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PREFACE TO THE ENGLISH EDITION

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

The object was to cnable 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 hooks 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 hooks contaiming 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 Amplifving Valves™ is
published as Book II of the scries of books on Electronic Valves—part of Philips’
Technical and Scientific Library.

Besides the receiving, amplifying, rectifving and regulating valves produced from
1933—1939, it contains a great many descriptions of circuiting diagrams showing how
the various valves can he used, as well as the Philips measuring instruments for laho-
ratories and workshops.

The second hook with the same title is published as Book 111 of the series on Electronic
Valves and is sct on the same lines as Book 11. It contains the data of the kev-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 serics and types have now been placed on the market.

The description and characteristics of these new valves are to be found in the third
hook of the same titel “Data and Cireuits”. 2nd supplement, it is Book 1114 of the
scries on Electronic Valves. Its size is 6”7 < 9”—appr. 350 pages with many illustra-
tions. (In preparation.)

It contains the Receiving and Amplifying Valves brought out in the vears 1945—1950
and the principal group discussed are the Rimlock Valves.

Great attention has heen 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 lahoratorics are again dealt with.

1t 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 hooks will be published as Boolk 111 B,
Book I11C, cte.
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INTRODUCTION

Book T 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 ot
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 arc
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,
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if undesirable connections or faultv 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 clectronic 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 expericnce 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 and to the more theoretically-minded technician.

Vi



INDEX

INTRODUCTION
CONTENTS

General Instructions for the correct use of Philips Valves

E\planatmy Notes on the General Instructions for the use of Phlhps
Talves in Radio receivers, Amplifiers, and on the maximum ratings

The use of Philips Cathode-Ray Tubes .

Type numbering of Philips Valves . .

Type numbering of Receiving, Ampllfuntr and R(cuf\ mg \alwx .

Type numbering of Cathode-Ra_\ Tubes .

Symbols and their mcanings .

A. C. VALVES

“Miniwatt™ receiving valves in the “E’ series.
Triple diode EAB 1. .
Double-diode with separate cathodos EB -l .
Double-diode triode EBC 3 . . .
Double-diode variable-mu pentode FBF 2.
Double-diode output pentode EBL 1 .
Triode-hexode ECH 3 . e
Scecondary-emission valve EEP 1 (EE 1) .
Variable-mu R.F. pentode ET 5 .

Pentode EF 6

l.ow-noise variable-mu R F pentodo l' 1‘
Variable-mu R.F. pentode EF 9

A.F. Amplifier and electronic mdlcnt,or LFM l
HopbodeEH". .
Octode EK 2

Octode EK 3 R

Output pentode EL 2‘

Output pentode EL 3.

Output pentode EL 5

Output pentode EL 6 L

Double output pentode ELL l

Electronic indicator EM 1 .

Electronic indicator C/EM 2

Dual-sensitivity electronic mdlcabot EM 4
Rectifying valve EZ 2

Rectifying valve EZ 4

Rectifying valve AZ 1

Rectifying valve AZ 4

A.C./D.C. VALVES

Valves for A.C./D.C. Receivers .

Double-diode output pentode CBL 1

Octode CK 3. . . . . . .

Output pentode CL 4

Output pentode CL 6 .

Rectifying valve CY 1 . . . .
Rectifying valve and voltage doul*ler CY 2

Page 1

Page 14
20
22
24
28
34
36
51
61
67
74
sl
86
92
98

106
112
118
124
128
134
137
139
144
151
153
155
157

Page 160

., 166
172
175
183
185



2 V BATTERY VALVES

Indirectly-heated double-diode KB 2
Double-diode triode KBC 1
Triode K(C 1 .

Triode KC 3

Triode K +

Triode-hexode KNCH l .

Class B output valve KDD l
Variable-mu R.F. pentode KF 3.
R.F. pentode KI 4

Hexode KH |

Octode KK 2 .

Output pentade KLo4

Output. pentode KL 5

POWER OUTPUT VALVES AND MICROPHONE
PRE-AMPLIFIER PENTODE
Philips output valves .
Triode 4641
Pentode 4654 .
Triode 4683
Pentode 4689 .
Pentode 4694 .
Pentode 4699 .
Pentode L )I
Pentode 7 443 N . Lo .
Microphone pre-amplifier p(‘lltOd( (F )U

RECTIFYING VALVES FOR AMPLIFIERS
Rectifving valves for amplifiers L
Full-wave gas-filled rectifying valve AX l
Full-wave gas-filled rectifying valve AN

Operating data for the Pentode EF 9 \\lu noused as rest \tm(( unmul
AR amplifier with ALGLC..

CURRENT REGULATORS AND STABILIZERS

Barretters ('l 3008, (9, (10, €12
Stabilizers 4357 JG\A T4, 13200, 100 K1,

TABLES OF DATA REGARDING OTHER “MINIWATT” RE-

CELVING AND RECTIFYING VALVES, PHILIPS CATHODE-RAY

TUBES, PHOTOELECTRIC CELLS, THERMO-COUPLES, GAS-

FILLED TRIODES FOR SAW-TOOTH VOLTAGE GENERATORS
AND SPECIAL TUBES

A.C./D.C. valves with side contact (P) basce .

Philips amplifying valves for special purposes .

Philips neon indicator tuhe .

Philips thermo-couples .

Philips harretters . .

6.3 V metal and olass \.1l\rs \\nh S- pm ]hl\( .

X

),
Page

Page 2

Page

Page

Page

188
189
192
194
196
198
206
210
213
217
22]
225
229

290
202
292
292
293
204



1V directly-heated A.C. valves with side contact (P) base .
1V AC. valves with pin base (pre-amplifying stages)

1V A.C. valves with pin-base (output stages) .

180 mA D.C. valves e

Battery valves with pin- buse

Phi]lps
Philips
Philips
Philips
Philips
Philips
Philips

gas-filled triodes for time base

power output valves . . L
amplifying and detector valves for teleVision receivers.
high-vacuum cathode-ray tubes for oscillographs

high-vacuum cathode-ray tubes for television receivers .
rectifying valves for receivers, amplifiers and cathode-ray tubes
photoelectric cells

Base connections of “Miniwatt” receiving, output and rectif_ving vailvos

Base connections of Philips cathode-ray tubes, television and receiving
valves, photoelectric cells, stabilizers, gas-filled triodes and special
amplifying valves .

Power.

1I.
III.
Iv.

V1.
VI
VI

IN.
X.
XI.
XII.

XIII.
XIV.
XV.
XVL
XVII

XVIIIL

XIX.
XX.

XXI.
XNXIIL

XNXIIL.

NXIV.

voltage and current as functions of the umt dB .

CIRCUITS OF A.C. RECEIVERS

9-Valve superheterodyne receiver; balanced output stage
8-Valve superheterodyne receiver; 18 W output

8-Valve superheterodyne receiver; 9 W output

6-Valve superheterodyne receiver

6-Valve superheterodyne receiver

5-Valve superheterodyne receiver

4-Valve superheterodyne receiver

3-Valve receiver for local stations .

CIRCUITS FOR A.C./D.C. RECEIVERS

7-Valve superheterodyne receiver for 220 V mains
5-Valve superheterodyne receiver for 110 V mains
5-Valve superheterodyne receiver for 110 V mains
4-Valve receiver for local stations .

CIRCUITS FOR BATTERY RECEIVERS

6-Valve superheterodyne receiver
6-Valve superheterodyne receiver
6-Valve superheterodyne receiver
1-Valve superheterodyne receiver
4-Valve superheterodyne receiver
4-Valve 2-circuit cascade receiver . .
3-Valve 2-circuit cascade receiver .
2.Valve receiver for local stations .

CIRCUITS FOR SMALL GRAMOPHONE AMPLIFIERS

25 W Gramophone amplifier for A.C. mains .

15 W Gramophone amplifier for A.C. mains . .

6 W Gramophone amplifier for 220 V. mains AC/D C
2 W Gramophone amplifier for 110 V. mains A.C./D.C".

Page

Page

>,
Page

Page

Page

296
208
300
300
302
302
304
304
306
306
308
309
310

312
314

316
322
326
330
334
337
340
343

346
348
351
354

356
362
364
366
369
373
375

376

378

380
382
334

X1



PHILIPS MEASURING INSTRUMENTS FOR THE LABORATORIES,
WORKSHOPS AND TEST STATIONS

Philips Valve Tester “Cartomatic I’ GM 7629. . . . .« . . . . Page 386
Philips Universal Measuring Bridge “Fhlloscop GM 414(‘ e . 389
Philips Cathode-Ray ()scd]o"mph GM 3152 . . . . . . . .. . ... o 391
Philips (athode-Ray Oscillograph GM 3155 . . . . . . . . . . . .. « 393
Philips Electronic Switch GM 4196. . . . . . . . . . . . . . . .. 393
Philips Service Oscillator GM 2882 . . . . . . . . . . . . . . . .. o 398
Philips Frequency Modulator GM 2881 . . . . . . e . 400
Philips A.F. Signal Generator GM 2307. . . . . . . . . . . . . .. o402
Philips Heterodyne Wavemeter GM 3110 . . . . . . . . . . . . .. . 404
Survev of Philips Valves . . . . . . . . . . . . e e e . d0s

XII



General Instructions for the correct use of Philips Valves

TFrom the point of view of the heater supply. valves can be divided into threc groups, viz:

1) those whose application is bhased 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.(. valves or valves used exclusively for
A.CL/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 hoth
for A.C. parallel supply and for A.C./D.C. scries 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 valuc 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 arc
given with respect to the cathode. In the case of battery valves, voltages arc 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 59, ahove the specificd
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 4 109, to — 109;. 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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inthe “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 +4 39%;. If instead of a fixed resistor a barretter is emploved
limits of + 5 %, 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
scparate 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 the
resistance between grid and cathode and in many cases more than one value. c.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 + u®*Rp, this being dependent upon the first smoothing
capacitor. If this valuc is not obtained a resistor R is to be included in each anode
circuit, the combined value of these being such that Rty = R + Rs + u®Rp. 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.
hase 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 isto 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.

9
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Exp[anatory 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 excceded,
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 sereen 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 clectrodes 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 pA.



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
hecomes 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 hombarded
with 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
arid 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
bias 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.

Ifor 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
scmi-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 9, of the total current passing through
the resistor producing the voltage drop. The maximum value of the grid-cathode
resistor Rg, k. 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

Since 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
case 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 hetween hcater 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 Letween 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 themselvesasa crackle in the loudspeaker. Cathodes should therefore
always he decoupled with sufliciently 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 carth 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 cathode-ray tubes

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

MOUNTING

(‘athode-ray tubes should be mounted preferably in an carthed metal housing, shect
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 sec that the housing is quite free from magnetism.
All 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) heing at a high voltage below earth, and due allowance must he 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 hetween the contact sockets. springs
and the chassis must he very carcfully determined.

DEFLECTION

When electrostatic deflection is cmployed 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 carth 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 sercen this can he remedied in the
following way:

a) Electrostatic dcflection

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

h) Elcctromagnelic deflection.

Improvement can he made hy passing a direct current through the detlector coils.
This can also be resorted to if and when a part of the screen becomes burnt, for
Ly 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
bias, but also at a lower anodc 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 19, 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 heing stated for each separate tyvpe of tube.
Definition is adjusted by varying the voltage on the auxiliary anode.

i) Electromagnetic focusing.

The definition of the spot can also be controlled by varying the How 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
w) 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 conneet the deflector
plates through a capacitor of 0.1 to 1 xI' and to earth them across a resistor.
The value of this resistor should be aslow as possible to ensure that the potential
produced on the plates by the secondary clectron stream from the sercen is not
increased to the cxtent where it will have a retroactive effect on the voltage under
investigation. 1t 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 cffect.

L) Electromagnetic deflection.

With clectro-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 herc.

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 arc the most remote from the cathode
(D, 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 horne in mind, further, that the cathode
is connected to one end of the filament, for which reason the cathode connection in
the fecd 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.



lypc—num})(‘ring of Pllilips valves
Receiving, amplifying and rectifying valves
Uriginally, 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
¢ W . 020 to 0.40 A
D - - - ., 0.40 to 0.70 A
B = - - .. 0.70 to 1.25 A
e " .. 1.25 A or higher.

The first figure, or. in the case of 4 figures, the first two gave the value of the heater
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, 5l. cte. tetrodes with space-charge grid (double-grid valves)
42, 52, cte. R.F. sercen-grid valves

43, 53, cte. output pentodes

44, 54. cte. binodes

45, 55, cte. variable-mu R.I tetrodes

46, H6. cte. R.I%. pentodes

47, 7. cte. variable-mu R.F. pentodes

48, 58, ete. mixer hexodes

49, H. cte. varlable-mu hexodes.

Tror instance, the I. 499 is a triode of which the heater current lies between (.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 recciving 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 sccond indicates the
type of valve. In the case of composite valves various letters are employved instead
of the sccond 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 hear the same type number.

Barretters (iron-hydrogen tubes) are given only one letter, to represent the serics,
followed Ny a numeral.
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The following table indicates the meaning of the different letters employed

First letter: Second and subsc- Figure:
quent letters:

Valve serics ; Serial number
Valve type

A =4 V A.C. series A = diode On the introduction of
B = 180 mA D.C. series | B = double diode a new valve type in a
¢ = 200 mA A.C/D.C. C — triode, except output given. kind, the ne_\:t
series valves following free number is
D = max. 14 V battery D = output triodc used.
series I = tetrode
E - 6.3 V AC. and car.| F = R.F. pentode ampli-

radio serics fier

H = hexode or heptode

K = octode

[' = 13 V car-radio series
H = 4 V battery series
L = output pentode
K = 2 V battery series Pt P

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

M = eclectronic indicator

X = full-wave gastilled

series e
rectifying valve
V =50 mA A.C./D.C. , .
. Y := half-wave high va-
series o
cuumrectifving valve
Z = full-wave high va-
cuumrectifying valve
Examples

One of the later Philips valves is the EF 9; I shows the heater voltage to be 6.3 V;
[ indicates that it is an R.F. pcntode (or R.I. amplifier). The figure 9 is a grade
number.

