalent noise resistance in the frequency range 
50 to 10,000 c/s................................................. Req = —

2;50 V
100 V
—2 V
1.5 mA
0.3 mA
3.3 mA/V
2.5 M ohms

15

2,500 ohms

OPERATING DATA: CF 50 used as resistance-coupled A.F. amplifier without 
gain control (see Fig. 7)

TABLE I

Supply 
voltage

Vb 
(V)

Anode 
resistor

Ra 
(M ohm)

Screen
grid series 
resistor

R&2 
(M ohm)

Cathode 
resistor

Rk 
(ohms)

Anode 
current

la 
(niA)

Screen 
current

Iff.
(mA)

Voltage 
gain

Vo/ Vi

Output 
voltage

Vo 
(Veff)

Total 
distortion

cZtot 
(%)

250 0.3 0.9 2.000 0.7 0.18 315 3 < 1
200 0.3 0.8 3,000 0.5 0.15 260 3 < 1
100 0.3 0.4 7,000 0.2 0.07 150 3 < 1

250 0.2 0.7 1,800 0.9 0.22 295 3 < 1
200 0.2 0.64 2,000 0.7 0.18 245 3 < 1
100 0.2 0.32 5,000 0.3 0.09 145 .» < 1

250 0.1 0.64 1,800 0.9 0.22 280 o < 1
200 0.1 0.56 2,200 0.7 0.19 230 3 < 1
100 0.1 0.28 5,000 0.3 0.09 140 3 < 1
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CF 50

OPERATING DATA: CF 50 used as a resistance-coupled A.F. amplifier with 
control of the amplification (see Fig. 7)

TABLE II

Supply 
voltage

Vb 
(V)

Anode 
resistor

Ra 
(M ohm)

Screen
grid series 
resistor

Rtfs 
(AI ohm)

Grid 
bias

V^ 
(V)

Anode 
current

la 
(mA)

Screen
grid 

current

ig. 
(mA)

Voltage 
gain

Vo/Vi

Output 
voltage

Vo
(Veff)

Total 
distortion

¿tot 
(%)

450 0.3 1.0 —2 1.4 0.38 395 0.1 0.2
450 0.3 1.0 —6 0.72 0.18 260 0.1 0.2
450 0.3 1.0 —10 0.22 0.06 90 0.1 0.2
450 0.3 1.0 —11 0.11 0.04 45 0.1 0.4
450 0.3 1.0 —12 0.04 0.02 7 0.1 3

450 0.2 0.8 —2 1.78 0.44 350 0.1 < 0.2
450 0.2 0.8 —6 0.94 0.23 230 0.1 < 0.2
450 0.2 0.8 —10 0.18 0.05 45 0.1 < 0.2
450 0.2 0.8 —11 0.08 0.02 20 0.1 0.4
450 0.2 0.8 —12 0.03 0.01 3 0.1 3

450 0.1 0.5 —2 2.8 0.64 245 0.1 < 0.2
450 0.1 0.5 —6 1.5 0.33 180 0.1 < 0.2
450 0.1 0.5 —10 0.25 0.05 38 0.1 0.3
450 0.1 0.5 —11 0.09 0.02 15 0.1 1.1
450 0.1 0.5 —12 0.03 0.01 3 0.1 5

MAXIMUM RATINGS
Anode voltage in cold condition.....................................
Anode voltage.....................................................................
Anode dissipation.................................................................
Screen voltage in cold condition.....................................
Screen voltage at Ia = 1.5 mA.........................................
Screen voltage at Ia < 0.25 mA.....................................
Screen dissipation.................................................................
Cathode current.....................................................................
Grid voltage at grid current start (Igi = + 0.3 pA) 
External resistance between control grid and cathode 
External resistance between heater and cathode . . .
Voltage between heater and cathode.............................

Vao = max. 550 V 
Vn = max. 250 V 
H'« = max. 1 W 
Vg20 = max. 550 V 
1% = max. 125 V 
1% = max. 450 V 
11% = max. 0.5 W 
G = max. 10 mA 
Vgi = max. —1.3 V 
RgPc = max. 3 M ohms 
Rp- = 20,000 ohms 
Vfk = max. 100 V
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Rectifying valves lor amplifiers

L_

Ra

^296S

a) Smoothing circuit commencing with a capacitor.
b) Smoothing circuit in which the first element is a choke.

In general, the current and voltage required for an amplifier need to be higher than 
in the case of radio receivers, and the rectifiers employed, therefore, have to be capable 
of supplying more power. It is also important that the voltage delivered by the 
rectifier should remain as constant as possible in spite of wide fluctuations in the load 
in view of the fact that the output stages of amplifiers are usually of the belanced 
type as, in that case, the current varies more or less, according to whether a Class B 
or Class AB circuit is employed.
A low internal resistance of the rectifier is therefore a necessity, which means that the 
power transformer and choke should be generously proportioned, whilst the internal 
resistance of the rectifying valve itself should also be low. As is generally known, the 
internal resistance of gas-filled rectifying valves is very low indeed, since the voltage 
drop within the valve is constant at almost any value of the current; this voltage 
drop is actually equal to the arc voltage of the gas-filling, that is, about 13 V.

Uniformity of the volt
age on varying loads 
can be further increased, 
by placing a choke of 
sufficiently high induct
ance first in the sequence 
of the smoothing circuit, 
instead of a capacitor. 
The direct voltage ob
tainable from a given 
alternating voltage is 
then certainly slightly 
lower, but it is at the 

same time much less dependent on the load. The low internal resistance of the rectifier 
circuit therefore only comes into its own when the first element in the smoothing 
circuit is the choke; if a capacitor occupies this position the average value of the 
direct voltage with a low current rises almost to the peak value of the alternating 
voltage on the transformer, so that the direct voltage output is actually more dependent 
on the current delivered than might be concluded from the low internal resistance of 
the transformer and rectifying valve. The same thing applies when the smoothing circuit 
commences with a choke of insufficient inductance, only in this case it is due to the 
smoothing capacitor following the choke; the inductance of the choke must therefore 
exceed a certain minimum value which can be found very simply by means of the 
following formula:

T - J?“ 
7 ^1000’

where L is the inductance of the choke in Henries and R„ the resistance of the externa l
, , . , , „ direct voltage ,load m ohms (Ra =-------,—current delivered
It follows, then, that the choke must be larger according as the current delivered is 
less. The loading characteristics of gas-filled rectifying valves show that the voltage 
varies only very slightly as a result of very wide fluctuations in the current; at low values 
of the current the voltage does rise rather rapidly, but this is explained by the presence 
of the smoothing capacitor at the output side of the choke.
In a smoothing circuit commencing with a capacitor the internal resistance of the 
transformer should not be merely as low as possible, as the current surge passing 
through the valve during the time that the capacitor is charging then becomes too
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great; when the 
choke is the first 
element in the 
circuit this does 
not apply.
For smaller am
plifier equipment 
Philips are now 
supplying their 
AX 1 and AX 50, 
both of which are 
designed for use 
with a transfor
mer giving a 
maximum of 2 X 
500 A7 on no load;

a b

Fig. 2
a) Direct voltage across the reservoir condenser in a full-wave rectifier circuit.
b) Direct voltage across the load resistance when no smoothing circuit or 

reservoir condenser is used.
In both figures the alternating transformer voltage is shown by a broken 
line. When the hatched areas in the two figures a) and b) are equal, the average 

direct voltage in both cases will also be equal.

the first-mentioned valve delivers 125 mA and the second 250 mA, D.C. The AX 1 
is therefore suitable for amplifiers of which the output stage consists of two 4683 or 
4694 valves, whilst the AX 50 will operate an amplifier using two 4654 valves (at 
425 X) or 4699 valves (at 425 V); for larger amplifiers, half-wave gas-filled 
rectifying valves are supplied in the transmitting range, e.g., the DCG ] '150 or 
the DCG 4/4000. Details will be furnished on application.



AX 1

AX 1 Full-wave gas-filled rectifying valve
The AX 1 is a full-wave gas-filled rectifying valve for use in 
the smaller class of amplifiers.

FILAMENT RATINGS
Heating: direct, by A.C.
Filament voltage...................................................................... Vf = 4.0 V
Filament current.....................................................................If = 2.4 A

MAXIMUM RATINGS
Secondary (A.C.) voltage of the power 

transformer on no load................ Vf, = max. 2 X 500 Veg
D.C. output.............................................Io — max. 125 mA
Voltage drop in the valve................ Varc = max. 15 V
Capacitance of the capacitor across the

input of the smoothing circuit . . C = max. 64 pF
When a capacitor is connected across the input of the smoothing 

circuit:
The ohmic resistance in the D.C.

circuit, with C = 64 pF................ Rt — min. 200 ohms
The ohmic resistance in the D.C.

circuit, with C = 32 pF................ Rt = min. 150 ohms
The ohmic resistance in the D.C!.

circuit, with C = 10 pF................ Rt = min. 100 ohms

KEY TO SYMBOLS
Tire ohmic resistance Rt in the D.C. circuit, when the smoothing 
circuit commences with a capacitor, constitutes the ohmic resist
ance of the secondary winding of the transformer together with 
that of the transformer primary, i.e. Rf = Rs + »" Rp. If the 
first component of the smoothing circuit is a choke, however, this 
resistance value must be augmented to the extent of the ohmic 
resistance of that choke:

max 47

32371

Fig. 1 . 
Dimensions in mm.

f

f

. 35 

32370

Fig. 2 
Arrangement of 
electrodes and 

base connections

Rt = Rj, + Rs -f- n2 Rp. The voltage delivered may be calculated from the expression: 
Vo = 0.45 Vtr — I0Rt — Varc, in which Vtr is the effective alternating voltage of 
the secondary winding of the transformer, for example Vtr = 2 X 500 V. The induct-

R Vanec of the choke should be at least equal to —“ - or X (Vo in volts and Io in mA),
IjUvv r l

where l0 is taken to be the lowest value occurring; in an amplifier having two output 
valves in a balanced output stage, this will be the current flowing in the amplifier 
without excitation. From this it will be seen that with a 12-henry choke, the character
istics begin to flatten out only at 1 „ = 30 mA approx. At lower current values the 
loading curves rise steeply, owing to the effect of the smoothing capacitor. A choke 
having a higher inductance will produce straight characteristics down to lower current 
values, for instances 42 henries — 10 mA.
Fig. 4 shows the loading characteristics of the AX 1 used in a circuit in which a capa
citor is the first smoothing element, and comparison of these "with the corresponding 
curves for a high vacuum valve such as the AZ 4 shows clearly that the former are 
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AX 1

very much flatter with a low value of the internal resistance Rt; also that the direct 
voltage is higher for the same alternating input. The direct voltages obtained from a 
smoothing circuit in which a capacitor is the first component are, further, higher than 
those in a circuit containing a choke as the first smoothing element.

Fig. 3
Loading curves (D.C. voltage as «a function of 
the current delivered) for various values of the 
resistance Rt = (R^ + Rs+ns Rp), in a smooth
ing circuit commencing with a choke. The 
voltages at lower current values wih a choke of 
12 or 42 henries are shown by broken lines.

Fig. 4
Loading curves (D.C. voltage as a function of 
the delivered current) for various values of the 
total resistance Rt = (Rs + n^Rp), in a smooth

ing circuit commencing with a capacitor.



AX 50

AX 50 Full-wave gas-filled rectifying valve
The AX 50 is a full-wave gas-filled rectifying valve for use in 
fairly large amplifier equipment.

FILAMENT RATINGS
Heating: direct by A.C.
Heater voltage.................................................................
Heater current.................................................................

MAXIMUM RATINGS
Secondary (A.C) voltage of the power

transformer on no load.................... lrr = max. 2 x 500 V, ,7
D.C. output.............................................Iv -= max. 250 mA
Voltage drop in the valve................ r„rl, = max. 15 V
Permissible capacitance of capacitor

across input of the smoothing circuit: C = max. 64 /iF 
When a capacitor is connected across the smoothing circuit: 
The ohmic resistance in the D.C.
circuit, with C = 64 .................... IF = min. 200 ohms

with C = 32 /;F...................... Rt = min. 150 ohms
with C 16 jtF..................... lit = min. 100 ohms

Vf = 4 V
If = 3.75 A

max 51

Fig. 1 
Dimensions in min.

For the correct operation of this valve reference should be made 
to the notes on the AX 1.

Fig. 2 
Arrangement, of 
base connections 
and electrodes.



AX 50

Fig. 4
Loading curves (direct voltage as a function of 
the output current) for different values of the 
total resistance Rt = Rs + n2 Rp in a 
smoothing circuit in which the first component 

is a capacitor.

Fig. 3
Loading curves (direct voltage as a function of 
the output current) with respect to different 
values of the total resistance Rt = (R^ + Rs + 
n2 Rp) in a smoothing circuit in which a choke 
is the first component. The voltage curves 
relating to lower values of current for chokes 
of 12 and 42 H are shown by the broken lines.



EF 9

OPERATING DATA: EF 9 used as resistance-coupled A.F. amplifier with 
controlled amplification

(in amplifiers or A.C. receivers)

Supply 
voltage

Vb 
(V)

Anode 
coup- 
ling 
res.

Ra 
(M ohm)

Screen 
series 
res.

Rgz 
(M ohm)

Cathode 
res.

Rk 
(ohm)

Control 
voltage 
on con
trol 
grid

VR 
(V)

Anode 
current

la 
(mA)

Screen 
current

igz 
(mA)

Alter
nating 
input 
volts

Vi 
(Veff)

Alter
nating 
output 
volts

Vo 
(Veff)

Voltage 
gain

Fo
Vi

Total 
distor
tion.

¿tot 
(%)

250 0.2 0.8 1,750 0 0.87 0.26 0.028 3 106 0.8
250 0.2 0.8 1,750 —5 0.69 0.21 0.075 3 40 0.8
250 0.2 0.8 1,750 —10 0.55 0.17 0.13 3 23 1.1
250 0.2 0.8 1,750 —18 0.37 0.11 0.27 3 11.6 1.5
250 0.2 0.8 1,750 —25 0.17 0.05 0.45 3 6.7 2.7

250 0.2 0.8 1,750 0 0.87 0.26 0.047 5 106 2.4
250 0.2 0.8 1,750 —5 0.69 0.21 0.125 5 40 2.4
250 0.2 0.8 1,750 —10 0.55 0.17 0.22 5 23 1.9
250 0.2 0.8 1,750 —18 0.37 0.11 0.42 5 11.6 2.4
250 0.2 0.8 1,750 —25 0.17 0.05 0.75 5 6.7 4.4

250 0.2 0.8 1,750 0 0.87 0.26 0.094 10 106 2.7
250 0.2 0.8 1,750 —5 0.69 0.21 0.25 10 40 2.7
250 0.2 0.8 1,750 —10 0.55 0.17 0.43 10 23 3.7
250 0.2 0.8 1,750 —18 0.37 0.11 0.86 10 11.6 4.8
250 0.2 0.8 1,750 —25 0.17 0.05 1.46 10 6.7 8.8

250 0.1 0.4 1,000 0 1.6 0.45 0.035 3 85 0.8
250 0.1 0.4 1,000 —5 1.22 0.36 0.083 3 36 0.8
250 0.1 0.4 1,000 —10 0.92 0.28 0.15 3 20 1.2
250 0.1 0.4 1,000 —18 0.57 0.18 0.33 3 9.2 1.8
250 0.1 0.4 1,000 —25 0.36 0.11 0.55 3 5.5 2.8

250 0.1 0.4 1,000 0 1.6 0.45 0.059 5 85 1.3
250 0.1 0.4 1,000 —5 1.22 0.36 0.14 5 36 1.4
250 0.1 0.4 1,000 —10 0.92 0.28 0.25 5 20 2.1
250 0.1 0.4 1,000 —18 0.57 0.18 0.55 5 9.2 3.1
250 0.1 0.4 1,000 —25 0.36 0.11 0.91 5 5.5 4.8

250 0.1 0.4 1,000 0 1.6 0.45 0.118 10 85 2.5
250 0.1 0.4 1,000 —5 1.22 0.36 0.28 10 36 2.7
250 0.1 0.4 1,000 —50 0.92 0.28 0.49 10 20 4.1
250 0.1 0.4 1,000 —18 0.57 0.18 1.08 10 9.2 6.1
250 0.1 0.4 1,000 —25 0.36 0.11 1.83 10 5.5 9.5

Note. The values for the voltage gain relate to cases where the grid leak of the next 
valve is 0.7 megohm. The control voltage on the grid must not be interchanged with 
the grid bias, winch consists of the control voltage augmented by the voltage drop 
across the cathode resistor.

276



Current regulators and stabilizers



Current regulator tubes (Barretters)
When the heaters of the receiving and rectifying valves in a receiver 
are connected in series, fluctuations in the mains voltage will produce 
under- and over-heating of the filaments very much more quickly 
than when the heaters are arranged in parallel. The reason for this 
is that, primarily, there is usually a resistor in series with the 
heaters, to reduce the supply voltage to the sum of the heater 
voltages. When the mains voltage rises, the current increases, as 
does also the resistance of the heaters, so that the current does not 
increase as quickly as the voltage; the resistor included in the 
heater circuit does not show an appreciable increase in value, 
however, seeing that, owing to the presence of this resistor, the 
increase in the total resistance is less than if the heater circuit 
consisted of heaters only. In A.C./D.C!. receivers the heaters, with the 
resistor in series with them, are therefore subjected to a heavier 
strain than the heaters of A.C. sets which are usually connected in 
parallel, and it is a very much better procedure in such cases to 
employ a current regulator tube, or barretter, in series with the heaters 
instead of a resistor.
'These barretters comprise an iron wire, suspended in a bulb con
taining hydrogen, and they possess the particular feature that the 
resistance of the iron wire increases to such an extent on an increasing 
voltage that the current remains practically constant. In certain 
eases the current will even tend to diminish, but this applies only 
to a certain range of voltages.
When one of these tubes is included in the heater circuit of a receiver, 
t he heater current, within certain voltage limits, is maintained at a 
constant level, this being all to the good for the valves from the point 
of view of their life. The use of a barretter is particularly important 
in A.C./D.C. receivers since, due to under-heating, the internal 
resistance of the rectifying valve and consequently also the voltage loss 
in the latter increase very considerably; the anode voltage, which will 
have dropped as a result of the decrease in the mains voltages, is 
thus further reduced.
The voltage range within which the heater current is kept constant 
is in certain circumstances so wide that the heater circuit of the 
receiver can be connected directly to mains voltages of very different 
values, e.g., 220 and 170 V.
A factor to be taken into account is the current surge occurring 
when the receiver is switched on, the valves being in the cold con
dition ; if this surge is too great, the life of the barretter will be 
endangered and it is therefore usual to include a resistor in series 
with the tube, to limit the surge. Taking the simplest case, this 
resistor might consist of the heaters of the receiving valves them
selves. whose resistance value in the cold condition is about ’/vtb 
to ’/loth of the value when hot. In this connection, Philips quote 
for their barretters both the maximum voltage that may occur in 
the tube when the set is switched on, and the minimum total heater 
voltage of the receiving valves with which the tube is in series. 
The minimum total heater current of the valves thus represents the 
minimum resistance which must Ire in series with the barretter when

,max3$

2X234

Fig. 1 
Dimensions of 

barretters C i, C 3 
and C 8 in mm.

max 39

23236

Fig. 2
Dimensions of 

barretters C 2, C 9 
and C 10 in mm.

max 41

28/09

Fig. 3 
Dimensions of 

the barretter C 12 
in mm.
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Fig. 4
Ease connections of 
the C 1 and C 2.

32

5(0^1100^6 

M V 

6~7

PX
Fig. 5

Base connections of 
the C 3 and C 8. 
Contacts 1 and 2 are 
connected together 
so that A.C./D.C. 
receivers can be 
switched for high 

voltage mains.

3 2

PY
Fig. 6

Base connections of 
the C 10. Contacts 
2, 3, 4 and 6, as 
well as 7 and 8 are 
shorted so that 
A.C./D.C. receivers 
may be switched 
for operation on 
low voltage mains.

the “cold” receiver is switched on. In the case of the C I, for instance, 
the minimum total heater voltage of the receiving valves in the 
working condition must be 52 A7; the resistance of the hot valves is 

52then q-j = 260 ohms and in the cold condition about W :< 260 = 37 
ohms. In this instance the mains voltage must not exceed 250 V. 
At lower mains voltages the surge is smaller, which fact can be taken 
into account. If the sum of the heater voltages of the particular 
valves used is less than the minimum total heater voltage it may 
be advisable to include a small resistance in series with the valves, 
to augment the resistance of the latter in the cold condition.
Any pilot lamp in series with the valve heaters is especially likely 
to suffer as a result of surges; the ordinary pilot lain]) is normally 
quite useless for this type of receiver, as it burns out too quickly, 
and special lamps have to be employed. The, current surge on the 
pilot lamps will always be greatest when a receiver, fitted with a 
large number of valves, is operated on a low mains voltage and 
may even reach seven times the amount of current consumed under 
normal working conditions. Less stringent requirements are placed 
upon the jiilot lamp when a current regulator such as the I! 1 or 
C 2 is employed.
In order to eliminate the surge entirely, barretters have been designed 
incorporating a built-in resistor apart from the resistance wire; 
the value of this limiting resistor at, say, 20° (i.e. when cold) 
will be 2,000 ohms and when hot (300°) 100 ohms. When the receiver 
is switched on the resistance, consists mainly of the limiter resistor 
(2,000 ohms), the electrical energy being there converted to heat. 
The time required to raise this resistor to its “hot” temperature is 
sufficient also for the wire in the barretter to heat up, so that, by 
the time the value of the limiter has reached its lowest resistance 
the barretter is able to absorb the whole of the surplus voltage 
arising from the fact that the more tardy cathodes of the receiving 
valves are by then not sufficiently hot. The pilot lamp is then not 
overloaded when the receiver is switched on, and an ordinary 200 mA 
lamp may be used.
The presence of a limiting resistor has the effect of reducing 
slightly the range of control of the barretter, but not to such an 
extent as to impair the practical uses of these tubes, and Figs 9 
and 10 illustrate the action of the barretter with built-in resistor, 
in limiting the surge.
When D.C. receivers are operated on different mains voltages, it is 
usually sufficient to change the resistor in series with the valve 
heaters; the resistors in the cathode, screen-grid and anode circuits 
need not be changed as these are generallyofsuchavaluethatthe valves 
will be operating at their specified voltages when used on 220 A7 
mains. On a lower voltage, however, of say 110 A7, the screen 
resistors are no longer of the correct value and the receiver would 
be operating on lower voltages than those which would give the best 
results.
In A.C./D.C. receivers this simple solution is not applicable, since 
many A.C. mains are of lower voltage (127 A7) and it is necessary to 
ensure that the set will work properly when operated on these as 
well. In order to obtain satisfactory performance and output when
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PZ 2SSSS

Fig. 7
Ease connections of 
the C 9. Contacts 
3, 4, and 6, also 7 
and 8 are shorted 
to enable A.C./D.C. 
receivers to be 
adapted for low 
mains voltages.

p
* 2324V

Fig. 8
Base connections of 
the 0 12. For high 
mains voltages con
tacts 5 and 8 are 
used; for low volt
ages contacts 5 and 
7, i.e., switching 
should be provided 
between 7 and 8.

changing over to lower voltage mains, it is necessary not only 
to change the barretter in the heater circuit but also to short- 
circuit some of the resistors in the anode and screen circuits, and 
readjust the matching of the speaker transformer; fig. 11 shows 
how these changes may be made. Here, all the screens are fed from 
a common resistor R„ to reduce the potential to 100 V with high 
voltage mains; further, a resistor R. is placed in series with the 
screen grid of the output valve to lower the already reduced voltage 
to 75 V for the CL 2, or 83 V for the CL 6. It is not necessary to 
modify the value of the cathode resistors. When the receiver is 
to be used on low mains voltages both the resistors R, and R. 
are short-circuited; resistor R„ which serves to protect the rectifying 
valve when the set is working on high voltage, is also shorted on 
low voltage in order that full use may be made of the available 
potential. The matcliing impedance is usually changed by altering 
the anode voltage (for the CL 6, Va = 100 V, Ra = 2,000 ohms, 
or Va — 200 V, Rg = 4,500 ohms) and provision must therefore 
also be made for changing the ratio of the output transformer.
By suitably linking up certain contacts on the base of the barretter 
which would otherwise not be used, all the resistors in question 
can be short-circuited and the output transformer suitably strapped, 
simultaneously. Barretters for high voltages are supplied with a 
shorting link between contacts 1 and 2, the base in this case being 
know as type PX (Fig. 5); the base for low mains barretters is the 
PY (Fig. 6) and that in which the connection to contact 2 is omitted 
is type PZ (Fig. 7).
For high mains voltages Philips also supply a barretter without 
a limiting-resistor fitted 
with a P-type base having 
no shorting links. Another, 
similar type for low vol
tages is also supplied. These 
are the C 1 (high voltage) 
and C 2 (low voltage). 
Barretter C 2 with PY 

base is known as the C! 10, and with PZ 
base as the C 9.
There is also a tube having two different

Fig. 10
Heater current as a function of time, after 
switching on a receiver of which the valve 
heaters are in series with a barretter fitted witli 

a limiting resistor.

Fig. 9
Heater current as a function of time after 
switching on a receiver, the valve heaters being 
in series with a barretter without a limiting 

resistor.

internal resistance wires, one having the 
properties of the C 1 and the other those 
of the C 2 and, needless to say, this tube 
has no shorted contacts on the base.
As the regulating range of barretters with 
limiting resistor is slightly smaller than 
otherwise, several of these tubes are required 
in order to cover all possible mains voltages. 
However, with a view to limiting the number
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Fig. 11
Circuit diagram showing method of switching A.C./D.C. receivers 
from 220 V to 110 or 127 V mains, using barretters for high and 
low voltages. The numbers of the different points in the diagram 

correspond to those indicated on the base of the barretter.

of barretter types, and 
since a different barretter 
would be required for every 
value of mains voltage, it 
is usual to employ the 
barretter only for the high 
voltages, in this case the 
C 3. Complete data regard
ing Philips barretters for 
A.C./D.C. receivers are giv
en in the table below.

200 mA Barretters

Without resistor to limit the surge
With 

limiting 
resistor

C 1 C2 C8 C9 C 10 C 12 C .3

Controlled
current . . . 0.200 0.200 0.200 0.200 0.200 0.200 0.200 A

Control range. . 80-200 35-100 80-200 35-100 35-100 80-200 100-200V
Maximum work- 35-100

ing voltage. . 
Max. voltage

200 100 200 100 100 200 100 200 V

across barret
ter on switch
ing on the re
ceiver .... 250 *) 160 2) 250 x) 160 2) 160 2) 250 i) 160 2) 250 V ’)

Dimensions. . . Fig. 1 Fig. 2 Fig. 3 Fig. 2 Fig. 2 Fig. 3 Fig. 1
Base.................... P30 P 30 P30X P 30 Z P 30 Y P 30 P 30 X
Base connections Fig. 4 Fig. 4 Fig. 5 Fig. 7 Fig. 6 Fig. 8 Fig. 5
Curves................ Fig. 12 Fig. 13 Fig. 15 Fig. 16 Fig. 17 Fig. 18 Fig. 14

*) The total heater voltage of the receiving valves connected in series with the barretter must be at 
least 52 V.

3) The total heater voltage of the receiving valves connected in series with the barretter must be at. 
least 71 V.

The rectangles shown m dotted lines in the following characteristics indicate the 
tolerances on the current as regulated by the barretters and the voltage limits on the 
range of control.
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Fig. 12
Current as a function of 
the voltage across the U 1

Fig. 13
Current as a function of 
1 he voltage across the C 2.

Fig. 14
Current as a function of 
the voltage across the C 3.
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Fig. 1.’»
Current as ;i function of 
tlie voltage across the C 8.

Fig. 16
Current as a function of 
the voltage across the C 9.

ism

Fig. 17
Current as a lunrt h>u • : 
t h>‘ v<>11; n<r<>s< t hi- ( I o.
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Fig. 18
Upper diagram. Current as a function of the voltage across the section 

A—C of the resistance wire of the tube C 12.
Lower diagram. Current as a function of the voltage across the section 

A-B of the resistance wire of the tube C 12.
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StabiJizing tubes
Stabilizers are used in all cases where it is necessary to keep the 
voltage in a receiver or component thereof as constant as possible, [
so that the latter may be sufficiently independent of the current 
consumption and of fluctuations in the applied mains or battery I I
voltage; in this way the fixed grid bias of an amplifier or measuring I I
instrument may be stabilized.
The neon stabilizer tube depends for its action on the fact that the p 

current flowing through it rises rapidly as the voltage is increased. 29033 

When the voltage is applied to the tube through a resistor, the rise Jrig , 
in current produces a corresponding increase in the voltage drop Arrangement of 
across that resistor, thus partly neutralizing the increase in poten- neonitabilizer”^ 
tial; in many instances the internal resistance of the voltage source 
is sufficient to provide a stabilizing effect, in which case the 
resistor may be dispensed with.
Fluctuating loads produce voltage variations in the series resistor, which in turn are 
compensated by variations in current in the neon tube. To ensure effective stabili
zation, small voltage variations on the tube must occasion the greatest possible variations 
in current, and the ratio of the voltage increase to the corresponding current increase 
in the tube is known as the A.C. resistance. The latter should be as low as possible, 
being actually about 250 ohms in the case of the tube type 4687, so a voltage increase 
of 2.5 V on the tube will produce an increase in the current of 10 mA. The D.C. resist
ance indicates the relationship between the current through and the voltage across the 
tube.

connections of the various Philips Neon Stabilizers.
c) Type 4357 c) Type 46S7
d) Type 7475

Dimensions in min. and base 
a) Type 100 E 1 
b) Type 13201 



Stabilizers

The 4687, with 90 V, will pass a current of 20 mA and the D.C. resistance is there
fore 4,500 ohms.
A neon tube has to be “started up” by an “ignition” voltage, which is in every case 
higher than the normal working voltage, and precautions must be taken to ensure that 
when the switch is closed the receiver does not take so much current that the voltage 
drop across the series resistor prevents the tube from igniting. The “quenching” 
voltage must also be borne in mind; at a given voltage, which is somewhat lower than 
the working voltage, the discharge is quenched and re-ignition will take place only 
when the load has decreased to the extent where the voltage on the tube is once more 
equal to the ignition voltage. When the tube has been quenched, therefore, there 
will be a period during which no stabilization takes place.
A rectifier provided with one of these stabilizers may be looked upon as a source of 
voltage of very low internal resistance, since the voltage at the terminals of the sta
bilizer is independent of the load and remains practically constant. It follows, then, 
that a stabilized rectifier will tend to reduce R.F. or A.F. coupling through the 
medium of the internal resistance. Further, the neon tube improves the smoothing 

Fig. 3 
Voltage-current curr e of the 46S7.

Fig. 4 
Voltage-current curve of the 7475.

of the rectified voltage, because voltage variations arising from the ripple are also 
stabilized.
Admittedly, the A.C. resistance of the neon tube increases with the frequency, but 
at normal mains frequencies it will not deviate to any great extent from the pub
lished value.
If the voltage to be stabilized is very much liigher than the tube voltage a number 
of tubes may be connected in series with each other, in which case, however, at least 
one of them must be shunted by a fairly high resistor, say 0.1 megohm; otherwise 
the tubes will not ignite (see Fig. 8).
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Fig. 5 
Voltage-current characteristic of the 13201. Volt age-current characteristic of the 4357.

It should be noted here that neon tubes are used for stabilizing D.C. voltages only; 
further, these tubes must never be connected in parallel to stabilize heavy currents. 
Owing to the unavoidable circumstance that the ignition voltage varies between one 
tube and another, the tube having the lowest ignition voltage would start up first

Voltage-current characteristic of the 100 E 1.