The ABC 1 furnishes another example; the letter A tells us that it is a ¢ 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 C1, C2, ("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.c. 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 screcn and a diameter of 16 cm.
The following table gives the meanings of the letters and numerals employed.

Tirst 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 c¢m

Serial number

D == Double eclec-

trostatic dec-
flection.

N -+ Electrostatic
deflection, but
only in one
dirccetion.
(Deflection  in
the other di-

rection may he
electro-mag-
netic).
Magnetic  de-
flection inhoth
directions.

M -=

B = blue

(i — green

N == persistent

R = longpersistent
N = sepia

W = white

7 = effective
screen dia.
T oem.
effective
screen dia.
9 ¢m.,

0 =

When a particular
tube is introducec
in a new model it
is given the next
consecutive num-
ber. The first model
is No. 1, then fol-
lows No. 2, ete.
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3 mbols and their meanings

Designation of electrodes

Anode . . . P ¢
Anode of dlode I N (4
In double or multi- dlodes L dy.d. et

The figure indicates the location of the (hode wnth lLSp((t to t,hc
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) j
Grid . . . .. e e e e g
In valves \\nl\ more thzm one grl(l s and so on. The figure
indicates the location of the grid w 1th respect to the cathode (g, is
thus nearest the cathode). If only one grid is provided the figure
is omitted.

Indirectly-heated cathode . . . . . . L N
Metallizing . . . L e
Internal screen in the valw L. .
Fluorescent screen in electronic mrll(.ltm R
Deflector plate of cathode-ray tube . . . . .... D

To indicate equivalent electrodes, “ticks™ arc melou(l [RL NN
In secondary-emission valves the primary cathode is de an‘u( «d qsl.,
and the secondary cathode as I,.

Designation of valve system

In combination valves the electrodes of the separate units in the valve
are symbolized as follows:

inadode. . . .. ... ... L ... ... D
inatriode . . . . . . . . . ... ... ... .. .....T
inatetrode. . . . . . . . . . ... ... ...
in a pentode e T 4
inahexode . . . . . ... .. .. ... ...........H
inanoctode . . . . . . . . . .. ... ... . ... ...0
in a rectifving valve . . . . . . . .. .. ... I

Designation of currents, voltages, capacitances etc.

Voltage (V)

Anode voltage . R Va
Anode volmvc in cold con(htlon or (Lt /,L BRI Vio
Diode \oltavo . ) e I
If more tlxan one d10(le I',/,. l',[z cte.
Heater voltage. . . . N
Voltage l)et“een heater aml (atlxod( T 77
Grid voltage (bias) . e u
If more than one grid: 17, V., ete.
Effective value of grid alternating voltage . . . N s
Grid voltage in cold condition. or at I, — 0 . B
Alternating input signal voltage . . . . . . . . . . . . . . Vior Tigy
Alternating output voltage . . . . . . . Lo Feor Ty

Supply or battery voltage . . o N



Current (1)

Anode current . . . Ay
Anode current \\1t110ut 51gna.l (lmlnncvd stagcs or oqullatm \‘ll\ es) 1o
Anode current at max. modulation . . . . . . . . . . . . . .. Tymax
Diode current . . . . e e e N
If more than one (llode Idx, Is, ctc.
Heater current. . . . . . . . . . . . ... B £
Grid current. . . e e e B
If more than one gnd Iy, 1y, etc.
Cathode current (J + Iy + Iy, etc) . . . . . . B § 2
Power (W)
Anode dissipation . . . . ... o000 Wy
Grid dissipation . . . B |
If more than one grl(l Wys W ete.
Output power . . . . . . . . . . . . . .. e W,
Capacitance (C)
Anode to all other clectrodes . . . e e B
Grid to all other electrodes . . . . . . . . . . . .. R
If more than onc grid: (', (', ete.
Anode to grid 1 . e .. Can
Grid 1 togrid 3. . . . . . . ... Oy
Grid 1 to grid 4. S ry
Grid 2 togrid 4. . . . . .. 0L o Uy
Diode anode d;, to ds. . . . . . . . . . . o o oo oo Chae
(athode to diode anode ¢, . . . . . . . . . . . . . . ... .. Cqr
Grid to cathode . . . . . . . . . . .. ... O
Anode to cathode . . . . . . . .. . ..o oo o000 oL Cur
Anode to grid 4 . . . . . ... oL oo Ly
Resistance (R)
External resistor in anode circuit . . . . . . . . . . . . . ... Ry
Cathode resistor . . . . [ 97
External resistance l)ct\\een heator a.nd ca.thodo B | 7
External resistance in grid cireuit . . . . . .. .o 0oL L L By
If more than one grid: R [y, ete.
Internal resistance (anode) . . . . . . . . . . .. . ... ... R
Gain factor
Gain factor (control grid in respect of anode) . . . . 1
Gain factor with respect to screen grid . . . . . Hogin
The voltage gain of a valve in a given circuit is obta.me(l from th(‘
quotient of the output voltage :md the input voltage (V,/ V).
Mutual conductance
Mutual conductance . . . e e e e o oo S
Mutual conductance at pmnt of osullatlon P
Conversion conductance. . . . . . . . . . . . . . . .. o Se
Efficiency
Efficiency . . . . . . . L o000 ST,
Sensitivity
Sensitivity of cathode-ray tubes. . . . N
Wavelength

Wavelength .
12
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AV s P
Miniwatt” receciving 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. sets and car radio.

Low current consumption

Onc 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, 1s 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 1s verv 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 eftect. 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
EB 4 — Double-diode with separate cathodes

EBC 3 — Double-diode triode having a gain factor of 30

EBF 2 — Double-diode and I.F. amplifier pentode;
variable-mu and sliding screen voltage

EBL 1 — Double-diode output pentode. The pentode
1s of very high mutual conductance

ECH 3 — Triode-hexode for use as frequency-changer

" in all-wave receivers; variable-mu, low cur-

rent consumption and small dimensions

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

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

EF 6 — R.F.and A.F. amplifier pentode; fixed mu-
tual conductance

EF 8 — Noise-free R.F. variable-mu amplifier valve

EF 9 — Variable-mu R.F. pentode with sliding screen
voltage

EFM 1 — Variablemu A.F. amplifier pentode with
sliding screen voltage; combined with elec-
tronic indicator

EH 2 — Heptode for use as modulator valve in short-
wave receivers or as R.F. and L.F. amplifier
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

EK 3 — Four-channel octode for use in receiver
mixing stages when high-grade performance
1s also required in the short-wave range

EL 2 — Normal slope output pentode with low cur-

. rent consumption, especially for car radio

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

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

['1. 6 — Very steep slope 18 W pentode, to deliver

maximum output at the same signal input
as the EL 3

—

w
<

cathode
cathode

cathode

cathode

cathode

" cathode

" cathode

cathode

" cathode

cathode

cathode

cathode

" cathode

cathode

cathode

cathode

" cathode

cathode

" cathode
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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 series further includes the following directly-heated rectifying valves
with 4 V heater voltage and fitted with side contacts (P-type base):

AZ 1  — 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 AF. pentode 6.3 'V heater
EF 8 — Noise-free R.F. amplifier (200 V mains only) 6.3 V heater
EF 9 — Variableemu 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 — Electronic indicator 6.3 V heater
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EM 4 — Electronic indicator 6.3 V heater

CBL 1 — Double-diode output pentode 44 V heater
(K 3 — Four-channel octode 19 V heater
CL4 — 9 W output pentode (200 V mains only) 33 V heater
CL6 — 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

Tor the latest developments in receiver design the E-type valves have
nunierous 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 EX 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/Vg, curve, but with the sliding screen voltage every
value of grid bias introduces a diflerent characteristic, thus providing
interesting new properties.

Amongst. others, the R.F. pentode EF 9 and the LF. 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. By means of this indicator it is possible to tune the
recerver 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.T. amplifier pentode and electronic indicator. The pentode section of
this valve i1s 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.

Tn 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, cte.

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 nse 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 1t i1s designated, will deliver & 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 CT. 2.



IAB 1

EAB] Triple diode

27869

S i
U Vs Vo))

Fig, 3
Direet valtage 17 and direct voltage curve (CR)
hetween the terminals of the grid leak connected
to one of the diodes of the KEABL, asafunction
of the unmodulated R.F. voltage,
L. voltage VL between the terminals of the
prid leak as a function of the R.F. voltage
modulated to a depth of 30 % (m = 30 9%).
These characteristies apply to grid leaks of
from 0.1 to 1 megohm,

The triple diode EAB 1
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 cffects arising
from the use of delayed
automatic gain control and
it involves an arrangement
employing three diodes, onc
of which serves as detector
and one for the A.G.C.,
whilst the third is used for
the delaying cffect. With
a view to suppressing hum,
the detector diode, which
is shown as d, in the dia-
gram of base connections,
Fig. 2, is mounted farthest
from the heater. The diode
nearest to the filament and
marked d, in the diagram
has a very low capacitance
with respect to the detector
diode, this being less than
0.08 T, Since the A.G.C.
diode, for many recasons, is
usually connected to the

27808

Fig. 1
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primary circuit of the preceding band-filter, the amount of capacitance between this
diode and the dctector diode is extremely important. As the readerisdoubtless aware,
this capacitance acts as a coupling hetween the two band-filter circuits and tends to
have an adverse effect on the selectivity. It is for this reason that diode d, is employed
for the A.CLC. Diode d., located between o, and d,, is then available for other purposes, in
particular to provide the delaying effect for the A.G.(!. as employed in this type of cireuit.

Heater ratings

Heating: indircet. A.C'. or D.C., series or parallel supply.

Heater voltage .
Hcater current .

Capacitances
Diodes ¢, — d,.
Diodes ¢, — dy. .
Diodes , — d;. . .
Diode , — cathode
Diode «, — cathode
Diode «, — cathode

20

Iy =63V

I; =0200 A
Caity < 0.65 uuF
Cids < 0.08 ppl?
Cusds < 0.4 upF
Cni: = 1.6 uuF
Cuo: = 1.35 upyF
Copae = 2.2



Maximum ratings

Voltage on d, (peak value)

Voltage on d, (peak value)

Voltage on d; (peak valuc)

Direct current to d, .

Direct current to d, .

Direct current to . . . . . . . . . . . . . ..

External resistance between filament and cathode

Potential difference between filament and cathode
(D.C. voltage or effective value of alternating
voltage) e e

Voltage on diode at diod= cur- | Ef:ﬁl ; igg ;ii; ;

Vt[l
Vas
V/I:x
1([1
Itl-.:
11!3
Ry

,

Vi

"1 l
/

4
d2

rent start . . . . . . . .. (1, — +0.3/4A) Vs

max.
max.
max.
max.
max.
max.
max.

max.

max.

200 V

200 V

200 V

0.8 mA

0.8 mA

0.8 mA
20,000 ohms

100 V

—1so v

EAB



EB 4

EB 4 Double diode with separale cathodes

The double diode EB 4 embodies two separate and adjacent cathodes 32max
with an anode around each, the two complete units being screened 1
from each other. The screen is connected to a separate contact and ’J
can thus be very simply maintained at zero potential; it effectively S
prevents any stray electrons from passing from one unit to the other. %1
This separation of the cathodes offers numerous advantages and l
greatly extends the range of application of this type of valve. A 3

considerable reduction in the capacitance normally occurring between
the anodes prevents any unwanted capacitance between the relative Di“mf“‘igil} .

. . . . . . . . . . S S Nl
circuits. The two diode units are exactly similar and it is immaterial

which of the two is employed for detection purposes. a1 o2

Heater ratings

Heating: indirect, by A.C. or D.C.; series or parallel supply.
Heater voltage . . . . . . . ... ... ... Ff=63V
Heater current. . . . . . . . . . . ... ... If =0200 A

Capacitances

Caws < 0.2 yuF
Clake = 1.2 uulF
Coape = 1.2 jyul

AE | .
Vf;:tt/mj
T84 1a8 (B (U TR AOF B IR A TC iy
N 3 FRNTE AN )

v=(v) 0
av=y)

g }I 50013

Tig. 2
Arrangement of
clectrodes and
base connections.

1000}

100—

TFig. 3

Direct voltage V and direct voltage curve (4 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.

1 A.F. voltage VI, between the terminals of the grid
} leak as a function of the R.I'. voltage modulated to
lH‘ a depth of 30%; (m= 30%) These characteristics apply

to grid leaks of from 0.1. to 1 megohm.

10 Yur (Vern100
iteee



MAXIMUM RATINGS

Voltage on diode d, (peak value) .

Voltage on diode d, (peak value) .

Direct current to diode d,. . .

Direct current to diode d,. .

External resistance between ca.thode Iy and hlament

Potential difference between cathode %, and filament
(direct current, or effective value of alternating
voltage)

Potential difference between cathode X, and filament
(D.C. voltage or effective value of A.C. voltage)

Potential difference between the two cathodes (D.C.
voltage, or peak value of alternating voltage, or
D.C. voltage + peak value of alternating voltage)

Voltage on diode at diode cur- (Ig = + 0.3 A)
rent start . . . . . . . . . (L= +034)

Va L
Vas

14[1

1412
Ry

I

I

max.

max.

max.

max.

max.
max.

max. 200 V.
max. 200 V.

max. 0.8 mA.
max. 0.8 mA.
0.02 M ohm.

150 V.
—1.3 V.
—13 V.

EB 4



EBC 3

EBC 5 Double-diode triode ‘win_

The double-diode triode EBC 3 comprises a triode in combination l ‘
with a double-diode unit, in a common envelope. These two systems I
are served by a single cathode. §!
i
The diode section may be employed for detection and delayed 1
automatic gain control and the triode for A.F. amplification or for s
other purposes. The A.F. amplification, which may effected by 22250

Fig. 1
Dimensions in mm,

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.(..;: series or parallel supply.

Heater voltage . . . . . . . ... ... ... Fp=063YV
Heater current . . . . . . . . . . . 0 000 Iy =2 0200 A P

Q
CAPACITANCES Ko
Crar = L9 It Cag == 13 pul? 2 AN
Cras = 25 pul? ak 3 wulF d ‘ S
Caris < 0.5 Tt Cyre = 2.9  jul di
Cypay << 0.005 pyil? Clartdnyy < 0.006 g l
Coas <2 0.005 p ¥ Cldrdaye <1 wuF 26
Cyy < 0.002 jpuF Fie o

Arrangement  of
electrodes  and
base connections.

OPERATING DATA

Triode scction:

Anode voltage . . . . . . . F, ¢ 100V 200 V 275V
Grid bias. . . . . . . ... 1, - =21V —13 V —6.25 V
Anode current . . . . . . . [, o= 2 mA 4 mA 5 mA
Amplification factor. . . . . g - 30 30 30
Mutual conductance . . . . . S -- 1.6 mA/V 2.0 mA/V 2.0 mAV
Internal resistance . . . . . F; - 19.000 ohms 15.000 ohms 15,000 ohms

MAXIMUM RATINGS

Triode section:

Two - max. 550 V

|5 = max. 300 V

e = max. 1. W

1 — max. 10 mA

Vy (Iy = +034) = max. —1.3V Diode scction:

Ry (automatic) = max. 3 M ohms Fay (poak value) = max. 2.0 V

Ry (tixed) = max. 1 M ohm ],/1 (D.C. value) = max. 0.8 mA
Ve = max. 75 V1) Vs (P(’lex value) = max. 200 V

Ry, == max. 20.000 ohms 14, (D.C. value) == max. 0.8 mA

1) Direct voltage or ctfective value of alternating voltage.

24



EBC 3

JR R .
]

L]

3

Fig.
Anode current as i function of the grid bias at

different anode voltages.

Lig.

Anode eurrent as a function of the anode voltags

different valies

at

of arid bias.



EBC 3

The triode can also be employed as oscillator in conjunction with the variable-mn
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.

100004 ¥

-z [

<

N

v 5, F Ra S 7]
w3 K
T &
25822 ‘
Vb 3000,
Tig. 5 Fig. ¢

Deflnition of Vd and Id Circuit upon which the measurements given in

the table are based.

The diode shown as d, in the diagram of base connections (Fig. 2) should preferably
be employed for detection. The other diode (¢;) 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.T". voltage (V) 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).



FBC 3 employed as AF. amplifier, resistance-coupled to different output valves

When  used  with When usced with “vt]}fél [}]l;eds “:-i‘-th When used with
Supply Anode Anode Cathode | Voltage the EL 2 as output the EL 3 or EL 6 Ollfpllt‘\;:l]\';} the AD 1 as
voltage | coupling | current | resistor ¢ain valve as output valve Va =950 V output valve
resistor Va= Vg, =250V Va = Vg, = 250 Vg. = 075 V Fa =250V
gy = 275V
Alternat- Total Alternat- Total Alternat- Total Alternat- Total Remarks
ing distortion ing distortion ing distortion ing distortion
. output in the pre- output in pre- output. in pre- output in pre-
b Ra lu Rk Vo voltage amplifier voltage amplifier voltage amplifier voltage amplifier
v megohms mia ohms i Vo dtot Vo dtot Vo dtot o dtot
Ven % Ver % Vel % Vey %
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 < 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. 2,000 22 11.2 <1 3.7 <1 8.5 <1 31 2. parallel
250 0.05 2,000 22 1 <1 3.7 <1 8.5 <1 31 2.6
When used with When used with When used with When used with
the CL 1 as the CL 2 as the CL 4 as the EL 2 as
output valve output valve output valve output valve
200 1) 0.2 0.35 12,500 22 9.6 1.7 10 1.8 5.0 1.0 8.5 1.6 For
150 1) 0. 0.25 12,500 21 — — 10 2.7 4.0 1.0 6.5 1.7 receiv-
100 1) 0.2 0.20 12.500 19 — — 10 1.6 2.4 1.0 — - ers
with
200 1) 0.1 0.55 8,000 21 9.6 2.1 10 2.3 5.0 1.2 8.5 1.8 heaters
150 1) 0.1 0.45 8,000 20 — — 10 3.0 4.0 2 6.5 1.8 fed in
100 1) 0.1 0.30 8,000 18 — — 10 4.9 2.4 1.2 — — series
200 %) 0.05 0.8 6,000 19 9.6 3.0 10 3.2 5.0 1.5 3.5 2.6
150 1) 0.05 0.6 6,000 18 — — 10 4.3 4.0 1.6 6.5 3.0
100 1) 0.05 0.4 6,000 17 — — 10 7.0 2.4 1.6 —
o
=' 1) also anode voltage of the output valve.

¢ D494



EBF 2

EBF 2 Double-diode variable-mu penloc[e

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.T 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 Dbias), the mutual conductance of the EBT 2 is
1.8 mA/V, which provides ample I.F. amplification.
The diode section is separated from the pentode by a very effective Fig. 1
system of screening, to prevent any unwanted interaction between Dimensions in mm.
the two units. This combination of double diodes with an I.F.
amplifier is very useful in all cases wherc 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
AF. amplifier and electronic indicator EFM 1.
The latter arrangement permits of the design of a very simple
receiver in which two valves do the worlk of L.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.
Nince both diodes are supplied by the same cathode as the
pentode and, hecause the diode for the A.Gi.C. is delayed by the
cathode potential of this valve, the delay voltage is limited, with-
out the wuse of any special circuits, to the value of grid bias
required by the pentode
100000 in the uncontrolled con-
dition. By using special
circuits it is possible to
obtain a higher delay Fie 2
wooo Voltage for the A.G.C..  grransement of
but this merely tends to  ¢leetrodes and
render the latter less W onnections
effective.

2778

—;

T S S A
507, Ry2 = 950001 |
o

-H100

-+ 10

Tig. 3
Ia/Vy, characteristic of the ERTF 2, with 174, as
' parameter. The broken line shows the anode current
0 of the controlled valve with a screen scries resistor
27783 of 95000 ohms and a supply voeltage of 250 V.




10000d

===y

—+10000

——1100

!

“720 -60 -5 =40 -30 -9 -0 0
27784
Fig. 4
S/Vyg, characteristic of the EBI' 2, with Vg,
as parameter. The bLroken line gives the slope
of the controlled valve with a screen series
resistor of 95,000 ohms and a supply voltage
of 250 V.

EBF 2

Jffﬁﬂl iy

Anode current as a Tunction of th
grid bias and with a tixed screen potential of 100 V.

anode voltage at different vidues of

24



EBF 2

HEATER RATINGS

Heating: indirect, on A.C. or D.C.; series or parallel supply.

Heater voltage . . . . . . . ... ... ... ........ =63V
Heater current . . e e ... I =0200 A
CAPACITANCES

Copy < 0.002 uuF Clar+ang < 0.001 ¥ Cyuy < 0.25 uuF
(,,,l = 4.4 uulF Cask =3 el Caysane < 04 puF
'« = 86 Dy Caok: =3 el Cgiy < 0.01 gyeF
Ciygy < 0.0005 puF Cirds < 0.3 quF

Cuan < 0.0005 puF Cira < 0.3 uuF

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

250 V

Anode voltage . . . e oo v oo Ve =250V

Screen-grid series lesmtor (d,b )00 \) .- - . ... Ry = 95000 ohms
(Cathode (bias) resistor. . . . . . . . . . . . . . Rt = 300 ohms

Grid bias. . . . . . . . ... ... V= —-2VYy —38 V?2)
Screen voltage . . . . . . . . . . . Vg =100V 250 V
Anode current . . . . . . . . . .. I, =5mA —

Sereen current . . . . . . . . . . . I = 1.6 mA —

Mutual conduetance. . . . . . . . . S = 1800 uA/V 18 uA/V
Internal resistance . . . . .. .. Ry = 13 Mohms > 10 M ohms
200 V

Anode voltage . . . e e s oo Ve =200V

Screen-grid series lesxstor (at 200 V) . . . . . . . Ry, = 60,000 ohms
(M,hode resistor . . . . . . .. .. .. .. .. Rp = 300 ohms

Grid bias. . . . . . ... ... .. Fg=—2VDYH —32.5 V?)
Screen voltage . . . . . . . . .. Fp =100V 200 V
Anode current . . . . . . . . ... I, =5 mA —

Screen current . Iy, = 1.6 mA —

Mutual conductance . . § = 1800 xA/V 18 nA/V
Internal resistance Rk; =1 Mohm > 10 M ohms
100 V

Anode voltage. . . . . . . .. P T (LAY

Screen-grid voltage . . . . . . . . . . . . ... Ve =100V

Cathode resistor . . . . . . . . . . . . . ... R = 300 ohms

Grid hias. . . . . . ... ... .. Fuy=—2VY —16.5 V 3?)
Anode current . . . . . . . . . .. I, =5 mA —

Screen current e .. I, = 1.6 mA —

Mutual conductance. . . . . . . . . 8 = 1800 pA/V 18 AV
Internal resistance k; = 0.4 M ohm > 10 M ohms

1) valve not controlled.
%) Mutual conductance controlled to 1 : 100 and to limit of control.

30



MAXIMUM RATINGS

a) Pentode section

Anode voltage in cold condition
Anode voltage .
Anode dissipation . . . . . .

Screen-grid voltage in cold condition .

Screen voltage at I, = 5 mA
Screen voltage at I, < 2 mA
Screen-grid dissipation .
Cathode current . . . . .

Grid voltage at grid current start ({/,, = + 0.3 pA)
Resistance between grid and cathode .

Resistance between filament and cathode

Voltage between filament and cathode (direct voltage

or cffective value of alternating voltage)

b) Diode section

Voltage on diode ¢, (peak value).
Voltage on diode d, (peak value).
Direct current to diode d, .
Direct current to diode d, .

Voltage on diode at diode current start (

APPLICATIONS Ig2 (mA)

lyy = + 03 uA)
Voltage on diode at diode current start (I, = + 0.3 uA) Vg, = max.

Vae = max. 550 V
Ve = max. 300 V
W, = max. 15 W
Vgo = max. 550 V
Vgs = max. 125 V
Fga = max. 300 V
Wge = max. 0.3 W
I, = 10 mA
Vyy = max. —13 V
Ryyr = max. 3 Mohms
Ry = max. 20,000 ohms
Vg = max. 100 V
Fao = max. 200 V
Fgo = max. 200 V
Iqy, = max. 0.8 mA
Iy, = max. 0.8 mA
Vg, = max. —1.3 V
—13V

EBF

<9 2 20408 -

bt 2 4

The EBF 2 is used mainly punbiis

in I.T. stages with the two
diodes serving as detector

T o
maskunss

1

t

7

I
N
e
L =
=

and for automatic gain

control. The data and

S 2
Iain
y
1

characteristics apply both

pusne

to A.C. receivers operating
on mains of about 250 V

T

and A.C./D.C. sets on
mains of approximately

fassal

TTTTNT

~C 3
SN o
NEma S 6i

—)

A [
TNt

B

SN
S

[

—
X 5
SR ‘

pest

200 or 100 volts. At mains
voltages other than 250 or

200 V, the required scre>n

potential can be calculat-
ed from the screen current
of 1.6 mA and the poten-
tial difference between the
supply voltage and the
screen voltage of 100 V.

respect to a series resistor Ry,

Tig. 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

= 95,000 ohms; at 250 V supply voltage
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EBF

2

The characteristies in Figs 3, 4, 7 and 8
relating to I, 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. ""”"fm

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 Vbias resistor should be decoupled
with an electrolytic capacitor of about
25 1 I if this is not done, the rectification,
due to the curvature of the 1,/ V,, charac-

Vi (mVetr] 27789
AT i%l m
1000 5
O K o 1% 11
~ M ‘
1 o 100
RRIN
WmVerq)| ™ ‘ B
100} - ‘U‘
E==T HHE S mba 1%
- uil
L LTI
a0 0 100 1000 | SEA
7 SeR =" ]
LT I ks Zboroa
=2 H 92 =
0 _AM\,\&T, 28 T
1 [ H
-20 T 4_&, —— Rl f
1|
LIS IS RN
L — oI 3 H
M= 1t
o= H S s N
100 1000
Ifph) s S (A]Y)
iz, 8
Upper  diayram.  Wifective  alternating  grid

voltage as a function of the mutual conductance

with 1 95 cross modulation, with a screen geries

resistor of 60,000 ohms and a supply voltage
of 200 V.

Centre diagram.  Yifective alternating  grid
voltage as a function of the mutual conductance
with 1 95 modulation hunt.

Lower diayrase. Mutual conductance S and
anode current o as a function of the grid hias.
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Upperdaugram. Effective alternating grid voltage
us a function of the mutual conductance, with
1Y% cross modulation, a screen-grid series resistor
of 95,000 ohms and a supply voltage of 250 V.
Centre  diagram. Effective alternating  ¢rid
voltage as a function of the mutual conductance,
with 1 9% modulation hum.
Lower diggram. Mutual conductance S and
anode current Jo as a function of the grid hiax,

teristic, produces an A.T. 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 detcetion
and diode ¢, as rectifier for the A.G.C.
In the circuit diagram of Fig. 10 the
A.G.C. diode receives its dclay voltage
from the cathode potential of the EBF 2.
To ensure optimum amplification in the
uricontrolled condition this voltage should
always be kept as low as possible
(according to the data it is abhout 2 V7).
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.I". gain may



be desired, or it may be impossible to
obtain the high amplification referred to
above, so that special steps have to he
taken to provide a higher delay voltagce
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 scction,

reference should he made to the relative '”(’"‘;gé’

curves for the XAB 1 and EB 4, which
apply also to these valves.

Vi[mVerr)

1000

C0Fy
| EBF2 [} %

DR T

100

10

10
L{pA). S pAlY)
Fig. 0
Upper  diagram.  Litfective  alternating  grid

voltage as a function of the mutual conductance
with 1 95 cross modulation. at Fa == 100 V;
Vg, = 100 V (fixed screen potential).
Centre diagram. ILiffective alternating  grid
voltage as a function of the mutual conductance
with 1 9, modulation hum.
Lower diagram. Mutual conductance S and
anode current Ja as a function of the grid bias.