Fig. S
Three neon tubes connected 
in series to stabilize approxim
ately 270 V. The output circuit 
is represented by the resistor 
ltt, passing a current 12 at a 
voltage Fa. is the D.C. 
voltage source with super
imposed alternating voltage 
(voltage fluctuations), and Jii 
is the internal or scries resist
ance of the voltage source. 
A resistor of 0.1 megohm 
is connected across one of 
the tubes to enable ignition to 

take place. 



Stabilizers

and immediately consume current, thus reducing the voltage across the other tubes 
in parallel with it, which would thus have no further chance of ignition.
Philips make five different types of neon voltage stabilizers suitable for use in large 
or small equipment and the working values of these tubes have been so selected as 
to provide a tube for almost any conceivable project. The general data are as given 
in the following table:

DETAILS OF PHILIPS STABILIZING TUBES

Type

Dim. 
and 
Base 

connect
ions

Base

Operating 
voltage 
at stated 
quiescent 
current

(V)

Maximum 
starting 
voltage

(V)

Quiescent 
currentx)

(mA)

Upper 
current 
limit for 
stabili
zation

(mA)

Lower 
current 
limit for 
stabili
zation

(mA)

Max. A.C. 
resistance

(ohms)

4357 Fig. 2c A 35 85—100 125 20 40 10 75

4687 Fig. 2e B 26 85—100 115 20 40 10 250

7475 Fig. 2d A 25.5 90—110 140 4 8 1 700

13201 Fig. 2b A 48 90—110 140 100 200 15 90

100 E 1 Fig. 2a A 40 90—105 140 125 200 50 30

J) To ensure a reasonable life, the specific average value for the current passing through the tube should 
not be exceeded.

Philips neon stabilizers are “burned” or screened first on A.C. and then on D.C.; 
it is recommended that the negative pole of the voltage source be connected to the 
electrode indicated as cathode and the positive pole to the anode.
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AG/DC VALVES WITH SIDE

Type
('lass 

(application in 
parenthesis)

Max. 
dim.

mm

Base 
(connec
tions in 
paren
thesis)

Heater ratings

Anode 
volts

Va 
V

Anode 
cur
rent

la 
mA

Grid 
bias

Vg!
V

Heat
ing

Heater 
volts

V

Heater 
cur
rent

A

CBl Double-diode (13) 89 x 30 V22
(67) indir. 13 0.200 — — —

CB2 Double-diode (13) 85 x 29 V24
(66) indir. 13 0.200 — — —

CBC1 Double-diode triode (9) 100 X 37 P30
(30) indir. 13 0.200

200 4.0 —5.5

100 2.0 —2.5

Vb = 200
9

0.39 —

Vb = 200
9 0.20 —

CC2 Triode (3, 6, 10, 11) 100 X 37 P30
(28) indir. 13 0.200

200 6 —4

100 2 —2.5

CF2 R.F. vari-mu pentode 
(1,2) 109 x 42 P30 

(41) indir. 13 0.200

200 4.5
—22

100 4.5 —2

CF3 R.F. vari-mu pentode 
(1, 2) 106 X 43 P30

(41) indir. 13 0.200

200 8.0 —3
—55

100 8.0 —3
—55

CF7 R.F. pentode 
(1, 2, 7, 8, 11) 106 X 43 P30 

(41) indir. 13 0.200

200
100

3
3

__ 2 
—2

Vb = 200
9

Vb = 100
9

0.98

0.50

—

CK1 Octode (4) 116 X 46 P35 
(48) indir. 13 0.200

200 1.6 —11s)

100 1.6 —116)

CL2 4) Output pentode (12) 123 x 46 P35
(36) indir. 24 0.200

200
200
100

40
40
50

—19
—11
—15

KEY TO THE FIGURES REPRESENTING THE APPLICATION 
IN THE “CLASS” COLUMN
1 = R.F. amplifier
2 — I.F. amplifier
3 = Oscillator
4 = Frequency changer (oscillator modulator)
5 — Modulator
Ci = Grid det. with transf. coupling
7 = Grid det. with resistance coupling
8 — Anode det. with resistance coupling

9 = Diode det. with A.F. amplification
10 = A.F. amplifier with transf. coupling
11 = A.F. amplifier with resistance coupling
12 = Output amplifier
13 — Diode detector
14 = Electronic Indicator
15 = Balanced output amplifier without grid current
16 = Balancec output amplifier with grid current
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CONTACT (P) BASE

Cath
ode 
res. 

(appr.)

Kk 
ohms

Screen- 
grid 
volts

Vg2 
V

Screen- 
grid 

current

Iga 
mA

Grid 3 
(and 5) 
volts

Vg3 (5) 
V

Grid 4 
volts

Vg, 
V

Alut. 
cond.

S 
ZZA/V

Ampli
fication 
factor

¡1

Intern, 
res.

Ri 
ohms

Extern, 
anode 
res. or 
optim. 
match
ing res.

Ra 
ohms

Alax. 
output 
power 
with 
10 % 
dist.

Wo 
IV

Altern. 
grid 

voltage 
for max. 
output

Vi 
Veff

Alax. 
anode 
diss.

Wa 
IV

Anode 
to 
grid 

capac.

Cagt 
fWF

iyp^

— — — — — — — — — — — — — CB1

— — — — — — — — — — — — CB2

— — — — 2,000 27 13,500 — — —

1.5 — CBC1
— — — — — 1,800 27 15,000 — — —

12,500 — — — — — «-•> — 0.2 X 10’ — —

12,500 — — — — —
3-«

— 0.2X10° — —

— — — — — 2,500 30 12,000 — — —
1.7 CC2

— — — — — 1,800 30 16,000 — — —

340 100 1.4 0 —
2,200

—
1.4X10®
>107 — — —

1.5 <0.003 CF2
340 100 1.4 0 —

2,200
—

0.4x10°
>107 — — —

285 100 2.G 0 —
1,800

—
0.9x10’
>10T — — —

<0.003 CF3
285 100 2.6 0 —

1,800
—

0.25x10°
>10- — — —

490
490

100
100

1.1
1.1

0 
0 —

2,100
2,100

4,000
1,500

2.0X10°
0.7x10® —

— —

1 <0.003 CF74000

4000

Kga = 3) 
0.25 AI
Ohm 

Rga = 
0.25 AI
Ohm

0.30

0.15

0

0 —

—
Vo !)
Vj=135

Vo *> 
vr=uo

— 0.2 X 10’

0.2 X 10®

—

—

— 90 2’) 70 —1.5
—25

600 5)
—

1.5x10’
>107 — — —

0.5 <0.06«) CK1
— 90 2’) 70 —1.5

—25
550 5)

—
1.0x10’
>107 — — —

420
247
258

100
75

100

5
4.5 
S

—

—

3,100
3,700
3,800

— 23,000 
19,000 
16,000

5,000
5.000
2,000

3.0
2.5
1.7

8.8
6.9
9.4

8 < 1.5 CL2 4)

’) H.T. supply voltage. Details in this column referred to resistance-coupled A.F. amplification.
2) Stage gain (alternating anode volts/altcrnating grid volts).
3) Screen series resistor.
h) Suitable only for series-heater supply
•) Conversion conductance.
7) Negative volts provided by grid leak of 50,000 ohms during oscillation, with a grid current of 190 //A 

(Vosc = 8.5 Veff).
8) Screen current Ig3 + g5 = 3.8 mA.
») Capacitance between anode and grid 4.

For base connections see pp. 310-313.



THERMO-COUPLES

Type

Approx.
12 mV EMF 

at a 
heater 
current 

of: 
mA

Indication varies 
proportionally 
with the square 
of the heater 
current and is 
accurate to 2 % 

up to: 
mA

Max. current 
through 

heater wire

mA

Short over
load current 

through 
heater wire

mA

Resistance 
of heater 

wire 
(approx.)

ohms

Resistance 
of thermo

couple 
(approx.)

ohms

TH 1 10 5 15 20 75 5.5
TH 2 20 10 30 40 23 3.0
TH 3 40 20 75 100 7.3 3.0
TH 4 100 50 150 200 2.2 3.0
TH 5 200 100 300 350 1.1 3.0

F = Connections of 
heater wire

+ E = thermo-couple
pos. pole

E = thermo-couple
neg. pole

NEON INDICATOR TUBE

Type
Diam. exclud. 

pins 

mm

Base (connec
tions in 

parenthesis)

Ignition volts 
on aux. anode

Va, 
V

Working 
volts on 

main anode

Va,. 
V

Main anode 
current with 

cathode 
fully lighted 

lax 
mA

Aux. anode 
current

la.
/ÍA

4662 98 x 13
small 
4-pin 
(XXII)

165—190 .150—170 2 40—50

AMPLIFYING VALVES FOR

2) Max, peak A.C. voltage.

Type Application

Maximum 
dimensions 
without 
pins 

mm

Base 
(connections 

in 
parenthesis)

Heater ratings

Heat
ing

Heater 
volts

V

Heater 
current

A

4060 Electrometer triode 142 x 58 H 35 
(XVII)

dir. 0.7 0.7

E1C (4671) Triode for U.S.W. receivers 
(Button valve)

35 x 30 without base 
(XVIII) indir. 6.3 0.15

E1F (4672) Pentode for U.S.W. receivers 
(Button valve)

48 X 30 without base
(XIX)

indir. 6.3 0.15

4673 Pentode for measuring instruments 121 X 47 P 30 
(XIII)

indir. 4.0 1.35

4674 Diode for measuring instruments 35 X 30 without base
(XX)

indir. 6.3 0.15

E2F (4695) Vari-mu pentode for U.S.W. 
(Button valve)

48 X 30 without base 
(XIX)

indir. 6.3 0.15

C408 Triode for valve voltmeters and 
other measuring instruments

94 J) X 48 A 35 
(XVI)

dir. 4.0 0,25

x) Without top cap.

For base connections
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BARRETTERS

Type Max. dim.2) 

mm

Base 
(Connections 

in parenthesis)

Voltage 
control 
range
V

Max. 
voltage

V

Current

mA

Admissible 
voltage 
when 

switching 
on 
V

For indirectly- 
heated D.C. 

valves.

1926 119 x 35 A32 
U) 8—26 — 180 120 3)

1927 120 X 40.5 A35 
(7)

40—120 ISO 150 2)

1928 129 x 40.5 A35 
(7) 80—240 — 180 240 2)

For directly- 
heated D.C. 

valves

1904 92 x 39 A32 
(7)

30—80 — 100 —

1911 93 x 39 A32
(7) 30—80 — 150

1915 115 x 38 A32
(7) 50—70 — 240 —

1920 115 X 38 A32
(7) 50—70 — 250 —

For indir.
•heated 
valves

1941 140 x 50 A 35 
(7) 80—200 200 300 —

1949 95 X 38 A 35 
(7) 25—75 90 300 —

¡910 92 x 35 1132
(16) 5—15 — 1400

i) Without pins.
2) The total heater voltage of the receiving valves in series with the barretter must be at least 94 V.

SPECIAL PURPOSES

3) Max. D.C. through grid leak. 4) Anode/cathode capacitance. 3) Grid/cathode capacitance.

Anode 
volts

Va 
V

Anode 
current

la 
mA

Grid 
bias

Vgl
V

Screen 
volts

Vg2 
V

Volts 
grid 3

Vg3 
V

Screen 
current

Ig2 
mA

Mut. 
cond.

S 
mA/V

Ampli
li cat-ion 
factor

/(

Int. 
res.

Ki 
ohms

Cur
rent 
1st 
grid
Igt 
/zA

Anode 
to 

grid 
cap.
Ca«!
RR F

Grid 
cap.

Cgt
rrF

Anode 
cap.

Ca 
UR F

Type

4 — —2.5 — — — 0.028 approx. 
0.5 — <10-“ — — — 4060

180 4.5 —5 — — — 2.0 25 12,500 — ¡.4 1.0 6) 0.6 4) E1C(4671)

250 2.0 —3 100 0 0.7 1.4 2,100 1.5 X 
10° — <0.007 3.0 3.4 E1F (4672)

250 S.O —2.5 200 0 1.5 5.0 >7,500 >1.5x 
10e — <0.012 9.6 7.3 4673

ISO2) 0.83) — 1.15-) — 4674

250 6.7 —3
—46

100 0 __
1.7 

0.002
1,000 0.6x10*'

>10ü — <0.007 2.7 3.3 E2F (4695)

150 14 — í — — — 2.7 8 3,000 — — — — C408

see pages 310-313.



6.3 VOLT METAL AND GLASS VALVES

Type
Class 

(application in 
parenthesis)

Max. dim. 
without 
pins 

mm

Base 
(connec
tions in 
paren
thesis)

Heater ratings

Anode 
volts

Va 
V

Anode 
current-

la 
mA

Grid 
bias

VSl 
V

Heat
ing

Heater 
volts

V

Heater 
current

A

EBH Double-diode with 2 sep. 
cathodes (13) 43.5 x 43.5 Y8A43.5

(71) indir. 6.3 0,200 — — —

EBC11 Double-diode triode (9) 37.5 X 43.5 Y8A43.5
(72) indir. 6.3 0.200

250 5 —8

100 2 —3.2

Vb = 
2501)

0.75 —

EBF11 Double-diode and I.F. 
pentode (2, 13) 37.5 x 43.5 YSA43.5

(76) indir. 6.3 0.200
250 —

—2.0
—41

100 5 —2.0
—16

ECHU Triode-hexode (4) 37.5 x 43.5 Y8A43.5 
(78) indir. 6.3 0.200

Vb = 
2501)

15.5
3.3

0
—IO'')

250°) 2.3
-12!)

200fi) 2.3 — lí")

EGL11 Triode and outputtetrode 
(ID 12) 110 X 46 Y8A35 

(77) indir. 6.3 1.0
25011) 2.0 —2.5

250ia) 36 —6

EDD11 Double output triode (16) 43.5 x 43.5 Y8A43.5
(80) indir. 6.3 0.4 250 2 X 3.5

2 x 17.5
—6.3

EF11 ]{.F. vari-mu pentode 
(1. 2) 37.5 >: 43.5 Y8A43.5

(73) indir. 6.3 0.200
250 6

—45

100 6
—18

EF12 11.F. pentode (1, 2, 7, 8, 11) 37.5 x 43.5 Y8A43.5
(73) indir. 6.3 0.200

250 3 __n

Vb = 
2501) 0.9 —

EF13 Low-noise B.F. pentode (1) 37.5 x 43.5 Y8A43.5
(74) indir. 6.3 0.200 250 4.5

—17

EFM 11
A.F. ampl. pentode and 

electronic indicator 
(11, 14)

76 x 37 Y8A35
(79) indir. 6.3 0.200 Vb=VZ 

= 250J)

1 —1.5

—20

ELI IN Steep-slope output pentode 
(12, 15) 110 X 46 Y8A35

(75) indir. 6.3 0.9
250 36 —6

25020) 2x24
2x28.5 —

EL12 Steep-slope output pentode 
(12) 110X51 Y8A35

(75) indir. 6.3 1.2 250 —7

EM11 Dual sensitivity 
electronic indie. (14) 76 x 37 Y8A35 indir. 6.3 0.200 Vb = VZ 

= 250

— 0
—5

— 0
—16

') H.T. supply voltage. The data in this column refer to resistance-coupled LF. amplification.
’) Stage gain (alternating anode volts divided by alternating grid volts).
s) Screen-grid series resistor.
4) Data for the triode section when used as oscillator; H.T. voltage applied through anode resistor of 

30,000 ohms.
Negative voltage obtained during oscillation, for a grid current of 200 uA, with a grid leak of 50,000 ohms 
(Vosc = 8 Veil). r

•) Data for the hexode section.
7) With fixed screen voltage. When the screens g8 and g4 are fed through a resistor of 50,000 ohms, a bias of 

-18.5 V is required for reducing the mutual conductance to one-hundreth of the uncontrolled value.
8) lg8 4- Ig,„
B) Conversion conductance.
10) With_ fixed screen voltage. When the screens g8 and g4 are fed through a resistor of 50,000 ohms, a bias 

of -17.6 'V is required for reducing the mutual conductance to one-hundredth of the uncontrolled value.

2^4 For the meanings of the figures representing the applications in the



WITH 8-PIN BASE

Cath
ode 
res.

(appr.)

Rk 
ohms

Screen 
volts

Vg2 
V

Screen 
current

Ig2 
mA

Volts 
grid 3 
(and 5)

Vg3(5) 
V

Volts 
grid 4

Vg4 
V

Mut. 
cond.

S 
XiA/V

Ampli
fication 
factor

Int. 
res.

Ri 
ohms

Ext. 
anode 
res. or 
opt. 

match, 
res.
Ra 
ohms

Max. 
output 
power 
with 
10% 
dist.

Wo 
W

Alt. 
grid 
volts 

for max. 
output 
power
Vi 
Veff

Max. 
anode 
diss.

Wa 
W

Anode 
to 

grid 
cap.

Cag, 
/V^F

Type

— — — — — — — — — — — — — EB11
1,600 — — — — 2,200 25 11,500 — — —

1.5 — EBC111,600 — — — — 1,800 25 14,000 — — —

5,000 — — — — — — 200,000 — —

300
Rg. = 3) 
85,000 
ohms

1.8
— —

1,800
18 —

2.0x10°
>107 — — —

3.5 <0.002 EBF 11
300 100 1.8 — — 1,800

18 — 0.5 X 10’
>1O7 — — —

— — — — 2,800 20 — — — 1.0 <1.5

ECHU220 100 3') -10») 100 6509) 
6.5 — 1.4x10°

>107 — — —
1.5 <0.001

250 100 38) —10s) 100 6509) 
6.5 — 0.7x10° 

>107 — — —

— — — — — 2,000 70 — — — — 0.5 —
ECL11

— 250 4 — — 9,000 — 25,000 7,000 3.S 4.2 9 —

— — — — — — — — 16,00013) 5.5») — 2x3 — EDD11

250
Rg. = 3) 
75,000 
ohms

2.0
— —

2,200
—

2.0x16°
>107 — — —

- <0.002 EF11
250 100 2.0 — — 2,200 — 0.45x10 

>10’ — — —

500 100 1.0 — — 2,100 — >1.5x10' — — —

1.5 <0.002 EF12
1,600

Rg3 = 3) 
0.5 M 
Ohm

0.37 — — — Vô  — 181 — 200,000 — —

400 100 0.6 — — 2,300
23 — >0.5x10"

>io- — — — 2 <0.005 EF13

650

Kg2-3)

350,000 
ohms

0.65 1!)
3 =no°
3 =175° — —

£ = 80

£ - —
”) 

110,000 — — 0.4 — EFM11

15O17) 250ie) 4 — — 9,000 ■— 50,000 7,000 4.5 4.2
9 <0.8 ELI IN14019) 2501H) 2x2.8

2x4.6 — — — — — 13)
10.000

0 
8.221)

0 
6.728)

9017) 2501H) 8 — — 15,000 — 25,000 3,500 8 4.5 18 <0.7 EL12

— — IZ —0.35 — — — — RR Ì 
it

Ui
 O
' 

o 
o RZ^ 

1.5 x10e — —
— — EMU

— — IZ = 0.35 — — — — Q 
R 00

Ut
 © RZo = 

1.0 x10e — —

n) Data for the triode section.
Jl) Data for the tetrode section. Valve to be used with auto, bias only. To avoid parasitic oscillation a control

grid stopper of about 1,000 ohms (without decoupling) must be used.
w) From anode to anode.
M) Measured with EBC 11 as driver valve (Va — 250 V, Rk = 1,600 ohms), transf. ratio n = 3 : (1 + 1).

Alternating grid voltage on grid of EBC 11, Vi = 4.5 Veff.
M) Light-angle measured at edge of screen.
w) Extra resistor of 20,000 ohms with decoupling capacitor, in series with anode-load resistor.
”) Valve to be used only with auto. bias.
w) To avoid parasitic oscillation a grid stopper of about 1,000 ohms without decoupling must be used.
M) Common cathode resistor.
:°) For 2 valves in balanced circuit.
M) With 3.1 % distortion.
nj Alternating grid voltage per grid.

“Class” column see page 290; for base connections see pp. 310-313. 295



4 VOLT DIRECTLY-HEATED A.C. VALVES

Type
Class 

(application in 
parenthesis) Max. dim.

mm

Base 
(connec
tions in 
paren

thesis) 1)

Heater ratings

Anode 
volts

Va 
V

Anode 
current

la 
mA

Grid 
bias

vK1
V

Heat
ing

Heater 
volts

V

Heater 
current

A

AB2 Double-diode (13) 85 x 29 V24
(66) indir. 4.0 0.65 — — —

ABC1 Double-diode triode (9) 100 x 37 P30
(30)

indir. 4.0 0.65 250 4.0 app.—7.0

ABL1 Double-diode and steep- 
slope pentode (13, 12) 130 x 46 P35

(30) indir. 4.0 2.4 250 36 Rk = 150 
ohms 2)

AC2 Triode (3, 11) 100 x 37 P30
(28)

indir. 4.0 0.65 250 6.0 app.—5.5

ADI Output triode (12) 135 x 58 P35
(25)

dir. 4.0 0.95 250 60 —45

dir. 4.0 0.95 250 2x60
2x62.5

Rk = 375 
ohms 4)

AF3 R.F. vari-mu pentode 
(1, 2) 106 x 43 P30

(41) indir. 4.0 0.65 250 8.0 app.—3.0 
—55

AF7 R.F. pentode (1, 2, 7, s, 11) 106 x 43 P30
(41)

indir. 4.0 0.65 250 3.0 app.—2.0

AHI Vari-mu hexode (1, 2, 5) 110 X 46 P35 
(44)

indir. 4.0 0.65 250 1.7 G)
<0.015

app.—2.0
—24

indir. 4.0 0.65 250 3.0 
<0.015

app—2.0 
—20

AK2 Octode (4) 117 X 47 P35
(48)

indir. 4.0 0.65 250 1.6 
<0.015

app.—115)

ALI Output pentode (12) 115 x 51 P35
(33)

dir. 4.0 1.1 250 36 app.—15

AL2 Output pentode (12, 15) 117 x 47 P35
(36)

indir. 4.0 1.0 250 36 app.—25

indir. 4.0 1.0 250 2x33
2x41

Rk = 350 
ohms 4)

AL4 Steep-slope output pentode 
(12, 15)

115 x 46 P35
(35)

indir. 4.0 1.75 250 36 Rk = 150 
ohms2)

AL5 Steep-slope output pentode 
(12, 15) 117 x 51 P35

(35)

indir. 4.0 2.0 250 72 —14

indir. 4.0 2.0 250 2x58
2x65

Rk = 120 
ohms4)

AMI Electronic indicator
(14)

75 x 28 P26
(51)

indir. 4.0 0.3 Vb = Vl
= 25015)

0.095
0.021

016)
-51T)

AM2 Electronic indicator
(14) 75 x 31 P30 

(52) indir. 4.0 0.32

250 1H)
250 18)
250 1B)

— —

250 lfl) 
0 18) —

250 19) 3 —3.5

x) The numeral after the letter indicates the greatest diameter of the hase.
3) To be used only with self-bias. With this value of cathode resistor the bias is about — 6 V.
•) With 5 % distortion.
4) Common cathode resistor.
6) With 1.3 % distortion.
•) The data in the horizontal line refer to oscillation conditions with Vosc = 9 Veff.
’) Ig3 + Ig,.
B) Conversion conductance.
•) Negative voltage obtained during oscillation with a grid current of 190 ¡tiA passing through a grid leak of 

50,000 ohms (Vosc = 8.5 Veil). This includes the grid bias produced by the cathode resistor.

296 For the meanings of the figures representing the applications in the



WITH SIDE CONTACT (P) BASE

Screen 
voltage

Vg2 
V

Screen 
current

Ig-.
mA

Volts 
grid 3 
(and 5)

Vga(s) 
V

Volts 
grid 4

Vg4 
V

Alut. 
cond.

S 
mA/V

Ampli
fication 
factor

Normal 
int. 
res.

Ri 
ohms

Ext. 
anode 
res. or 
opt. 

match, 
res.
Ra 
ohms

Alax. 
output 
power 
with 
10 % 
dist.
Wo 
AV

Alt. 
grid 
volts 
for 
max. 
output 
power
Vi 
Veff

Alax. 
anode 
diss.

Wa 
W

Anode 
to 
grid 
cap.

Cagj 
IW I’’

Type

— — — — — — — — — — — AB2

— — — 2.0 27 13,500 — — — 1.5 — ABC1

250 4 — — 9.0 — 50,000 7,000 4.5 4.2 9 — ABL1

— — — ° 5 30 12,000 — — — 2.0 1.7 AG2

— — — — — 4 670 2,300 4.2a) 30 15 —
ADI

— — — — — — — 4,000 0 
9.2s) — — —

100 2.6 0 — 1.8
<0.002

2,200 1.2 X 10®
>107 — — — 2.U <0.003 AF3

100 1.1 0 — 2.1 4,000 2.0x10° — — — 1.0 <0.003 AF7

so 2.6’)
—12 or 
Bg3 =
0.5 AI 
Ohm

80 0.558)
0.002

— 2.0 X 10°
>1O7 — — — 1.5 <0.003 AHI

80 1.1’) app. -2.0 
—20

80 1.8
<0.002 — 2.0X10°

>107

90 2.010) 70 app. -1.5 0.6“)
<0.002 — 1.6x10° 

>J07 — — 0.5 <0.06“) AK2

250 6.8 — — 2.8 43,000 7,000 3.1 9.7 9 — ALI

250 5 — — 2.6 60,000 7,000 3.8 14 9
AL2

250 2x3.5 — — — — 6,600 0 
11.512) — — —

250 5 — — 9.5 — 50,000 7,000 4.3 3.6 9 — AL4

275 7 — — 8.5 — 22,000 3,500 8.8 9.1 18 —
AL5

275 2 x 6.25
2x10.5 — — — — 4,500 0

19.513) — — —

— 17=0.13
17=0.14 — — — — — 2.0X10° — — — — AMI

? 
Î 

if
 

IO
 t

o 
to
 

W 
Oi
 t

i 
o 

o 
c

—

Lì
 

j' 
ji 

J
1 

tn 
tn 

tn

O S 
o 

Ï Ï Ï 
ox

 ox
 on

— — — — — — — —

AM2

î 
Ï 

to
 I

O 
g 

tg

—

75 £ 
if i =150° 

3=95°2o — — — — — — — —

— — — 2.0 50 25,000 — — — — —

10) Screen-grid current Ig3 4- Ig5 = 3.8 mA.
n) Capacitance between anode and grid 4.
18) With 3 % distortion.
13) With 5.1 % distortion.
14) Electronic tuning indicator.
15) H.T. supply voltage.
19) At this voltage the fluorescent screen shows light sectors of 10° (measured at edge of screen).
1T) At this voltage the fluorescent screen shows light sectors of 90° (measured at edge of screen).
1H) Voltage on the triode anode.
1B) Typical characteristics of the triode section.
a") Light-angle measured at edge of screen.

“Class” column see page 290; for base connections see pp. 310-313.



4 VOLT A.C. VALVES (FOR PRE-AMPLIFYING STAGES)

Type
Class 

(application in 
parenthesis)

Max. dim. 

mm

Base 
(connec
tions 

in paren
thesis) 2)

Heater ratings

Anode 
volts

Va 
A'

Anode 
current

la 
mA

Grid 
bias

Vat

Heat
ing

Heater 
volts

V

Heater 
current

A

ABI Double-diode (13) 91 X 29 024
(22)

indir. 4.0 0.65 — — —

ACHI Triode-hexode (4) 130 X 50 C35 indir. 4.0
300 2.5 

0.01
app.—2.0 
—20

(14)
150 5.0 —

AF2 R.F. vari-mu pentode 
(1. 2, 5)

13S X 51 035
(24)

indir. 4.0 1.1 200 4.25 
0.015

app.—2.0 
__ 22

AKI Octode (4) 119 X 47 C35
(13)

indir. 4.0 0.65 200 1.6
<0.015

app.—11s)

E409 Triode (3) 91 x 46 035
(18)

indir. 4.0 1.0 200 12 app.—10

E424N Triode (3, 6, 7, 10, 11) 100 X 46 035
(IS)

indir. 4.0 1.0 200 6.0 app.—3.5

E438 Triode (7, 8, 11) 93 X 48 035
(18)

indir. 4.0 1.0 200 0.3
0.1

app.—2.5
app.—2.5

E442 Tetrode (1, 2) 112 X 47 035
(23)

indir. 4.0 1.0 200 1.5 app.—1.3

E442S Tetrode (1, 2, 8, 11) 120 X 51 035
(23)

iudir. 4.0 1.0 200 4.0 app.—2.0

E444 Binode (diode-tetrode)
(9)

130 x 51 B35
(8)

indir. 4.0 1.1 200 0.35 
0.9

app.—2.3
app.—2.3

E444S Binode (diode-tetrode) 
(0)

115 x 46 035
(21)

indir. 4.0 1.0 200 6.0 app.—3.5

E445 R.F. vari-mu tetrode 
(1. 5, 7)

127 X 51 035
(23)

indir. 4.0 1.1 200 6.0
0.01

app.—2.0
—40

E446 R.F. pentode 
(1, 2, 5, 7, 8, 11)

13S X 51 035
(24)

indir. 4.0 1.1 200 3.0 app.—2.0

E447 R.F. vari-mu pentode 
(1. 2, 5)

138 X 51 035
(24)

indir. 4.0 1.1 200 4.5
0.01

app.—2.0 
—50

E448 Hexode 130 X 50 C35 
(12)

indir. 4.0 1.2 200 4.0 app.—1.5

E449 Vari-mu hexode 
(1. 2)

130 X 50 C35 
(12)

indir. 4.0 1.2 200 3.0 app.—2 
—15

E452T R.F. tetrode 
(1, 2, 7, 8, 11) 128 X 51 035

(23)
indir. 4.0 1.0 200 3.0 app.—2.0

E455 R.F. vari-mu tetrode 
(1, 2)

127 X 51 035
(23)

indir. 4.0 1.0 200 3.0
0.01

app.—1.5 
—40

E499 Triode (7,8, 11) 101 X 46 035
(18)

indir. 4.0 1.0 200 0,2
0.08

app.—1.6
app.—1.6

*) Without pins.
s) The figure placed after the capital letter indicates the maximum diameter of the base.
3) Across a resistor of 20,000 ohms.
•) Conversion conductance.
6) Capacitance between grid 1 and grid 3.
9) Neg. voltage passing through grid leak of 50,000 ohms with a current of 190 //A, during oscillation. (Vosc =S Veil).

For the meanings of the figures representing the applications in the
298



WITH PIN BASE

Screen 
Voltage

Vg2 
V

Screen 
current

Ig3 
mA

Volts 
grid 3 
(and 5)

VgnG) 
V

Volts 
grid 4

Vg4 
V

Max. 
slope 
(Vgl = 
= 0 V)

Smax. 
niA/V

Mut, 
cond.

S 
mA/V

Ampli
ficatici! 
factor

Norm, 
int. 
res.

Ri 
ohms

Ext, 
anode 
res. or 
opt. 

match.

Ra 
ohms

Max. 
output 
power 
with 
10% 
dist. 
Wo
W

Max. 
anode 
diss.

Wa 
W

Anode 
to 
grid 
cap.