AFamplifier

a2 rn fj-"i@w
’ J %Uj 10000,0F
S C= |G- R3:05 Lo Hp
E 8 5, E §= MA —
& T ¢ ?
c‘;,;a,f;,;-L Ry IML
UUU‘S

duto. yain control

250y

TFig. 10

Z73€%

Cireuit dincram showing the KBIF 2 employed as I.F. amplifier. Diode . i<
used for detection and diode o, as rectifier for the A.G.C.



EBL 1

EBLI 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-mutual-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-
pletcly 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: indircct, A.C'. or D.C., parallel supply.
Heater voltage Iy =63V

Heater current Iy =118 A

CAPACITANCES

< 0.8 pukt
< 0.2 uul
< 0.2 uuF
< 0.08 g

< 0.08 ypuF
= 3.5
= 35
< 0.25 wulF

Cazgy
Cark
Csr
Carae

Cagy
Caia jgag

Cdza

(~'1/l_!/1

OPERATING DATA

Anode voltage
Screen-grid voltage
Cathode resistor
Grid bias. N
Anode current . . . . . . . . . . ... .y

Vo

Screen current e e e e e 1, =
Mutual conductance at the working point . 8 =
Internal resistance R; =
Load resistor . e R, =
Output with 10 ¢, distortion. e W =
Alternating grid voltage for 11, = 4.5 W . Vs =

50 mW).

Sensitivity (11,

34

J4021

Fig. 1
Dimensions in mm

a

34022

TFig. 2
Arrangement. of
electrodes and

base connections,

250 V
250 V
150 ohms

9 mA/V
50,000 ohms

= 7,000 ohms

45 W
4.2 Vo
0.35 Vg



EBL 1

MAXIMUM RATINGS
Pentode section:

Veo = max. 550 V Wye (F; =0) = max. 1.2 W

V. = max. 250 V Wge (1, = max.) = max. 2.5 W

Wy = max. 9 W Fgr Iy = + 0.3 pd) = max. —1.3 V
I = max. 55 mA Ry = max. 1 M ohm
Fyo = max. 550 V Ry, = max. 5,000 ohms
Fy» = max. 260 V Vi = max. 50 V1)

Diode section:

Voltage on diode (peak value) Fg = ¥, = max. 200 V

Diode current Iy =1 = max. 0.8 mA

(direct current through the grid leak)

Voltage on diode at diode current start (I = + 0,3 uA) ¥y = max. —1.3 V
Voltage on diode at diode current start (/" = + 0.3 ud) V) = max. —1.3 V

1) Direct voltage or effective value of alternating voltage.

The curves relating to the increase m the direct voltage (A V) across the grid lealk,
as a function of the unmodulated R.F. [ A 20
voltage, as well as for the A.F. voltage
(Vir) across the grid leak as plotted
against the 30 %, modulated R.F. voltage T f
on one of the diodes (0.5 M ohm grid Va o V2= 250 f
leak) are the same as for the EB 4. }
Grid bias must be obtained by means 1
of a cathode resistor only; semi-auto- T
matic bias may be employed provided
that the cathode current is more than
50 95 of the total current passing through
the biasing resistor. Leads to the valve
connections should he as short as possible
and it is essential to include a resistor
of about 1000 ohms in the control-grid
lead. T
A stage of audio-frequency amplification
between one of the diodes as detector
and the output valve may possibly give e
rise to hum and oscillation, for which
reason the gain between that diode and |
the pentode should not exceed afactor H !
of 15; this may be obtained by using the )] ’
EBC 3 as pre-amplifier with slight negative -5 -0
feed-back. ig. 3
The characteristics of the EL 3 relating -Anode current and screen-prid current as a functiin
. © of the grid bias at Fa = Vg, = 250 V.
to output power, having regard to the
voltage drop across the output transformer, apply also to the EBL 1.
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EBL 1

- : . H
0 - i i ‘-I2VV szaV/
0 50 00 150 200 250 300 350 400 450 500

Fig. 4
Anaode enrrent as a function of the anode voltage at Vg, = 250 V and
at different values of grid bias,
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Fig. 5
Alternating ¢rid voltage (Vi) and total distortion dtot as a function of
the output power of the EBL1 used as a Class A output valve



ECH 3 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 hecater 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

ECH

max 35

the heaters in series, in a 200 mA circuit. The first grid of the ser
hexode is wound with varying pitch; this grid carries the R.F. mmmﬁ?f;’]‘]glm .
signal and the control voltage for the automatic gain control.

Grids 2 and 4 are screen grids, whilst grid 3 is connected directly ay ar

to the control grid of the triode section and therefore carries
the alternating oscillator voltage.

Although the }leatel current of this valve is only small, very 93%

— M

high conversion amplification is possible; on 250 V anode and 97 9793
100 V sereen, it is 650 nA/V, without control, the internal resist- —
ance being 1.3 M ohms. K f f
The ECH 3 is eminently suitable for short-wave reception with 11399
controlled mutual conductance, without too much frequency
drift; the drift is very slight when occasioned by mains voltage L9
fluctuations. If the tuned oscillator circuit is connected to the P fr m
anode, with the feedback coil in the grid circuit, the frequency Q D
drift arising from mains fluctuations of 10 %, will beless than a;{=> <ay
1 ke/s at 15 m: at this wavelength, with a tuning capacitance of AR
50 puF in the oscillator circuit and full control applied to the qr.g3 g2q4
grid, the drift is less than 2 ke/s. The relatively low input and |30
output capacitances of this valve arc also favourable features ;:
from the aspect of short-wave work. .

ig, 2

Due to the hexode principle employed in this valve, there is no
clectronic coupling between the oscillator grid (grid 3) and the
R.F. grid (grid
1). Grid 3,

Arrangement of
clectrodes and
base connections.

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
£ unit and the rapid decrease in the
slope in respect of the first grid
when the negative voltage on grid
3 (see I'ig. 21) is increased, it is pos-
sible to obtain very high conver-
sion conductance in the uncon-
trolled condition; moreover, the
alternating oscillator voltage nced

Fie. 3 be only very small. The effective
Cross-seetion of the system of electrodes in the hexode unit, alternating oscillator voltage for

37
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9! 9293

q4 a2

The systen of ¢

cetion thr

hvxbdv (ser A=B, Vg,

31514

ough

ctrodes of the

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 xA/V at
5 V (see Fig. 9). so that satisfactory conversion ampli-
fication is also possible on short waves. At very much
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 valuc
of 8 V (200 pA passing through the grid leak of 50.000
ohms) gives a satisfactory compromise between hackground
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
cconomy a screen scries 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 cxtent with rises in the control voltage that it approaches that of the
anode. At higher screen-grid voltages, however, sccondary electrons emitted hy
the anode are attracted by the sereen grid, with the result that the internal resistance

Tan(uA] au(u Ay
10000 oo Bt rr ~r 10000
p T T3 Af" ol ST T F
(PP & S =7
W fA ] 1
- ]
[ lay / T
L = N r 4
L "y LI | ” v
v ‘fg“,; los15eo ] ,{ 500000 l /
RS T L eoo 2008 1000
E € T ISRARS J- Y. H 1T FH
o |wes ar™ Vo250V LAY H e, 190007 E /A
[ 7 R gy Res 330000 1Y R f.a ssooonl AT
n_Vo-200V__ || [T ] 1
HHVD-250V | _JW
R1 2240001 4- i
1111722320000 YT Ay L /
Vb = 200V LA «|R22 O,
Ho #12 w0000 AL 0 b 5 ‘ 100
r11R2 < 5400002 1 . H_ RIS vaetgoy Ty 7
|
I S ! I/ If o
4 I
d | { !
i l
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AN ;/ N
) ol IS A
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EESEESRARY aal diliBriaiini ] mm 0 3
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J 1 i | REY;
= - ~40 -20 o -40 -30 -20 -1
% Woutv) ® J1a71 (V) 11469
I'ig. & IFig. 6
Anode current. of the hexode unit as a function Anode current of the hexode unit as a function
of the ¢rid hias, at ditferent sercen potentials of the ¢rid bias, at different sereen potentials,
with an anode voltage of 200 to 250 V. with an anode voltage of 10U 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 circunit also suffers. A correct choice of resistances
for the potential-divider network will place a limit on the increase in sereen 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 he fairly rapid, and the characteristics
with regard to cross-modulation arc very good throughout the whole range of control
(see IMigs 15 to 20).

HEATER RATINGS

Heating: indirect, A.C. or D.C'., series or parallel supply.

Heater voltage . . . . . . . . . .. .. ... 1 -63Y

Heater current . . . . . . . . . . . . ... o0 20200 A

CAPACITANCES

a) Hexode section b) triode section ¢) hetween hexode
and triode

Cop = 4.9 gy Cy = S8 uF Corpa < 0.3 puld

Cp =90 jpul® Cy - 4 pud?

Cygr << 0.003 wuF Coy — 1.4 puF

Coy <2 0.001 gped?

T

PO,

WI7TERC I S U L

P s PR
— Va = 200-250V
Tay Rgs- 5000012

Ig3 = 200pA

=0uF ™

Va=100V

Conversion conductance Se as a function of the Conversion conduetanee Se as a funetion of the
wrid hias Vg at ditferent sereen-grid voltages erid hias Fypoat ditterent. sereen volfages and
and for an anode voltage of 200-250 V. for an anode voltage of 1o V.,
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ECH 3

OPERATING DATA (hexode section employed as

a) FIXED SCREEN VOLTAGE
Anode voltage

Ve 200 V
Screen-grid voltage

Vo 100 V
Cathode resistor

Ry, 215 ohms
Oscillator-grid leak

Ry 50,000 ohms

Oscillator-grid current,

frequency-changer)

250 V
100 V
215 ohms

50,000 ohms

1y, 200 pA 200 A
Grid bias (grid 1) _ )

Vo =2 VY —17 V) =23 V) 2V |7 V) 23 VI
Anode current

1, — 5 mA — — 3 mA — —
Screen-grid current

Ty + Igy 3 mA — — 3 mA — —
Conversion conductance

S = 650 pA/V 6.5 1.5 650 1AV 6.5 1.5
Internal resistance

R; = 0.9 > 5 > b 1.3 > 5 > 6 M ohms

1y Without control
3) Extreme limit of control

SclpAN) Ri(MQ)
gt ! T’
AN i
B T
& R
T Ty
000 o Wze- 100V 25
Vosc(Vert
12 40

—115 30

o5 10

Fie. 0
Conversion conductance Se, internal resistance

Ri and alternating oscillator voltage Tose

as a function of the oscillator grid current

Igy, at Fa = 250 V, Rg; = 50,000 ohms and
with fixed screen voltage of 100 V.

40

?) Conversion conductance reduced to one-hundredth of uncontrolled value

Sc(uAlv)
120015y
f !
1 |
f
T
a
1000 Vo = Va-250]
Pu=2150 |
Py - 240000
2 =330000) |
a3 = 500000 HHHH
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! et it
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Fig. 10
Conversion conductance Se, internal resistance
R and alternating oscillator voltage Vaxe
as a function of the oscillator-grid current Jy,.
at Fa = 250 V, Ry, = 50,000 ohms and with
sereen fed from a potential divider of 24,000 +-
33,000 ohms (normal operation).
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ECH 3

SCREEN FED FROM A POTENTIAL DIVIDER (normal operation) (current

passing through the potential divider itself: 3 mA).

Supply or anode voltage

Resistance of potential divider
(see I'ig. 28)

Resistance of potential divider

7y = T

[

R,

(see Tig. 28) R,

(‘athode resistor Ry
Oscillator grid leak Ry,
Grid bias (grid 1). Vo
Screen-grid voltage Fyun
Anode current R
Screen-grid current Ay gy
(onversmn conductanw N,
Internal resistance. 12;

250 V
24,000 ohms
33,000 ohms

215 ohms
50, 000 ohms

-2V —93. 5 Vi) -—31V3
100 V e 145 V
3 mA —
3 mA - —
650 nA/V 6.5 pA/V 1.5 uA/V

1.3M ohms > 3Mohms > 4 M ohms

1) Without control 2) C'onversion conductance reduced to one-hundredth of uncontroiled v a,
3) Extreme limit of control
ScluAlv) QMmN  ScdudV) m(mv
1200 Tz w3 I N D AL oy S AT O 1200 T TIEED
g e HERR T [
ko i -
f W - Va=250V
T 0 N E)
! [ ! —t ; \Vgre -2V
10 f b 5 1000 R 2220000 [
® % o Flfo <870000 | 25
R13-5000002 | -
Al

80017

Voscilott)

2001

; 3 30 6001

400

200

800111+

IBAUEENNI

!
i
1
I

i, 11
Conversion conductance Se, internal resistance
Iti and alternating oscillator voltage 1ose
as a function of the oscillator-grid current 7q,
at Ve 250 V., 50,000 ohms and with
sereen fed from a potential divider of 47,000 -+
33,000 ohms (noise-free operation).

Ry, =

0 400
lg3(uA)

IFig. 12

conversion conduetance Ne, internal resistance
Ri o and alternating  oscillator voltage Vose
as a function of the oscillator-grid current Iq,,
at Fa 250V, Ry, 50,000 ohms and with
sereen 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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ECH 3

c)
GRID FED FROM A POTENTIAL
potential divider itself: 2.1 mA).

Supply or anode voltage Fop = T,
Resistance of the potential divider

(sce Fig. 28) R,
Resistance of the potential divider

(sce Fig. 28) R,
Cathode resistor Ry
Oscillator-grid leak Ry,
Oscillator-grid current . 1y,
Grid bias (grid 1). [N
Screen-grid voltage Fysa
Anode current »
Screen current Ly, = Iy
(‘onversion conductance Se
Internal resistance '

1) Without control
Extreme limit of control

SclpAN)
00

2001 I

i

R(MOY  ScluAlV)

ARRANGEMENT FOR LEAST POSSIBLE BACKGROUND NOISE; SCREEN

DIVIDER (current passing through the

250 V

47,000 ohms

li

33,000 ohms
310 ohms
50,000 ohms

== 2001 A

—2Vy —19 VvV 23 V3
= 0V — 100 V
= 1.5 mA — —
o= 1.6 mA — —

= 450 AV 45 AV LS nA/V
2 M ohms > 5 M ohms > 6 M ohms

?) onversion conductance reduced to one-hundredth of uncontrolled value.

1200+

125

1000+

Vasc(Verr]

t2 40 go0i:

-+15 30 6004

Vosc(Verr)
r2 40

415 30

105 10 2004}

20 4004

20

r05 10

0

g

IFig. 13
(‘onversion conductance Se. internal resistance

i and alternating oscillator voltage Fosc

ag a function of the oscillator grid current Ju,.

at Fa == 200 V, Ry, = 50,000 ohms and with

screen fed from a potential divider of 19,000 ~

54,000 ohms (for receivers with switeh for A.C.
or D.C.).
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400
lga(un)

31431

Tig. 14
conversion conductance Se, internal resistance
Ri{ and alternating oscillator voltage VFose
as a function of the oscillator-grid current 7y,
at Ve = 100 V, Ry, = 50,000 ohms and with
screen fed from a potential divider of 19,000 -+
54,000 ohms (for receivers with switch for AL (.

or D.C.).



ECH 3

d) 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 Fp = I, = 250 V
Resistance  of the potential

divider (see Fig. 28) . . . R, = 22,000 ohms
Resistance  of the potential

divider (see Fig. 28) . . . R, = 834.0C0) ohms
(athode resistor . . . . . . R s 165 ohms
Oscillator-grid leak . . . . . Ry = 50.000 ohms
Oscillator-grid current . . . . [,; - 200 eA
Grid bias (grid 1). . . . . . T, = —2 V) 285 V? —40 V' ?)
Nereen-grid voltage . . . . . F,, = 125 V — 200 V
Anode current . . . . . . . [, = 4.5 mA —- —
Screen-grid current . . . . [y, - Ty oo 4.3 mA — -—
(fonversion conductance . . . S, = 800 1AV S AV 1.5 AV
Tuternal resistance . . . . . R; = O08Mohm < 0.8Mohm -<1.1Mohms

1) Without control 2) Conversion conduetanee reduced to one-hundredth of uncontrolled value.
3) Extreme limit of control
Vi [mVett)

I3

Viimbestr

G2

1000 10001~

URIIRIE
ScipAV)L A=
00 10000 !

Va =250V
Vg24= 100 V
Rga = 500000
93 =200 uA

Iy It i L it}
1 10 100 1000 10000 100 1000 1000
2o A) -':’q:+/;:/yA} . 5(.’51A’V/»'RK/MJ’U laluA) I+ lgatpAl  ScwA/V) RiMA)
Fig. 15 Tig. 16

At Ve = 250 V and with fixed screen-grid At Ve = 250 V and with screen fed from a

voltage of 100 V: potential  divider of 24,000 4 33,000 ohms
U pper diagram, Permissible R.I'. voltage at 1 9;, (normal setting):
cross-modulation (X = 1 %) and permissible Upper diayram. Permissible R.1". voltage at 1 %,
alternating voltage of the interfering signal on cross-modulation (K = 1 9,) and permissible
the grid, with 1 %5 modulation hum (mb = 1 %), alternating voltage of the interfering signal on
as a funetion of the conversion conductance. tiie grid at 1 9% modulation hum (mb = 1 %),
Loweer dinygram. Anode current Ja, screen-grid as a function of the conversion conductance,
current Iy, + Ig,, conversion conductance Se¢ Lower diagram. Anode current JTa, screen-grid
anel internal resistance R as a function of the current Iy, + Ig,, conversion conductance Sc

bias on grid 1. and internal resistance Ri as a function of the

hias on wrid 1.



ECH 3

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

Supply or anode voltage

V=¥, = 100 V 200 V
Resistance of potential

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

divider (sce Fig. 28) R, = 54,000 ohms 54,000 ohms
Cathode resistor

Ry, = 210 ohms 210 ohms
Oscillator-grid leak

R, == 50,000 ohms 50,000 ohms
Oscillator-grid current

1y, = 200 pA 200 pA
Bias on grid — — L ——— m———-

Vi = —-1.25 V1) —13.5 V) —16.5 V3) —2 V1) —235V2) —31 V3)
Screen voltage

Py == 55V — BV 100 V - 145 V
Anode current’

1, - 1 mA — — 3 mA — —
Screen current

Iy, 4+ 1y — 1.4 mA — — 3 mA — —
Conversion conductance

S = 450 uA/V 4.5 pA/NV 15 uAV 650 pA/V 6.5 udA/V 15 pA/V
Internal resistance

R; = 1.3 > 4 > 5 0.9 > 2 > 2.5

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

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

OPERATING DATA: Triode section employed as oscillator

Supply voltage . . . . . . . . .. Jp= 100V 150 V 250 V
Anode load resistor . . . . . . . . . By = — — 45,000 ohms
Anode current under oscillation

(Rg = 50,000 ohms, I, = 200 ptA). . [, = 3.3 mA S mA 3.3 mA
Anode current at commencement of

oscillation (Ve ==0) . . . . . . . Ip = 10mA 18 mA 6.3 mA

Mutual conductance at commencement

of oscillation (Vg =0) . . . .S, = 28mA/V 38 miA/V 2.8 mA/V
Amplification factor (1) =0 V; Vg =

oVv). . e

44
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MAXIMUM RATINGS for the hexode section

Anode voltage in cold condition Veo = max. 550 V
Anode voltage e = max. 300 V
Anode dlssapa.tlon . We == max. 1.2 W
Screen voltage in cold condmon Vg = max. 550 V
Screen voltage (I, = 4.5 mA) I'yo — max. 125 V
Screen voltage (/, < 0.5 mA) Fyo == max. 200 V
Screen dissipation . . Wy = max. 0.6 W
Grid voltage at grid current start (ljl + 0 3pA) Vg = max. —13 V
Grid voltage at grid current start (ly; = + 0.3 pA) Vyy max. —1.3 V
Cathode current . Iy = max. 15 mA
External resistance in c1rcu1t grld l Ry == max. 3 M ohms
External resistance in circuit, grid 3 . . Ry max. 100,000 ohms
External resistance between heater and cathode . . Rp -= max. 20,000 ohms
Voltage between heater and cathode (direct voltage

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

1t/

1000

TCw 18-7-35)

\
|
i
i

)

-401—

000

Vo =Va=250V
R = 470000
— Rz 2330000 |1
—1Rea=500000 -

lga = 200 A
T

10001=-

7006!7 oo IOJ/“'“/’ IS(A/V)
1ol ) S ANV o) Al sloz e b5l

ar 1 10 Ri(MN)

Tig. 17
At Fa = 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 9% cross-modulation (K = 1 %) and permissi-
ble alternating voltage of the interfering signal
on the grid \\'ith 1 % modulation hum_ (mb =
1 ¢;), as a function of the conversion conduct-
ance.
Luwer diagram. Anode current Ia, screen current
ly. + Ig,, conversion conductance Sc and
internal resistance Iti as a function of the
bias on grid 1.

Fig. 18
At e = 250 V with screen fed from a potential
divider of 22,000 + 84,000 ohms (for freedom
from appreciable cross-modulation).
Upper diagram. Yermissible R.F. voltage with
1 9% cross-modulation (A = 1 9%,) and permis-
sible alternating voltage of the interfering signal
on the grid with 1 %, modulation hum (mb =
1 %,), as a function of the conversion conduit-
ance.
Lower diagram. Anode current Ta, screen current
Ig. + Iy, conversion conductance Se and inter-
nal resistance It as a function of the bias on
arid 7.

A5
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MAXIMUM RATINGS for the triode section

Anode voltage in cold condition . . . [ R max. Hd0 v
Anode voltage . . . . . . . . . . . . . .. .. e = max. 150 V
Anode dissipation. . . . . . . . ... o000 Wy o= max. 1.5 W
Grid voltage at grid current start ([, -~ + 0.3 pA) Iy, = max. —13 V

External resistance in the grid circuit Ry = max. 100,000 ohms

The triode oscillates very freely, owing to its high mutual conductance, and, since it
is also brought into oscillation casily, the reaction can with advantage be fairly loose.
A grid leak of 50,000 ohms is recommended and a grid capacitor of 50 yuF is satis-
factory; these values can he maintained on all wave-ranges.

In order to limit possible frequency drift and “pulling” of the oscillator tuning by
the R.I. 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 occurring in the input circuit due to the capacitance (5

Vi (mVerr) 51462 Vi mVerr) F1460

EIEEN] Sat

1000 N

3 1000~

100 100+

04—

10

=
i

-

00 Sc(uAV)] 10000 1000 Sc(A/V] 10000

E Ve =Va =200V | Vaily)
SE R e
-90 s 22005A i |y f/'q_ﬂ%’?‘” -20
\3 L ‘ /eug EN
{ l P22 ==pr/~7“7

: \\ at
) | N e :
7;[ - "v/\z.?*/‘/.l \\ L
— [N Y !
-0 i
- | N i
0 Lo | . . : ! I ’ 0 i . DRSS \S : i 'r_
1 10 100 1000 10000 1 1000 10600
13{uA) : lgz +Iq9{uA) : Sc(uAlV] IaluAy: lg2+lga(uA) s Se(uAV) i Ri(MOY
o1 1 10 100 Ri(MQ)

g, 19
At Ve = 200 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 dingram Permissible effective R.1. voltage
at 1 % cross modulation (K = 1 %) and permis-
sible alternating voltage of the interfering
signal on the g¢rid at 1 % modulation hum
(mb =1 9%), as a function of the conversion
conductance.
Lower diayram. Anode current. [« screen voltage
Ig, + Iy, conversion conductance Se, and
internal resistance /i as a function of the bias
on grid 1

46

Tig. 20
At Fa = 100V, 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.I. voltage at 1 %,
cross modulation (A = 19;) and permissible
alternating voltage of the interfering signal on
the grid at 1 9, modulation hum (mb = 1 9%).
as a function of the conversion conductance.
Lower diagram. Anode current Ia, screen cur-
rent Ty, + Iyg, conversion conductance Se and
internal resistance M, as a function of the
bias on g¢rid 1.
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Grid-current slope Sy« as a funetion of the grid bins.
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ECH 3

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 ochms with a supply voltage
I'p = 250 V; the coupling capacitor should be between 50 and 500 uuF.

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 1A, 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
cither 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

Raeq(L2)
400.10°

100. 105

10, 105
NEANRERRITRTARARARS 5 1108
: PEECREE
Va_ 200V
200pA |
Rg3=50000.1
i 08
Py
| ik
|
] | 0,01.105
V2,4 (V] 250 150 0

32757

Tig. 23
Tquivalent noise resistance RReg as a function of thesercen-grid voltage
Fy.,4 at different values of grid bhias ¥g,.
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ECH 3

section have a very marked effect on the range of control, hesides 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 control and, lastly, a combination that
will give an improved cross-modulation characteristic. Tor the use of the ECH 3 in
A.C./D.C.reccivers the different values are such as to render the valve suitable for
the type of recciver that is fitted with a switch for the different mains voltages, the
screcn-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 rcgarded as acceptable.
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iz, 28
Theoretical cireuit diagram showing the 1CH 3 employed as a fre-
queney-changer. A value of 100 pl* for capacitor ¢; will usually
sive a more constant oscillator voltage throughout the whole wave-
range.

IYig. 23 shows the characteristics with respect to the equivalent noise resistance
plotted against screen voltage at different values of the 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 recciver will give the
signal-to-noise ratio. Figs 24 to 26 reproduce the internal resistance curves as a
function of the scrcen-grid voltage; these, together with Iig. 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 sereen 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 resistcr of about 30 ohms may be included in the anode and control-grid
leads.
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EEP 1 (EE l) 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
reccivers and amplifiers with a balanced output stage. The use of this
valve not only saves the cxpense 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
amplitiers 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.

Secondary emassion and construction of the valve
Y

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 clectrons
and if their direction of movement is favourable they are able to
leave the surface. These clectrons liberated from the surface of the
metal by the primary clectrons are known as sccondary electrons.
The capacity for emitting sccondary electrons is expressed by the
“secondary-emission factor” 8, which is the average number of
seccondary electrons liberated by the primaries. The number of
secondary clectrons and the path which they follow depend on the
construction of the valve, on the
potential at the various clectrodes
and on the physical propertics of
the hombarded surface. A nickel
surface, for instance, gives a sccon-
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 clee-
trons. The latter can take place

a

L— k2

o
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—g2
gl—-——_

max 48

JoJse

i, 1
Dimensions in non.

28837

Fig, 2
Arrangement of
clectrodes and
bLase connections,

only when the

ki 32635

Mg, 3
Diagram of the system employed in
the sccondary-emission valve, Primary
clectrons, leaving the cathode Iy, arc
detlected towards the secondary-emis-
sion cathode /X, and the secondary
electrons liberated from the latter pass
to the ancde. The direction followed by
the cleetrons is shown by means of
arrows and it is just the opposite to that
of the stream in an ordinary reccivimy

valve.

factor is greater than 1. Fig 3 shows the principle
of the sccondary-emission valve. and its action
as applicable to the EEP 1 is briefly as follows.
Llectrons 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 arc mounted between the cathode proper
and the secondary cathode and cach clectron
reaching the latter liberates a large number of sccon-
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 sccondary-emission cathode, atten-
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32077

Lig. 4

Cross-section  through sccondary-emission valve,
showing the path of the primary electrons and also
that of the secondary clectrons liberated from the

cathode k..
primary cathodc
control grid
screen grid (150 V)
screen for protection of sccondary cathode
(0 V) from deposits caused by evaporation of
the cathode

dant upon changes of voltage on the grid
/1, 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 hetween cathode and grid.
[f 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 bhoth the design of the valve

. = detlector sereen (0 V)
k,y = sccondary-cmission cathode (150 V)

and the anode voltage. If the primary
@ + ¢, = anode (250 V).

cathode current is not too low the value
of the factor & will be constant at about
1.6, the mutual conductance in that case being 8§9-6 times greater. Suppose that § = 5,
then 898 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 bariumn 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.
seccondary 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
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 thesecondary-emission
valve can best be explained in
relation to Fig. 41), which shows
a section through the system of
electrodes in the EEP 1. The
primary cathode k, (indirectly-
heated oxide cathode), the
control grid g,, concentric with

26936

Fig. 5
LEquipotential areas in the secondary-emission valve. Ior design-
ation of the clectrodes sce Fig. 4.