Cag,

Type

— — — — — — — — — — — ABI

70 Vose = 
15 V3)

70 — 0.75 4) 
<0.002 — 0.8x10° 

> .IO7 — — 1.5 <0.5=)
ACHI

— — — — 2.0 — 13 — — 1.0

100 1.8 — — 3.2 2.5 
<0.002

3,500 1.4 X IO9
>107 — — 1.5 <0.006 AF2

90 2.0’) 70 app. -1.5
—25

0.6 «) 
<0.002 — 1.5x10«

>107 — — 0.5 0.06 8) AKI

— — — 4.0 1.3 9 7,000 — 3.0 4 E409

— — — — 3.5 2.4 30 12,500 — — 1.5 2 E424N

— — — — 1.5 — 38 120,000
400,000

0.3 x 10«
1.0x10« — 1.5 3 E438

100 0.6 — 1.2 0.9 700 800,000 — — 1.0 0.005 E442

60 0,5 — — 1.1 1.0 400 400,000 — 1.0 0.02 E442S
33
45 — — — 3.0 — 1,00 

800
0.3x10«
1.0X10«

0.3x10«
0.1X10°

1.0 — E444

— — — — 2.5 2.0 .30 15,000 — 2.3 — E444S

100 0.8 — — 1.2 1.0 
0,005

300 300,000 
>10T — — 1.5 0.003 E445

100 1.2 — — 3.5 2.3 5,000 2.2 x 10« — — 1.0 0.006 E446

100 1.9 — — 3.5 2.3 
<0.002

2,300 1.0x10« 
>107 — — 1.5 0.006 E447

100 8.5s) 200 — 310) — 0.5S11) —
0.15 x 

10« — — 1.0 — E448

80 — app.—2 
—7

80 3.0 2 
<0.001 — 0.45x10« 

50x10« — — 1.0 0.002 E449

100 0.7 — — 3.0 2.0 900 450,000 — — 1.0 0.003 E452T

100 0.8 — — 3.0 2.0 
0.005

700 350,000 
>107 — — 1.0 0.003 E455

— — — — 4.0 — 99 100,000
330,000

0.3 X1O0
1.0x10° — 1.5 1.5 E499

This voltage includes the grid bias produced by the cathode resistor.
T) Screen current Igs+g5 = 3.8 mA.
8) Cap. between anode and grid 4.
9) Current to 3rd grid.

io) Vosc = 6 3 veff.
n) Conversion conductance at Vosc = 6.3 Veff.

“Class” column see page 290; for base connections see pages 310-313.



4 VOLT A.C. OUTPUT VALVES

’) Without pins.

Type
Class

(Application in 
parenthesis)

Max. dim. 
n 

mm

Base 
(Connec
tions 

in paren
thesis)

Heater ratings

Anode 
volts

Va
5’

Anode 
current

la 
mA

Grid 
bias

Vgt 
V

Heat
ing

Heater 
volts

V

Heater 
current

A

E453 Pentode 
(12)

105 >: 51 B35
(9)

indir. 4.0 1.1 250 24 app.—15

E463 Pentode 
(12)

119 x 55 B35
(9)

indir. 4.0 1.35 250 36 app.—22

B409 Triode
(12)

91 x 46 A32
(1)

dir. 4.0 0.15 250 12 app.—16

B443 Pentode 
(12)

92 X 51 035
(20)

dir. 4.0 0.15 250 12 app.—10

B443S Pentode 
(12)

92 x 51 035
(20)

dir. 4.0 0.15 250 12 app.—12

C443 Pentode 
(12)

92 x 51 035
(20)

dir. 4.0 0.25 300 20 app.—25

C443N Pentode 
(12)

89 x 51 035 
(20)

dir. 4.0 0.25 300 20 app.—42

E443H Pentode 
(12)

123 X 55 035 
(20)

dir. 4.0 1.1 250 36 app.—15

8) With 5 % distortion.

180 mA D.C.

*) Without pins. 2) Current third grid. 3) Vosc = 6.3 Veff.

Base 
(Connec
tions in 
paren
thesis)

Heater ratings

Type
Class 

(Application in 
parenthesis)

Max. dim.
9 

mm

Heat
ing

Heater 
volts

V

Heater 
current

A

Anode 
volts

Va 
V

Anode 
current

la 
mA

Grid 
bias

Vgl 
V

B2006 Output triode
(12)

105 X 51 035 
(17)

indir. 20 0.180 200 15 app.—18

B2038 Triode 
(3, 6, 7, 10, 11)

105 x 51 035
(18)

indir. 20 0.180 200 6.0 app.—3.0

B2043 Output pentode
(12) 105 x 51 B35

(9)
indir. 20 o.iso 200 20 app.—18

B2044 Binode (diode-tetrode) 
(9)

130 x 51 B35
(8)

indir. 20 0.180 200 0.29
0.76

app.—3.2
app.—4.0

B2044S Binode (diode-triode) 
(9)

108 X 46 035 
(21)

indir. 20 0.180 200 6.0 app.—3.0

B2045 Vari-mu tetrode 
(1, 2, 5) 120 X 51 035

(23)
indir. 20 0.180 200 4.0

0.01
app.—2.0
—40

B2046 R.F. pentode 
(1. 2, 5. 7. 8, 11)

13S X 51 035 
(24)

indir. 20 0.180 200 3.0 app.—2.0

B2047 R.F. vari-mu pentode 
(1, 2, 5)

138 X 51 035
(24)

indir. 20 0.180 200 4.0 app.—2.0

B2048 Mixer hexode
(4) 130 >; 50 035 

(12) indir. 20 0.180 200 3.0 app.—1.5

B2049 Vari-mu hexode 
(1, 2)

130 X 50 C35
(12)

indir. 20 0.180 200 3 app.—2 
—8

B2052T R.F. tetrode 
(1, 2, 5, 7, 8. 11)

127 X 51 035
(23)

indir. 20 0.180 200 3.0 app.—2.0

B2099 Triode 
(11) 101 X 46 035

(18)
indir. 20 0.180 200 0.08 

0.2
app.—1.6
app.—1.6

300 For the meanings of the figures representing the applications in the



WITH PIN BASE

Screen
grid 
volts

Vg2
V

Screen 
current

Ig2 
mA

Volts 
grid 3 
(and 5)

Vg3(J 
V

Volts 
grid 4

Vgt 
V

Mut. 
cond.

S 
mA/V

Ampli
fication 
factor

Int. 
res.

Ri 
ohms

Ext. 
anode 

res. 
or opt. 
match.
Ra 
ohms

Max. 
output 
power 
at 

10 % 
dist. 
Wo
W

Altern. 
grid 
volts 
for 
max. 
output 
Vi 
Vetf

Max. 
anode 
diss.

Wa 
W

Anode 
to 
grid 

capac.

Cag,

Type

250 10 — — 2.5 175 70,000 11,000 2.9 8 6 — E453

250 3.2 — — 2.7 100 37,000 8,000 4.1 12.3 9 — E463

— — — 1.8 9 5,000 12,000 0.65 2) 12 3 — B409

150 2.4 — — 1.3 60 45,000 20,000 1.35 12.1 3 — B443

80 2.0 — 1.6 100 60,000 22,000 1.12 6.8 3 — B443S

200 4.5 — — 1.7 60 35,000 15,000 2.8 16 6 — C443

200 0.4 — — 1.5 37 25,000 15,000 3.0 20 6 — C443N

250 6.8 — — 3 130 43,000 7,000 3.1 9.7 9 — E443H

VALVES

Screen
grid 
volts

Va» 
V

Screen 
current

Ig3 
mA

Volts 
grid 3 
(and 5)

Vgs(5) 
V

Volts 
grid 4

Vg4 
V

Max. 
mut. 
cond.

S max. 
mA/V

Mut. 
cond. 
at 

work
ing 

point 
S 

mA/V

Ampli
fication 
factor

ft

Int. 
res.

Ri 
ohms

Ext. 
anode 
res. 

or opt. 
match.

Ra 
ohms

Max. 
output 
power 
at 

10 % 
dist.
Wo 
W

Max. 
anode 
diss.

Wa 
W

Anode 
to 
grid 

capac.

Cag,

'Type

— — — — 2.5 1.6 6 4,000 16,000 0.21 °) 5 — B2006

— — — — 3.5 2.3 33 14,000 — — 1.5 — B2038

200 8 — — 2.5 1.7 70 40,000 10,000 1.7 5 — B2043
40
60 — — — 2.8 — 700

600
2.4x10°
1.2x10°

0.32x10°
0.1x10° — 1.0 0.003 B2044

— — — — 2.0 1.8 30 16,000 — — 1.5 — B2044S

60 0.9 — — 1.2 1.0 
0.005

400 0.4x10° 
>10° — — 1.0 0.004 B2045

100 1.1 — — 3.5 2 ° 5000 2.2x10° — — 1.0 <0.000 B2046

100 1.8 — — 3.0 2.0
<0.002 200 1.1x10°

>107 — 1.5 <0.006 B2047

120 8.5 2) 200 —33) — 0.58 4) — 0.15
X10® — — 1.0 B2048

80 — app.—2 
—8

SO 2 1.5
<0.002 — 0.45x10°

>50X10“ — — 1.0 < 0.002 B2049

100 0.2 — — 3.0 2.0 900 0.45X10° — — 1.0 0.003 B2052T

— — — — 3.0 99 330,000 
100,000

0.32x10° 
1X10° — 1.5 1.5 B2099

9 Conversion conductance at Vosc = 6.3 Veff. s) At 5 % distortion.

“Class” column see page 290; for base connections see pages 310-313.



BATTERY VALVES

Type
Class 

(application in 
parenthesis.

Max. 
dim. 9

mm

Base 
(Connec
tions in 
paren
thesis)

Filament ratings

Anode 
volts

Va 
V

Anode 
current

la 
mA

Grid 
bias

Vgt 
V

Fil. Fil. 
volts

V

Fil. 
current

A

B217 Triode 
(3, 6. 10) 81 x 41 A32

(1) dir. 2.0 0.1 150 3 app.—4.5

B228 Triode 
(7, ID

81 X 41 A32
(1) dir. 2.0 0.1 150 2.0 app.—2.0

B240 Double-triode
(16)

96 X 47 C35
(10)

dir. 2.0 0.2 150 2 X 15 9 0

C243N Output pentode 
(12)

89 X 51 035 
(20)

dir. 2.0 0.2 150 9.5 app.—4.5

KF1 R.F. pentode 
(1, 2, 7, 8, 11) IIS x 47 C35

(11) dir. 2.0 0.2
135 3.0 0

90 1.1 0

KF2 R.F. vari-mu pentode 
(1, 2) 118 x 47 C35 

(U) dir. 2.0 0.2
135 3.0 

app.0.01
0 
—16

90 1.4 
app.0.01

0
—11

A409 Triode 
(3, 6, 10)

83 x 42 A 32
(1)

dir. 4.0 0.065 150 3.5 app.—9.0

A415 Triode 
(3, 6, 10) S3 x 42 A32

(1)
dir. 4.0 0.0S5 150 4.0 app.—4.5

A425 Triode 
(7. 8. ID 83 x 42 A 32

(i)
dir. 4.0 0.065 200 0.25 

0.1
app.—2.5
app.—2.5

A441N Double-grid valve 
(4) 92 x 46 A35b 

(4)
dir. 4.0 0.08 100 4.0 0‘)

B405 Triode 
(12) 91 y 46 A32

(1)
dir. 4.0 0.15 150 11 app.—18

B406 Triode 
(12)

91 x 46 A32
(1)

dir. 4.0 0.1 150 S app.—15

B409 Triode 
(12) 91 x 46 A32

(1)
dir. 4.0 0.15 250 12 app.—16

B424 Triode 
(3, 6. 10)

92 X 46 A35
(1)

dir. 4.0 0.100 200 6.0 app.—3

B438 Triode 
(7, 8, 11) 78 x 38 A35

(1)
dir. 4.0 0.100 200 0.2 

0.05
app.—2.5 
app.—2.5

B442 Tetrode 
(1. 2)

IOS X 46 A35
(3)

dir. 4.0 0.100 200 4.5 app.—1.0

B443 Output pentode
(12)

92 x 51 036
(20)

dir. 4.0 0.150 250 12 app.—19

9 Anode current without signal. 9 At Va — 120 V.
9 From anode to anode. 9 Volts on control grid.

GAS-FILLED TRIODES

Type Filling Max. 
dim.

mm

Base 
(Connec
tions in 
paren
thesis)

Ind. heated Capacitances

Heater 
voltage

V

Heater 
current

A

Anode to 
grid 
Cag 
U/lV

Anode to 
cathode 
Cak 

UILlF

Grid to 
cathode 
Cgk

4686 Argon 99 X 37 P30 
(XIV)

4.0 app. 1.2 2.7 3.1 3.4

EC50 Helium 108 x 43 P35 
(XV)

6.3 app. 1.3 2.3 4.2 6.7

9 The striking surge must be limited by means of a resistor in the cathode or anode circuit. 
The value of this resistor is determined by the max. voltage across the capacitor.

9 To determine the max. grid current it should be remembered that during ignition the grid, anode and cathode 
are all roughly at the same potential; the tube may therefore be regarded as a node in the circuit.

302 For the meanings of the figures representing the applications in the



WITH PIN BASE

Screen 
volts

A Ss
V

Screen 
current

mA

Volts 
grid 3 
(and 5)

Vg3(5) 
V

Volts 
grid 4

Vg4 
V

Max. 
mut. 
cond.

S max. 
mA/V

Mut. 
cond. 
at 

work
ing 
point 
S 

mA/V

Ampli
fication 
factor

Normal 
Int, 
res.

Ri 
ohms

Ext. 
anode 
res. or 
opt. 

match.

Ra 
ohms

Max. 
output 
with 
10% 
dist.

Wo 
AV

Max. 
anode 
diss.

Wa 
AV

Anode 
to 
grid 
cap.

Cag, 
fipF

Type

— — — — 1.4 1.3 17 13,000 — — - 0.9 5.5 B217

— — — — 1.3 1.2 28 23,000 — — 0.75 5.5 B228

— — — — — — — — 14,000 2) 1.3 3) — — B240

150 2.2 — — — 2.4 — 75,000 15,000 0.58 1.5 — C243N

135 1.0 0 — 1.8 1.8 1,600 0.9x10"

— — 0.8 <0.01 KF1
90 — 0 — — 1.0 1,500 1.5x10"

135 1.0 0 — 1.3 1.3
<0.002

1,400 1.1 x 10°
>107

— — 0.8 <0.01 KF2
90 0 — — 0.8 

<0.002
1,500 1.9x10" 

>107

— — — — 1.2 0.9 9 10,000 — — — 4 A409

— — — — 2.0 1.5 15 10,000 — — — 4.5 A415

— — — — 1.2 — 25 80,000
250,000

0.32x10°
1.0x10° — — 3 A425

4.0 °) — — — 0.3 °)
1.0 7) — — — — — — A441N

— — — — 2.0 l.G 5 3,000 — — — — B405

— — — — 1.4 1.3 6 4,500 — — — — B406

— — — — 2.0 1.8 9 5,000 12,000 0.65 e) 3 — B409

— — — — 3.0 2.5 24 9,000 — — — 4 B424

— — — — 2.0 — 38 170,000
400,000

0.32x10°
1.0x10° — — 4 B438

100 — — — 1.2 0.9 350 0.4x10° — — — <0.005 B442

150 — — — — 1.3 — 45,000 20,000 1.35 3 — B443

5) Potential of space-charge grid. 7) Conductance of space-charge grid.
°) Conductance of control grid. 8) Without pins.

9 With 5 % distortion
FOR TIME BASE

Arc 
(quench) 
volts

V

Max. 
peak 
volts 

between 
grid and 
anode
V

Max. 
peak 
volts 
anode
cathode
V

Max. 
peak 
anode 
current

mA

Max. 
average 
current 
during 
oscilla
tion 
mA L)

Max. 
peak 
grid 

current

mA2)

Max.
volts 

between 
heater 
and 

cathode 
y j)

Ratio : 
ign. 

volts to 
grid 
volts

Max. 
obtain
able 

frequency

c/s

Type

app. 17 350 300 300 3 1.4 100 20 app. 
50,000 4686

app. 33 1,500 1,000 750 10 1.4 100 35 app.
150,000 EC50

The resistors (without decoupling) determine the current passing to the grid. If this is too high a resistor 
must be included in the grid circuit.

3) The cathode must always be positive with respect to the filament.

“Class” column see page 290; for base connections see pages 310-313. 303



POWER OUTPUT

Type Class Alax. 
dim.x)

mm

Base 
(Connec
tions 
in 

paren
thesis)

Heater ratings

Applications Anode 
volts

Va 
V

Screen- 
volts

Vg, 
V

Anode 
current 
without 
signal

Ia0 
mA

Heat
ing

Heater 
volts

V

Heater 
current

A

E406N Triode 130 x 51
A35
(1) dir. 4.0 1.0

Class A, 1 valve 500 — 24

Class B, 2 valves 500 — 2 x 20

Class AB, 2 valves 500 — 2 x 24

E408N Triode 125 x 51
A35
(1) dir. 4.0 1.0

Class A, 1 valve 400 — 30

Class AB, 2 valves 400 — 2 x 20

Class AB, 2 valves 400 — 2 X30

E443N Pentode 110 X 57 040
(20) dir. 4.0 1.1

Class A, 1 valve 400 200 30

Class AB, 2 valves 400 200 8) 2 X 25

E451
Double- 

grid output 
valve

123 x 55
035 
(19) dir. 4.0 1.1

Class A, 1 valve 250 — 22

('lass B, 2 valves 300 — 2x6

Class AB, 2 valves 400 — 2 x 8.5

E707 Triode 188 x 52
W42
(69) dir. 7.2 1.1

Class A, 1 valve 800 — 35

Class AB, 2 valves 800 — 2 X 30

Class AB, 2 valves 800 — 2 x 40

F410 Triode 145 X 61
A40
(1) dir. 4.0 2.0

Class A, 1 valve 550 — 45

Class AB, 2 valves 550 — 2 x 20

Class AB. 2 valves 550 — 2 x 45

r) Without pins.
-) Anode and grid 2 shorted; «as driver valve.
3) Grids 1 and 2 shorted; operation with grid current.
4) Load resistor for optimum output. Roughly twice this value is recommended when user! as driver valve 

for Class B output stages operating with grid current.

AMPLIFYING AND DETECTOR VALVES FOR

Type Class and application
Alax. 

dim. over 
pins 

mm

Base 
(Connec
tions in 

parenthesis)

Heater ratings

Heat
ing

Heater 
volts

V

Heater 
current

A

EA50 Single diode 69 x 12 without base 
(XXI) indir. 6.3 0.15

EE50 Secondary-emission valve for amplification 
of very wide modulation bands. 77 x 37 T9A 

(XII) indir. 6.3 0.3

EF50 Steep-slope pentode for amplification of 
very wide modulation hands. 77 x 37 T9A 

(XII) indir. 6.3 0.3

D Peak value of alternating voltage.
2) Max. direct current through grid leak.
3) Capacitance between diode-anode and cathode.

For base connections
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VALVES

Anode 
current 
at max. 
mod.

la max. 
mA

Screen 
current 
without 
signal

1^) 
mA

Screen 
current 
at max. 
mod.

Ig2max 
mA

Neg. 
grid 
volts 
with 
fixed 
bias 
Vgt 
V

(Com
mon) 

cathode 
res.

Rk 
Ohms

Normal 
mut. 
cond.

mA/V

Int. 
res.

Ri 
ohms

Anode 
match
ing res. 
(between 
anodes)
Ra 
ohms

Max. 
out
put 

power

Womax 
W

Total 
dist.

dtot 
%

Alt. 
grid 
volts

Vi 
Veff

Max. 
anode 
diss.

Wa 
W

Anode 
to 
grid 
cap.

Cagj

Type

— — — —68 — 3.0 2,000 11,500 5.3 5 45 12

— E406N2 X 38 — — —70 — .— — 12,000 15 1.4 43 12
2 X 27 — — — 1400 — — 16,000 13 3.3 52 12
— — — —36 — ° 7 3,000 6,000 2.6 5 — 12

12 E408N2 X 28 — — —40 — — — 12,000 i 0.56 0,28 12
2 X 32 — — — 600 — — 10,000 1 0.62 26.5 12
— 5.2 — —40 — 1.8 55.000 13,500 5.4 10 20.2 12

— E443N
2 X 28 2 x 4.3 2 X 10 — 720 — — 17,500 14 4.1 35 12
— — —. —33 a) — 2.4 2,400 6,400 4) 1.25 5 — 10

— E4512 X 48 — — 0») — — — 6,000 16 8.4 E) — —

2 X 56 — — 0 3) — — — 6,000 22.4 5.1 =) — —
— — — —90 — 2.3 3,000 11,000 9 f, 60 32

- E7072 X 59 — — —92 — — — 10,000 30 1.1 GO 32
2 X 44 — — — 1100 — — 15,000 25 1.1 63 32
— — —' —36 — 4.0 2,500 7,000 5.9 5 24.5 25

— F4102 X 40 — — —43 — — — 10,000 14.6 1.08 28 25
2 X 48 — — — 400 — — io,ouo 14.4 0.S6 25 25

5) Measured with E 451 as driver (Va = 250 V, Vg = —33 V) and a driver transformer of 2.5 : (1 + 1).
®) Screen voltage in balanced output stages can be stabilized as much as possible with a series of stabilizer tubes. 

Type 4687 is excellent for this purpose.

TELEVISION RECEIVERS

Anode 
volts

Va 
V

Screen
grid 
volts

Vgs 
V

Volts 
on sec. 
emiss, 
cath.

Vk„ 
V

Grid 
bias

Vg!
V

Volts 
grid 
3

Vg3 
V

Anode 
current

la 
mA

Screen 
current

Igs 
mA

Current 
on sec. 
emiss, 
cath.

IkB 
mA

Milt, 
cond.

s 
rA/v

Int. 
res.

Ri 
ohms

Anode 
to grid 
cap. 
(cold)

Cagt 
HU?

G rid 
cap. 
(cold)

Cg, 
Hilf?

Anode 
cap. 
(cold)

Ca

Type

200 x) — — — — 0,8 2) — — — — — — 2.1 EA50

250 250 150 —3 •) — 10 0.6 —8 14 0.25 x
10« <0.003 7.7 7.7 EE50

250 250 — __ 0 0
—54

10 3 —
6.5

0.45
1.0x10° <0.003 7.8 5.3 EF50

4) Self-bias only must be employed. To compensate variations in anode current the cathode resistor should be 
larger than strictly necessary for the bias. The grid is then connected to a suitable positive potential to produce- 
the correct bias.

see pages 310-313.



PHILIPS HIGH-VACUUM CATHODE-RAY

Type Description Deflection

Colour 
or 

charac
teris
tics of 
screen

Dia. 
of 

screen 
(max.)

mm

Length 
without 
pins 

(max.) 

mm

Length 
without 
pins 
(min.) 

mm

Base 
Connec
tions

Heater ratings
Max. 
volts 
on 
3rd 

anode

Va3max 
V

Heat
ing

Heater 
volts

V

Heater 
current

A

DG3-1
C.R. tube 
for oscillo

scopes

Double 
electrostatic 

Pair of plates D2D2' 
asymmetrical12)

green 38 125 119 I indir. 6.3 0.63 —

DG7-17)
C.R tube 
for oscillo

scopes

Double 
electrostatic 
symmetrical

green 71 163 151 II indir. 4.0 1.0 —

DG7-28)
C.R. tube 
for oscillo

scopes

Double 
electrostatic 

Pair of plates D2D2' 
asymmetrical12)

green 71 163 151 III indir. 4.0 1.0 —

DG9-39)
C.R. tube 
for oscillo

scopes

Double 
electrostatic 

Pair of plates D2D/ 
asymmetrical12)

green 98 327 312 IV indir. 4.0 1.0 —

DG16-1
C.R. tube 
for oscillo

scopes

Double 
electrostatic 
symmetrical

green 167 440 415 V indir. 4.0 1.0 —

n) 
DG16-2

C.R. tube 
for oscillo

scopes

Double 
electrostatic 
symmetrical

green 167 450 425 VI indir. 4.0 1.0 —

*) Adjust definition. 3) Of deflector plates at screen end. 5) At the cathode end.
2) Of deflector plates at cathode end. 4) With respect to all other electrodes. 6) At the screen end.
T) This tube can also be supplied with blue (DB 7—1) or with persistent screen (DN 7—1).
8) This tube can also be supplied with blue (DB 7—2) or with presistent screen (DN 7—2).
’) This tube can also be supplied with blue (DB 9—3) or with presistent screen (DN 9—3).
10) This tube can also be supplied with blue (DB 16—1) or with presistent screen (DN 16—]).

PHILIPS HIGH-VACUUM CATHODE-RAY

Type Description Deflection
Colour 

of 
screen

Dia. 
of 

screen 
(max.)

mm

Length 
without 
pins 
(max.)

mm

Length 
without 
pins 
(min.) 

mm

Base 
Connec
tions

Heater ratings

Heat
ing

Heater 
volts

V

Heater 
current

A

MW22-1 C.R. tube for tele
vision receivers.

Double 
magnetic white 223 360 352 IX indir. 4.0 approx. 

1.0

MW22-5 C.R. tube for tele
vision receivers.

Double 
magnetic white 231 376 368 IX indir. 6.3 approx. 

0.65

MW31-6 C.R. tube for tele
vision receivers.

Double 
magnetic white 308 465 455 IX indir. 6.3 approx. 

0.65

MW39-3 C.R tube for tele
vision receivers.

Double 
magnetic white 392 580 570 X indir. 6.3 approx. 

0.65

MS11-1 Projection tube for 
television receivers.

Double 
magnetic sepia 114 354 341 X indir. 4.0 approx. 

1.0

*) In relation to all other electrodes.
2) The number of ampere-turns required for the magnetic concentration amounts to about 550—750 when a coil 

without iron casing is used.

For base connections see
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TUBES FOR OSCILLOGRAPHS

Max. 
volts 
on 
2nd 
anode
Va2 
V

Max. 
volts 
on 
1st 

anode
Vat 
V

Max.
grid 

bias for 
visual 
cut-off
Vg 
V

Operating data
*) 

Grid 
capaci
tance

Cg 
uni'

5) 
Cap. 
of 

deflec
tor 

plates

illlV

°) 
Cap. 
of 

deflec
tor 

plat cs 
CD.D/

TypeVolts 
2nd 
anode 
Va» 
V

Volts 
1st 

anode
Vax 
V1)

Grid bias

Vg 
V

2) 
Sensi
tivity

mm.'V

3) 
St-nsi- 
tivity
Na 

mm/V

500 150 —35

Gr
id

 v
ol

ta
ge

 m
us

t 
ne

ve
r 

be
 p

os
it
iv
e

500 approx. 
130

Gr
id

 v
ol

ta
ge

 m
us

t 
be

 a
dj

us
te

d 
to

 g
iv
e 

th
e 

de
si
re
d 

br
ig

ht
ne

ss
 o

f 
th

e 
sp
ot
. 

Th
e 
ma

xi
mu

m 
sc

re
en
 l
oa

di
ng

 o
f 
5 
mW

/c
m2 

fo
r 
th

e 
DG

 3
-1
 t
o 
DG

 9
-3
, 
an

d 
10

 m
W/

cm
2 

fo
r 
th

e 
DG

 1
6-
i 
an

d 
DG

 1
6-

2 
mu

st
 n

ev
er

 
be

 e
xc

ee
de

d.

0.1 0.08
7.0 1.75 2.0 DG3-1

250 approx. 
60 0.20 0.16

800 350 —30
800 150—

350 0.22 0.14
7 0,7 0.85 DG7-U)

500 approx. 
140 0.35 0.24

800 350 —30
800 150—

350 0.22 0.14
7 0.65 2.5 DG7-28)

500 approx. 
140 0.35 0.24

1,200 500 —40 1,000 200—
400 0.40 0.31 3 1.1 1.4 DG9-39)

2,000 600 —40
2,000 350—

500 0.25 0.17
9.5 1.2 -

lu)
DG16-11,000 approx. 

175-200 0.50 0.35

2,000 6U0 —40
2,000

350—
500 0.25 0.17

7.3 2.1 2 7 11 )
DG16-21,000 approx. 

175-250 0.50 0.35

“) This tube can also be supplied with blue (DB 10—2) or with persistent screen (DN 16—2).
12j An asymmetrical pair of plates D,Da' permits of asymmetrical control when using a simple time-base 

generator or amplifier. The plate Da may then be connected to the asymmetrical time base or to the output 
voltage of the amplifier.

TUBES FOR TELEVISION RECEIVERS

Max. 
volts 
on 
2nd 
anode
Va-max 

V

Alax. 
volts 
on 
1st 

anode
Vajmax 

A7

Alax. 
average 
current 

of 
2nd 
anode 
Ia2max 
/tA

Alax. 
grid 
bias 
for 

visual 
cut-off 
Vgmax
V

Operating data

Grid 
cap,l)

Cg 
UpB

TypeVolts 
on 3rd 
anode
Va3 
V

Volts 
2nd 
anode
Va2 
A’

Volts 
1st 

anode
Vax 
N

Grid volts

Vg 
A’

Sensi
tivity

N D

5,000 250 100 —100

Gr
id

 v
ol

ta
ge

 m
us

t 
ne

ve
r 

be
 p

os
it
iv
e

—2) 5,000 250

Gr
id

 v
ol

ta
ge

 m
us

t 
be

 
ad

ju
st

ed
 to

 gi
ve

 th
e 

de
si

re
d 

br
ig

ht
ne

ss
 o

f 
th

e 
sp
ot
.

Th
e 
ma

xi
mu

m 
sc

re
en

 l
oa

d 
of
 1
0 
mW

/e
m5 

mu
st

 n
ev

er
 

be
 e

xc
ee

de
d.

0.09 13 MW22-1

7,000 250 100 —200 7,000 250 0.076 12 MW22-5

7,000 250 100 —200 — 9 7,000 250 0.106 12 MW31-6

6,000 250 100 —100 -9 6,000 250 0.13 13 MW39-3

25,000 500 2,000 —150 — 9 25,000 500 0.034 10 MS11-1

3) The number of ampere-turns required for the magnetic concentration amounts to about 750 when a coil with 
iron casing is used. Va2= 20 kV; air gap 9 mm at a distance of 85 mm from the transition of the neck to 
the conical part of the tube.

*) Expressed in cm deflection per cm coil width per gauss of mean fit-Id strength.
pages 310-313.



RECTIFYING VALVES FOR RECEIVERS, POWER AMPLIFIERS AND 
CATHODE-RAY OSCILLOGRAPHS

Type Max. 
dim. *)

mm

Base 
(Connec
tions in 
paren
thesis)

Heater Ratings Anode ratings
Max. 
input 
cap. 

of the 
filter

RF

Min. tot. 
resist, 

in anode 
circuit 
per 

anode 2)

Rt (ohms)

Heat
ing

Heater 
volts

V

Heater 
current 
approx.

A

Max. effec
tive A.C. 

volts

V

Max. 
rectified 
current

mA

Fo
r 

A.
C.

 r
ec
ei
ve
rs
.

Fu
ll

-w
av

e 
Hi

gh
 v

ac
uu

m

506 110x48 A35 
(6)

dir. 4.0 1.0 2x 300 75 32 —

506K 02 x 47 A35 
(6)

dir. 4.0 1.0 2 X 300 75 32 —

1561 125 x 51 A35 
(6)

dir. 4.0 2.0 2 x 500
2 x 300

120
160

32 —

1801 02x47 A35
(6) dir. 4.0 1.0 2 x 250 30 32 —

1805 110x48 A35 
(0) dir. 4.0 1.0 2 x 500

2 x 300
60
100

32 —

1815 113x53 A40
(6)

dir. 4.0 2.5 2 X 500
2 X 300 ISO 32 —

1817 123X53 A 40 
(6)

dir. 4.0 4.0 2 x 350
2 X 250

300
300

32 —

1831 118x56 A 35 
(0) dir. 4.0 1.0 2 x 700 60 32 —

AZ11N 92x41 Y8A35 
(81)

dir. 4.0 1.1 2 x 500
2 X 300

60
100

60 —

AZ12 105x51 Y8A35
(81) dir. 4.0 2.3 2 x 500

2 x 300
120
200

32 —

EZ12 8.8 x 37 Y8A35
(83) indir. 6.3 0.85 2 x 500

2 x 400
100
125

32
32

300
300

Ha
lf

-w
av

e 
Hi

gh
 va

c.

1802 100 X 32 H35
(15)

dir. 4.0 0.4 250 30 32 —

1803 100x52 H35
(15)

dir. 4.0 0.6 500 30 32 —

1832 ] 45 x 60 H35
(15)

dir. 4.0 1.3 700 120 32 —

Ca
r 

ra
di

o

F u
ll

-w
av

e 
Hi

gh
 v
ac
. EZU 43.5 X43.5

Y8A43.5
(82) indir. 6.3 0.29 2 X 250 60 60 600

FZ1 91 X 37 R30
(59) indir. 13 0.25 2 X 250 50 32 GOO

Fo
r 

am
pl

i
fi
er
s

Ha
lf


wa

ve
 

Hi
gh

 v
ac
.

4646 ] 45 X GO AV 4 2 
(68) dir. 4.0 1.3 1,000 75 12 200

Fo
r 

os
ci
ll
os
co
pe
s 

an
d 

te
le
vi
si
on
 

re
ce
pt
io
n.

Ha
lf

-w
av

e 
Hi

gh
 v

ac
uu

m

1875 137x49 F35
(56)

dir. 4.0 2.3 5,000 5 0.5 10,000

1876 97x52 P35
(55)

dir. 4.0 0.3 850 5 0.5 —

1877 113x44 A35 
(5)

indir. 4.0 0.65 5,000 3 0.5 20,000

1878 154x53 Edison 
(70)

indir. 4.0 0.7 10,500 2 — —

gas- 
filled 1018 — — dir. 1.8 1.8 16 200 — —

>) Without pins. -) lit = Rs + n=Rp(Rs = resistance of half transf. sec.; Rp = prim, resistance; n = transf. 
ratio: (half sec. divided by prim.). If no transformer is available, a corresponding resistance must be connected 
in series with each anode. 3) Rectifying valve for battery chargers.

For base connections see
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PHOTO-ELECTRIC CELLS

Type Description
Max. dim. 
without 
pins 

nun

Base 
(Connec
tions in 
paren
thesis)

Anode 
cath. 
capac. 
Cak

//«F

Nor
mal 
anode 
volts
Va 
V

Sensi
tivity

N
ZzA/lm 9

Max. 
anode 
volts

Va 
V

Max. 
anode 
current

la 
IIA

Min. 
load 

resist.

megohm

3512 High-vacuum with 
caesium cathode

120 x 58 A 
(XXVI)

3 100 20 500 5 —

3530 Gas-filled, with 
caesium cathode

59 x 18 (XXVII 3 190 150 100 7.5 1

3533 Gas-filled, with 
caesium cathode

62 x 28 xxvm 3.4 100 150 100 7.5 1

3534 Gas-filled, with 
caesium cathode

87.5 x 30 (XXIX) 5 90 150 90 7.5 1

3541 Gas-filled, with 
caesium cathode

62 x 28 XXVIII 3.4 1O0 150 100 7.5 1

9 Pleasured with tungsten filament lamp. The temperature of the tungsten filament is 2600° 1< and the luminous 
flux, measured statically, is 0.1 lumen for type 3512, for the others 0.025 lumen

■ages 310-313.
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RECEIVINGBASE CONNECTIONS OF PHILIPS “MINIWATT

til 42 a

k f f k f f

c a-

3’

f f
0 0

22 23

fM ft-)

Bh3)

f

g2^ Mó

•' gj,$5 
I 

4t

F

gr,g3 g2,go

a 1

k f f

*) Connection for metallizing on the EL 12 only.

In the column “Base” for the valve concerned the capital letter indicates the type 
of base and the following numeral the diameter of the base in mm. The figure
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OUTPUT AND RECTIFYING VALVES

4! 42

f f k1 fscf k2

P

15

P P
29 30

0 P
24 25

39

26

P 
57

shown in parenthesis is the number of the sketch above, giving the connections 
of the base. In each, case the theoretical valve diagram is also given and in the different 
figures the base is represented as viewed against the pins or contacts. Top-cap connec
tions are shown in diagram.
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Y8A Y8A Y8A Y8A Y8A Y8A
76 77 78 79 80 81

BASE CONNECTIONS OF PHILIPS CATHODE-RAY TUBES, 
PHOTO-CELLS, GAS-FILLED TRIODES
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Edison
70

tv
69

Y8A Y8A Y8A Y8A Y8A

TELEVISION AND RADIO RECEIVING VALVES, STABILIZERS, 
AND SPECIAL AMPLIFYING VALVES

P V T9A T9A P P PA

ix x z xn xz xrv xv xvr

9? a2 a a a A k k kH H Ó 000
X X k k a a a a

xnn
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The relation between power, voltage and current as functions 
of the unit dB

Definition
The bel is the logarithm of the ratio between two powers and is thus 
twice the logarithm of the ratio between the relative amplitudes of voltages, 
currents, pressures and velocities, to the base 10.
A decibel (dB) is the tenth part of a bel, so that:

14 dB = 10 logw = 20 logln = 20 log10 jb



Circuits of A. C. Receivers



I. 9-Valve superheterodyne receiver with balanced output stage

Valves used: EF 8, ECH 3, EF 9, EAB 1, EEP 1. 2 x EL 6, AZ 4, EM 4.
This is a design for a high-class receiver of unusually high sensitivity, having an output 
stage that will give ample power. On long and medium waves the sensitivity is 0.7 ¡¡X: 
the receiver has 4 wave-ranges, two of which are for short-wave reception, as follows:

Long waves 830—2080 m 
Medium waves 200— 560 m 
Short waves I 36— 90 m 
Short waves II 15— 37.5 m.

The R.F. input stage includes a “silentode” valve EF 8 and the noise level is 
accordingly extremely low. Delayed automatic gain control using the triple-diode 
principle is provided, and the stage of A.F. amplification employs the secondary
emission valve EEP I for driving the balanced output stage, consisting of two 18 W 
pentodes EL 6.
The bandwidth can be adjusted to either of two settings by varying the coupling 
between the circuits of the first I.F. tranformer, and as a tuning indicator the dual
sensitivity electronic indicator EM 4 is used. The R.F. circuits are based on the use 
of a variable capacitor of 20—500 HfiV, the “zero”eapacitance of the medium-wave 
range having been assessed as 50 ///<F and that of the long-wave range at 70 ji/tV 
(wiring, trimmers, etc.). On medium waves the capacitive variation is accordingly 
70 to 550 /i/iR and in the long-wave range 90 to 570 /i/iE'; using R.F. coils of inductance 
160 //H, the former range therefore covers 200 to 560 m, whilst on long waves R.F. coils 
of inductance 2,150 /<H give a range of 830 to 2,080 metres.
It is not possible to state accurately the self-inductance of the short-wave coils, since 
the inductance of the wiring affects the ultimate value; the total inductance of both 
the coil and the wiring is therefore adjusted to the required value in the receiver, 
and this is done with a small copper plate adjusted at a certain distance from the 
coil by means of a screw, the latter being locked with solder when the adjustment 
has been completed. Inductance values of 4 and 0.7 /(H provide ranges of 36 to 90 
and 15 to 37.5 m respectively. The coupling between the aerial and R.F. circuits 
is inductive, and for this reason the inductances for the medium- and long-wave 
ranges are trimmed to the correct values with the aerial coil short-circuited. The increase 
in the inductance when the short-circuit is removed is then a measure of whether the 
coupling between aerial and tuning coil is sufficient to provide the necessary voltage 
gain. The coils are so proportioned as to give a voltage gain factor of the same value 
on all wave-ranges; when the short-circuit is removed from the aerial coil the inductance 
of the medium-wave tuning coil increases by 3 % and that of the long-wave coil by 7 %. 
Selection of the required wave-range is effected by switching the coils; this is preferable 
to the method, often followed, of short-circuiting certain sections of the coils, although 
the latter procedure does certainly entail fewer contacts on the switch. Shorted sections 
of coils tend to introduce various kinds of interference (erratic tuning, undesirable 
coupling, etc.). Coupling between the 2nd R.F. circuit and the anode circuit of the 
R.F. valve is inductive and, as this coupling must be as tight as possible, coils S 9 
and Sil, SB.) and S12 are wound together on the same formers; the method of 
ensuring sufficiently tight coupling in the case of the short-wave coils S13/S14 and 
S15/S16 may be seen from the diagrams of the coils.
Due to the high signal-to-noise ratio of the “silentode" EF 8, the noise level is excep
tionally low, this being an important factor in short-wave reception; in the medium 
and long-wave ranges the amplification of this valve is attenuated by employing 
capacitive tappings in the 1st and 2nd R.F. circuits so as to limit the grid input voltage 
to the frequency-changer: in this way overloading is avoided and whistling tones are 
suppressed. The capacitive tapping in the first R.F. circuit also limits the signal input 
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to the EF 8, thus improving 
the cross-modulation char
acteristics and, due to the 
very low noise level of this 
valve, the signal-to-noise 
ratio is thereby not ad
versely affected.
The lower voltage gain and 
R.F. amplification in this 
circuit are obtained by 
coupling the EF 8 and 
ECH 3 to their input cir
cuits through the low capa
citances C6 and Cl 6, but 
in the short-wave range the 
R.F. amplification is used 
to the full, a capacitor of 
100 pf being then con
nected in parallel with C6, 
whilst Cl 6 is short-cir
cuited.
Extra smoothing is provided 
in the form of a choke with 
an electrolytic capacitor, 
for the R.F. valve, fre
quency-changer, I.F. valve 
and A.F. pre-amplifier, to 
suppress modulation hum 
and direct ripple. Since the 
frequency-changer in this 
circuit is not provided with 
automatic gain control and 
there is therefore no risk of 
frequency drift, the oscilla
tor circuit is coupled to 
the grid of the triode, unit 
of the ECH 3. As is also 
the case with the R.F. 
circuits, the wave-range of 
the oscillator circuit is 
changed by switching be
tween the coils, the advan
tage of this being that the 
coils are then quite inde
pendent of each other; the 
effects sometimes occurring 
with series-connected coils, 
such as jumping of the 
frequency in stages, are also 
avoided. In the first range 
a resistor of 16,000 ohms 
is connected across the 
oscillator circuit to ensure 
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the greatest possible stability of the oscillator voltage; the padding capacitor for 
the long- and medium-wave ranges consists of a fixed capacitance with a trimmer in 
parallel, for accurate adjustment.
The frequency-changer is the ECH 3; the oscillator voltage on the 3rd grid of the 
hexode part of this valve and on the control grid of the triode unit should be about 
8 Vrg, with 200 yA passing through the leak R6 of the last mentioned valve.
To suppress any tendency towards parasitic oscillation, a 33 ohm resistor is included 
in the lead to the hexode unit; the anode voltage of the triode part, as well as that 
of grids 2 and 4 of the hexode are derived directly from the supply line through series 
resistors, as the mixer is not controlled by the A.G.C. As already stated, the feed 
to the mixer valve is smoothed twice, but even without this the modulation hum 
becomes only slightly troublesome when very powerful transmissions are being received.

The I.F is 470 kc/s and the quality of the I.F. transformers, r/L, is equal to 15,000 — '
To align the circuits the self-inductance is varied by rotating the iron cores. The 
capacitance of the capacitors is fixed, at 200 ypR; adding to this 20 ppR for coil 
and wiring capacitances and taking into account losses in the primary circuit due to 
the internal resistance of the frequency-changer, the average circuit impedance of 
the first I.F. transformer will be 2,750,000 ohms; with a conversion conductance of 
0.65 mA/V this will produce a conversion gain factor of 90. The coupling between the 
circuits of the first I.F. tranformer is variable from “critical” to “super-critical”, 
a small coil being connected in series with the primary side; the coupling between 
this coil and the secondary side is such that when the coil is switched into the circuit 
an increased coupling, and therefore a wider bandwidth, is obtained. The detuning 
effect produced by the introduction of this coil does not greatly alter the resonance 
curve as a whole, displacement of the peak being only about 1 kc/s.
For one-tenth of the response at resonance the amount of detuning in the “wide” 
bandwidth setting is 6.5 kc/s and in the “narrow” 3.8 kc/s. The circuits of the 2nd 
I.F. transformer are damped by two diodes, together with the internal resistance of 
the I.F. valve; the diode valve EAB 1 serves as detector and also provides the A.G.C., 
with diode d3 as detector. Diode d, is connected to the primary side of the last I.F. 
transformer. No delay voltage is applied to the latter diode and the distortion that 
would otherwise occur is thus avoided.
The delay voltage for the A.G.C. is furnished by diode d2; as long as this diode is 
positive (due to its connection to R20), current flows through it and there is no control 
on the R.F. and I.F. valves, but immediately dj becomes sufficiently negative to 
check the flow of current the A.G.C. comes into operation. Diodes d, and d3 are 
connected to tappings on the I.F. coil in order to keep the damping effects of these 
diodes upon the I.F. circuits as low as possible.
A resistor, -Ris, is placed in series with the volume control Rri for the purpose of 
reducing the difference between the A.C. and D.C. loading of the diode circuit, for, 
if this is not used, the difference is too great, because the tone control R15 is in parallel 
with Ru so far as A.C. is concerned (with the volume control turned to maximum). 
As is known, this -would cause demodulation of the I.F. signal and also place a limit 
on the modulation depth that can be handled by the diode without distortion. This 
effect is almost entirely eliminated by the resistor Rls; signals of maximum modu
lation depth 75 % can be received and, although the sensitivity of the receiver is 
reduced to the extent of 22 % by this resistor, this can hardly be regarded as a 
disadvantage, as the sensitivity is in any ease ample.
The A.F. voltage is derived from the potentiometer _R14 and passes by way of capa
citor C41 to the tone-control potential divider U15. The latter includes a capacitor 
C40, the signal being taken from potential divider R15 across a resistor of 2.2 megohms 
(R2i) the grid of the EEP 1; the purpose of R«, is to render the feed-back, which
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is applied to the grid across another resistor of 2.2 megohms (R22), independent 
of the setting of ZGs and
The secondary-emission valve EEP 1 functions as a combined pre-amplifier and phase
inverter, the A.F. voltages being supplied in anti-phase from the anode and auxiliary 
cathode. Although the conductances of the anode and the cathode in question are 
practically equal, the resistor R2S has a higher value than R27 since the impedance in 
the auxiliary cathode circuit consists not only of JR2g but also of the parallel-connected 
resistors /Go and H2S (so far as A.C. is concerned). The screen grid and auxiliary 
cathode are fed by means of potential dividers, in order to minimize D.C. voltage varia
tions as much as possible. Grid bias is derived from the difference between the cathode 
voltage and a positive feed-back potential, the latter being necessary because the voltage 
drop across H2S is greater than the required bias; the variations in current between

Fig. 1
Curve A. Total distortion as a function of the output 

power Wo of the whole A.F. section of the 
receiver, without negative feed-back.

Curve B. The same, but with negative feed-back.

anode and cathode thereby compen
sate each other. The positive potential 
in question is taken from a tapping on 
the potential divider used for the 
screen feed; the feeds to the various 
electrodes of this valve have to be very 
effectively smoothed, to reduce hum 
that would otherwise occur as a result 
of the high amplification factor of the 
EEP 1, and these potentials can advan
tageously be taken from the twice- 
smoothed voltage source. A resistor 
of 10,000 ohms is included in the 
screen feed to prevent the possibility 
of parasitic oscillation affecting the 
response.
In the output stage two EL 6 valves 
are used in a balanced circuit with
stopper resistors in both control- 

and screen-grid leads, again to check parasitic oscillation, and these valves deliver 
14 W with 3.5 % distortion at maximum excitation. The matching impedance between 
the anodes is 5,000 ohms. Fig. 1 shows the total distortion with and without negative 
feed-back, as a function of the output power.
Through the potential-divider circuit, consisting of the resistors R 37, 38, 39 and 40,
part of the voice-coil vol - 
tage is applied through 
the resistor R22 to the 
grid of the EEP 1; 
capacitors are connec
ted in parallel with Rw 
and Z?40, their values 
being such that the feed
back is attenuated on 
the high and low fre
quencies, thus giving a 
very uniform response 
at all frequencies.
The frequency response 
of the A.F. section of the 
receiver is shown in 
Fig. 2 and relates to

Curve A. Frequency response with tone control rotated in clock
wise direction.

Carve B. Frequency response with tone control rotated in anti
clockwise direction.
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Fig. 3
H.V. and oscillator coils used in the 9-valve superheterodyne receiver.

both maximum and minimum setting of the tone control; the amount of negative 
feed-back equals a factor of 7.
Tuning indication is given by means of the electronic indicator EM 4, to the grid of 
which is applied the negative voltage produced across the grid leak of the detector 
diode; the A.F. voltages across this resistor are filtered out by R12 and C37. Each of the 
anodes of the two triodes contained in the EM 4 is connected to a separate deflector 
rod within the valve.
As the gain factors of the two triodes of the EM 4 are not the same, a clear indication 
is obtained on weak as well as on strong signals.
The rectifying valve is the AZ 4 and the smoothing circuit consists of a double electrolytic 
capacitor of 50 + 15 f with an S-henry choke; the voltage for the earlier valves is 
smoothed again by means of another 8-henry choke and 32 //F electrolytic capacitor 
and the extra cost of this additional filter is justified when set against the saving 
effected by the valves. The voltage across the capacitor C'9 should be 265 V and a 
transformer is used of which the no-load secondary voltage is about 2 X 300 V; the 
total current consumed is approximately 140 mA.
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Technical data
1. Sensitivity (for 50 mW output) on the: medium- and long-wave ranges.

at the diode
at the I.F. valve
at the freq, changer 
at the R.F. valve 
at the aerial

0.3 V(eft) I
2.1 mV(et)i t
24 /<V(eft) / 1
1.6 /<V(eff) < )
0.7 /zV(CH) '

I.F. stage gain: 145
Conversion gain factor: 90
R.F. stage gain: 15
Voltage gain factor: 2.5

2. Selectivity
•’Narrow” bandwidth
Attenuation on detuning “T 3.8 and — 3.8 kc/s: 1 : 10

.. 7 and — 7 „ 1 : 100

.. 12 and — 12 „ 1 : 1,000
“Wide” bandwidth
Attenuation on detuning + 6.5 and — 6.5 kc/s: 1 : 10

.. + 10 and — 10 „ 1 : 100

.. ,, ,, + 15 and — 15 „ 1 : 1,000
3. Automatic gain control curve:

1 X normal input voltage corresponds to 1 X normal output voltage
5 X „ ,. „ „ ,, 5 X ,, ,, „

10 X „ „ „ „ „ 10 X
100 x „ „ „ „ „ 25 X

1,000 X .. „ „ „ „ 35 X
10,000 X „ „ „ „ „ 50 X

TABLE OF COILS

Coil
Num
ber of 
turns

Self-inductance Type of 
winding

Dia. 
of 

for
mer

Dia. of 
wire 
nun

Type 
of 

wire

Dia. of 
can

81 700 .— wave 17 0.1 Enamel 36
S2 190 — .. 17 0.1 .. 36
S3 320 2,150 pH 17 0.1 36
S4 2x60 160 //H 17 15x0.05 Litz 36
85 40 — laver 14 0.1 Enamel 30
S6 20 (85 shorted) 4 //H 14 0.5 .. 30
S7 13 — 14 0.1 30
S8 5 J (87 shorted) 0.9 pH 14 0.5 .. 30
S9 2x208 — wave 17 0.1 d.s.c. 36
S10 2x60 — .. 17 0.1 36
811 2x208 2.150 /zH 17 0.1 36
S12 2 x 60 160 // H 17 15x0.05 Litz 36
S13 20 — laver 14 0.1 d.s.c. 30
S14 20 4/<H ,, 14 0.5 Enamel 30
S15 54 — 14 0.1 d.s.c. 30
S16 5J 0.9 //H 14 0.5 Enamel 30
S17 40 — wave 17 0.1 36
818 35 — 17 0.1 36
S19 118 320 /zH 17 0.1 36
S20 59 75 //H 17 0.1 ,, 36
S21 17 — laver 14 0.1 30
S22 19.5 — .. 14 0.5 30
S23 4 — 14 0.1 d.s.c. 30
S24 5 —■ ,, 14 0.5 Enamel 30



II. 8-Valve superheterodyne receiver for 18 W output

Valves used: “Miniwatt” EF 8, ECH 3, EF 9, EAB 1, EF 9, EL 6, AZ 4, EM I.

This is a very sensitive, high-quality receiver with' 4 wave-ranges (two for short-wave 
reception), and a low noise-level input stage; it differs from the receiver described 
under section I in that the output stage is arranged on simpler lines, whilst A.F. 
amplification and tuning indication are obtained in a different manner. Sensitivity 
on the long and medium wave-ranges is 1 pV, the different ranges being as follows:

Long waves 829—2,000 m
Medium waves 200— 559 m
Short waves I 36— 90 m
Short waves II 15— 37.5 m.

Delayed A.G.C. is provided by the triple diode EAB 1 and the control is applied to 
the R.F. and I.F. valves only, that is to say, the frequency-changer ECH 3 is not 
included. The A.F. section works with strong negative feed-back for the reduction 
of distortion and to improve the frequency response of the A.F. amplifier.
As this receiver differs from the 9-valve circuit only in the design of the A.F. section, 
reference may be made to the description of that receiver for the R.F., mixer, I.F. 
and detector stages.
The A.F. amplifying valve is the EF 9, the A.F. signal being taken from the volume 
control R17, through capacitor C33 to the grid of this valve. As output valve, the 
steep-slope 18 W pentode EL 6 is used, with small stopper resistors in the control- 
and screen-grid leads to suppress parasitic oscillation; the cathode resistor of this 
valve is decoupled with a 50 /«F dry electrolytic capacitor. Negative feed-back is 
applied to the A.F. amplifier; the speech voltage occurs across the potential divider 
R 33, 34, 35 and 36, and the attenuated voltage is fed back to the control grid. Capa
citors are connected in parallel with jB34 and of a suitable value to reduce the 
amount of feed-back on high and low frequencies and thus ensure uniform response 
throughout the whole A.F. range (see Fig. 1, curve a; full line). For comparative pur
poses the frequency curve showing the performance without feed-back is also given. 
The capacitor C’lo may be switched out of the circuit in order to reduce amplification



the negative voltage from 
the detector-diode anode is 
taken across a potential 
divider —R1S to the grid. 
The voltage from a gramo
phone pick-up is applied to 
the volume control R17 and 
a resistor, of 56,000 
ohms is placed in series with 
the latter so that the detec
tor diode of the EAB 1 will 
not be in parallel with the 
pick-up.
The rectifying valve is the 
AZ 4 and the smoothing 
comprises two electrolytic 
capacitors of 32 /zF (320 V) 
and a choke of 8 H. The 
voltage across capacitor C66 
should be 270 V, when the 
total current consumed will 
be* approximately 112 mA.
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Fig. 2
Coils employed in the 8-valve receiver. 
For the I.F. coils see Fig. 1 on page 324.
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TECHNICAL DATA
1. Sensitivity (for 50 mW output) on the medium- and long-wave ranges

at the diode 0.35 V(efl)
at the I.F. valve 3.5 mV(ej)
at the freq, changer 35 /«A(efr) 
at the R.F. valve 2 pV(eS)
at the aerial 1 /iV(eff)

' I.F. stage gain 100
Conversion gain factor 100

( R.F. stage gain 16
' Voltage gain factor 2.5

2. Selectivity
Attenuation on detuning + 

+
4.5 and — 4.5 kc/s: 1

8 „ 1
13 „ 1

: 10
: 100
: 1,000

8
13

and — 
and —,, „ „ +

Automatic gain control curve
1 X normal input voltage corresponds to 1 x normal output voltage
5 X J? 99 99 99 ,, ö X •> 99 9'

10 X „ io X
100 X ' . ■ « , „ 25 x

1,000 X >> • > > „ 35 x
10,000 x ,, ,, > ,, „ 50 x

TABLE OF COILS

Coil
Num
ber of 
turns

Self-inductance Type of 
winding

Dia, 
of 

for
mer

Dia. of 
wire 
mm

Type 
of 

wire

Dia. of 
can

SI 180 — wave 17 0.1 Enamel 37
S2 680 — .. 17 0.1 37
S3 2x58 SI, 2 and 4

shorted = 160 /<H 17 15x0.05 Litz 37
S4 306 S3 + S4 = 2,150 /ill

(SI + S2 shorted
in series) .. 17 0.1 Enamel 37

S5 40 — laver 14 0.1 30
S6 20 (85 shorted) 4 pH ,, 14 0.5 30
S7 13 — 14 0.1 30
S8 5.5 (87 shorted) 0.9 /tH) 14 0.5 30
89 2x56 — wave 17 0.1 d.s.c. 37
S10 2x205 — 17 0.1 37
Sil 2x56 (S12 shorted) 160 pH 17 0.1 37
S12 2x205 (811+812)= 2,150/tH 17 0.1 37
S13 20 —• layer 14 0.1 ,, 30
S14 20 (S13 shorted) 4 14 0.5 Enamel 30
S15 5.5 — 14 0.1 d.s.c. 30
S16 5.5 0.9 /(H 14 0.5 Enamel 30
S17 35 — wave 17 0.1 .. 37
S18 40 — 17 0.1 37
S19 56 (S20 shorted) 75 pH 17 0.1 37
S20 102 S19 + S20 = 320 /«H 17 0.1 37
S21 17 — layer 14 0.1 30
S22 19.5 — .. 14 0.5 30
S23 4 —. .. 14 0.1 30
S24 5 —— .. 14 0.5 .. 30
S25j i With i 

’ 7 mm / 
i iron . 
/ core 1

826f
S27( 
S28l

2x130 — wave 5x0.07 Litz —



III. 8-Valve superheterodyne receiver for 9 W output
Valves used: “Miniwatt” EF 8, EK 3, EF 9, EAB I, EF 6, EL 3, AZ 1, EM 1.
The following is a description of a highly sensitive 4-range receiver having an input 
stage with a very low noise level and a sensitivity of 1 pN on the medium- and long
wave ranges. There are two short-wave bands, and the different ranges are as follows:

Long waves 
Medium waves 
Short waves I 
Short waves II

829—2,120 m
200— 559 m

36— 90 m
15— 37.5 m

The receiver incorporates automatic gain control, with the EAB 1 m a triple-diode 
circuit, and use is also made of strong negative feed-back to minimize distortion and 
ensure uniform frequency response over the whole of the A.F. range; by means of 
a switch, a tone control can be included in the feed-back circuit if required. Visual 
tuning is included, this being provided by the EM 1, which is connected to the 
detector diode.
The silentode EF 8 is employed for the R.F. stage to ensure a low noise level. In the 
short-wave ranges the full amplification of this valve is utilized, but on medium 
and long waves the gain is reduced by capacitors C'49 and C53, so as not to overload 
the grid of the EK 3.
Only one tuned circuit precedes the R.F. stage in all the four wave-ranges; the R.F. 
medium- and long-wave coils are wound on a common former, whereas the coils for 
the two short-wave ranges are quite separate. The self-inductance is 160 /zH on the 
medium and 2,150 /zH on the long-wave range; for the short-wave ranges the mini
mum capacitance is brought up to about 70 ppF by means of fixed capacitors which, 
although somewhat reducing the range, greatly improve the accuracy of tuning, 
especially at the lower end of the range. The inductances for the two short-wave 
bands are respectively 4 and 0.9 zz ll, but as wiring inductances also have to be con
sidered the coils are corrected to the required values in the receiver; this may be done 
by means of a small copper plate with screw, which is moved in and out of the field 
of the coil, being locked in its final position with solder.
The R.F. circuits are coupled inductively to the aerial; for the correction of the in
ductance of the medium-wave coils, the two coils SI and S2 should be short-circuited, 
whilst the inductance of the long-wave coils is trimmed with these two coils shorted 
in series. Since the short-wave coils are corrected in the receiver itself, the effect of 
the aerial coils is naturally included in the inductance of the tuning coil.
A single tuned circuit is included between the R.F. and mixer valves for all the 
wave-bands.
The 2nd R.F. circuit is inductively7 coupled to the R.F. valve and, as this coupling 
has to be as tight as possible, coils S9 and Sil, 810 and S12 are wound together: 
the method of winding the short-wave coils S13/S14 and S15/S16 that will ensure 
sufficiently tight coupling is shown in the diagrams of the coils.
The frequency-changer is the EK 3 and, as both the R.F. and I.F. valves are included 
in the automatic gain control system, the EK 3 is not controlled. The oscillator circuit 
is coupled to the first grid of the EK 3, since there is no risk of frequency drift, and 
the medium- and long-wave oscillator coils, moreover, are wound on the same formers. 
Padding capacitors are placed in series with the coils and they are also included in 
the switching; further, to increase uniformity of the oscillator voltage, resistors 
are connected in parallel with the oscillator circuits on the medium- and long-wave 
as well as the first short-wave ranges. The trimmers for the medium and long waves 
are augmented by fixed capacitors, but no trimmers are used in the short-wave 
oscillator circuits, because the existing capacitance can be sufficiently7 accurately 
corrected by means of the fixed capacitors.
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A resistor Au is placed in series with the long-wave trimmer to prevent any 
possible oscillation at undesired frequencies. The I.F. valve is the EF 9, the screen 
of which is fed across a resistor. The intermediate frequency is 470 kc/s and the 
inductance of the I.F. coils, which are fitted with iron cores, is about 1 mH; the I.F.
circuits are trimmed by varying the self-inductance, this being effected by rotating 

the iron cores.