*) The diagram shows the construction of the original model of the EEP 1, but in later models the
anode plate @ is omitted to ensure satisfactory operation of the valve as a ]_)re-.’lmplmer and phase-
nverter in balanced output stages, thus leaving only the anode-'‘grid” ¢, as virtual anode.
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the latter, and the screen grid ¢, (at a potential of about 150 V with respect
to k) together constitute the first three electrodes of a normal screen-grid
valve; L, is the secondary-cmission 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 platec s, 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 s, is fitted about the electrode system, this
being also at cathode potential and suitably shaped for correct deflection of the
clectrons. Finally, the valve contains an anode-grid g,, stretched parallel to the emis-
sion cathode and conneeted to the anode plates a. The shape of the screen s, is such
that the field produced between the primary and secondary cathodes causes the clec-
trons to follow curved paths around the screen s, towards the secondary cathode k.,
(see Iig. 4). Fig 5 shows the equipotential areas in onc half of the valve. Between
the screen grid ¢, and the secondary cathode the electrons travel through two concen-
trating ficlds, deflection taking place in the low-potential arca 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 § = 5) which are collected by the anode-grid ¢;, 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 cxternal current tlows
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 ¢mission current
must be diminished by the value of this primary
current.

Fig. 6

o . ‘nt showing the action
The secondary-emission valve as pre-amplifier in of thesecondary-emission valve cn.;;lo.\(-lod as

. 3 Iriver valve. The arrows indicate the diree-
balanced output stages without transformer. ;i‘m fouowgd hylt,hc l(tlc(:t rons. The “mmml
. current How is in the opposite dirccetion to
When balanced output stages arc driven by that of the arrows.

means of the sccondary-emission valve EEP 1.

use is made of the fact that the secondary-cmission 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 clectrodes are therefore 180° opposed and, if these currents be
passed to or from the clectrodes across resistors, voltages will he 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 altcrnating voltages are exactly equal.
As already stated. the action of the valve depends upon the fact that for every clectron
reaching the secondary cathode § electrons arrive at the anode; the number of electrons
at the secondary cathode is therefore augmented by (3—1) clectrons passing through
R, ) to the secondary cathode, whilst § clectrons leave the anode through R. in
respect of these.

Schematic arranger

1) In Fig. 16 R, is made up of R, and R, in parallel,
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If the effect of the secondary cathode on the anode current is ignored, cqual voltages
will depend on the following expression:

(8—1) R, = § Ry, or Ko — 8_8-1 R,
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 I,
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 Tig. 17.
A potential divider, R,, Ry, is connected across the loudspeaker; resistor Ry is simul-
taneously included in the cathode circuit of the EEP 1 and the speech voltage across
Ry therefore occurs between the cathode and the grid of this valve. The sum of the
resistances of R, and Ry should correspond to the value of the cathode resistor as
specificd for this valve (the value of R; in Fig. 16; sce also the following data).

HEATER RATINGS
Heating: indirect, A.C. or D.C. para]lo] supplv

Heater voltage . . . . . B N Y
Heater current . . . . . . . . . . T L LI
CAPACITANCES

Capy < 0.006 ¥ Cyirn << 0.001 ppl?
STATIC RATINGS
Anode voltage . . . . . . . . . ... ... ... ...V, =20V
Screen-grid voltage . . . . . . . . . .. .. ... ... T, 2150V
Secondary-cathode voltage . . . . . . . . . . . ... .V == 150V
Grid bias. . . . . . . ... ... .. ... Fy o= =25V
Anode current . . . . . . . . . . . . . . .. ... .. 1 = 8mA
Screen-grid current . . e e e e e e e gy = 045 MA
Current to secondary cathode e e e oo o gy - —65 mA
Mutual conductance . e e e oo 8 == 17 mA/V
Internal resistance . o .. . . . . . . R = 50,000 ohms
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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 . . . . . . . .. ... Ty = 400 V 500 V
Resistor e . ... ... .. Ry o= 26,000 ohms 26,000 ohms
Resistor . . . . . . . . ... . ... . R, == 208,000 ohms 208,000 ohms
Resistor . . e .. . . Ry == 29,000 ohms 29,000 ohms
Resistor . . . . . . . . ... .. ... R = 85000 ohms 105000 ohms
Resistor . . . . . . . ... . ... .. Ry = 30,000 ohms 30,000 ohms
Resistor B 9,000 ohms 9,000 ohms
Cathode resxstm ... R. = (,900 ohms 6,000 ohms
Alternating output volt‘we per "I‘ld in output

stage . . . O = 10 30 10 30 Vg
Altema.tma mput voltn.gc R R = 34 114 31 96 mV.;
(zain bet\scen grid of EEP 1 and Grld of output

stage . . .. .. ... oo /=300 265 325 315
Total distortion. . . . . . . . . . . . dyr = 14 46 0.9 3.29

MAXIMUM RATINGS

Anode voltage in cold condition . . . . . . . . . Jg — max. 700 V
Anode voltage . . . . . . . . . . . ... ... F, = max. 400 V
Anode dissipation . . « = max. 2 W

Screen-grid voltage in cold condltlon . = max. 400 V
Screen-grid voltage = max. 150 V
Screen-grid dissipation . - max. 0.1 W

Voltage on sec. emission cathodL in cold condition T, = max. 400 V

Voltage on scc. emission cathode. . . . . . . . . 1%, = max. 200 V
Dissipation of sec. cathode oo oo o Why = max. 2 W
Primary-cathode current. . . . .. . . .. I = max. 10 mA
Grid voltage at grid current stn.rt ([,,l = -+ 0.3 pA) Vy, = max. —13 V
Resistance between grid and cathode . . . . . . . R, = 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) . . . . Tp = 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 ditference 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 Tig. 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 OA in Fig. 18 is reduced and this
effect can be obtained by using a higher resistance, due 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, 16
Theoretical cirenit diagram showing the L1P 1 used as driver valve without negative feed-back. The
values of resistors R, to R; may be obtained from the operating data.
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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 Fb of not less than 275 V be employed; otherwise the results
will not be satisfactory.

.
i @54}
0|2 s

-16
14

Fig. 18
Simplified diagram show-
ing the ecffect of the
-4 cathode resistor on the

constancy of the cathode

current. The automatic
r2 control of the current is
better according as the
W4 -3 2 -1 0 41 +2 +3 +4 +5 6 7 +8 +9 0 8 a(;lsgtsé‘:n(,c line becomes
Va (V) 28057 !
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EF 5 Variable MU R.F. pentode

The EF 5 is a variable-mu R. F. or L.F. pentode. Special care has max32
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 § mA, when

the mutual conductance is 1.7 mA/V, the control range being from X
—3 to —46.5 V. The control range is capable of modification by é:
means of the screen voltage; at lower screen potentials, for the same |
grid bias, the mutual conductance drops sharply, but the cross- J

modulation conditions are then not so very good. With a screen
8
voltage of 85 V the control range extends from —2 to —39 V only. " u:’
1 s e 1 1 1 . ig.
Obviously, a lower screen potential will result in a lower SCTCCN 1yicnsions in .
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 a
the slope; the working value of the mutual conductance is then
1.85 mA/V. m—

With 60 V screen potential the conductance is still further reduced, g2
to —2/—29 V.

The very greatly diminished modulation hum in this valve is of first
importance in A.C./D.C. receivers, where alternating voltages at
mains frequency can easily occur between heater and grid. The EF 5

is notable for its low inter-electrode capacitances and high internal
resistance; excellent results are obtained on the short-wave range. 9'm
Although on short waves the circuit magnification is usually only fair,

the excellent properties of the EF 5 make it possible to achieve “ Tgﬁ
extremely good amplification in this range. On short waves, too, the 93 2

-
-
3

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 q2
12 to 60 metre band, as compared with the impedance valucs of

practical tuned circuits, enables the EF 5 to produce in that range =

amplification values equal to the product of mutual conductance and rFig. 2
Arrangement ot
2474 IMA) clectrodes and
= mass ! 7 7] £ base connections.
T it SR
P ! AT T impedance. On the short-
FS HH i -ave bands the (feed-
u Vau 100-250V 1 wave bands the (fee
% Hi  back) impedance, which
- w200V {HE ,p takes the place of the
EEEdymeE ! 2. 85V. anode-to-grid  capaci-
ne ! ¥2. 60U ¢ tanceon the long waves,
H X / is unusually high and
H T W2a 100V s there is therefore no
o A ;92= gg:}% f '; risk of parasitic oscilla-
BEEE T 7 ’? > : ¥ SagTarer b tion, even with the
L ] . ra 7 maximum  permissible
RN ANsany (
"'_'_J,}l T gL 2 amount of gain.
Maass =amall : 2, 4 . . .
CoE e e SEE: z T vty 0 A factor contributing in
-15 0 s o no small degree towards
Fig. 3 ' the high properties of

Anade current and sereen current as a function of the grid bias, for different this valve is the use of
values of screen potential, at 250 V anode. The curves also apply asan .
approximation to anode voltages of 100-250 V. side contacts (P-type
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EF 5

base). The suppressor
haimA) - £ grid and metallizing,
each with their own
5 seaass individual contacts, can
o be connected direct to
REEEEN earth to give thc best
possible results with
0 Tl short-wave reception.

] e e—es 5V
6V
—— Tkl
L oV
I : ! oy lovt
- T = i ey 01 4]
oI T L Ei il i - LT
0 100 200 300 400 Vafv)i
bima) 285649
TITTT T T 15 7567
V2. 100V N
e OV Vp=0V
55 L= H
gl
& “1v
= Tl
~15V"
L1
104 m— Fad
e = 25V
- JV}
T 171
4 L__—-I--—— W
§ =
4 Tig. 4
= Anode current as a function
i of the anode voltage, for
different values of screen
0 = % potential and grid Dbias.
0 100 300




HEATER RATINGS

Heating: indirect, A.C:. or D.C\.. series or parallel supply ' )
Heater voltage . . . . . . . . .. .. .. ... ... .... =63V
Heater current . . . . . . . . . . . . . ... ... ... I =020\
CAPACITANCES

Cayy < 0.003 pulF
Cyy = 54 uuF
Co = 6.9 uul
OPERATING DATA: valve employed as R.F. or LF. amplifier

Anode voltage

Fe (V) 100 200 250
Screen-grid voltage

Fgo (V) 100 100 100
Suppressor-grid voltage

Vyga (V) 0 0 0
('athode resistor

Rp (ohms) 170 180 180
(Girid bias

g1 (V) -2.851) 343 -46.5%) -2.95Y) 347 46.5%)  -3) 347 -46.5%)
Anode current

I, (A) 8 — - S - — 8 — —
Screen current

Iz, (mA) 2.6 -— — 2.6 — — 2.6 = —
Mutual conductance

S (uA/V) 1700 17 2700 1% 2 1700 17 2
Amplification factor

2 500 — - 1600 — — 2000 — —

[nternal resistancc
R;(Mohms) 03 =10 =10 095 >10 >10 1.2 > 10 > 10

Anode voltage

Fu (V) 100 200 250)
Screen-grid voltage

Fga (V) 85 83 85
Suppressor-grid voltage

Vys (V) 0 0 0
Cathode resistor

Ry (ohms) 190 195 200
Grid bias

Vg (V) SLOY -202)  303)  J1.95Y) 22927)  a0%) 21 207 50)
Anode current

1, (1nA) 7.5 — — 7.5 - - 7.0 — —
Screen current

l,, (mA) 2.45 — — 2.45 — — 245 — —
Mutual conductance

S (LA/V) 1850 18 2 1850 18 2 185018 2
Amplification factor

" 550 — — 1750 — - 2200 — - -
Internal resistance

2, (Mohms) 0.3 =10 >10 09 >10 > 10 .2 S0 > 1o

EF 5



EF 5

Anode voltage

Vo (V) 100 i AN
Screen-grid voltage
Vys (V) 60 60 60
Supressor-grid voltage
Vga (V) 0 0 0
Cathode resistor
L. (ohms) 360 370 350
Grid bias
g1 (V) -1.91) 222 .293) .2.951) -22%)  .299) -21) -222) 20
Anode current
Iq (mA) 4 — - 4 — -- 4 — -
Screen-grid current
I, (mA) 1.3 -— —- 1.3 — — 1.3 — —
Mutual conductance
S (uA/V) 1400 14 2 1400 14 2 1400 14 2
Amplification factor
I 1200 — — 1900 — — 2000 — —
Internal resistance
Ri;(Mohms) 08 >10 =>10 135 >10 =10 14 >10 >10
1) Without control Vi (mberr) 2863@
?) Mutual conductance reduced to onc-hundredth AR
of uncontrolled value.
3) Extreme limit of control. 1000
MAXIMUM RATINGS
Vao = max. 550 V ==
Ve = max. 250 V
W, :max. 2 W ©
120 - max. 400 V Vi (mierr) ’! 100 000 I AN)
Vg, - max. 125 V 100 ;___»—li :Lii
Wys - max. 04 W
1); - max. 15 mA }
Vyr(lyy - +0.3p4A) == max. —1.3 V V== H=
Ry, max. 2.5 M ohms =
Ry max. 20,000 ohms H lo I}c
Vir max. 100 V1) (v, S*Ei\ﬂ i
1) Dircct voltage or effective value of alternating -40 S il
voltage. NG ~ S
-30 Ratn ST
It B
-20 T HE:
I it
Due to the curvature of the characteristic, 10 ‘; s
the uses of the BT 5 are restricted to R.J. 0 : T i
and I.F. :.nnpliﬁc.ation.. It can be emp!oyed ! 10 100 o0 s wr.sm
as amplifier with either automatic or Fie. 5 ”

manual control. It is preferable to fced
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.
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At 100-250 V anode and 100 V screen;
U'pper diagram. Alternating grid voltage as a
function of the mutual conductance, with 1 %, cross

modulation.

Centre diagram. Alternating grid voltage as a
function of the mutual conductance, with 19
modulation hum.

Lower diagram. Mutual conductance &, anode
current Ja and sereen current Iy, as a function of
the voltage on the first grid.
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YilmVerr/ 26647
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-40 At 100-250 V anode and 85 V screen;
— Upper diagram. Lffective alternating grid vol-
-30 tage as a function of the mutual conductance,
with 1 9% cross modulation.
_ Centre diagram. Effective alternating grid vol-
20 tage as a function of the mutual conductance,
with 1 9% modulation hum.
=10 Lower diagram. Mutual conductance S, anode
current Ia and screen current /g4, as a function
0 of the grid bias.
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'a .
,02(#41.5(114”)
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Fig. 7
At 100-250 V anode and 60 V screen:
Upper diagram. Lffective alternating grid volt-
age as a function of the mutual conductance,
with 1 9%, cross-modulation. -20
Centre diagram. Effective alternating grid volt-
age as a function of the mutual conductance,
with 1 9% modulation hum. -10 }
Lower diagram. Mutual conductance S, anode T
current Ja and scrcen current Ig, as a function Jr—
of the grid bias. 4 L
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28655
lgelma) VraOV =ty =2V =3V =4V
4 S S5y A _sv
Y 4
Va=250 4 2 -
7 6V
H :’_‘__ v 7 A A L
K18 v
4 Y 117 R AN /—~7ﬁ
H % t sy
A A 4
HH , 7 A AT
Vd -10v
4 AN
4 /4 d
4 anp. -12v
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1 16
: 16
AP 6 i By e Iy + - 191/
et A oy
e {3/4 "‘f//”“-zzv
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i I L
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Yig. 8

Screen-grid current as a function of the screen voltage, for different
values of grid Dias.
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Tig. 9
Anode current as a function of the screen-grid voltage, for diffcrent
values of grid bias.
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EF 6 Pentode

This valve is particularly suitable for A.F. amplification and either
anode-bend or grid dctection. The EF 6 works only on a fixed bias
and therefore finds no application in practice as an R.F. or L.F.
amplifier. The degree of A.F. amplification, however, is very high
indeed, the ultimate signal voltage on the anode heing 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
amplificr 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-hands.
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.

SimAlY) ima] Tn part, the excellent short-

2

Fig. 1
Dimensions in .

T o T - wave qualities of the EF 6
} } T } I[ I T | q
: T T i are due to the use of the
(REESEREE : P-type side-contact base
r+t -+ st 0 and separate suppressor-
50V T AT rid connection. (Cross-
100V T g . : S8
BRRamRy auEAES modulation and modulation
T I .
f Y hum are both very slight Fig. 2
T y ] v & Arany ont
! =+ 8 indeed, ecspecially at the  :ranscment of
H YT D2 P o O clectrodes and
1 maximum permissible  base connections.
y H / screen-grid voltage and, for
]" sy P ams this reason, the valve gives good results in
ﬁ‘ aa; ‘I; {7___ 6 A.C./D.C.receivers;in view of the high alter-
f] maE nating voltages occurring between the heater
5} : T }I and earth, and induced on the grid, in
Raa FapagRED this type of receiver it is important that
f T 4 ] P .
E i modulation hum should be as low as possiblc.
Siins iaRasias?
[/iUi4]  HEATER RATINGS
AL 2 . - ; .
ST 71 Heating, indirect, A.C. or D.(C., parallcl
AT supply. ‘ .
; Heater voltage Iy==63 Y\
T w0 Heater current Iy = 0.200 A
3 -2 10
21463
Fig. 3 " CGAPACITANCES

Anode current, screen-grid current and mutual N
conductance as a function of the grid bias at Cuy: < 0.003 piuF
Vg, = 100 V. The curves also apply as an ¢, = 5.2 /I/LF
approximation at all anode voltages from (," 9 T
100 V upwards. « 6. M

i



21463
Twz-100v - PR
IRRNE {"1 11T T
T S
SEuuns l-r ; _g_h: J,[{- ’_%‘543,_ RN
] T T —— - = B q’_"_‘
A SR aaeas
ﬁ‘j?:j} H LLH AT
[ fV RENNERES
SERES F e
: L_. ] ii_R L '1IVA N
1l I
e e
2V - 4
P Am BEN "]’r
e vis
'L T b L+ i 3; - An(;:‘le (-ur'rcm'ns a function
A f the anode voltage at Vg, =
H T 7—_'375;1 45 ?0_0 1‘,’:1?((;; di‘l(r)cr'cln;3 ,i'nluzs of
] L NN AN 1‘ ]_4”,1 ) grid bias.
200 300 400 500
OPERATING DATA
Anode voltage . . . . . . .. .. F, = 100V 200 V 250 V
Secreen-grid voltage. . . . . . . . Vg = 100 V 100 V 100 V
Suppressor-grid voltage . . . . . Vg, ov ov ov
iid bias . . . . . .00 Vg = —2V —2V —2V
Anode cureent . . . . . ... . . I, = 3mA 3 mA 3mA
Screen grid current . . . . . . . I, = 0.8mA 0.8 mA 0.8 mA
Amplification factor . . . . . . . 4 = 1800 3600 4500
Mutual conductance . . . . . . . § = 18mA/V 1.8 mA/V 1.8 mA/V
[nternal resistance . . . . ... Ry = 1.0Mohm 2.0 Mohms 2.5Mohms
MAXIMUM RATINGS
Vao - -« « o v o o o . .. . . . . . . - max. 550 V
| e . . . . .. = max. 300V
We - o o o o o o . oL .. ... = max.1lW
Vgsouo!''! « « « o . . .. . . ... ... .. - max 550V
Voo o v o oo coo . .. ... = max. 125V
Wga o o o o o . . . . . . ... .. ... == max, 0.3 W
Lo o o o o . . . . . . . . . . . .. ... = max. 6 mA
Voo Uy == + 030y 0 o 0 o . -0 . . . . . = max. —13V
Ryik (auto. grid bias) - - - - - - - . . - . . . = max. 1.5 M ohms
Rk (fixed bing) -+ « - - o o - oo oo . == max. 1 M ohm
Ree o o o o o o oo ... . . .. 5= max. 20,000 ohms
Ve o o oo o oo oo 00000 = max. 15 V)

) Direct voltage or cffective value of alternating voltage.
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¥ 6 employed as triode. Anode
of the grid bias for |

current as a funetion
Tw = 150 V)

The valve is metallized and no additional
screening is nccessary, but the separate
hase contact to which the metallizing is
connected internally must he 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 ET 6
as detector or A.F. amplifier in A.C./D.C.
receivers, however, to see that the heater
of the valve, in the hcater 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
case the grid swing will increase with
signal strength. In A.C./D.C. reccivers
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 atlow 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. amplitication since 1t 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 he
too strong, as this tends
towards microphony
when the loudspeaker
used is -f 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
followed immediately by
the output valve.

22235
. - OF
Ta(mA) } % ;l‘” ! T “:uc]
—t—-1- o1
17 I S [
T ‘2;_‘%\
15 X
‘f' _,'/ +_;%
—H- i
. I
: I t iy
N T if /
I EREaY A& gy, i : i
10 1 ; I T_T'l/ w—/‘f‘k/ *l[ .
T /L |~
[ 1T y /1 a NN
+v11 EI/%j—L;’ -/ / T T‘:’\“@\“~\ T
A 1 ’+,¢
/1 ﬁ: HAA )4 iy an 17
u'dni /1 nyAsyAw/pEEngas
S A E7 48 ny dnp aRunain
/1 fL ARV i T
5 T MRy Al A T
y o yARV & T/ 7 ydmy 4 T
w4 y4 AP Ay 19 An) 1
7, ARy SR/NE ARy ARV/EWA y,
A, wAnyi AT AT Y :
AP AWY 4 Anp VARW ARy SRRV, f
A AT A oA u[/{'_fg(/fu/ ' ]
A P LA |
o A A e i
Y] 100 200 300 400 K24
Tig. 6

EF 6 employed as triode. Anode current as a function of the anode
voltage, for different values of grid bias.
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Generally speaking, the A.F. sensitivity
at the grid of the EF 6 should not he
less than 5 mV.

Fig. 7

Curre A Effective alternating grid veltage as o
function of the screen-grid voltage of the EF 6, with
6 9, cross-modulation (3 % increase in modulation
depth 4 2.25 9 9% modulation distortion, m =
modulation depth). 6 9% ecross-modulation corres-
ponds to 0.5 9, third harmonic.

Curve B. Effcctive value of the alternating grid
voltage as a function of the screen-grid voltage
with 4 % modulation hum (corresponding to 1 9
second harmonic).

[

Iig. 3

Circuit driagram or the ki 6'611)1)10)'0(1 as grid detector with

resistance coupling.

Fig. v
Circuit diagram of the EF 6 employed as A. I'. amplifier
with resistance coupling.



LF 6 employed as grid detector with resistance coupling in A.C\. receivers.

TABLE I

Heaters fed in parallel in A.C. receivers; detector grid leak = 1 megohm; grid capacitor = 100 /(,,uF. Grid leak of next (output) valve Ry, = 0.7

megohm,. Modulation depth wm =

0.3 (30 9). Screen fed through series resistor; Ie and Iy, measured without signal.

Used with EL 2 as next Used with EL 3 as next Uscd(with IE)L 5I as next
. . . e tput) valve. (vutput) valve. output) valve.
Supply | Anode | Anode | Screen- | sereen | Ma. W 2256 v ra = Ty = 20 v Va =20 V; Vo, = 275 ¥
age ling rent series rent nating

res. resistor output For 50 m\WV For full For 560 mW For full For 50 mW For full

output excitation output excitation output excitation
Output | Input | Output| laput Output| Input |Output| Input |Output| Input [Output| Input
volts volts volts volts volts volts volts volts volts volts volts volts

I'b Ra Ia Ry, Iy, Vomax! Fo Vi Vo Vi Vo Xl Vo 1) Yo Vi Vo Fi
(V) (M ohm)| (mA) (M nhm) (14) (Vel]) (Vef) | (mVef)] (Vel) {(Ves) (Veff) {(mVef)) (Vell) (Vel]) (Veg) | (mVe)| (Veff) (Verf)
300 0.2 1.35 0.6 0.45 19 0.9 63 11.2 {1 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 7 0.9 58 11.2 | 0.35 | 0.33 33 3.710.13 0.5 41 8.5 | 0.26
300 | 02 [ 1.0 |10 030 | 15 | 09] 58 | 112]042}033| 33 | 3.7]|014| 05| 41 | 85| 028
250 0.2 1.15 0.6 0.35 16 0.9 60 11.2 | 0.35 | 0.33 33 3.7 1 0.14 0.5 40 8.5 { 0.27
250 0.2 0.95 0.8 0.28 14 0.9 60 11.2 1 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 10.14 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 1 0.14 0.5 50 8.5 | 0.35
300 0.1 2.2 04 0.65 20 0.9 58 112 1 043 1 0.33 38 3.7 1 0.14 0.5 50 8.5 1035
300 0.1 1.8 0.5 0.55 17 0.9 58 11.2 | 048 | 0.33 38 3.7]10.15 0.5 50 8.5 1 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 1 0.43 | 0.33 38 3.7 1 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 10.15 0.5 50 8.5 ] 0.35
300 0.05 4.6 0.15 1.5 24 0.9 77 11.2 1 0.6 0.33 44 3.7 1025 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 1025 0.5 59 8.5 1 0.60
250 0.05 3.7 0.15 1.3 18 0.9 80 112 ] 0.6 0.33 42 3.7 1025 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

1) In these values

for the alternating output the distortion in the detector is less than 5 2.

9 44



TABLE 11

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

9 a1

For use in A.(. mains reccivers with heaters in parallel; grid lcak of the following (output) valve Ry, = 0.7 megohm; cathode decoupling capacitor
= 50 #F. Screen grid fed through a resistor; e and Ig, measured without signal.
Used t\\'ith EIIA 3 as | Used with EL 5 as | Used with EL 2 as | Used with AD 1 as
. . \ . . output valve output valve output valve output. valve
Supply Anode Anode Screen- Screen- | Cathode | Voultage ao= Vg, = 250V  orn Y. - e e v L
voltage | ecoupling current | grid series|  grid resistor gain Va = 1y, 50\ ll' « = 250 \‘,' V= Vg = 250\ Va = 250 V
resistor resistor current y: =275
Output Total Output Total Output Total Output Total
voltage |distortion| voltage |distortion| voltage [distortion | voltage }distortion
'y L In Ry Iy, Rk Yo Vo) dtot ) Vo) dtot 2) Vol dtot *) Vol) dtot ?)
(V) (megohm) (mmid) (megohm) (m4i) (ohms) Vi (Velf) (%) (Ver) 1 (%) (Verf) ) (Veff) (%)
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 24
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 ¢.39 1,600 110 3.7 < 1.0 8.5 1.0 11.2 1.0 31 2.7

1) For the A.I'. amplifier with fully loaded output valve.

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




TABLE I11

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

Used in A.C./D.C. receivers with heaters in series (heater current 200 mA); grid leak of the next (output) valve Rg,r = 0.7 megohm. Cathode
decoupling capacitor = 50 [ul“; screen fed through a resistor. /a and Ig, measured without signal.
Used with CL 1 as Used with CL 2 as Used with CL 4 as
Supply Anode Anode Screen- Screen Cathode Yoltage o’utp:ut ,".‘D‘l":c 'oiput va{w; . oytp;xt "“l":
voltage | cowling | curent | grit serics | current | rsistor | Ui | Wi | e 1o 2100 | suply vakase
Output Total Output Total Output Total
voltage distortion voltage distortion voltage distortion
T Ru Ia Ry, Ig. Ril: Vo Vo) dtot %) Vo) dtot ?) Vo?) dtot )
(V) (Mohm) (mA) (M ohm) (m4i) (ohm) Vi (Vel]) (%) (Veff) (%) (Veff) (%)
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
159 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

!) Yor the A1, amplitier with fully loaded output valve.

2) In the A.Y. amplifier with fully loaded output valve.
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EF 8 Low-noise variable MU R.F. ampli}‘ier

pentode

The IF 8 is a variable-mu R.T. 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 EF 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
clectrode 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. Iig. 3 illustrates the paths of the clectrons through the
different grids.