20070

Diode d3 of the 3-diode valve EAB 1 is employed as detector, 
with diode d, for the A.G.C., this being connected to the 
primary circuit of the last I.F. transformer. The delay voltage 
of the A.G.C. is supplied by diode d. and so long as the 
latter is positive (across R2i) if will carry a current and 
the R.F. and I.F. valves will be uncontrolled. Diodes d3 and 
d, are connected to tappings on the I.F. coils in order that 
'losses produced by these diodes may be kept as low as 
possible.
The A.F. voltage across the volume control A|C is applied

tlirough a capacitor C30 to the grid of the A.F. valve EF 6 and a resistor R2a is 
employed to render the A.F. characteristic sufficiently straight. A potential divider 
R 23, 24, 30 and 31 is placed across the output, the values of these resistors being 
so chosen that they will combine to provide the correct grid bias for the EF 6; a 
part of the speech vol
tage is simultaneously 
fed back to the cathode 
of the EF 6, and the 
resistors R23 and R-M are 
by-passed by capacitors 
of a suitable value to 
reduce the amount of 
feed-back at the high 
and lowfrequencies, thus 
ensuring uniform repro
duction over the whole 
of the A.F. range. Capa
citor Cw is provided 
with a switch for pur
poses of tone control, 
the amplification of high 
frequencies being con
siderably reduced when 
this switch is opened. 
In regard to this receiver 
circuit it may be said, 
further, that a resistor of 200 ohms, without decoupling capacitor, is included
in the cathode circuit of the EF 6; under certain circumstances this arrangement might 
give rise to hum, but if this should be considered a drawback the connections of the 
ECH 3 in circuit IV may be used in preference, though then the sensitivity is slightly 
lower. A resistor Rj5 is connected in series with the volume control; otherwise the diode 
d2 would be in parallel with the pick-up sockets.
The rectifying valve used is the AZ 1, and smoothing is by means of an 8 H choke; 
the total amount of direct current delivered is 73 mA.
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TECHNICAL DATA
I. Sensitivity (for 50 mW output) on the medium- and long-wave ranges:

at the diode 0.55 Veff
at the I.F. valve 4.8 mVeft
at the mixer valve 40 /zVeff
at the R.F. valve 2.5 pVcñ
at the aerial 1 /I Veff

' I.F. stage gain 114
( Conversion gain factor 90

( R.F. stage gain 16
( Voltage gain factor 2.5

2. Selectivity
Attenuation on detuning + 3.5 and — 3.5 kc/s: 1 : 10

„ „ „ + 5.5 and — 5.5 „ 1 : 100
4- i.5 and — 7.5 „ 1 : 1,000

Automatic gain control curve
1 x normal input voltage corresponds to 1 x normal output voltage
5 X „ „ >> „ 5 X

10 X .. io x
100 X .. „ 25 X

1,000 x >> „ 35 X
10,000 X ,, „ 50 x

TABLE OF COILS

Coil
Num
ber of 
turns

Self-inductance Type of 
winding

Dia. 
of 

for
mer

Dia. of 
wire 
mm

Type 
of 

wire

Dia. of 
can

SI 180 — wave 17 0.1 Enamel 37
S2 680 — .. 17 0.1 .. 37
S3 2x58 (SI, S2 and S4 

shorted) = 160 /zH 17 15X0.05 Litz 37
S4 306 S3 + S4 = 2,150 /zH

(SI + S2 shorted
in series) 17 0.1 Enamel 37

S5 40 — layer 14 0.1 .. 30
S6 20 (S5 shorted) 4 pH ,, 14 0.1 30
S7 13 — .. 14 0.1 30
S8 5.5 (S7 shorted) 0.9 /zH ,, 14 0.5 30
S9 2X56 — wave 17 0.1 d.s.c. 37
S10 2x205 — .. 17 0.1 37
Sil 2x56 (S12 shorted) 160 pH ,, 17 0.1 .. 37
S12 2x205 Sil + S12 = 2.150/¿H ,, 17 0.1 37
SI3 20 — la ver 14 0.1 30
S14 20 (S13 shorted) 4 /zH ,, 14 0.5 Enamel 30
S15 5.5 .— .. 14 0.1 d.s.c. 30
S16 5.5 (S15 shorted) 0.9 /zH 14 0.5 Enamel 30
S17 35 — wave 17 0.1 .. 37
S18 40 — ,. 17 0.1 37
S19 56 (S20 shorted) 75 «11 17 0.1 37
S20 102 S19 + S20 = 320 ,zzH 17 0.1 37
S21 17 — layer 14 0.1 .. 30
S22 19.5 (S21 shorted) 4 /zH ,, 14 0.5 30
S23 4 — .. 14 0.1 30
S24 5 (S23 shorted) 0.9 pH ,, 14 0.5 30
S25j
S261
S271 2x130 — wave

with i 
'7 mm' 
] iron ( 5X0.07 Litz —

S28J ' core i



IV. 6-Valve superheterodyne receiver
Valves used: “Miniwatt” ECH 3, EF 9, EBC 3, EL 3N, AZ 1, EM 1.
This receiver circuit, which has a sensitivity of 16 uV on the medium- and long
wave ranges, has three ranges, viz:

Long waves 830—2,000 m 
Medium waves 200— 547 m 
Short waves 15— 48 m.

Delayed automatic gain control is provided. The double-diode EBC 3 is employed 
as detector, resistance-coupled amplifier and also to provide the delay voltage for 
the A.G.C. The steep-slope 9 W pentode EL 3N is used as output valve. The A.F. 
circuit includes negative feed-back derived from a part of the speech voltage, which 
is applied to the grid of the EBC 3, whilst the frequency-response curve is further 
improved by employing components in the feed-back circuit which are dependent 
of the frequency. The EM 1, coupled to the detector diode, provides visual tuning. 
On medium and long waves an R.F. band-pass filter with capacitive coupling is 
employed; the circuit calculations are based on the use of a variable capacitor of 
capacity 20 to 500 ppF, the minimum-capacitance on the medium- and long-wave 
ranges, including wiring, trimmers, etc., being 50 and 70 y/tF respectively.
Taking into consideration the capacitance of the band-pass filter coupling capacitor, 
connected in series with the tuning capacitor, the capacitive variation for the medium
wave band is 70 to 527 yyF and on long waves 90 to 521 yyF. With coils of 160 /zH. 
the first mentioned range covers 200 to 547 m, whilst coils of 2,150 /zH give 829 to 
2,000 m for the long waves. For short-wave reception only one R.F. circuit is provided, 
and the inductance of the short-wave coil is about 1.3 ¿zH. On medium and long waves 
the coupling between the aerial and the first R.F. circuit is both capacitive and in
ductive, so that a constant voltage gain factor of 3 is obtained throughout the whole 
range; in the short-wave band the coupling is purely inductive. For the adjustment 
of the self-inductance of the first R.F. coil the aerial coil is short-circuited and, as 
coil S3 is shorted on medium waves, trimming of the inductance for this range is 
carried out with the two coils ,S'2 and S3 shorted; the long-wave range is trimmed 
with coils S2 and S3 shorted in series. The inductance of the short-wave coil is adjusted 
in the receiver by means of a small copper cylinder which is pushed into the coil and 
screwed in position when the correct value is obtained, and in this case the effect 
of the aerial coil on the inductance of the tuning coil is, of course, taken into account. 
In order to keep frequency drift at a minimum, the oscillator circuit is connected to 
the anode of the triode section of the ECH 3 and the amount of drift is, in fact, so 
small that the frequency-changer can be included in the A.G.C. system on short 
waves as well.
The three oscillator coils are wound on a common former (Fig. 1). The padding capa
citors are arranged in series with the coils and are included in the coil switching. 
Constant oscillation throughout the wave ranges is ensured by connecting the lower 
end of the series-connected reaction coils to the upper end of the two padding capacitors 
also in series. The anode potential for the oscillator unit of the valve is applied through 
a resistor Rlo, with capacitor Cls to block the direct voltage from the oscillator 
circuit (parallel supply).
The medium-wave padding capacitor should be about 530 yyR and the long-wave 
capacitor about 170 p/tF, the latter value being obtained by connecting 250 ppF in 
series with the medium-wave padding capacitor; the ultimate values of these capa
citors will depend on the minimum-capacitance of the respective circuits.
Capacitor C17 has a value of about 50 ppF, which ensures reliable oscillation on 
long waves whilst guaranteeing the least ,possible amount of frequency drift on the 
short-wave range. The voltage for the 2nd and 4th grids of the ECH 3 is obtained 
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from a potential divider, 
and the values of the com
ponent resistors are so 
arranged that 
voltage varies 
slightly when 
applied to the
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the screen 
only very 
control is 

valve.
To prevent parasitic oscil
lation, low value resis
tors are included in the 
anode and grid circuits. The 
oscillator voltage on the 
3rd grid of the hexode 
section (and grid of the 
triode unit) should be ap
proximately 8 V (eff), withy 
200 /«A flowing through R3. g 
The intermediate frequency 
is 470 kc/s and the I.F. coils 

the inductance of these coils 
being about 1 mH. In the 
I.F. circuit the capacitors 
are of 100 /.1/1F capacity and 
it is necessary to use only -j rA 
high-quality capacitors in 
order to maintain the qua- “Jr' Wr 
litv of these circuits, which r>l._ lity of these circuits, which
are trimmed to the required 
frequency by rotating the 
iron cores, thus varying they 
inductance. ¿i
The I.F. valve is the EF 9, 
the screen circuit of which 
is arranged on the sliding
voltage principle. Both di
odes of the EBC 3 are con
nected to tappings on the 
I.F. coils with a view to 
reducing losses in the cir
cuit. Delay voltage for the 
A.G.C. diode is obtained 
from the cathode voltage of 
the EBC 3, the A.G.C. vol
tage being applied via the 
potential divider R22-23 to 
the valves included in the 
A.G.C. system; this does 
not provide too straight a 
control characteristic, how
ever, and if better condi
tions are essential there 
is nothing against employ-
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ing the full voltage for the 
control.
The A.F. voltage is tapped 
from the volume control 
and is taken through C3i to the 
potential divider Rle, which 
serves as tone control; the 
effective tone-control circuit 
actually consists of JRK and 
C35 and the voltage is passed 
from the potential divider R^ 
through R17 to the grid of the 
EBC 3. The last-named resis
tor is included to prevent the 
feed-back voltage, occurring 
across the resistor R13 (also 
2 megohms) on the grid of the 
valve, from varying with the 
setting of 7? ,5 and j?I6.
To ensure satisfactory repro
duction of the low frequencies, 
the cathode resistor of the 
EBC 3 is decoupled by an 
electrolytic capacitor C36 of 
25 /zF.
The output valve is the steep
slope pentode EL 3 N, the 
control-grid and screen-grid 
circuits of which include small 
stopper resistors to suppress 
parasitic oscillation. A part of 
the speech voltage is tapped 
from the potential divider 
F29-30-31-32 and is applied to 
the grid of the EBC 3 through 
a resistor Ris, the feed-back 
factor being about 4. Capaci
tors are connected in parallel 
with Rm and R32, of suitable 
values to reduce the amount 
of feed-back on the high and 
low frequencies, thus ensuring 
uniform response over the 
whole A.F. range.
The EM 1 provides visual tun
ing indication, part of the 
negative potential on the detec
tor diode being taken to the 
grid of this valve across the 
potential divider Z?14-Z?19; the 
cathode of the electronic indi
cator is connected to that of the I.F. valve, since, if it were earthed, the grid of the 
EM 1 would become positive on weak signals (cathode voltage of the EBC 3), in
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consequence of which no indication would appeal-. Since control is applied to the 
EF 9, the cathode potential of this valve falls when the signals are strong; the deflection 
on the screen of the indicator on strong signals is therefore smaller in proportion, and 
a good indication is thus ensured when the more powerful transmissions are being 
received.
The rectifier is the AZ 1 and the smoothing circuit consists of two electrolytic capacitors 
of 32 pF (320 V) -with an 8 H choke. The voltage across capacitor C 43 should be 264 V, 
so that the transformer should deliver a no-load secondary voltage of 2 X 300 V. 
The total consumption is about 60 mA.

TECHNICAL DATA
1. Sensitivity (for an 

at the diode 
at the I.F. valve 
at the mixer valve 
at the aerial

output of 50 mW) on the medium- and long-wave ranges.
0.5 V(efl) , 
5 mV(eff) S t
50 /¿V(eff) t '
16 ¡u^eS) '

I.F. stage gain: 100
Conversion gain factor: 100
A'oltagc gain factor: 3

2. Selectivity
Attenuation on detuning + 4.5 and — 4.5 kc/s: 1 : 10

.. 4- 8 and — 8 „ 1 : 100
>> >> >> + 13 and — 13 „ 1 : 1,000

3. Automatic gain control curve
1 X normal input voltage corresponds to I X normal output voltage
5 X ., ,, .. .. .. ;> ♦ • J 9 9

10 X „ „ „ 8 x . .
100 X „ 18 x

1,000 X „ 30 x
10,000 X „ „ „ 42 x n >>

TABLE OF COILS

Coil
Number 
of turns Self-inductance

Type of 
winding

Dia. of 
former

Dia. of 
wire 
mm

Type of 
wire

SI 13 — layer 14 0.1 Enamel
S2 180 — wave 17 0.1
S3 680 — 17 0.1
S4 13 — laver 14 1
S5 2x58 (S2, S3 and S6 shorted)

160 /iH wave 17 15 x 0.05 Litz
S6 310 S5 + S6 (82 + S3 shorted

in series) = 2,150 /zH 17 0.1 Enamel
S7 2x 57 (S8 shorted) 160 /zH 17 15x0.05 Litz
S8 294 S7 + S8 = 2,150 /zH 17 0.1 Enamel
S9 7 — layer 17 0.5
S10 54 S9 + S10 (SI 1 shorted)

= 75 pH ■wave 17 0.1
Sil 99 S9 + S10 + 811 = 320/zH 17 0.1
S12 6 ■— layer 17 0.1
S13 35 —. wave 17 0.1
S14 40 ■— 17 0.1
S15 ,
S16 1 2x130

_ 7 mm 5 X 0.07 Litz
S17 : iron
SIS 1 core.



V. 6-Valve superheterodyne receiver

Valves used: “Miniwatt” EK 3, EF 9, EBC 3, EL 3, AZ 1, EM 1.
This type of receiver falls within the “average” price class and it has a sensitivity 
of 16 pV.

The three wave-ranges employed are as follows:
Long waves 830—2,000 in 
Medium waves 200— 547 m 
Short waves 15— 48 m.

Delayed automatic gain control is provided. The double-diode EBC 3 functions as 
detector and A.F. amplifier and also furnishes the control voltage for the A.G.C. 
An EL 3, steep-slope 9 W pentode, is used in the output stage, whilst in the A.F. 
section a part of the speech voltage is fed back to the grid of the EBC 3; the com
ponents of the negative feed-back circuit are all independent of frequency, this being 
necessary to ensure a satisfactory response curve. To give visual-tuning indication 
the EM 1 is coupled to the detector diode. In the medium- and long-wave ranges 
a capacitively-coupled R.F. band-pass filter is used; the self-inductance of the 
medium-wave R.F. coils is 160 pH and that of the long-wave coils 2,150 /zH. On 
short waves only one R.F. circuit is provided, the inductance of the coil being about 
1.3 /zH. For the medium- and long-wave bands the first tuned circuit is coupled to 
the aerial both inductively and capacitively, giving a voltage gain factor of 3; the 
short-wave aerial coupling is purely inductive.

For trimming the medium-wave inductances the two coils S2 and are short- 
circuited; for the long waves these coils are shorted in series. The short-wave coil 
is usually trimmed in the receiver.

Frequency drift is limited as much as possible by coupling the oscillator circuit to 
the 2nd grid of the frequency-changer valve EK 3, and this valve is also included 
in the A.G.C. system. The three oscillator coils are wound on a common former. 
The padding capacitors are connected in series with the coils and are included in 
the coil switching; resistors are included in parallel with the short- and medium
wave coils to stabilize the oscillator voltage. An isolating capacitor C'17 is employed 
to avoid having a “live” variable capacitor (parallel feed). The capacitance of the 
medium-wave padding capacitor is about 670 ppF and that of the long-wave capacitor 
about 195 ppF, the latter value being obtained by connecting 275 ppF in series with 
the medium-wave capacitor; C29 is an isolating capacitor which has little or no 
effect on the values of the padding capacitor. To prevent parasitic oscillation 
stopper resistors are included in the anode and 4th-grid circuits.

The intermediate frequency is 470 kc/s and the I.F. coils, which are fitted with 
iron cores, have an inductance value of 1 mH. The I.F. circuits are trimmed by rotating 
the iron cores, thus varying the self-inductance of the coils.

The I.F. valve EF 9 operates on the sliding-screen-voltage princip e. The two diodes 
of the EBC! 3 are connected to tappings on the I.F. coil in order to reduce losses in 
the I.F. circuits as much as possible: the cathode potential of the EBC 3 is used as 
delay voltage for the A.G.C., the control voltage being applied to the relevant valves 
across a potential divider R22, R23, and it should be noted that the resultant control 
curve is not too straight.
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Fig. 1 
Freauency-response curve for circuit including negative 

feed-back.

A tone control is included in the 
A.F. section, comprising Flo and 
C'35, and to ensure sufficient low- 
note response the cathode is 
decoupled by an electrolytic capa
citor of 25 pF. The negative 
feed-back amounts to a factor 
of 4. Capacitors are placed in 
parallel with _R50 and R32, of 
suitable values to reduce the 
amount of feed-back at high and 
low frequencies with a view to 
improving the response curve.

A switch S may be added, if required, to cut out the negative feed-back on short
wave reception, which will increase the sensitivity.
The rectifier is the AZ 1; the smoothing choke should have an inductance of 8 H.
The total amount of current consumed is approx 70 mA.

TECHNICAL DATA 
1. Sensitivity (for 50 mW output) on the medium- and long-wave ranges.

at the diode
at the I.F. valve
at the mixer valve
at the aerial

0.5 /tV(eff) i

6 mV(eff) ' i 
50 /zV(eff) i ' 
16/<V(eff) s

I.F. stage gain: 100
Conversion gain factor: 100
Voltage gain factor: 3

2. Selectivity
Attenuation on detuning +

+
„ „ „ +

4.5 and — 4.5 kc/s
8

13

: 1
1
1

: 10
: 100
: 1,000

8
13

and — 
and —

3. Automatic
1 X

gain control curve
normal input voltage corresponds to 1 X normal output voltage

o X ,, >> 5 X ii JS
10 X .. .. 8 X

100 X .. .. >> 18 X
1,000 X .. .. .. 30 x ..

10,000 X >> >> >> 42 X >> >> >>

TABLE OF COILS
See Circuit IV.
The coils used for Circuits IV and V are identical.



VI. 5-Valve superheterodyne receiver
Valves used: “Miniwatt” EK 3, EBE 2, EFM 1, EL 3, AZ 1.
In this receiver the combined A.F. amplifier and electronic indicator EFM 1 is used, 
with negative feed-back from the speech coil. The sensitivity at the aerial as well 
as in the medium- and long-wave bands is 16 pV and there are three wave bands, viz: 

Long waves 830—2,000 m
Medium waves 200— 547 m
Short waves 15— 48 m.

The R.F., I.F. and oscillator coils are identical with those employed in Circuits IV 
and V for the 6-valve receivers, the only difference between the two last-named 
circuits and the present receiver being in the I.F. valve and the design of the A.F. 
section: the I.F. valve is the pentode unit in the EBF 2, which operates with sliding 
screen voltage. For detection and automatic gain control the two diodes in the other 
section of the valve are employed; these are connected to tappings on the I.F. coils 
in order to reduce I.F. circuit losses. Both the EK 3 and the EBF 2 are included 
in the A.G.C. system and the cathode voltage of the last-mentioned valve also serves 
as delay voltage for the control. R12 is the load resistor for this diode; since the 
required delay voltage is in excess of the grid bias needed by the pentode unit only 
a part of the cathode potential is applied to the EBF 2, through a potential divider 
formed by R 12, 13, 14 and 15, which means that only a portion of the delay voltage 
is applied to the I.F. valve, across R12. Further, part of the positive cathode potentia 
of the EBF 2 is applied via the potential divider R 12—15 to the 4th grid of the EK 3, 
for which reason the biasing resistor is rather larger than usual.
The A.F. signal is passed from the volume control across the tone control (Rls—C:„)
to the grid of the EFM 1; a resistor, I?3I, of 50,000 ohms is connected in series with

--------- — lisci
Fig. 1. Frequency-response curve

the volume control; 
otherwise the detec
tor diode would be 
in parallel with the 
pick-up when the set 
is used for gramo
phone reproduction, 
and this would pro
duce considerable 
distortion.
A portion of the 
speech voltage is 
tapped from the po
tential divider R2!). 
F30, R-a, R22 for fee

ding back to the cathode of the EFM 1, and this is sufficient to give a feed-back factor 
of about 4. Capacitors are connected in parallel with R3a and R„2, the values of these 
being such that the amount of negative feed-back is reduced at high and low frequencies: 
the response is thus rendered more uniform on all frequencies.
In this circuit a resistor is connected to the cathode of the EFM 1, without a decoup
ling capacitor, and in certain circumstances this may give rise to hum; in this event, 
and if better performance is required, the circuit of the EBC 3 in diagram IV may 
be preferred, although the sensitivity will then be slightly less.
The negative potential occurring across the potential divider R17 is applied through 
a filter consisting of 7?15 and C3G to the “earth” end of the grid leak of the EFM 1 
for the purpose of providing tuning indication.
The rectifying valve is the AZ 1 and the smoothing choke should have an inductance 
of 8 H. The total amount of current used is about 71 mA.
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TECHNICAL DATA

L Sensitivity (for 50 mW output.) in the medium- and long-wave bands.
at the diode 0.5 V ,
at the I.F. valve 5 mA7 ' /
at the mixer valve (octode) 50 pV / 1
at the aerial 16 pV

I.F. stage gain: 100
Conversion gain factor: 100
A’oltage gain factor: 3

Selectivity
Attenuation on detuning -H 4.5 and — 4.5 kc/s: 1

8 and — 8 ,, I
13 and — 13 „ 1

10
100

1,000

3. Automatic gain control curve
1 X normal input voltage corresponds to 1 X normal output voltage

10 X „ „ „ „ „ 8 x
100 x „ „ „ „ „ 18 X

1,000 x „ „ „ „ „ 30 X
10,000 x „ „ „ „ „ 42 x

TABLE OF COILS

Coil
Number Self-inductance Tvpe of Dia . of Dia. of Type of
of turns winding former wire 

mm wire

SI 13 __ layer 14 0.1 Enamel
S2 180 — wave 17 0.1
S3 680 — 17 0.1
S4 12 — layer 14 1
S5 2x58 (S2, S3 and S6 shorted)

160 //.H wave 17 15x0.05 Litz
S6 310 S5 + S6 (S2 + S3 shorted

in series) = 2,150 pH .. 17 0.1 Enamel
87 2 x 57 (S8 shorted) 160 pH ,, 17 15x0.05 Litz
88 294 S7 + S8 = 2,150 17 0.1 Enamel
S9 7 — layer 17 0.5 ,,
SI0 54 S9 + S10 (Sil shorted)

= 75 wave 17 0.1 Enamel
Sil 99 89 + S10 + Sil = 320 17 0.1 19
S12 7 — layer 17 0.1 >9

S13 35 — wave 17 0.1 ,,
S14 40 — .. 17 0.1 ,,

8.9
S15 i with
S16 ( 2X130

7 mm 5 X 0.07 LitzS17 i iron
SIS ' core
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VII. 4-Valve superheterodyne receiver
Valves used: “Miniwatt” EK 3, EF 9, EBL 1, AZ 1.
The following is a description of a small, low-priced receiver which, notwithstanding 
the small number of valves employed, has very outstanding properties. Sensitivity 
on the medium- and long-wave bands is 45 pV and there are three bands, viz:

Long waves 830—2,000 m
Medium waves 200— 546 m
Short waves 15— 48 m.

In this receiver the R.F., I.F. and oscillator coils are the same as those employed 
in Circuit V; the difference between these two receivers is that only one valve is used 
in place of two others, namely the EBL 1 instead of the EBC 3 and EL 3, in conse
quence of which the A.F. gain is much less. Further, there is no negative feed-back 
or visual tuning indicator.
For detection and A.G.C. the two diodes of the EBL 1 are employed, delay voltage 
for the A.G.C. being derived from the cathode voltage of this valve and, as the delay 
voltage needs to be higher than the grid bias on the output valve, an extra resistor 
is connected in series with the self-biasing resistor. The control voltage is applied 
to the appropriate valves via a potential divider R21 and R22.
To ensure satisfactory low-note response the bias resistor of the EBL 1 is decoupled 
with a 50 pF electrolytic capacitor. The tone-control circuit consists of a capacitor 
of 50,000 ppF in series with a 50,000 ohm resistor across the primary side of the 
output transformer.
As the amplification of the output valve is not sufficient for gramophone reproduction, 
the I.F. valve in this case operates as A.F. amplifier; the resistor Z?14, which on radio 
reception decouples the anode voltage, functions as load resistor for record playing. 
The rectifier section is similar to that of the 6-valve receiver and the total current 
is about 70 mA.

1. Sensitivity (for 50 mW output) on medium and long waves:

TECHINCAL DATA

at the diode
at the I.F. valve
at the mixer valve (octode) 
at the aerial

1.4 V /
14 mV ' /
140 pV \ 1
45 pV '

I.F stage gain: 100
Conversion gain factor: 100
Voltage gain factor: 3

2. Selectivity
Attenuation on detuning + 4.5 and — 4.5 kc/s: 1 : 10

+ 8 and — 8 „ 1 : 100
+ 13 and — 13 „ 1 : 1,000

3. Automatic gain control curve
1 X normal input voltage corresponds to 1 X normal output voltage
5 '< .. „ 5 X ,, ,, „

io x .......................... „ 8 X
100 X „ 18 X

1,000 X „ 30 X
10,000 X „ 42 x
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TABLE OF COILS

Number Type of Dia. of Dia. of Type of
Coil of turns Self-inductance winding former wire 

mm wire

SI 13 — layer 14 0.1 Enamel
S2 180 — wave 17 0.1 ,,
S3 680 — .. 17 0.1 ,,
S4 12 — layer 14 1 >>

S5 2x58 (S2, S3 and S6 shorted)
160 /zH wave 17 15x0.05 Litz

S6 310 S5 + S6 (S2 + S3 shorted
in series) =2,150 /zH 17 0.1 Enamel

S7 2x57 (88 shorted) = 160 /zH ,, 17 15x0.05 Litz
S8 294 S7 + S8 = 2,150 /zH ,, 17 0.1 Enamel
S9 7 —. layer 17 0.5
S10 54 S9 + S10 (Sil shorted)

= 75 /zH wave 17 0.1 ,,
Sil 99 S9 + S10 + Sil = 320 /zH ,, 17 0.1 ,,

S12 7 — layer 17 0.1 ,,

S13 35 — wave 17 0.1 ,,

S14 40 — 17 0.1 ,,

8.9
S15 ) with
S16 ( 2x 130

7 mm 5x0.07 Litz
S17 i iron
S18 ' core



VIII. 3-Valve receiver for local stations
Valves used: “Miniwatt” EF 6, EL 3, AZ 1.
This single-circuit receiver has three wave-bands, viz:

Long waves 770—2,000 ni
Medium waves 200— 550 m
Short waves 15— 63 m.

It comprises a grid detector with output stage and rectifier; tuning is but little 
affected by the aerial and the station dial may be calibrated.

i a a it r hac sw two • o • o •
P0 MW MW O • O • O AFERME CLOSED SESCHL

GrO LW LW • O O O O O COUVERT OPEN OPPEN

SCHALTUHGSBEISPlEL 0HNE PATEHT0BUG0 UNSERERSEtTS
EXEMPLE D'UN SCHEMA DE MONTAGE DONNE SANS GARANTlE EH REGARD DE DROITS DE BREVETS D'lNVENMN 23244
SPECIMEN OP CIRCUIT DIAGRAM WITHOUT ANY GUARANTEE AS TO PATEHTRlGHTS

Circuit diagram.

In the medium- and long-wave hands the aerial coupling is inductive (switch I closed); 
the self-inductances of the aerial coils Sj and S-s are such that their resonant fre
quencies lie below the lowest frequency in the wave band concerned (e.g., at 700 and 
2,200 ni). The two aerial coils have a potential divider of 5,000 ohms in parallel with 
them, the aerial being connected to the slider, by which means the input signal, and 
simultaneously the volume, can be adjusted as desired.
In the short-wave band (switch II closed) the aerial coupling is capacitive. All the 
coils are wound on a common former and tuning is by means of a variable capacitor 
of maximum capacity 500 ppE. Care must be taken to employ a drive having a 
sufficiently high ratio reduction gear to facilitate tuning on short waves.
The coils are operated by a switch that should have the lowest possible capacitance, 
and if the mains switch is combined with the coil switch the former must be carefully 
screened to avoid induced ripple on the grid of the detector; for the same reason all 
leads at mains potential should be properly screened.
The reaction coupling is inductive and can be controlled by a variable capacitor 
of at most 500 ppF. The anode resistor of 0.2 megohm is not connected direct to 
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the anode but to the junction of the short and medium-wave reaction coils; m this 
way the input circuit of the output valve is not in parallel with the short-wave coupling 
coil when the receiver is operating on short waves and the reaction control functions 
without difficulty over the whole range. To prevent over-oscillation, this coupling 
coil has a 10,000 ohms resistor in parallel with it. On medium and long waves the 
coupling is normal, the small short-wave coil XG having practically no effect on 
reception.
In order to suppress parasitic oscillation on very short wavelengths the grid lead to 
the output valve EL 3 is made from a 1,000 ohm spiralized resistor, whilst a resis
tor of 400 ohms is included in the lead to the screen grid. The cathode of the EF 6 
is connected to a 3,200 ohm resistor (R5) with a 0.1 pF decoupling capacitor Cs 
to raise it above earth potential, thus providing the necessary bias for A.F. amplifi
cation when the set is used for gramophone reproduction. When the pick-up is connected 
to the set the grid will be at earth potential, owing to the low internal resistance of 
the pick-up itself, in which case Rt ceases to function.
As regards assembly of the chassis, it is essential to fit a screen between the detector 
and output valves; moreover, the pick-up sockets should not be too close to the 
loudspeaker sockets, since the high 'amplification produced by the two valves may 
otherwise give rise to A.F. feed-back.
The AZ 1 is employed as rectifier, and the smoothing circuit consists of two electrolytic 
capacitors of 32 pF each and a resistor of 4,000 ohms. The no-load voltage from 
the power transformer should be 2 X 240 V. The total current used is about 42 mA.

TABLE OF COILS

Coil Number of 
turns

Type of 
winding

Diameter 
of former

Diameter 
of wire 

mm

Type of 
wire

SI 175 wave 15 X 0.05 R.F. Litz
S2 580 .. 0.1 Enamelled
S3 6 layer 0.8 d.s.c.
S4 2 X 48 wave 20 mm 15 X 0.05 R.F. Litz
S5 258 .. 0.1 Enamelled
S6 7 layer 0.3 ,,
S7 8 .. 0.1 ..
S8 35 0.1

Diameter of can = 48 mm.
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[X. 7-Valve superheterodyne receiver for 220 V mains

Valves used: “Miniwatt” CK 3, EF 9, EBC 3, CL 4, CY 1, EM 1, C 1.
Apart from the supply section and the valves employed, this receiver circuit is iden
tical with the 6-valve receiver, Circuit V. The wavebands and coils are the same, 
as also the main features of the circuit; sensitivity is 16 yN. The wave ranges are 
as follows:

Long waves 830—2,000 in
Medium waves 200— 547 m 
Short waves 15— 48 m.

Connection of heaters
The valve heaters and the pilot lamp are all in series with a barretter, type C 1, and 
the sequence of the heaters is so arranged that ripple from the mains is kept as low 
as possible; the heater of the EBC 3 is accordingly earthed.

Anode voltage
The rectifier is the CY 1. Since one side of the mains is applied directly to the chassis, 
capacitors are included in the aerial, earth and gramophone connections. The chassis 
as such must therefore never be earthed and has to be mounted in the cabinet in 
such a -way that it cannot be touched when live. For the smoothing circuit tw’O electro
lytic capacitors of 32 yF (320 V) and an 8 H choke are used. The total amount of 
current consumed is about 77 mA.

TECHINICAL DATA
1. Sensitivity (for an output of 50 mW) on the medium- and long-wave bands:

at the diode 0.5 V(eff) /
at the I.F. valve 5 mV(eir) ' /
at the mixer valve (octode) 50 '
at the aerial 16 yVyw '

I.F. stage gain: 100
Conversion gain factor: 100
Voltage gain factor: 3

2. Selectivity
Attenuation on detuning +

+ +
4.5 and — 4.5 kc s: 1 : 10
8 and — 8 „ 1 : 100

13 and - 13 .. 1 : 1,000

3. Automatic gain control curve
1 X normal input voltage corresponds to 1 X normal output voltage

10 X .. „ ,, .. .. 8 X
• ♦ • •

100 X ........................... 18 X ..
1,000 X ........................... .. „ 30 X ,,

10,000 X .. „ „ 42 X ... ., . >

TABLE OF COILS
For details of the coils in this receiver reference may be made to Circuit IV. 
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X. 5-Valve superheterodyne receiver for 110 V mains

Valves used: “Miniwatt” CK 3, EF 9, EBC 3, CL 6, CY 1.
In principle this circuit is the same as Circuit IX for a 7-valve receiver. As the operating 
voltage is 110 V, however, the mixer valve is connected in a different manner, and 
no tuning indication is provided. The power section is also different. The receiver 
has a sensitivity of about 18 /jN.
The output valve is the CL 6, which, in spite of the low anode voltage available, 
delivers a relatively large amount of power. The receiver employs the same coils 
as those used in the 220 V model, and the wavebands are:

Long waves 830—2,000 m 
Medium waves 200— 547 m 
Short waves 15— 48 m.

For the R.F. circuits reference may be made to the description of the 6-valve A.C. 
Circuit (IV).
To minimize frequency drift, the oscillator circuit is connected to the second grid 
of the octode CK 3, which is included in the A.G.C. system on all wave bands.
The three oscillator coils are wound on a common former. Padding capacitors are in 
series with the coils and are included in the coil switching. Owing to the fact that the 
available anode voltage is low, the resistor R, should not exceed 5,000 ohms and this 
resistor is placed between Sla and S,, in order to avoid the circuit losses that would 
occur if the arrangement in Circuit IX was employed. Apart from inductive reaction, 
capacitive coupling is also provided, the lower end of the coupling coil being connected 
to the padding capacitor.
As the tuning capacitor would otherwise be live, an insulating capacitor C30 is fitted. 
The values of the padding capacitors are about 525 /i/zF for the medium waveband 
and about 165 /z/zF for long waves, the latter value being obtained by connecting a 
capacitor of 220 mfi? in series with the medium-wave padding capacitor. C29 is an 
insulating capacitor, which in no way affects the padding.
The intermediate frequency is 470 kc/s and the I.F. coils are the same as those used 
for Circuit VI; in the present circuit, however, the I.F. valve has a fixed screen voltage. 
A tone control is included in the anode circuit of the output valve and consists of a 
capacitor of 0.1 /zF with a 50,000 ohms variable resistor in series with it. The rectifying 
valve is the CY 1; the smoothing choke should be of 8 H. The total current consumed 
is about 69 mA. In this circuit the valve heaters are in series with the pilot lamp and 
a resistor of 12.5 ohms (0.5 W), the sequence of the heaters being so arranged that 
mains ripple is kept as low as possible.
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TECHNICAL DATA
1. Sensitivity (50 mW output) on the medium and long wavebands:

at the diode 0.5 V(eg) ?
at the I.F. valve 5 mV(ej) ) t
at the mixer valve (octode) 50 /¿V(eff) / '
at the aerial 18 '

I.F. stage gain: 100
Conversion gain factor: 100
Voltage gain factor: 3

2. Selectivity
Attenuation on detuning + 4.5 and — 4.5 kc/s: 1 : 10

8 and — 8 „ 1 : 100
13 and — 13 „ 1 : 1,000

3. Automatic gain control curve:
1 X normal input voltage corresponds to 1 x

10 X „ „ .. „ 18 X
100 X „ 30 X

1,000 X „ „ ., „ „ 42 x

normal output voltage

TABLE OF COILS

Coil
Number 
of turns Self-inductance Type of 

winding
Dia. of 
former 
(mm)

Dia. of 
wire 
(mm)

Type of 
wire

SI 13 _ close 14 0.1 Enamel
S2 180 .— wave 17 0.1 ..
S3 680 — 17 0.1
S4
S5

12
2X58 (S2, S3 and S6 shorted)

160 pH

close

wave

14

17

1

15x0.05 Litz
S6 310 S5 + S6 (S2 + S3 shorted 

in series) = 2,150 pH
17 0.1 Enamel

S7 2X57 (S8 shorted) 160 ,, 17 15X0.05 Litz
88 294 . S7 + S8 = 2,150 pH ,, 17 0.1 Enamel
S9
S10

7
54 S9 + S10 (Sil shorted) 

= 75 /iH

close 

wave

17

17

0.5

0.1
Sil 99 S9 + S10 + SU = 320 mH .. 17 0.1
SI 2 7 — close 17 0.1
S13 35 —. wave 17 0.1
S14

S15 )

40 — 17
8.9 

with

0.1

S16 I
S17 I
SIS '

2X130 — 7 min 
iron 
core

5x0.07 Litz
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XI. 5-Valve superheterodyne receiver for 110 V mains
Valves used: “Miniwatt” ECH 3, EF 9, EBC 3, CL 6, CY I.
This receiver circuit is similar to Circuit X, also for a 5-valve receiver, but instead 
of the frequency-changer CK 3 the triode-hexode ECH 3 is used. The sensitivity, 
18 /iV, is the same.
The three wavebands are:

Long waves 830—2,000 m 
Medium waves 200— 547 m 
Short waves 15— 48 m.

For- details of the R.F. circuits reference may be made to the description of the 
6-valve A.C. receiver, Circuit IV. The oscillator circuit is connected to the grid of the 
triode section of the ECH 3 and, although this arrangement produces rather more 
frequency drift than when the circuit is coupled to the anode, it is preferable, as it 
simplifies the feeding of the triode anode; the coupling coil is connected directly to 
the source of anode voltage, and the voltage drop which a series resistor would 
entail, is thereby avoided. At the same time, the amount of frequency drift is still 
within the necessary limits, so that the mixer valve ECH 3 can be included in the 
A.G.C. system on short as well as other wavebands.
The oscillator coils are also indentical with those described in Circuit IV, and the 
padding capacitors are again placed in series with the coils and included in the coil 
switching; to prevent parasitic oscillation on the long-wave band, switch VII is 
closed when operating in this range. The grid capacitor C42 is 56 ppF, this value 
ensuring reliable oscillation on long waves and a minimum of frequency drift on the 
short-wave band. Small stopper resistors are included in the leads to the first and 
third grids of the hexode unit of the valve, to suppress parasitic oscillation.
The oscillator voltage on the third grid of the hexode (and grid of the triode) should 
be approximately 8 V(eff), with 200 pA passing through R2. The I.F. is 470 kc/s and 
the I.F. coils are the same as in Circuit IV; the I.F. valve operates on a fixed screen 
potential.
For detection, A.F. amplification, and also to provide the control voltage for the 
A.G.C., the double-diode triode EBC! 3 is used.
The L.F. voltage is taken from the volume control R12, via resistor 7% and capa
citor C25 to the grid of the EBC! 3, R2l being necessary to prevent R.F. voltages 
from entering the A.F. section. The control grid and screen grid of the output valve 
CL 6 are also provided with stopper resistors. The tone control, across the primary 
side of the output transformer, consists of a capacitor of 0.1 /iF in series with a 
50.000 ohm variable resistor.
When a pick-up is used with the receiver the voltage from the former is applied to 
the volume control 7?l2 through capacitors C\9 and C.,,,, and a resistor Rr> of 
56.000 ohms is placed in series with the volume control to avoid the detector diode 
being across the pick-up.
The rectifying valve is the CY' 1 and the smoothing choke should be of 8 H. The total 
current consumed is about 66 mA.
For sketches and table of coils see Circuit IV.
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TECHNICAL DATA
1. Sensitivity (for 50 mW output) on the medium and long wavebands:

at 
at 
at 
at

the 
the 
the 
the

diode
I.F. valve

0.5 V(cff) ( j J stage gain: 100
5 mV(et) ) ) & 6

mixer valve (octode) 50 «Viein t Ur ■.aerial 18 X«) g6
Conversion gain factor: 100

factor: 3

2. Selectivity
Attenuation on detuning + 4.5 and —

8 and —
13 and —

4.5 kc/s: 1 ; 10
•> + 

+
8

13
I : 100
1 : 1,000

Automatic
1 X

gain control curve:
normal input voltage corresponds to 1 X normal output volta;

5 X >> „ 5 X ,, ,
10 X .. .. „ 18 X

100 x .. 30 X
1,000 x .. „ 42 X ., ,, ,,



XII. 4-Valve receiver for reception of local stations
Valves used: “Miniwatt” EF 6, CL 4, CY 1, C 1.
This small, “straight” receiver for A.C./D.C. mains operation has three wavebands 
and is similar to the A.C. model, Circuit VIII, with the exception of the heater-supply 
and high-tension circuits. The heating circuit is as shown in the diagram. When the 
half-wave rectifying valve CY 1 is fitted, the receiver is suitable for A.C. and D.C. mains 
of 220—250 V, but details of a voltage-doubling arrangement employing the full-wave 
rectifying valve CY 2 are also given; in this case the receiver will also operate on 110— 
127 V A.C. mains when the points marked “110 V” in the diagram are short-circuited. 
With the points “220 V” shorted, the circuit is the same as for the CY 1 and the set 
can be run on A.C. and D.C. 220—250 V supplies. Where the voltage-doubling circuit 
is employed, that is, on 110—127 V A.C. mains, the barretter C 1 is replaced by a 
resistor of 175 ohms (10 W) or, if no pilot lamp is to be fitted, it is advisable to 
use the C 2 instead of this resistor.

Circuit given without any guarantees in respect of patent rights.

As one side of the mains is connected to the chassis, capacitors are placed in series 
with the aerial, earth and pick-up connections x); the chassis must therefore never 
be earthed and, moreover, should be mounted in the cabinet in such a manner that 
it cannot be touched without breaking the mains connection.
For gramophone reproduction the EF 6 operates without any biasing resistor or 
decoupling capacitor, since the pick-up is insulated from the mains by capacitors 
C'1O and On and will not earth the grid; it is therefore not possible to apply bias to 
the grid of the EF 6.
The anode voltage is smoothed by two electrolytic capacitors of 32 pF (320 V) and 
an 8 H choke. For details of the coils see page 344.

’) In tills circuit the capacitor (10,000 ppk") in series with snitch II has been omitted in error.
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XIII. 6-Valve superheterodyne receiver
Valves used: “Miniwatt” KF 3, KK 2, KF 4, KB 2, KC 3, KDD 1.
This circuit possesses excellent characteristics, being equipped with an R.F. pre
amplifier and a balanced output stage delivering 2 W. The wavebands covered are 
as follows:

Long waves 875—2,110 m 
Medium waves 200— 569 m 
Short waves 17— 51 m.

Batteries
1) H.T. battery 135 V
2) Grid-bias battery 3 V
3) Accumulator 2 V.

For the grid bias part of the voltage from the H.T. battery may be tapped, instead 
of using a separate battery.

Current consumption
The filament current is 0.77 A: when the set is used for gramophone reproduction 
the KF 3, KK 2 and KB 2 are switched off and the filament current is then only 
0.5 A. Without an aerial input signal the H.T. current is about 12 mA, whilst with 
maximum excitation of the output valve the consumption is roughly 36 mA. When 
the set is used as a gramophone amplifier the anode current without a signal is 8 mA 
and with full excitation 32 mA.

Coils, capacitors and circuits
The medium-wave R.F. coils have a self-inductance of 160 pH and the long-wave 
coils 2,150 juH; the inductance of the short-wave coils is adjusted to approximately 
1.3 /zH in the receiver.

The R.F. coils are wound on a 20 mm diameter former, the wire used for the medium 
waveband being 15 X 0.05 Litz, whilst for the long waves enamelled copper wire of 
0.1 mm is employed. The short-wave coils are wound on separate formers with 1 mm 
enamelled wire. The numbers of turns on the coils for the first and second R.F. circuits
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are not the same, as the self-inductance values should be similar under varying con
ditions, The first coil is inductively coupled to the aerial and trimming in the medium- 
and long-wave bands is carried out with the two coils S, and S2 short-circuited; in 
both ranges the voltage gain amounts to a factor of about 5, The second R.F. coil 
is connected directly to the anode circuit of the R.F. valve, which means that the anode 
voltage occurs across the plates of the tuning capacitor, and if the latter is not 
suitable for this purpose an insulating capacitor of sufficiently high capacitance must 
be used.
Stray capacitance between the R.F. circuits should be kept as low as possible. On 
the medium waveband an oscillator coil of 128 fiH. is used and on long waves a coil 
of 987 /zH, the long-wave padding capacitor being shorted simultaneously with the 
coil. Resistor R13 is a damping resistor for the suppression of parasitic oscillation. 
The short-wave oscillator coil is wound on the same former as the medium and long
wave oscillator coils. Padding capacitor values are approximately 2,500 /uyF for the 
medium waves and 700 /z/zF for the long waves, the latter value being obtained by 
connecting about 1,000 /z/zF in series with the medium-wave capacitor; the padding 
capacitor C38 in the short-wave oscillator circuit also serves to provide capacitive 
reaction.
The wave-change switch should be so arranged that when the receiver is switched 
from the long to the medium-wave band, the tuning coil S12 cannot be shorted in 
advance of the coupling coil S,,.
The intermediate frequency is 125 kc/s and the self-inductance of the I.F. coils is 
about 17.5 mH, tuning to 125 kc/s being affected by variable capacitors of approxim
ately 140 /z/zF. Coupling between the two circuits is critical in the case of both the I.F. 
transformers and, since the two circuits of the second of these transformers are damped 
by the double-diode KB 2, the coupling between these two coils has to be tighter 
than in the first transformer; this explains why the spacing of the coils in the first 
transformer is 17 mm and that of the second 8 mm.
Calculating from the aerial to the control grid of the octode, the gain to be obtained 
in this receiver amounts to a factor of about one hundred on both medium and long
wave bands. Normally such a high gain would not be practicable in view of the higher 
harmonics of the signal frequency, wliich would produce too much interference in 
the form of whistles, but due to the high sensitivity of the circuit and the very flat 
A.G.C. characteristic the conductance of the R.F. valve is reduced by such a high 
grid bias on reception of practically all the stations concerned that the maximum 
R.F. gain is seldom obtained. However, on very weak stations which hardly come 
into consideration for general reception, when the R.F. amplification is at its highest 
faint whistles will be audible.

Valves
The R.F. valve has 80 V applied to both anode and screen, the total current passing 
through the valve thus being only 0.8 mA; a resistor, Rj5, of 64,000 ohms is used 
to reduce the battery voltage to the required 80 V.
The R.F. voltage is transformed into an I.F. voltage by the octode KK 2, the cur
rent consumption of which on the medium and long-wave bands is only 3.3 mA. 
A potential of only 45 V is therefore applied to grids 3 and 5. To ensure reliable 
oscillation on the short-wave band, the voltage on these grids has to be increased to 
60 V on that band and the current consumption is then 4.3 mA. In order to dispense 
with the switch necessitated by this arrangement, it is possible, however, to run 
the octode with 60 V on the 3rd and 5th grids on medium and long waves as well, 
but the current consumption is then naturally higher.
Automatic gain control is applied to the octode in the medium and long-wave ranges 
whereas on short waves a fixed potential of —1.5 V is applied to grid 4; this potential 
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is used as the minimum grid bias for the octode on the medium and long-wave bands, 
as well as for the R.F. and I.F. amplifying valves. A lower bias can of course be used to 
increase sensitivity, but the anode current will then be somewhat higher.
The R.F. pentode KF 4 serves as I.F. amplifier, taking a total current of 2.3 mA 
with a grid bias of —1.5 V; this valve is not included in the A.G.C. system. The 
intermediate frequency is rectified by one of the diodes of the KB 2, the other diode 
being employed for A.G.C. purposes. The cathode of the KB 2 is connected to a 
tapping on the H.T. battery and the load resistor of the A.G.C. diode is 
at a potential of —1.5 V, so that the controlled valves also receive this bias when 
the control is not in operation. Consequently, the A.G.C. diode is held at a certain 
threshold potential which delays the control. If a voltage of 12 V (+ B 2 in the circuit 
diagram) is applied to the cathode of the double-diode, the control will commence 
working, roughly speaking, when the output valve is fully excited, assuming a signal 
modulated to 30 %. Owing to the strong signals occurring on the diode, the control 
characteristic, as from the threshold point, is extremely flat.
To drive the Class B output stage the triode KC 3 is used, this valve taking a current 
of 2.5 mA on a grid bias of —3 A7. Two resistors, Re and R7, each of 100 ohms, are 
connected across the bias battery; the latter therefore has to deliver a current of

200 • 103 = 15 mA, so that when the anode current falls the grid bias is also reduced, 
thus preventing the KC 3 from operating on the curved part of the characteristic, 
with consequent serious distortion. The accumulator switch should be of the double
pole type as shown in the circuit, to break the grid-bias current when the set is 
switched off.
The resistors R3 and R- serve also as a potential divider for the bias to be applied to 
the other valves.
Current from the biasbattery—as also the anode current — flows in the lead marked —B, 
but in the opposite direction, and a milliammeter used for measuring the anode 
current of the receiver must not therefore be connected in that lead, but in the lead 
marked +B 1.
The different leads connected to the grid of the driver valve KC 3 must be as short 
as possible, to avoid A.F. oscillation; should they be at all lengthy, they should 
be screened and the screening adequately earthed. The driver transformer should 
have a ratio of 2 : (1 + 1); if this is any higher the maximum obtainable output 
is less, whilst if it is smaller the distortion is increased. Care should be taken, further, to 
ensure that the inductance of the primary winding is high enough to guarantee satis
factory low-note response. The correct number of turns for the primary is 2,500, 
with 2 X 1,250 turns on the secondary and a cross-sectional area of the iron core 
of 2.5 cm2. The primary inductance is 14 H at 50 c/s, with a primary direct current 
of 2.5 mA.
The output valve KDD 1 comprises two matched, high-gain triodes, the anode cur
rent, of which without a grid input signal or bias, is extremely low, being only 3 mA 
for the two triodes together; as soon as a signal is received at the grid, the current 
rises, reaching 28 mA at the maximum output of 2.2 AV. Practically speaking, therefore, 
this valve constitutes an appreciable load on the H.T. battery only when signals 
are being received and not in the intervals between signals.
The output transformer should be designed to give a matching resistance of 10,000 
ohms between the anodes of the output valve and, to suppress any tendency towards 
accentuated treble response, capacitors of 5,000 ppF are connected across the primary 
windings. Capacitor C37, which in conjunction with the variable resistor Rl7 is 
placed across the whole primary winding, serves as a tone control. Resistor R17 
should be at least 0.1 megohm; otherwise too much of the power delivered by the 
KDD 1 will be absorbed.
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The amplification of the KC 3 is not sufficient for gramophone reproduction and the 
I.E. valve KF 4 is therefore used alternatively as an A.F. amplifying valve. Resistor 
Z?9, which decouples the anode voltage on radio reception, functions as a load resistor 
for gram, reproduction, whilst C23 is a decoupling capacitor on radio and a blocking 
capacitor on gram.
As the leads to the pick-up sockets are usually fairly long, they should be screened. 
The signal from the pick-up is applied to the grid of the KF 4; capacitor (71S, of 
200 ppR, provides a sufficiently liigh impedance to the A.F. voltages to prevent the 
pick-up from being shorted by the coil 8^, and this capacitor is also large enough to 
allow the I.F. voltage present during radio reception to pass without attenuation 
to the grid of the KF 4, so that it is not .necessary to employ a separate switch. It 
is essential, however, when changing back from gramophone to radio reception, to 
remove the pick-up plugs from the set, although if it is found preferable to leave them 
connected a separate switch can be provided to break the connection.
On gramophone reproduction the KF 4 receives no bias, since the pick-up is connected 
to the chassis, in consequence of which the gain, and also the anode current of this 
valve, will be slightly higher.

TECHNICAL DATA
1. Sensitivity (for 50 mW output) on the medium and long-wave bands:

I.F. signal:
at the diode
at the grid of the I.F. valve

R.F. signal:
at 4th grid of octode
at the grid of the R.F. valve 
at the aerial

0.9 V(eff) (
30 mV(effj s )

1 mV(etf)
50 pV(eff) /
10 /«V(eff) 5

I.F. stage gain: 30
Conversion gain factor: 30

ç R.F. stage gain: 20 
Voltage gain factor: 5.

2. Selectivity
Attenuation on detuning +

+
,, „ +

4.5 and — 4.5 kc/s: 1 : 10
8 and — 8 „ 1 : 100

13 and — 13 „ 1 : 1,000

The following points are taken from the control characteristic.
3. Automatic gain control curve: ( + B2 = 12 V).

1 X normal input voltage corresponds to 1 X normal output voltage
5 X 5 X

10 X ,, 9 X
100 x „ H X

1,000 X „ 20 X
10,000 x „ 25 X
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TABLE OF COILS

Coil Number of 
turns Self-inductance

Dia. of 
wire 
(mm)

Type of 
wire

SI 13 Approx. 8 pH 0.1 Enamelled,
82 160 Approx. 800 mH 0.1 ,,
S3 570 S2 + S3 = appr. 10.5 mH 0.1 31
S4 10 Approx. 1.3 /zH *) 1 31

85 2 X 49 160 ^H *) 15 X 0.05 Litz
86 263 85 + S6 = 2,150 /zH *) 0.1 Enamelled
87 9 approx. 1.3 pH 1 ,,
88 2 x 48 160 /zH 15 x 0.05 Litz
S9 249 S8 + S9 = 2,150 /zH 0.1 Enamelled
810 6 approx. 1.3 pH 0.5
Sil 67 128 /zH 0.1 ..
S12 165 SU + S12 = 987 /zH 0.1 ,,
S13 6 — 0.1 ..
S14 40 — 0.1 ..
S15
S16 )
S17 1

67 — 0.1

S18 1
S19 )

1,080 approx. 17.5 pH 0.1

*) measured with shorted coupling coil.



XIV. 6-Valve superheterodyne receiver
Valves used: “Miniwatt” KF 3, KK 2, KF 3, KBC 1, 2 x KL 4.
This is a modified version of Circuit XIII for a 6-valve battery receiver; in place of 
the double-triode KDD 1 in the output stage, two output pentodes KL 4 are used in 
Class B. The maximum output delivered is slightly lower, but the quality of repro
duction is better, owing to the absence of grid current in the output stage.
The KBC 1 is used as driver, the anodes of this valve being employed for detection 
and delayed A.G.C. respectively. A 7.5 V grid-bias battery is required for the output 
stage.
Delay for the A.G.C. system is obtained from the potential divider, consisting of 
Rw, Rle and and connected between the negative side of the G.B. battery and 
L.T. positive. As the diode anode used for the A.G.C. is located near the positive 

1.3end of the filament, the delay is about — (7.5 q. 2) = 5.4 V.

Obviously the potential divider R16-R17 reduces the control voltage somewhat, but the 
A.G.C. is nevertheless sufficiently effective. As the A.F. sensitivity of this circuit is 
higher than that of the receiver employing the KDD 1, the variations in the alternating 
voltages in the anode circuit of the I.F. valve are not so great and this valve can be 
included in the A.G.C. circuit; it is thus possible to use the KF 3 instead of the KF 4. 
In view of the fact that the R.F. valve is also controlled, it is not necessary to control 
the frequency-changer and the inevitable frequency drift is avoided. The A.F. sensi
tivity is adequate for record playing and in this case the I.F. valve need not function 
as pre-amplifier for that purpose.
For data regarding the tuned circuits, reference may be made to the receiver incorpcr
ating the KDD I.
A driver transformer wiht a ratio of 1 : (1.5 + 1.5) is used in the output stage.
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XV. 6-Valve superheterodyne receiver
Valves used: “Miniwatt” KF 3, KK 2, KF 3, KB 2, KF 4, KL 4.
This circuit differs from Circuit XIV in the arrangement of the output, detector and 
A.F. amplifier stages; only one pentode KL 4 is used instead of two in Class B, with 
the KF 4 as resistance-coupled pre-amplifying valve.
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XVI. 4-Valve superheterodyne receiver
Valves used: “Miniwatt” KK 2, KF 3, KBC 1, KL 4.
This is an extremely simple receiver without an R.F. stage, the sensitivity being, 
therefore, relatively low. The three wavebands covered are as follows:

Long waves 875—2,100 m 
Medium waves 200— 559 m 
Short waves 17— 51 m.

Batteries
1) H.T. battery 135 V
2) Grid-bias battery 7.5 V
3) Accumulator 2 V.

Instead of a separate grid-bias battery, a tapping on the H.T. battery may be used.

Coils, capacitors and circuits
In the medium and long-wave bands the frequency-changer is preceded by a band
pass filter, but on short waves this gives place to a single tuned circuit. The self-induc
tance values of the R.F. coils are 160 /zH for the medium-wave band and 2,150 pH for 
the long waves; the inductance of the short-wave coil is adjusted to about 1.3 pH 
in the receiver. The R.F. coils are wound on a former 20 mm in diameter, with Litz 
wire 15 X 0.05 mm for the medium-wave range and 0.1 mm enamelled copper wire 
for the long waves; the short-wave coil is separate.

¿8064
Fig. 1 

Sketches of the coils.

In the medium-wave band the oscillator-coil inductance is 128 pH and in the long-wave 
range 987 /<H, the padding capacitor for the latter waveband being switched simul
taneously with the coil. Ip is a damping resistor for suppressing parasitic oscillation. 
The short-wave oscillator coil is wound on the same former as the other oscillator coils. 
Padding capacitor values should be approximately 2,500 ppF for the medium-wave 
band and about 700 ppF for the long waves, the latter value being obtained by connect
ing roughly 1,000 ppF in series with the medium-wave padding capacitor.
C13 fulfils a double function in serving also to estabfish capacitive coupling. The 
wave-change switch should be so arranged that when the receiver is switched from 
the long-wave to the medium band, there is no chance of shorting-out the tuning 
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coil Ss in advance of the coupling coil zSu. The intermediate frequency is 125 kc/s and 
the inductance of the I.F. coils is about 17.5 mH, the I.F. being adjusted to 125 kc/s 
by means of variable capacitors of capacitance about 170 ppF; the coupling between 
the circuits of both I.F. transformers is critical. The secondary side of the 2nd I.F. 
transformer is damped by the detector diode and the coupling of the two coils of this 
transformer should therefore be tighter than in the first transformer; hence the spacing 
of 17 mm between the coils in the first and only 8 mm in the second I.F. transformer.

Valves
The mixer valve is the KK 2, grids 3 and 5 of which are at a voltage of only 45 V 
on the medium and long-wave bands; on short waves this is increased to 60 V. On 
the former wavebands the octode is included in the automatic gain control circuit, 
but for short-wave operation a fixed bias of —1.5 V is applied to grid 4.
The KF 3 is used as the I.F. valve and is controlled by the A.G.C.; the intermediate
frequency signal is rectified by the parallel-connected diodes of the KBC 1.
The A.G.C. is not delayed, the control voltage being derived from the load resistor 
in the detector circuit; a negative potential exists across this resistor even in the 
absence of a signal, so that it is not necessary to provide a separate bias for the KK 2 
and KF 3 valves. The output valve KL 4 is resistance-coupled to the triode section 
of the KBC 1.

TABLE OF COILS

Coil Number 
of turns Self-inductance Type of 

winding
Dia. of 
former 
(mm)

Dia. of 
wire 
(mm)

Type of 
wire

SI 2x48 160 pH *) wave 20 15x0.05 Litz
82 249 SI + S2 = 2,150 pH 20 0.1 Enamel
S3 2x48 160 pH 2) 20 15x0.05 Litz
S4 249 S3 + S4 = 2,150 /zH 20 0.1 Enamel
S5 9 approx. 1.3 /zH close 20 1 ,,
S6 6 approx. 1.3 pH ,, 20 0.5 ,,
S7 67 128 /zH 3) wave 20 0.1
S8 165 87 + S8 = 987 ^H ,, 20 0.1 ,,
S9 6 — close — 0.1
S10 40 .— wave 20 0.1 ..
Sil 
S121
S13

67 — 20 0.1

S14
815 J

1,080 approx. 17.5 mH 12 0.1

') S2 shorted. 2) S4 shorted. 3) S8 shorted.
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XVII. 4-Valve superheterodyne receiver

Valves used: “Miniwatt”: KCH 1, KF 3, KBC 1, KL 5.
This is a simple battery superhet, of relatively low sensitivity, namely 180 p\r on 
the medium- and long-wave bands. It has three ranges, viz:

Long waves 830—2,000 m 
Medium waves 200— 547 m 
Short waves 15— 48 m.

Automatic gain control is applied to the frequency-changer and I.F. valve on all 
the wavebands.

Batteries
1) H.T. battery 120 V.
2) Accumulator 2 V.

The A.F. and output valves are self-biased by means of resistors.

Coils, capacitors and circuits
On the medium- and long-wave ranges the mixer valve is preceded by a capacitively- 
coupled band-pass filter. The variable capacitor is of 20 to 500 ppF and, taking into 
account a minimum capacitance on the medium and long-wave bands of 50 and 
70 ppF respectively (trimmers, wiring, etc.) and also the capacitance of the band-pass 
filter coupling capacitor which is in series with the tuning capacitor, the capacitive 
variation on the medium-wave band is 70 to 527 ppF and on long waves 90 to 521 ppF. 
R.F. coils of inductance 160 pH and 2,150 pH then give a medium-wave band of 
199.5—547 m and a long-wave band of 829—2,000 m respectively.
On short waves a single R.F. circuit only is employed; the inductance of the short
wave coil is about 1.3 /«H.
The tuned R.F. circuit, on medium and long waves, is coupled to the aerial both 
inductively and capacitively, giving a fairly constant voltage gain factor of 3 throughout 
the ranges; on short waves the aerial coupling is purely inductive.
To minimize frequency drift, the oscillator circuit is connected to the anode of the 
triode part of the KCH 1, thus permitting the mixer valve to be controlled also on 
the short-wave band.
The medium and long-wave oscillator coils are wound on the same former (see Fig. 1) 
and the padding capacitors are in series with the coils; on the medium and long
wave bands, moreover, the “lower” end of the coupling coil is connected to the 
“upper” end of the padding capacitor to ensure a more uniform oscillator voltage 
over the whole of the wave-range.
No padding capacitor is fitted on the short-wave band.
The anode feed is applied through a resistor R„ the voltage being blocked from 
the oscillator circuit by capacitor C13 (parallel feed). On the medium-wave band the 
value of the padding capacitor should be about 538 ppF and on long waves approxim
ately 180 ppF, but the ultimate values depend on the minimum capacitance of the 
circuits. The grid capacitor C12 is 56 ppF, this giving reliable oscillation on the long
wave band, with a minimum of frequency drift on short waves.
The intermediate frequency is 470 kc/s. Iron-cored coils are fitted in the I.F. circuits 
and the quality of these circuits is accordingly very high; the inductance of the coils 
is about 1 mH and the value of the capacitors in the I.F. circuit should be 100 ppF; 
these capacitors should be of the best low-loss type if the required quality of the 
circuit is to be attained. These circuits are trimmed by means of iron cores, which 
are rotated to vary the self-inductance.



Valves
The frequency-changer is the 
triode-hexode KCH 1, the 2nd and 
4th grids of which are fed through 
the resistor R2 to suppress fre
quency drift.
To avoid possible parasitic oscilla
tion a stopper resistor R13 is con
nected to the 1st grid of this valve. 
The oscillator voltage on the 3rd 
grid of the hexode section (and 
grid of the triode) should be 
8 with 180 /zA passing
through R,.
The KF 3 is used as the I.F. valve, 
the screen being fed through a 
resistor; this valve is controlled 
by the A.G.C. For detection and 
A.G.C., the two diodes of the 
KBC 1 are employed, each of these 
diodes being connected to a tap
ping on the I.F. coils to reduce 
circuit losses. Delay for the A.G.C. 
is established in the first place by 
the fact that the diode anode used 
for this purpose is located near the 
positive end of the filament and, 
secondly, by the negative potential 
applied to this diode anode and 
obtained from the potential-divider 
Zi8, Ro, R1o. The valves controlled 
by the A.G.C. also receive their 
respective bias from this potential 
divider when the control is not 
operating. It is true that only one 
half of the available control voltage 
is obtained across Rs—R2, but this 
is quite sufficient to ensure a reas
onably straight control charac
teristic.
The A.F. voltage is applied to the 
grid of the KBC 1 through the 
volume control R-. and capacitor 
C24. The output valve is the KL 5, 
which operates on a filament cur
rent of only 0.1 A; with 120 V on 
anode and screen, this valve will 
deliver an output of 0.38 W. The 
total current to be supplied by the 
H.T. battery is approximately 
14 mA.
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37 37 30

Fig. 1
Sketches of the coils used in the 4-valve receiver.



TECHNICAL DATA
1. Sensitivity (for 50 mW output) in the medium and long-wave bands:

at the diode
at the I.F. valve
at the mixer valve

s, fLK stase sain: 30
XT I Conversion gam factor: 40

2. Selectivity
at the aerial

Attenuation on detuning + 4.5
+ 8
+ 13

and — 
and — 
and —

4.5 kc/s: 1 : 10
: 100
: 1,000

8
13

1
1

3. Automatic gain control curve
1 X normal input voltage corresponds to 1 X normal output voltage
5 X „ 3 »’ J* 5’

io x ....................... „ 4 X 33 >»
loo x „ 8 X ,, >.

1,000 X ........................... ,, .. 16 X <>

TABLE OF COILS

Coil Number 
of turns Self-inductance Type of 

winding
Dia. of 
former 
(mm)

Dia. of 
wire 
(mm)

Type of 
wire

SI 13 _ close 14 0.1 Enamel
S2 180 — wave 17 0.1 >3
S3 680 — .. 17 0.1 3 3
S4 13 approx. 1.3 pH close 14 1 >,
S5 2X58 160 /zH 9 wave 17 15x0.05 Litz
S6 310 S5 + S6 = 2,150 /zH 2) .. 17 0.1 Enamel
S7 2X57 160 /zH 3) 17 15X0.05 Litz
S8 294 S7 + S8 = 2,150 /zH 3) .. 17 0.1 Enamel
S9 7 approx. 1.3 pH close 17 0.5 >3
S10 59 75 pH wave 17 0.1 ,,
Sil 118 320 .. 17 0.1 ,,
S12 7 — close 17 0.1
S13 35 — wave 17 0.1
S14 40 — .. 17 0.1 >,
S151 Iron

coreS16
S17 2x130 — ,, 5x0.07 Litz

S18 7 mm

x) 82, S3 and S6 shorted.
2) S2 + S3 shorted in series
3) S3 shorted.
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XVIII. 4-Valve, 2-circuit cascade receiver
Valves used: “Miniwatt” KF 4, KF 4, 2 X KL 4.
This is a simple receiver circuit employing an R.F. stage and grid detector with 
reaction. The three wavebands are as follows:

Long waves 805—2,080 ni
Medium waves 199— 558 m
Short waves 15— 50 m.

Needless to say, the requirements to be imposed on a receiver of this type must not 
be too severe; if the set is to be used in the vicinity of a local transmitter it will be 
necessary to include a wavetrap in the aerial.

Circuit given without any guarantees with respect to patent rights.
¿1073

Inductive coupling of the aerial is adopted in order to provide uniform sensitivity 
throughout the wavebands and to minimize the effect of the aerial upon the losses 
and tuning of the circuit.
Capacitors of 20 to 500 pf, in conjunction with a self-inductance of 160 /zH, will 
give a medium waveband of 199 to 558 m, and -with 2,150 /«II a long-wave range of 
805—2,050 m. The inductance values of the aerial coils S2 and S3 are 800 and 10,750 pH 
respectively. As the wiring affects the short-wave inductances, it is not possible to 
give an exact figure for that waveband, but the number of turns indicated in the 
Table of Coils will give roughly the required range; the inductance values may be 
corrected in the receiver by adjusting the spacing of the turns on the coils.
The R.F. valve is the KF 4 and the volume is controlled by varying the filament 
current of this valve, which, moreover, operates on a fixed grid bias of —1.5 V. In 
the second circuit the same self-inductances are employed as in the first, although 
the numbers of turns are slightly fewer, since there are no coupling coils in this circuit. 
The same coupling coil serves both the medium and long-wave bands.



Pentode KF 4 is used as grid detector and the output stage is coupled to it by a driver 
transformer of ratio 1 : (1.5 + 1.5).
As shown in the circuit diagram, the winding of the latter is in two equal sections, 
with the two primary windings in parallel. This ensures a symmetrical arrangement, 
with equal capacitances of the windings on the grids of the valves. A resistor of 
20,000 ohms is connected across the primary side of the transformer, to ensure uniform 
frequency response. The grid bias for the output valve should be adjusted so as to 
give a total combined current on the two output valves of about 3 mA, with no signal. 
Sensitivity depends on the. setting of the reaction control, but averages about 4(10 pV.

TABLE OF COILS

Coil Number 
of turns Self-inductance Type of 

winding
Dia. of 
former 
(mm)

Dia. of 
wire 
(mm)

Type of 
wire

SI 13 __ close 20 0.1 Enamel
S2 .175 approx. 800 /<H wave 20 15X0.05 Litz
S3 580 approx. 10,750 mH ,, 20 0.1 Enamel
S4 9 — close 20 1
S5 2x48 160 /tH @ wave 20 15X0.05 Litz
S6 258 S5 + S6 = 2,150 //H 2) .. 20 0.1 Enamel
S7 9 — close 20 0.15 ..
S8 28 — wave 20 0.1 ..
S9 8 — close 20 1
S10 2x47 160 pH 3) wave 20 15x0.05 Litz
Sil 250 S10 + Sil = 2,150 /(H 20 0.1 Enamel

’) .82, S3 and SO shorted.
2) S2 and S3 shorted in series.
3) Sl.l shorted.
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XIX. 3-Valve, 2-circuit cascade receiver

Valves used: “Milliwatt” KF 4, KF 4, KL 4.
This circuit differs from Circuit XVIII only in the output stage, which incorporates 
a single pentode instead of two of these valves in Class B. The output valve is resis
tance-coupled to the grid of the KF 4.

a own a srhcts
x»«.7 mt euwrrtf as ro nrtt.nirrts

Circuit.



XX, 2-Valve receiver for local stations

Valves used: “Miniwatt” KF 4, KL 4.
'This simple little circuit is intended for the reception of local transmitters only. 
It has three wavebands, viz:

Long waves: approx. 900—2,000 m
Medium waves: „ 200— 550 m
Short waves: ,, 15— 50 m.

The KF 4, as grid detector, is followed by a resistance-coupled output pentode KL 4.

Circuit.

TABLE OF COILS

Coil
Number of 

turns
Type of 
winding

Diameter 
of former 

(mm)

Diameter 
of wire 
(mm)

Type of 
wire

Si 8 close 20 0.5 Enamelled
S2 108 .. 20 0.15 ,,
S3 2 x 132 wave 20 0.15 ,,
S4 11 close 20 0.15 ,,
S5 60 .. 20 0.1 ,,
S6 80 wave 20 0.1
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CIRCUITS
for small gramophone amplifiers



XXI. 25-Watt gramophone amplifier for A.C. mains operation

Valves used: “Miniwatt” EF 6, EL 3, 2 X 4689, AX 1.
This amplifier is equipped with Class A/B output, this stage comprising two type 4689 
valves. The first pre-amplifying valve is the EF 6 and the second the EL 3, connected 
as a triode. No separate rectifier is needed for the bias on the output valves, as these 
are self-biasing.
The loudspeaker matching impedance between anodes is 6,500 ohms and the EL 3, 
connected as a tridoe, appears to be the best valve for the purpose from the point 
of view of freedom from distortion; the anode of this valve is fed through a resistor 
in parallel with the primary winding of the driver transformer, and a blocking capa
citor is fitted to prevent the D.C. from flowing through and pre-magnetizing the 
transformer. The screen is connected through a 100 ohm resistor to the anode, the 
object of this, as also of the 50,000 ohm resistor connected to the control grid, being 
to prevent R.F. oscillation of this steep-slope valve. As the high gain in this circuit 
may give rise to hum, the anodes of the EL 3 and EF 6 are decoupled by an R-C 
filter.

Circuit, given without any guarantees with respect to patent rights.

The screen voltage for the output valves is tapped from a potential divider which 
itself consumes 15 mA. The two halves of the A.F. transformer have resistors of 
64,000 ohms in parallel with them for the purpose of smoothing the frequency response 
curve, but these resistors are superfluous if a very high quality transformer is 
used, namely with high inductance on no-load and low leakage. Capacitors of 5,000 /z./zF 
are connected across the anodes, also to improve the frequency response. The first 
pre-amplifier stage, using the EF 6, provides a stage gain of about 10, but greater 
amplification is not necessary, seeing that in this circuit an input signal of about 
0.1 V(eff) is sufficient for maximum excitation of the output valves. This voltage is 
in excess of what the average pick-up will deliver.
The rectifier section employs the gas-filled rectifying valve AX 1, connected for full
wave rectification, and capacitors are fitted across the secondary side of the power 
transformer to suppress any interference that may originate in the valve. The smoothing 
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choke should be as large as possible, say 30 H, with a D.C. resistance of 180 ohms. 
A lamp is connected in parallel with the heaters of the valves to serve as a signal 
light. With a view to the acoustic properties of the amplifier, the loudspeaker is not 
mounted on the amplifier chassis and, in order to avoid the possibility of damage 
to the output valves when the speaker lead is disconnected from the amplifier sockets, 
a 4-pole jack should be used; two of the contacts are for the speaker itself and the other 
two make the connection between points A and B, so that when the plug is withdrawn 
the mains connection is simultaneously opened.

Total distortion, 2nd, 3rd, 4th and 5th harmonic distortion, as functions 
of the power measured at the loudspeaker.
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XXII. 15-W gramophone amplifier for A.C. mains operation
Valves used: “Miniwatt” AF 7, AL 4, 2 x 4683, AZ 1, 1815.
The output stage of this amplifier comprises two 15 W triodes type 4683 in Class B, 
with fixed bias; the second pre-amplifying valve is the AL4, connected as a triode and 
coupled to the output stage by a driver transformer having a ratio of I : (1.5 + 1.5). 
The AF 7 is used as first pre-amplifying valve, with a volume control in the grid circuit 
and a tone control in the anode circuit.

Circuit given without any guarentecs with respect to patent rights.

The. output triodes 4683 are given a fixed bias, since the optimum output power with 
automatic bias would be about 4.5 W less; the required bias is about —75 A7, this being 
supplied by another rectifying valve, the AZ 1, connected for half-wave rectification 
and operating on one half of the secondary winding of the power transformer. Together 
with the internal resistance of the AZ 1, capacitor C\- forms a potential divider which 
reduces the voltage across the secondary winding to the required level of 75 A7 D.C., 
and the voltage can be further adjusted by means of R,-, of 20,000 ohms. With 350 A7 
on the anode and J’;/ = —75 A7, the internal resistance of the 4683 is about 800 ohms, 
which means that the anode current is to a great extent dependent on variations in 
the anode voltage, i.e. about 1.3 mA per volt anode-voltage variation for each valve. 
It is therefore always advisable to adjust the bias on the output valves so that the 
total current consumed by the amplifier, with no signal, will be about 75—80 mA, 
as measured with the milliammeter connected across points A and B. The resistor 
R,5, of 0.2 megohm, and capacitor C^, of 0.5 pF, are for smoothing the grid bias.
The driver transformer, the ratio of which, as stated, is 1 : (1.5 + 1.5), is so connected 
that it does not carry any current.
The value of capacitor C. is 1 pF, this being a suitable value to favour the bass 
response. The first pre-amplifying valve is the AF 7, with the volume control R, of
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Fig. 1
Distortion in the output stage o 
tile amplifier as a function of the 
power,measured at the loudspeaker

1 megohm in the grid circuit; a tone control, consisting of a potential divider R, 
(0.5 megohm) and capacitor Ci (16,000 ppF), is connected across the anode circuit. 
The value of the coupling resistor of the AF 7 has been so selected that an alternating 
voltage of 0.15 Veft applied to the input terminals of the amplifier will fully load 
the output valves.
For the valve feeds, the full-wave rectifying valve 1815 is used, with an electrolytic 
capacitor C'13 of 8 pF (550 V), a choke of 20 H (180 ohms) and a second electrolytic 
capacitor Cl2 of 32 pF (450 V) for the smoothing. Anode voltages for the two pre
amplifying valves AF 7 and AL 4 are smoothed separately by filters Rti = 0.2 megohm, 
C3 = 8 pF and Rle = 20,000 ohms, = 0.5 pF.

Fig. 2 
Frequency response of the 
amplifier.
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XXIII. 6-Watt gramophone amplifier for 220 V A.C./D.C. mains

FaZre-s used: “Miniwatt” EF 6, 2 X CL 4. CY 2, C 1.
This 220 V A.C./D.C. amplifier circuit is of simple design, employing only three 
amplifying valves, viz. the pentode EF 6 and two output pentodes CL 4; the first of 
these is the pre-amplifier, connected as triode, with a resistor of 100 ohms between 
the anode and the screen grid to suppress parasitic oscillation. The volume and tone 
controls are both in the grid circuit of this valve, the former consisting of a logarithmic 
potential divider of 1 megohm and the latter a logarithmic potential divider with 
a 4,000 ppF capacitor. A filter is also included in the input circuit, comprising a 
resistor of 0.1 megohm and 640 ppF capacitor, for the purpose of flattening out

¿S07B
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Circuit given without any guarantees in respect to patent rights.

the frequency response characteristic, which is fairly straight up to 7,000 c/s. The 
output stage, comprising twro output pentodes operating in Class A/B, is coupled to 
the EF 6 by a driver transformer the ratio of which is 1 : (1.5 + 1.5).
The valve heaters are connected in series, as shown in the circuit diagram, i.e. from 
the chassis end, the EF 6, the two CL 4 valves, rectifying valve CY2, barretter C1 and 
a signal lamp 8064; this sequence will ensure the least possible amount of hum. 
Resistors of 125 ohms are connected to the anodes of the CY 2 to protect the rectifying 
valve, and smoothing is provided by two electrolytic capacitors of 32 pF (320 V), with 
a choke of 20 H (180 ohms). The anode voltage of the pre-amplifying valve EF 6 is 
further smoothed by a resistor of 40.000 ohms with a 0.5 pF decoupling capacitor. 
The effective output as measured at the loudspeaker is 6.2 W with 5 % distortion on 
an input of about 0.27 Vcff to the amplifier.
The input terminals of the amplifier are connected through capacitors of 20,000 ppF, 
and as they are therefore isolated from the mains they can be safely handled. On the 
other hand, the chassis is at mains potential and should for the sake of safety be mounted 
in a suitable cabinet. It is advisable to locate the input terminals as far as possible 
from the speaker terminals.
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Fig. 1
Distortion in the output stage of the amplifier as a function of the out put 

power measured at the loudspeaker.

Fig. 2 
Frequency response characteristic of the amplifier.

A.F current passing through the loudspeaker as a function of th? 
frequency.



XXIV. 2-Watt gramophone amplifier for 110 V A.C./D.C. mains
Valves used: “Miniwatt” EF 6, 2 X CL 6, CY 2.
This circuit is for 110 V A.C. or D.C. mains operation. Owing to the fact that the anode 
voltage of the output stage is lower, the optimum output is not so great as in the case 
of Circuit XXIII. The output stage comprises two CL 6 valves in a balanced circuit.

Circuit given without any guarantees with respect to patent rights.

The pentode EL 6, connected as a triode, serves as pre-amplifying valve; to conserve 
voltage, the anode voltage of this valve is not separately smoothed, but this does 
not result in any noticeable hum.
The 125 ohm resistors in series with the anodes of the rectifying valve in Circuit
XXIII are omitted here, in view
quency-response curve is the same

of the lower voltage. Otherwise, the fre-
as that of Circuit

power measured on a mains supply of 110 V is shown

at the loudspeaker.

XXIII and the output 
against the distortion in 
Fig. 1. The power at the 
loudspeaker is 2.2 W with 
10 % distortion, the input 
required to produce this 
being about 0.27 Xeg. 
The matching resistance 
in the output stage, 
measured between anodes, 
is 3,000 ohms.
The common biasing 
resistor for the output 
valves should be 95 ohms 
and this can be made up 
by using one 1 W, 100 ohm 
resistor and one 0.5 W, 
2,000 ohm resistor in 
parallel. In place of the 
baretter in the previous 
circuit, a resistor of 20 
ohms, 1 W, is employed,
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Philips measuring instruments 
for 

laboratories, workshops and test stations



Philips Valve Tester “Cartomatic I” GM 7629

Fig. 1
Philips Valve Tester “Uartomatic I” type GM 7629.

Philips Valve 
Tester GM 7629 
is a service in
strument capable 
of performing all 
the usual tests on 
radio valves, as 
well as current, 
voltage, capacit
ance and resist
ance measure
ments.
All the settings 
of the instrument 
are effected auto
matically by 
means of a con
tact box having 
140 contacts (see 
Fig. 2) and suit
ably perforated 
cards (Fig.3).
Only those con
tacts which arc 

opposite to the perforations can be closed, and the correct strappings for the currents 
and voltages required for the measurement are therefore automatically established. 
Measurement is extremely simple, quick and reliable, and the required cards are 
supplied with each unit.
The 140 conical, silver-plated contact pins are disposed opposite solid silver contact 
plates which are automatically maintained in a bright condition by the friction set 
up by the closing of the contact box. The latter also contains a safety contact, by means 
of which the mains circuit is closed only when the card has been correctly inserted.

¿1270

Fig. 2
Uonfact box with 140 contacts.

¿1271

Fig. 3 
Perforated curd
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The unit is equipped with 12 different types of valve-holders to accommodate almost 
every current type of valve base, British, Continental and American.
A particularly sensitive milliammeter is fitted, capable of giving full deflection on 
0.5 mA, all the moving parts being of extremely light construction. The scale, which 
can be quickly read, is 80 mm in length, with an overall diameter of 105 mm, and the 
instrument is protected by a rectifier connected in parallel with it; a choke is included 
in series with this rectifier in order that the measurement of pulsating direct voltages 
may not be affected. For the measurement of the emission of all types of valves a 
special circuit is provided, whereby the limit at which a valve may be regarded as 
being no longer serviceable is in every case at the same point on the scale; if the 
pointer does not deflect beyond this point, in the red area on the scale; the valve 
emission is inadequate. It is therefore not necessary to work with tallies of the limits 
at which different valves are considered to have lost their emission, thus effecting 
a considerable saving of time and trouble.
VALVE MEASURING
By operating in succession the eight switch buttons on the right-hand side of the 
panel, the requisite card having been duly inserted in the contact box and the latter 
closed, or not, a valve may be tested very quickly under the following headings:

1. Broken filament
2. Shorting electrodes
3. Contact between metallizing and relative pin.
4. Insulation between electrodes of “hot” valve.
5. Adequate emission
6. Mutual conductance
7. Open-circuited leads to the electrodes.

RANGES FOR D.C. MEASUREMENTS
Range

10 —500 V
2 —100 V
1 — 50 V 
0.2— 10 V

Internal resistance 
500,000 ohms 
100,000 ohms 
100,000 ohms 
20,000 ohms

Current consumption
1 mA
1 mA

0.5 mA
0.5 mA

RANGES FOR A.C.
Range

MEASUREMENTS
Internal resistance Current consumption

50—500 V 500,000 ohms 1 mA
10—100 V 100,000 ohms 1 mA
5— 25 V 25,000 ohms 1 mA
I— 5 V 5,000 ohms 1 mA

RANGES FOR D.C.

RANGES FOR A.C.

MEASUREMENTS
Range

20 —1,000 mA
10 — 500 mA
2 — 100 mA
0.5— 25 mA
0.1— 5 mA

MEASUREMENTS
Range

100—1,000 mA
100— 500 mA

10— 100 mA
5 — 25 mA

Voltage drop 
0.1—0.25 V 
0.1—0.25 V 
0.1—0.25 V 
0.1—0.25 V 
0.1—0.25 V

Voltage drop 
5 V 
5 V 
5 V 
5 V
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RANGES FOR RESISTANCE MEASUREMENTS
50,000 ohms — 5 megohms
10,000 ohms — 500,000 ohms
1,000 ohms — 50,000 ohms

20 ohms — 4,000 ohms
1 ohm — 200 ohms

RANGES FOR CAPACITANCE MEASUREMENTS
10 — 200 pF

1 — 20 pF
0.1 2 pF
0.03 — 0.5 pF

1,000 — 30,000 ppF

MEASUREMENT OF ALTERNATING OUTPUT VOLTAGES
For the measurement of the alternating output voltage of a receiver, three cards 
are provided, for ranges of 25, 100 and 500 V

SHORT-CIRCUIT TEST
For detecting the presence of a short circuit, a neon tube is provided, which lights 
up when the test leads are shorted.

POTENTIOMETER FOR MAINS VOLTAGE
The unit is fitted with a potentiometer for the accurate adjustment of the mains 
supply, to ensure that all the tests are carried out at the correct potentials.

VALVES
AX 1
1823 or 506 K
2 X 4357
8041
9512

Full-wave rectifying valve for- the anode feed.
Full-wave rectifying valve for the grid bias.
Neon stabilizers for control- and screen-grid voltages.
Signal lamp to indicate broken filament.
Neon tube for short-circuit test.

MAINS CONNECTION
The unit incorporates a tapping switch for use on all the mains supplies from 100 to 
250 V, 50—100 c/s.

DIMENSIONS
Width 49 cm
Depth 40 cm
Height 28 cm

WEIGHT
Complete: 20 kg nett.
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Philips Universal Measuring Bridge “Philoscop” GM 4140

Fig. 1
Philips universal measuring bridge “Philoscop" GM 4140.

This is a new and very practical 
instrument for measurements of 
resistance and capacitance, which 
excels by reason of its small 
dimensions, light weight, low test 
voltage, extra high sensitivity, 
reliability and simplicity in opera
tion. The entirely new principle of 
the bridge circuit enables the unit 
to be employed for the most 
divergent purposes.
The “Philoscop” is adapted for 
feeding from all available A.C. 
mains voltages from 100 to 250 V 
and operated on frequencies be
tween 40 and 10,000 c/s; no 
batteries are required.
It is especially important when 
carrying out measurements on 
chemical solutions (electrolytes, 
etc.) that the instrument used can 
be fed with high-frequency current. 
The test voltage, obtained by 
transforming the feed voltage, is 

only 1 V, which means that low resistance values and high capacitances can be measured 
without difficulty; low value resistances otherwise quickly run a risk of being overloaded. 
The finely calibrated range of measurement is particularly wide, including as it does 
capacitances of 1 ppF to 10 pF and resistances of 0.1 megohm to 10 megohms, 
whilst by means of separate standard inductances it is also possible to measure self
inductances. The range, furthermore, can be extended to some hundreds of micro
farads or megohms.
The zero-indicator is not the usual type of pointer instrument but is a Philips electronic 
indicator EM 1, the action of which is not subject to any lag and which is, moreover, 
parallax-free ; this indicator contains a triode as amplifying valve, and the high sensiti
vity thus obtained is further augmented by a pre-amplifier stage with a pentode valve. 
A direct reading of all results is obtained from a single scale, accurate to within 2 %, 
which eliminates the old and cumbersome method of working with calibration curves. 
Zero-calibration is effected by means of the instrument itself. The “Philoscop” will be 
found an indispensable instrument in many kinds of laboratories and factory pro
duction departments.

TECHNICAL DATA
Ranges, using the built-in standard resistances and capacitances: 

Resistances: 0.1 ohm — 10 ohms
10 ohms — 1,000 ohms 

1,000 ohms — 0.1 megohm
0.1 M ohm — 10 megohms

Capacitances: 10 ppF — 1,000 ppF
1,000 ppF — 0.1 pF

0.1 ppF — 10 /zF



Capacitances between 1 ppF and 10 ppF can also be measured accurately, and the 
ranges may be further extended to some hundreds of /¿F and megohms by using 
separate standard resistances and capacitances.

Fig. 1 
Calibration of tin1 scale.

Self-inductances. These can also be mea
sured, by means of separate standard induc
tances.
Lois test voltage. The voltage on the 
bridge is not more than 1 A7, A.C.
Accuracy of measurement. The degree of 
accuracy in all ranges is 2 %, but when 
separatate standard resistances and capaci
tances are employed the accuracy may lie 
increased at least to 0.1 %.
Single scale. All results are read from one 
and the same scale.
Calibration by means of the instrument itself. 
By setting the switch to the “Calibrating” 
position, it is possible at all times to check 
the correctness or otherwise of the zero
adjustment.

( 'o> li> nt usly variable sensitivity. Owing to the fact that the sensitivity is continuously 
variable, approximate measurements may be made in quick succession at low 
sensitivity, whilst more accurate, readings may be taken with the sensitivity at its 
maximum.
7.ero indication without inertia or parallax. The electronic indica
tor functions without the slightest lag and is quite free from the effects 
of parallax, allowing quick and accurate readings.
.4. Supply. The unit is suitable for use on all lighting mains between 
100 and 250 V, and for all sources of alternating current at frequencies 
of 40—10,000 c/s.
D. C. Supply. If the bridge is to be used on direct-current mains, one cf 
the following auxiliary instruments will also be required:

“Vibraphil” vibratory converter Type 7710 for 110 V D.C., or
“Vibraphil” vibratory converter Type 7711 for 220 V D.C.

For use on a 6 V car battery, the “Vibraphil” vibratory’ converter 
Type GM 4226 is employed.
1000 cis supply. For the measurement of electrolytes, the bridge is fed 
with a voltage of frequency" 1,000 c/s, e.g. as supplied by" the A.F. oscilla
tor GM 4260, instead of the normal 50 c/s test voltage.
Mains voltage fluctuations. The bridge is not affected by variations in the mains 
voltage.
Insensitivity to mechanical vibration. Although the electronic indicator is extremely’ 
sensitive electrically, it is unaffected by" the usually unavoidable jarring and vibration 
occurring in everyday" use.
Consumption. On 220 V mains supplies the consumption of power is only 11 W.
Dimensions. The dimensions are quite small, viz: length 17.5 cm, width 13.5 cm, 
height 1.3 cm.
Weight. The weight, including valves, is 2.9 kg.
Valves. EM 1 — Electronic indicator

EF 6 — Amplifier pentode
AB 2 — Full-wave rectifying valve
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Philips Cathode Ray Oscillograph GM 3152

Philips Cathode Hay Oscillograph GM 3152.

Sim

mechanical, thermal and optical phenomena.

Philips portable cathode ray oscil
lograph GM 3152 is housed in a 
robust metal case (see Fig. 1), con
taining all the essential elements, 
viz. Philips high-vacuum C.R. tube 
with 95 mm screen, time base, 
variable frequency between 2 and 
150,000 c/s, a 2-stage amplifier 
having a range of 10 to 1,000,000 c/s, 
and a supply unit.
Owing to its relatively light weight 
and small dimensions this precision 
instrument is an extremely handy 
and easily portable piece of equip
ment. Its applications are so 
extensive that, in conjunction 
with simple transducers, it is also 
suitable for the measurement of

PHILIPS CATHODE RAY TUBE
The cathode ray tube contained in this unit has a screen diameter of 95 mm and, apart 
from the electron-optical system, comprises two pairs of perpendicularly' opposed 
deflector plates. The following tubes may be employed in this unit:
DN 9-3 (long persistent)
DG 9-3 (green fluorescence)
DB 9-3 (blue fluorescence)

TIME BASE
The time base includes three high-vacuum pentodes, and the frequency of the linear 
base is continuously variable between 2 and 150,000 c/s. For the adjustment of the 
frequency a 10-way switch with potential divider for vernier reading is provided. A 
single-impulse time base is also included.

STATIONARY IMAGES
For stationary images, the time base can be synchronized as required with the fre
quency on test, the mains, or any other externally applied frequency.

AMPLIFIER
The built-in linear am
plifier consists of a pre
amplifier with a balan
ced output stage; the 
anode voltage for the 
former stage is stabilized 
by means of a Philips 
7475 neon tube. Fig. 2 
depicts the frequency- 
characteristic of the am
plifier, from which it will 
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be seen that the amplification between 10 and 1,000,000 c/s is linear to within ± 2 dB. 
The overall gain, which exceeds a factor of 1,600, is adjustable in three stages by 
means of the sensitivity switch and is further continuously variable.
Sensitivity of the oscillograph. The total sensitivity is 6 mVeff per cm image 
height; without amplification the sensitivity is 10 Veif per cm.
Input impedance. The normal input impedance, using the sensitivity switch, is 
10,000 ohms, and the maximum permissible voltage is 45 V.
High input impedance. When the sensitivity switch is not operating the input 
impedance is 1 megohm and the input capacitance 20 /ipF.
ULTRA SHORT WAVES.
For the measurement of ultra short waves, for example 60 Mc/s (5 metres), there is 
at the rear of the unit a terminal plate which is in direct contact with the deflector 
plates. In this way all long leads and stray capacitances are eliminated.
SUPPRESSION OF THE CATHODE RAY
Fitted on the terminal plate on the back panel is a switch for suppressing the cathode 
ray; by applying 45 V D.C. to the unit and reversing the switch it is possible to 
suppress the ray for a certain period, thus facilitating certain kinds of observation or 
photographic recording.
MAINS CONNECTION
The unit has a voltage tapping switch covering all normal mains voltages, viz. 110 V, 
125 V, 145 V, 200 V, 220 V and 245 V, 40—100 c/s. Adjacent to this switch, two 
fuse-holders are fitted to accommodate 1-A fuses. The unit can be used on D.C. 
mains in conjunction with Philips “Vibraphil"’ vibratory converter Type 7710 for 
110—145 V, or Type 7711 for 220—245 V. D.C.
Consumption. The total consumption of power is approximately 100 W.
SUPPLY SECTION
This oscillograph contains two rectifiers, namely one for the anode feeds of the six 
amplifier pentodes and time base, and one for the C.R. tube. For the smoothing 
of this potential, of about 1,000 V, Philips “Microlyte” capacitors, connected in series, 
are employed, these ensuring high capacitance and effective smoothing.
The whole of the feed section is screened from the rest of the unit by a steel screening 
plate.
VALVES:
There are in all 10 valves, viz:

I C.R. tube DN 9-3 (long persistent), or 
DC 9-3 (green screen), or 
DB 9-3 (blue screen)

Width 22.5 cm
Height 29 cm

Amplifier 1 amplifier pentode 4673 for the input stage 
2 amplifier pentodes 4673 in balanced circuit.

Time hase 1 charging pentode 4673
1 discharging pentode (9 W) AL 4
1 modulator and synchronizing pentode 4673

Supply section 1 high-voltage rectifying valve 1876
1 full-wave rectifying valve AZ 1
1 neon tube for stabilization, type 7475.

WEIGHT: The weight, complete, is about 19 kg.
DIMENSIONS: Length 42 em
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Philips Cathode Ray Oscillograph GM 3155

Fig. 1
Philips Cathode Ray Oscillograph GM 3155.

This portable cathode ray oscil
lograph was designed for the 
rapid qualitative measurement of 
periodic electrical phenomena. The 
auxiliary apparatus contained in 
the unit makes it possible to carry 
out numerous types of measure
ment without the aid of additional 
equipment, and the circuits are 
sufficiently universal to permit of 
investigations into mechanical, 
magnetic and other phenomena 
when used in conjunction with 
simple transducers.
Measurements of heavy currents 
can likewise be effected, e.g. the 
two built-in amplifiers can be em
ployed for phase measurement. 
Screws arc provided at each side 
of the fluorescent screen for attach
ment of a transparent scale oi 
camera stand.
In conjunction with Philips Service 

Oscillator GM 2880 or GM 2882 and Philips Frequency Modulator GM 2881, this 
cathode ray oscilloscope is eminently suitable for the rapid servicing of radio receivers, 
R.F. amplifiers and so on; the tuning curve of a receiver can be traced directly from 
the fluorescent screen of the C.R. tube and, further, the selectivity can be measured 
with sufficient accuracy for all practical purposes.
CONSTRUCTION AND CIRCUITS
The oscillograph is housed in a sprong metal case and comprises the following main 
units: Philips high-vacuum C.R. tube (70 mm screen), time-base with frequency variable 
between 20 and 20,000 c/s, two single-stage amplifiers, one for the horizontal and one 
for the vertical deflection and having a range of 25—100,000 c/s. Special facilities are 
provided for modulation of the ray. The feed section consists of 2 separate rectifiers. 
All the controls are clearly marked and calibrated.
PHILIPS C.R. TUBE DN 7-2
The Philips high-vacuum C. R. tube DN 7—2 fitted in this unit has a 70 mm screen; 
the deflector plates are in two pairs, perpendicular to each other.
TIME BASE
The built-in time base includes a charging pentode 4673 and a gas-filled discharging 
triode 4690; the linear time-base frequency is variable between 20 and 20,000 c/s, 
the different ranges being controlled by switches. Throughout the whole frequency 
range the amplitude of the time-base is variable from about 2 to 5 cm.
SYNCHRONIZED TRACE
For stationary images the time-base may be synchronized with either the frequency 
under investigation or an externally applied voltage or, again, with the mains frequency. 
AMPLIFIERS
The two amplifiers contained in the unit, for the horizontal and vertical deflection, 
are each equipped with a pentode 4673.



FREQUENCY RANGE
The linear frequency range of the two amplifiers is 25—100,000 c/s, and with the 
feed-back in circuit the linearity is within A 1 dB.
TEST SENSITIVITY
The maximum sensitivity of the amplifier for perpendicular deflection is 125 mVcff 
per cm overall height of the trace, with the feed-back switched off; with the latter 
fully applied the sensitivity is 830 mVcff PeT cm and when partially applied 
350 mVctf per cm.
Without amplification the sensitivity is 17 Vetf per cm and that of the amplifier 
for the horizontal deflection, which works with feed-back in every case, is about 30 % 
less than that of the vertical amplifier with feed-back switched on
INPUT RESISTANCE
When the potential divider for controlling the sensitivity- is in use the input resistance 
of the vertical amplifier is 10,000 ohms : the maximum permissible voltage is 45 V. 
With the potential divider turned fully anticlockwise (“off” position) the input 
resistance is 1 megohm and the maximum voltage 150 V.
MODULATION OF THE RAY
Terminals are provided at the rear of the unit for the purpose of modulating the 
ray with an external alternating voltage.
MAINS CONNECTION
A tapping switch is provided so that the unit may be used on 110 V, 125 V, 145 V, 
200 V, 220 V or 245 V, 40—100 c/s mains, and the necessary fuses are fitted. The 
oscillograph can be used on D.C. mains in conjunction with a “Vibraphil” vibratory 
converter Type 7710 (110—145 V), or Type 7711 (220—245 V mains).
CONSUMPTION
The total consumption is about 40 W.
VALVES
There are in all 6 valves:
1 high-vacuum cathode ray tube DN 7-2
1 R.F. amplifier pentode (vertical deflection) 4673
1 R.F. amplifier pentode (horiz. defl.) 4673
1 gas-filled discharging triode 4690
2 half-wave rectifying valves 1876
WEIGHT
The total weight is approx. 7.7 kg,
DIMENSIONS

Height 22 cm
Width 17 cm
Depth 24 cm (without knobs)
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Philips Electronic Switch GM 4196

The electronic switch is used as 
auxiliary equipment with a cathode 
ray7 oscillograph. By7 means of this 

. -" . ’ unit two different electrical phe-
. ■ nomena can be observed simul-

( Jtaneously and independently7 on 
s ‘ . the fluorescent screen of the C.R.

tube, thus greatly extending the 
field of application of the latter. 
The electronic switch depends for 
its action on the fact that it enables 
the two electrical phenomena to be 
reproduced alternately, at a very7 

’ - high frequency. Since the fluores-
o . - . \ cent coating on the screen gives

X- a certain amount of persistence,
. / whilst the human eye, on the other
J hand, exhibits a certain lag, the

two oscillograms are “seen” simul- 
"2-« taneously. The switching, which 

b..ir j takes place at about 10,000 per
Philips Electronic Switch J19H. second, is produced by7 high-

vacuum valves; hence the term 
“electronic switch”. Using this instrument, it is possible to adjust two images to a 
common zero line on the screen or, if required, to separate lines, one above the other, 
without modification of the phasing; it is thus possible to observe in detail the ampli
tude, wave form, frequency ratio and phase displacement of any two given voltages. 
'The electronic switch GM 4196 was designed especially for use with the cathode ray7 
oscilloscope GM 3152 and its practical performance has already earned for it a very 
great deal of interest. By7 means of this unit it is possible with only7 one oscillograph 
to carry out investigations which would normally7 require two such instruments; the 
features which this unit offers will make it a w elcome addition to the equipment of any7 
lai .oratory.

OUTSTANDING FEATURES
The more important features of Philips Electronic Switch GM 4196, when used with
Philips Cathode Ray7 Oscillograph, are as follows:
1. Two voltages or currents may be oscillographed at the same time but quite 

independently.
2. The two oscillograms may7 be adjusted as desired to a single zero line, or two 

separate lines.
3. Tin* phasing of the two phenomena remains unaffected.
4. The two signals may7 be amplified separately.
5. The frequency of switching is about 10,000 c/s, giving an image of excellent 

quality.
6. Due to the use of a carefully adjusted compensating circuit, the switching voltage 

is very nearly rectangular, resulting in a very clear image.
7. Only high-vacuum valves are used in this unit; it does include any mechanical 

devices.



WORKING PRINCIPLE
The working of the instrument is as follows: two separate high-vacuum valves are 
alternately switched on and off with the aid of a multivibrator delivering a voltage 
the frequency of which is about 10,000 c/s. In this way the oscillogram is built up from 
very small elements, traced at the frequency of 10,000 per second, giving the impression 
that the trace consists of a full line. This applies to all phenomena of a frequency 
above 400 or 500 c/s.
The electronic switch is fully equipped for use on lighting mains of all A.C. voltages, 
being quickly strapped to suit any local voltage.

TECHNICAL DATA
Amplifiers 1 and II
Each of the applied signals can be amplified separately, within a frequency range 
having its lower limit at about 25 c/s, the upper limit being determined by the frequency 
of the multivibrator, which is approximately 10,000 c/s; a fundamental frequency 
of 500 c,'s can therefore be oscillographed with perfectly clear definition.

I'D. 2
The electronic switch enables two 
rharacteristics to be observed as flow

ing lines.

Fig. 3
The large amplitude makes it possible 
to reproduce the mechanical vibration 
of an electric motor; the vibration of 
small amplitude is that of a normal 

frequency of 500 c/s.

Fig. 4
The sinusoidal curve illustrate* thr primary volfaye of the transformer: 
the flattened curve in a is that of the secondary voltage and the 
^hurply peaked curves in b the primary current. In both cases the 3r 1 

harmonic is very marked



Each amplifier has two sets of input sockets, one for the low voltage, of minimum 
0.1 Veff to maximum 75 Veff, having an input impedance of 50,000 ohms, and one 
for minimum 2 Veg to maximum 300 Veg with an input impedance of 1 megohm. One 
of the input sockets is in eacli case earthed-
Multivibrator
The built-in multivibrator delivers a voltage of rectangular wave form, of about 
10,000 c/s. The switching impulses, which in many well-known circuits produce inter
ference, have been here reduced to a negligible minimum, as will be seen from the 
oscillogram, Figs. 2 and 4.
Variable zero-line
A common zero-line or two separate lines can be obtained as desired by means of a 
potential divider.
Connection to oscillograph
The electronic switch has two sockets for connection to the oscillograph, one being 
earthed.
Mains connection
The instrument is intended for use on A.C. mains; a red signal lamp lights up as soon 
as the mains switch is closed. This unit can be adapted for all mains supply voltage 
between 100 and 250 V, 40—60 c/s, by means of a tapping switch. The consumption 
of power is approximately 30 W at 220 A7.
Valves

2 R.F. pentodes EE 6
2 9-AV pentodes EL 3
1 rectifying valve EZ 3
1 signal lamp 8045 D-07.

Weight ancl dimensions
AVeight: approx. 5.5 kg
Dimensions:
Length 25 cm (over the knobs 27 cm)
AVidth 23 cm
Height 27 cm



Philips Service Oscillator GM 2882

The practical build, the new type of circuit employed, and specially designed compo
nents of the Philips Service Oscillator GM 2882 give this instrument many advantages 
over earlier types. It is extremely simple in operation.
1. Tile number of controls has been reduced to a minimum.
2. The frequency is read from the scale direct in kc/s or Mc/s.
3. A direct indication of the input voltage is shown on the attenuator.
The power consumption, physical dimensions and weight have all been reduced as 
far as possible for this type of unit, making it an extremely practical service oscillator 
for the calibration of station dials, trimming of circuits and checking sensitivity, 
A.G.C'. and automatic tuning.
The entire frequency range is divided into C> bands and the output voltage is contin
uously variable between 1 pV and 100 mV. For selectivity measurements, moreover, 
an attenuator, calibrated in steps of 1 : 10, is combined with a dummy aerial at the 
end of the cable. The signal can be modulated to a depth of 30 % by the built-in 
400 c/s oscillator, or an external frequency can be employed for modulation to a depth 
of SO 0 u.
Every possible measure has been taken to ensure the highest possible stability 
of the frequency; the design of the oscillator coils and their switching aims at 
the shortest possible connections in each waveband. The coils are mounted on a disc 
which is rotated by the control knob to six different positions, introducing a fresh 
coil at each setting; in this way the same short leads to the variable capacitor and 
oscillator valve are employed in each case, so that neither mechanical nor electrical 
effects can disturb the stability of the frequency.
The oscillator coils themselves are so constructed that they have a negative temperature 
coefficient, to compensate the positive coefficient of the variable capacitor; temperature 
stability of the oscillator circuit is therefore very good. The oscillator valve is the 
steep-slope pentode EF 50 which was specially developed for operating on very high 
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trequencies, and accordingly the oscillator frequency is to a very high degree 
independent of any fluctuations in the mains voltage.
Moreover, the frequency is not affected by the setting of the attenuator, whilst 
frequency modulation is obviated by the use of a special circuit consisting of a separating 
stage between the oscillator valve and the attenuator; the modulation, therefore, 
is .practically undistorted, even at very high frequencies.
The frequency scale gives readings which are accurate to within 1 %, this being usually 
ample for the trimming of radio-receiver circuits; an ingenious type of potentiometer, 
operated by a single knob, controls the attenuator, thus reducing the total number 
of controls on the unit to four, these being as follows:
1. wave-range control
2. tuning
3. attenuator
4. on-off and modulator switch.

TECHNICAL DATA
Frequency ranges. 1) 100— 300 kc/s, 3) 1— 3 Mc/s, 5) 10—30 Mc/s,

2) 300—-1,000 kc/s, 4) 3—10 Mc/s, 6) 30—60 Mc/s.
R. F. Voltage. The maximum obtainable R.F. voltage is 100 mV.
Attenuator. The attenuator controls the signal continuously, down to < I pV. An 
attenuator 1 : 10 is also included with the dummy aerial.
Modulation. Internal modulation of 400 c/s (mod. depth 30 %); external modulation 
up to 10,000 c/s (mod. depth up to 80%).
A. F. Voltage. The A. F. voltage for internal modulation may be tapped from the 
connecting socket for the external modulation; this voltage is 1.5 V at 400 e/s. 
Calibrated scale. Calibration of the scale is in kc/s and Mc/s, to within a tolerance 
of 1 giving a high degree of accuracy in reading.
Constant frequency. It is of the greatest importance that the frequency should be 
as constant as possible: the frequency is constant to within 0.02 0for voltage variations 
of 10 % and to within 0.1 % with an increase in temperature of 10 so that the 
accuracy of the scale is superior to all these factors.
Frequency modulation is negligible.
Valves. Oscillator valve EF 50 A.F. oscillator valve EF 6

Modulator valve EF 50 Rectifying valve EZ 2
Signal lamp 8060-00.

Mains voltage.
'flic service oscillator is suitable for use 
on all A.C. mains, viz. 110 V, 125 V, 
145 V, 200 V and 245 V 10 U 50-100 
e/s. The unit is fully mains-operated. 
('onsumption.
18 W
Dimensions.
Width 33.3 cm
Height 22 cm 
Depth 16.5 cm 
Weight. 
8.5 kg



Philips Frequency Modulator GM 2881

Fig. 1
Philips Frequency Modulator GM 2881.

combination with each other; any deviations in 
arc immediately observed.

Philips Frequency Modulator 
GM 2881 is used for the purpose 
of visually testing the tuning 
curves of radio receivers and 
R.F. amplifiers; it should be 
employed preferably in con
junction with Philips Service 
Oscillator GM 2882 and the 
s mall Cathode Ray Oscillograph 
GM 3155, although, naturally, 
the larger oscillograph GM 3152 
will also serve this purpose.

OUTSTANDING 
FEATURES

This frequency modulator has 
the following features to offer: 
1. The tuning curve and the 

output amplitude are ren
dered directly visible in 

the form of the tuning curves

Simple readings and operation, rapid control of the tuning curve on wide or narrow 
bandwidth (variable bandwidth).

3. Direct reading of bandwidth in kc/s; range of measurement up to about 25 kc/s.
4. Adjustment of tuning curve in accordance with a standard characteristic.
5. Effects of trimming upon the tuning curve are immediately visible.
6. When the R.F. voltage and A.F. voltage immediately after detection are oseillo- 

graphed, the effect of the detection on the tuning curve can be determined.
7. The frequency scale of the oscillogram can be matched with the form of the tuning 

curve (bandwidth).
CIRCUIT
'The modulator contains two octodes CK 1 which serve respectively as mixer valve and 
frequency modulator and, further, a full-wave rectifying valve AZ 1. In principle the 
working of the instrument in conjunction with Service Oscillator GM 2882 and the 
oscillograph is as follows. The service oscillator’ delivers a certain R.F. signal f2 and 
the frequency modulator another signal f2 of 4,000 kc/s (maximum tolerance + 1.5 %): 
suppose that the frequency of the required R.F. signal, to which the receiver is tuned, 
is//, then the frequency of the service oscillator will be adjusted to// — ft = fr, = R.F. 
tuning of the receiver.
FREQUENCY MODULATION
The time-base voltage of the cathode ray oscillograph is employed for frequency 
modulation, this saw-tooth voltage being used to modulate the R.F. test signal between 
25 kc/s above and below the mean frequency (varying impedance of the octode).
SELECTIVITY CURVES
The amplifier in the cathode ray oscillograph GM 3152 has a linear frequency charac
teristic of 10—1.000.000 c/s, enabling both the tuning curve of the R.F. signal and 
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that of the A.F. signal to be reproduced (to ascertain the effect of the detector): 
the oscillograph GM 3155, the two amplifiers of which have a linear characteristic 
of 25—100,000 c/s, permit of inspecting the tuning curve only with the A.F. signal, 
although this is quite sufficient for most service purposes.
WIDTH OF TUNING CURVE
The frequency G (4,000 kc/s) of the oscillator in the modulator unit is variable through 
a range of about 25 kc/s, the scale being generously proportioned and clearly 
calibrated in kc/s. When the control is rotated from the “off” position in the direction 
“ + or — 25 kc/s, the tuning curve moves from left to right on the screen, so that 
the bandwidth can be read directly in kc/s at any desired point on the curve, with 
an accuracy that is quite ample for all practical purposes. The height of the oscillogram 
is directly proportional to the R.F. or A.F. signal of the receiver under test.
CONNECTIONS
Sockets for connection of the frequency modulator to the service oscillator GM 2882 
are provided on the left-hand side of the metal case. On the right is an R.F. cable 
with dummy aerial.
VALVES
Oscillator and mixer valve: octode CK I
Frequency-modulator valve: octode CK 1 
Full-wave rectifying valve AZ 1.
MAINS CONNECTIONS
The unit is fitted with a tapping switch for voltages of
110 V, 125 V, 145 V, 200 V, 220 V and 245 V.
CONSUMPTION
Approx. 20 W’.
WEIGHT
The total weight, including valves, is about 4.4 kg.
DIMENSIONS

Depth (with knobs) 23 cm
Depth (without knobs) 20 cm
Height 20 cm
Width 15 cm
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Philips A. F. Signal Generator GM 2307

Philips A.F. signa! generator 
GM 2307 furnishes a very con
stant alternating voltage of 
a variable amplitude, so that 
it is suitable for all measure
ments falling within the range 
of 30—16,000 c/s.
The test frequency is produced 
by filtering out and amplifying 
the beat frequency obtained 
from two R.F. oscillators, pre
set to different frequencies. The 
frequency of the A.F. signal 
is of course the difference 
between the two R.F. fre
quencies.

l ig. i OUTSTANDING
Pllilips A.F. signal generator (¡M 2307. FEATURES

1. High accuracy of scales.
2. Wide frequency range.
3. Constant output voltage throughout the range.
4. During warming up, very little change in frequency and amplitude of the signal.
5. Practically no effects of mains voltage fluctuations.
6. High output voltage, with balanced output stage if required, also when the atten

uator is in use.
7. Output can be matched to four different load impedances.
8. Good sinusoidal wave form; very weak harmonics.
9. Very low ripple voltage.

10. The zero point of the A.F. beat frequency can be accurately adjusted by means 
of the electronic indicator.

TECHNICAL DATA
Frequency range. The right-hand frequency control covers a range of 0—1,000 c/s 
and the left-hand control 0—15,000 c/s; the readings of the two controls are additive 
and the maximum frequency (with both controls at maximum) is therefore 16,000 c/s.
Frequency variation during warming-up period. After 10 minutes from the time 
the unit is switched on, the difference in frequency for the next three hours is less 
than 20 c/s, after which there is no further variation at all.
Setting and accuracy of frequency scales. With both scales set to zero the fre
quency is adjusted to the zero point with the aid of an electronic indicator, after which 
adjustment the scale tolerance is ± 1 % from 200 to 16,000 c/s¡between30and200c/s 
the maximum deviation is 2 c/s.
Frequency curve. The deviation in the linearity of the curve is less than + 2.5 % 
between 30 and 16,000 e/s, this applying to all settings of the matching switch.
Matching. The output of the instrument can be matched to the following loads by 
means of a switch:
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1. Attenuator in circuit *) 4. Output resistance 250 ohms 2)
2. Output resistance 1,000 ohms 2) 5. Output resistance 5 ohms 2)
3. Output resistance 500 ohms 2) 6. Maximum voltage approx. 50 V; output

resistance approx. 25,000 ohms3).
Attenuator. The built-in attenuator has 8 settings, giving a total attenuation of 
1 : 10,000: these correspond to 1.3 X 10_\ 10—\ 3 X 10 2, 10~2, 3 X 10 3, 10—3, 
3 X 10~4, 10_4 times the input voltage and represent approximately 10 dB per stage. 
Normally the input voltage of the attenuator is 0—15 V, and this can be measured 
with a valve voltmeter, e.g. Philips R.F. Triode Voltmeter GM 4151, or Philips Ther
mionic Voltmeter GM 4132, connected to the left-hand terminals. The loading resis
tance between the output (R. H.) terminals should be 25,000 ohms or more; a separate 
switch is provided whereby the output may be rendered symmetrical, or not, with 
respect to earth. The voltage across the output terminals then remains unaltered, 
any difference being less than 2 %. At the “asymmetrical” setting the lower terminal 
is automatically earthed.
Once the output voltage of the attenuator has been carefully adjusted, the attenuated 
voltage, at the various settings, does not deviate by more than 1 % from the nominal 
value.
Maximum output power and distortion. With the load correctly matched the 
maximum output power at settings 2 to 5 of the matching control is normally7 200 mW, 
but, should such be required for special purposes, the maximum available output can 
be increased to 1 W or reduced to 100 mW by means of a screw at the rear of the unit. 
The distortion then varies in accordance with the following:

Frequency
Distortion at

100 mW 225 mW 1 w

30—200 c/s 
200—16,000 c/s

0.5 %
0.25 %

7 o-'1 /o
0 5 0 'V..J /0

2.5 %
1-5%

When the voltage control is set to its maximum the ripple voltage, for an output 
of 15 V, is less than 0.5—1 Go-
Calibration of the voltage control. The voltage occurring across the left-hand 
terminals with respect to settings 1 and 2 of the matching switch may be read from 
the graduations on R,. The maximum voltage is adjusted to 15 Vcf[ but is variable 
between 10 V and 32 V by means of the screw7 at the back of the case. This voltage 
is unaffected by variations in the mains voltage or the temperature, but for very- 
accurate measurements it is essential to measure the voltage.
Supply. A voltage tapping plate is provided at the rear of the generator, by means of 
■which the unit may be made suitable for use on mains of 110, 125, 145, 200 or 245 V, 
40—100 c/s as required. The consumption is approximately 40 W. Variations in 
output voltage due to fluctuations in the mains supplies amount to less than 2%.
Use with vibrator-converter. The signal generator may be employed on D.C. 
mains when used in conjunction with Philips “Vibraphil” vibratory converter Type 
7710 (110—145 V) or Type 7711 (200—245 V).
Valves. Triode-hexode ECH 3 Pentode EL 3

Pentode EF 6
A.F. pentode-electronic indie. EFM 1

Weight and dimensions. Weight: approx. 12 kg
Width: 34 cm

Rectifying valve EZ 2 
Neon stabilizer 150 A 1.

Height: 25.5 cm
Depth: 20 cm (inch knobs).

J) The unit is provided with a switch by means of which the output can be made symmetrical with respet 
to earth, or not, as desired. 2) The lower terminal may be earthed, as required, by means of a surilvh.
3) The lower terminal must then be earthed through the earthing switch.



Philips Heterodyne Wavemeter GM 3110
Main scale 

Micrometer

Output Input Wave-range
potentiometer switch

Fig. 1 
Philips heterodyne wavemeter GM 3110.

By means of the Philips Heterodyne Wavemeter frequency measurements over a very 
wide wave-range may be carried out with a high degree of accuracy; for this purpose 
the heterodyne principle is preferable to any other.
The built-in precision capacitor is equipped with a micrometer drive which enables 
tuning to be effected with the greatest possible accuracy.
The six wavelength ranges extend over the following frequencies:

Position 1: 5— 16 Mc/s
2: 2— 5 „

„ 3 : 600—2,000 kc/s
4: 200— 600 „
5: 90— 200 „
6: 40— 90 „

A special circuit ensures that the 2nd, 3rd and even the 4th harmonics are strong 
enough to permit of all frequency measurements occurring in normal practice, up to 
60 Mc/s (5 m).
The wavebands are so arranged that they overlap each other, but a separate oscillator 
coil covers each range, these coils being mounted on a rotary disc and fitted with 
screening cans. Each coil, moreover, is operated by a reliable system of switching and 
the advantage of this arrangement is that it is not necessary to carry loose coils; 
the time entailed in changing the coils each time is therefore saved.
Broadly speaking, the wavemeter consists of an R.F. oscillator of very high accuracy 
and stability, the latter factor being due to the use of a special oscillator circuit in 
which the anode voltage is stabilized by means of a neon tube. A further advantage of 
this arrangement is that the frequency is unaffected by variations in the mains voltage.
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Eacn component of the wavemeter, down to the very smallest, has been selected for 
its particular purpose only after the most searching technical investigation, thus 
ensuring a reliable and easily operated measuring intrument of practical and rugged 
construction.
Measurement is almost completely independent of external influences such as fluctua
tions in temperature, etc. during normal use.
A dull silver-plated scale having 7 graduations is mounted on the capacitor spindle, 
and the drum of the micrometer drive is accurately calibrated in lOOths and half 
lOOths, giving a scale of 1,400 divisions for each wave range. The length of the scale, 
apart from the unusually small amount of mechanical backlash, which is less than 
0.2 of a division, is another important factor; the diameter of the micrometer drum 
is 50 mm, and, the total length of the scale being about 110 cm, the readings can be 
taken with ease and precision. The accuracy of calibration of the wavemeter itself 
is in excess of 0.2 %.
An attenuator is included in the unit, by means of which the R.F. signal can be con
trolled as required from minimum to maximum; this attenuator consists of an input 
and an output potentiometer, so arranged that the R.F. signal is attenuated first by 
the former and then by the latter.

Fig. 2 
Carrying case for the wavemetu

DIMENSIONS

Wavemeter including control 
knobs:

26 X 19 X 24 cm.
Dimensions of carrying case:

33 x 22.5 x 27 cm

WEIGHT

Wavemeter GM 3110: 6.75 kg 
complete with
carrying case: 10.5 kg

VALVES

OF 7 pentode oscillator valve 
1801 full-wave rectifying valve 
7475 neon tube for voltage 
stabilization.



It is important that the frequency should remain as constant as possible, even when 
the signal strength is increased from minimum to maximum, and tests have proved 
that variations in the frequency amount to less than 0.1 %, which may be regarded 
as more than satisfactory for all normal purposes. As stated, fluctuations in mains 
voltage have little or no effect on the frequency, these being counteracted by a frequency 
stabilizer with neon tube; the frequency is constant to within 0.25 % on mains varia
tions of 10%.
Wavemeter type GM 3111 can be supplied to order, this unit being provided with 
extra terminals for external modulation; it can therefore be used with or without 
modulation and in the latter instance normal calibration curves of the usual degree 
of accuracy are employed.
The wavemeter GM 3110 as supplied is suitable for use on mains supplies of nominal 
voltage 127 and 220 V, 50 c/s, but other models may be obtained to order. The amount 
of power consumed by these units is not more than 11 W approx.
Each wavemeter is supplied in a felt-lined carrying case with handle and nickel- 
plated fittings; the unit is small and light and thus can be easily carried about.

Supply. As mentioned above, wavemeter GM 3110 is used on A.C. mains of 127 and 
250 V, 50 c/s, but it can also be employed on D.C. supplies in conjunction with Philips 
“Vibraphil” vibratory converter Type 7710 (110—145 V), or Type 7711 (220—245 V). 
With the Vibraphil converter GM 4226 the wavemeter can also be used on a 6 V 
accumulator.



SURVEY OF

Type Page Type Page Type Page

100 El 285 4683 244 B 405 302
506 308 4686 302 B 406 302
506 K 308 4687 285 B 409 300,302
1018 308 4689 247 B 424 302
1561 308 4694 249 B 438 302
1801 308 4695 292 B 442 302
1802 308 4699 251 B 443 300,302
1803 308 7475 285 B 443S 300
1805 308 13201 285 B 2006 300
1815 308 A 409 302 B 2038 300
1817 308 A 415 302 B 2043 300
1831 308 A 425 302 B 2044 300
1832 308 A 441N 302 B 2044S 300
1875 308 A 442 i) — B 2045 300
1876 308 AB 1 298 B 2046 300
1877 308 AB 2 296 B 2047 300
1878 308 ABC 1 296 B 2048 300
1904 293 ABL 1 296 B 2049 300
1910 293 AC 2 296 B 2052T 300
1911 293 ACH 1 298 B 2099 300
1915 293 AD 1 296 C 1 278
1920 293 AF2 298 C 2 278
1926 293 AF 3 296 C 3 278
1927 293 AF 7 296 C 8 278
1928 293 AH 1 296 C 9 278
1941 293 AK 1 298 C 10 278
1949 293 AK 2 296 C 12 278
3512 309 AL 1 296 C 243N 302
3530 309 AL 2 296 C 408 292
3533 309 AL 4 296 C 443 300
3534 309 AL 5 296 C 443N 300
3541 309 AM 1 296 CB 1 290
4060 292 AM 2 296 CB 2 290
4357 285 AX 1 272 CBC 1 290
4641 236 AX 50 274 CBL 1 162
4646 308 AZ 1 155 CC2 290
4654 239 AZ 4 157 C/EM 2 139
4662 292 AZ UN 308 CF 1 *) —
4671 292 AZ 12 308 CF 2 290
4672 292 B 217 302 CF3 290
4673 292 B 228 302 CF 7 290
4674 292 B 240 302 CF 50 265

9 This valve should be replaced by B 442.

408
8) This valve should be replaced by CF 7.
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CK 1 290
CK 3 166
CL 2 290
CL 4 172
CL 6 175
CY 1 183
CY 2 185
DB 7-1 306
DB 7-2 306
DB 9-3 306
DB 16-1 306
DB 16-2 306
DG 3-1 306
DG 7-1 306
DG 7-2 306
DG 9-3 306
DG 16-1 306
DG 16-2 306
DN 7-1 306
DN 7-2 306
DN 9-3 306
DN 16-1 306
DN 16-2 306
E IC 292
E IF 292
E 2F 292
E 406N 304
E 408N 304
E 409 298
E 424N 298
E 438 298
E 442 298
E 442S 298
E 443H 300
E 443N 304
E 444 298
E 444S 298
E 445 298
E 446 298
E 447 298
E 448 298
E 449 298

Type Page

E 451 304
E 452T 298
E 453 300
E 455 298
E 463 300
E 499 298
E 707 304
EA50 304
EAB 1 20
EB 4 22
EB 11 294
EBC 3 24
EBC 11 294
EBF 2 28
EBF 11 294
EBL 1 34
EC 50 302
ECH 3 37
ECH 11 294
ECL 11 294
EDD 11 294
EEP 1 51
EE 50 304
EF5 61
EF 6 67
EF 8 74
EF 9 81, 276
EF 11 294
EF 12 294
EF 13 294
EF 50 304
EFM 1 86
EFM 11 294
EH 2 92
EK 2 98
EK 3 106
EL 2 112
EL 3 118
EL 5 124
EL 6 128
EL UN 294
EL 12 294

Type Page

EL 51 257
ELL 1 134
EM 1 137
EM 4 144
EM 11 294
EZ 2 151
EZ 4 153
EZ 11 308
EZ 12 308
F 410 304
F 443N 260
FZ 1 308
KB 2 188
KBC 1 189
KC 1 192
KC 3 194
KC 4 196
KCH 1 198
KDD 1 206
KF 1 302
KF 2 302
KF 3 210
KF 4 213
KH 1 217
KK 2 221
KL 4 225
KL 5 229
MS 11-1 306
MW 22-1 306
MW 22-5 306
MW 31-6 306
MW 39-3 306
TH 1 292
TH 2 292
TH 3 292
TH 4 292
TH 5 292
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	EAB1 Triple diode

	EB 4 Double diode with separate cathodes

	EBC 5

	Double diode triode


	EBF 2

	Double-diode varialde-mu pentode

	Double diode output pentode

	ECH 5 Triode hexode

	EEP 1 (EE 1) Secondary-emission valve

	EF 5 Variable MU R.F. pentode

	EF 6 Pentode
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	EF 8 Low-noise variable-MU R.F. amplifier pentode

	EF 9 VariaLIe-MU R.F. pentode

	EFM 1 A.F. Amplifier an

	d electronic

	indicator

	EH 2 Heptode

	EK 2 Octode

	EK 5 Octode


	EL 2

	Output pentode


	EL 5

	Output pentode

	EL 5 Output Pentode

	EL 6 Output Pentode


	ELL 1

	Double Output Pentode

	EM 1 Electronic indicator

	C/EM 2 Electronic indicator

	EM 4 Dual-sensitivity electronic indicator


	EZ

	2 Rectifying valve

	4 Rectifying valve

	AZ 1 Rectify

	ing valve

	AZ 4 Rectifying valve

	Valves for A.C./D.C. receivers

	DouEIe-diode output pentode

	TABLE I

	TABLE II


	CK 5 Octode


	CY

	1 Rectifying valve

	2 Rectifying valve and voltage doubler

	L_30 ,|


	KB 2 Indirectly-heated double-diode

	KBC 1 Double-diode triod

	KC 1 Triode


	KC 5

	Triode

	KC 4 Triode


	KCH 1

	Triode hexode

	KDD 1 Class B output

	valve

	K.F 4 R. F. pentode

	KK 2¡ Octode
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	KL 4

	Output pentode

	KL 5 Output pentod

	Power output valves

	4641 Triode

	4654 Pentode

	4685 Triode

	4689 Pentode

	4694 Pentode

	4699 Pentode

	EL 51 Pentode

	CF 50 Microphone pre amplifier pentode

	Rectifying valves lor amplifiers

	AX 1 Full

	-wave

	gas-filled rectifying valve

	gas-filled rectifying valve
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	TECHNICAL DATA

	TECHNICAL DATA 

	Circuits

	TECHINICAL DATA

	TABLE OF COILS


	CIRCUITS

	CIRCUITS
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	Philips Universal Measuring Bridge “Philoscop” GM 4140
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	PHILIPS CATHODE RAY TUBE

	TIME BASE

	STATIONARY IMAGES

	AMPLIFIER


	Philips Cathode Ray Oscillograph GM 3155

	Philips Electronic Switch GM 4196
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	Philips Service Oscillator GM 2882

	Philips Frequency Modulator GM 2881
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	Philips A. F. Signal Generator GM 2307
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