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 g, is high
enough,  which
means a  wide
) . pitch for grids 2

N and 3. TFor the

NN same reason it is
necessary to in-
crease the screen

Cathode

— -

Control grid

Screen grid -+ -
Additional grid « . ..
Intercepting grid «

Anode

39378

max32

1

27271

Lig. 1
Dimensions in mm

27769

g2 g3
26

27770

Ihig. 2
Arrangement. ot
eleetrodes and
base connections.

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

Iig. 3
Paths of the clectrons irom 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 clectrons are
passed through the meshes of the third grid, resulting in a
very low current to this grid.

s and g,

4

various grids must be such as to
permit the anode to exert sufficient
attraction through the grids g,.

In consequence, the anode-to-grid
capacitance is higher than usual in



EF 8

laA) 3 pentode such as the BEF 5 or EF 9, being
max. 0.007 puF, as against 0.003 puF in
the case of the EF 5. The impedance is
therefore also lower, viz. 0.45 megohm.
However, as the LEI' 8 finds practical
application only as an R.F. amplifier.
that is. as the input valve in a receiver,
the higher (%4, and lower impedance do
not in themselves form an objection. In
the short-wave range the circuit impe-
dances arc in any case on the low side.
whilst in the normal broadcast bands the
opportunitics for amplification by means
T of this valve would, usually, not he fully
; utilized. since the signal input to the
| frequency-changer would then be too
i great.
f

0 Amplification is greatest behind the input.
valve of the receiver, hut it is much
less in the following stages and  the
latter therefore contribute in a very much

L smaller degree towards the general back-

! around noise. Usually the input valve

s —© ‘ 20 01 is a frequency-changer and, as is generally

27772 known, this type of valve is fairly noisy,
Tig. 4 for which reason, in high-performance
Anode current as a function of the grid voltage, . N Oy
for different. values of the bias on grid 2. receivers where many different precau-
tions are taken to suppress interference,
including background noises, an R.F. pre-amplifier is employed.

The usc of the EF 8 as R.F. amplitier 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 performance should therefore he maintained
especially on very strong
signals, that is, with the

/2

{10
i
e

0 wilV)

]

-8

la(mA)
full control applicd to o H,].H._Jj
the valve. A very satis- Vga. 250 {1 L

g2 = e OV {-

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 bhackground

noise, for which this T

high  anode current Ay L L o e

would otherwisc be an T+ 4 id SEhunEndns
]

adverse factor, is kept
at an extremely low
lIevel.

In connection with these
features, the screen cur-

. Fig. 6
rent has heen eﬂectlvely Anode current as a function of the anode voltage, for various values
reduced to 0.2 mA. of the bias on grid 1; grid 2 is connected to the cathode.

75
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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.

2% (0
F 8, of |/2>V0
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, hecomes 6,000 ohms, as against
18,000 ohms in the case of the EF 5. This
vields an improvement factor, with respect
/18,000
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 cxcessive signal

76

& 1.4 times.

to freedom from noise, of - 1.73

in contrast with which that of the EI 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 &
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 arc
also contributory factors and ultimate
improvement in the signal-to-noisc ratio
is obtained more especially in certain
particular cases. For example, it the
impedance of the tuned circuit connected
to the grid is, say, 10,000 ohws 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 +-
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
lpalm4)
05
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Sereen-grid current as a function of the sereen
voltage, for different values of grid bias; grid 2
connected to the bias of grid 1.



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
this 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

27777
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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 Za as a function of the grid bias
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Fig. 8

Upper diagram. Effcctive alternating grid vol-

tage as a function of the mutual conductance,

with 1 % cross-modulation. Grid 2 connected
to cathode.

Centre diugram. Effective alternating grid vol-
tage as a function of the mutual conductance,
with 1 % modulation hum.

Lower diagram. Mutual conductance S and
anode current fa 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
vrid 1 is connected to the cathode: itis

e
il
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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 V¢, = -2 V; right-hand side: at J« = 8 mA.
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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: ¥y, = V¢, = =2 V. Right-hand side:
In = 8SmA
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Raccll Y
——— t === === thus possible by means of the EI § to
- — . e s . ..
— } — design A.G.C!. circuits giving more, or
1 less, control as required.
Ll HEATER RATINGS
1 41— « ree & - 1) (' - e
Va T L3507 = Heating: indireet, A.C. or D.C.; scries
T 1¥peakpza OV i or parallel supply.
bt t;'f{’,’“av —l Heater voltage . . . . 17 63V
Vg2 .
10V 0° Heater current . . . . [, - 0.200 A
= T 21— CAPACITANCES
I { - N
| S Cugy < 0.007 gyl
! ! Copp = 46l
= LN L Cy 0 T8 pul
1= i e o A ] et S
——1+—
NI
\_ |
W
\. .
=\ Y
e s e el B (e Fig, 12
I | ——x Equivalent noise resistance as a function of the
1 —-No- urid bias. The broken line refers to the case
) where grid 2 is connected to the control voltage
‘ } on grid 1; the full line is for the grid connected
0 to eathode,

W) -0 =25 206 15 -0 -Swen 0
OPERATING DATA: EF 8 employed as R.F. amplifier
(g, and g, connccted to cathode).

Anode voltage . . . . . . ... ... ... .. 1, 250 V

Voltage on grid 2. . . . . . . . . . ... ... I'y 0V

Screen-grid voltage . . . . . . . . .. .. ... T, 250 V

Voltage on grid 4. . . . . . . . . .. .. ... T, -0V

Cathode resistor . . . . . . . . . . . .. . R 305 ohims

Guid bias. . . . . . .. ... Iy, “a5 V) =34V - 50 v
Anode current . . . . . . . . . ], S mA — —
Screen-grid current . . . . . . . Iy 0.2 mA —

Mutual conductance. . . . . . . S = 1800 AN IS AV 1 ALY
Internal resistance . . . . . . . Ry -= 045 = 10 Z 10 M ohois
Lquivalent noise resistance. . . . Req = 3.200 ohms  — -—

OPERATING DATA: EF 8 employed as R.F. amplifier
(g; connected to control voltage on grid 1; g, connected to cathode).

Anode voltage . . . . . . . ... .. .. ... T, 250 V

Screen-grid voltage . . . . . . .. .. ... Ty 250 V

Voltage on grid 4. . . . . . . . .. ... ... 1, =0V

(uthodo resistor . . . P (2 265 ohms

Grid bias (grids 1 and ") l‘,l Py = =22 V1) =22 V) 28 V)
Anode current . . . . . . . .. [, = 8 mA —_ —

Screen-grid current oo ooy =02 mA — -

Mutual conductance . . . . . . 8§ = LBOOuA/V I8 uA/V 2.5 AV

Internal resistance. . . . ... Ry 045 > 10 > 10 M ohms

Equivalent noise resxstance . . . Rey — 3,200 ohms — -

1) Without control
?) Mutual conductance reduced to one - hundredth of uncontrolled value
3) Extreme limit of control.
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MAXIMUM RATINGS

Anode voltage in cold condition

Anode voltage

Anode dissipation . .

Screen voltage in cold condltlon

Screen voltage

Screen dissipation .

Cathode current .
Grid voltage at grid current sta.lt (1,~I =

Resistance between grid 1 and cathode .
Resistance between grid 2 and cathode .
Resistance hetween filament and cathode .

Voltage between filament and cathode (direct voltage

or cilective value of alternating voltage)

00puF

pas

125 M0

-I-0,1;1F

+ 0.3 nA) ¥y,
Grid voltage at grid current start (Ig, = + 0.3 pA) ¥y,

3051
H

>

T AVC.

+250V

Fig. 138
Cirenit diagram of the EF 8 used as R.F. amplifier in a superhet
(. on grid 1 only.

receiver with AL

27760

100;UIF 2n
—
Fx o
T >
b
+250v 2778/
Tig. 14

As Tig. 13 but with A.G.C.

80

on grids 1 and 2.

550 V
300 V
2.5 W
550 V
300 V
max. 0.08 W
max. 12 mA
max. —1.3 V
= max. —1.3 V
Ry = max. 3 M ohms
Ry = max. 3 M ohms
R max. 20,000 ohms

o max.,
= max.
— MmaXx.
maX.
max.

I ga0 =
Voo =
Wos =

I =

il
W

100 V

N7 max.

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 wcll 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.
hetter 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. Iigs 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 Variable MU R.F. pentode

This is an R.F. or L.F. variable-mu pentode that can also be used
as a resistance-coupled A.F. amplitier, 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. f—-

max 32

”Q
5

to about 100 V. Due to the application of gain control the scrcen 27808

current drops and thercfore also the potential difference across

. Fig 1
the resistor; the screen pinensions in mum.

100000 voltage thus rises again
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Fig. 3

Ia/ Vg, characteristics using Vg, 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.

until, under full control,
it approaches the valuc
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 g, 2
anode current of the Armnégﬁ,{.m of
EF 9, at —2.5 V and _ electrodes and
100 V screen, in the base connections.
uncontrolled condition

is 6 mA and the mutual conductance
2.2mA/V, whereas in the case of the EF 5.
at Vg =—3 V and ¥y, =100 V, the
anode current is 8 mA and the mutual
conductance 1.7 mA/V.

When the screen voltage rises the [4/1°,

27807

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 I,/ V,, 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 I,/V,, 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

81
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=S WA, vaoo cvery value of the grid hias, the anode
]} current plotted against grid bias is shown
I by a broken line. An alternating grid
’ voltage docs not affect the screen voltage,
=r10000 since the screen is decoupled with a
- capacitor and in this case the anode
current varies in accordance with the
T4/ Vyy characteristic relating to the
1000 appropriate grid bias.
According to Fig. 3. the screen voltage
at 12.5 V bhias is 175 V, so that at this
bias value the [I,/1,, characteristic
refers to 1, = 175 V.
On other supply voltages the screen-gnd
resistor must he adjusted accordingly
and the control curve is thereby slightly
modified; for instance on a 200 V supply
10 (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
0 screen voltage no longer functions and

\ oo

s7sm the valve has therefore to be used with

Fig. 4 a fixed screen potential. In this casc the

Mutual condnctance as a function of the grid . ) ot v 7
biag, with as paranicter, The hroken line 1’1'/] g1 .(‘ha’rf]‘Ct’e”smC .fOI‘ 1 2 100 .‘
represents the mutual conductance of the valve shown in Fig. 3 applies. If a potential
when under control, with a screen-grid series P : : :
resistor of 90,000 ohms and a supply voltage fhvldCI‘. is used fo_r feedlng th(f screen it
of 250 V. 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 1,/ V4, 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.(". 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 4. T and the valve therefore gives very good results

il
S

1
{1
0
©

i

— AVC \
Va 2775¢

Iig. 5
‘Theoretical circuit diagram of an L.F. valve cmploying the principle of the
“sliding”” screen voltage.
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Fig. 6 Fig, 7
Upper diagran. Effective alternating grid vol- Upper diagram, Lffective alternating grid vol-
tage as a function of the mutual conductance, tage as a function of the mutual conductance
with 1 % cross-modulation; screen fed via with 1 9% cross-modulation; screen grid fed
a resistor of 90,000 ohms from 250 V supply. via a resistor of 60,000 ohms from a 200 V
Centre diagram. Effective alternating grid vol- supply.
tage as a function of the mutual conductance, Centre dicgram. Bifective alternating grid vol-
with 1 % modulation hum. tage as a function of the mutual conductance,
Lower diagram. Mutual conductance S and with 1% modulation hum.
anode current Ju as a function of the grid bias. Lower diagram. Mutual conductance S and

anode current fa as a funetion of the zrid bias.

in the short-wave range. Although in this range the magnitication 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 he 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 . . . . . T L Y
Heater current . . . . . . . . . . . .. e lr = 0.200 A
CAPACITANCES

Cagy < 0.002 puF
Cy = 55 uuF
(g =172 uF



EF 9

Fig. 3

Upper diagram. Effcctive alternating grid vol-
tage as a function of the mutual conductance
with 1 95 cross-modulation, at ¥Fa = 100 V,
g, = 100 V (fixed).

Centre diagram. Effective alternating grid vol-
tage as a function of the mutual conductance
with 1 9 modulation hum.

Lower diagram. Mutual conductance S and
anode current Ja as a function of the grid bias.

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

Anode voltage .
Suppressor grld \olta.ge
Screen-grid series resistor
Cathode resistor

Grid bias.

Screen voltage

Anode current

Screen current

Mutual conductance .
Internal resistance

Anode voltage
Suppressor grid \oltagc
Screen-grid series resistor
Cathode resistor

Grid bias.

Screen voltage

Anode current

Screen current

Mutual conductance .
Internal resistance

Anode voltage
Suppressor-, gnd vnlta.rre
Screen-grid voltage
Cathode resistor

Grid bias.

Anode current

Screen current

Mutual conductance .
Internal resistance

27013

Vitmer)

| 759 4-3734

1000

100

10

VifmVefr)

100 1=

Ry, = 90,000 ohms
R; = 325 ohms

Vg = —25V1)
. Vg =100V — 250 V
LI, = 6 mA — —
. Iy = L7 mA —
.S = 2,200 22 4.5 uA/V
. Ry =125 > 10 > 10 M ohms
Pe =200V
Fga =0V
R;. = 60,000 ohms
. . Rr = 325 ohms
Vyo = —25V1) )
. Vgp = 100V — 200 V
I, = 6 mA — —
.1y = 1L7TmA — —
.S = 2200 22 5.5 uA/v
R; =09 > 10 > 10 M ohms
Vo =100V
Vgs =0V
. Vyp =100V
.. . . Ry = 325 ohms
Voo = —25V1) —16V?3) —19V?3)
. I, = 6 mA — —
Iy = 1LTmA — —
.8 = 2200 22 7 nA/V
R; = 04 > 10 > 10 M ohms

1) Without control. ?) Mutual conductance reduced to one-hundredth of uncontrolled value. ?*) Extreme

limit of control range.
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himA) 27814
i 9 aEaseay TS
Anode current as a function e AT
of the anode voltage at differ- LEwa 18w Vo2 = 100V
ent values of the grid bias, 15 A
with a fixed screen voltage of !
100 V. T us 110V
Val - -
10 ’i/ -H HE S gy
il -EFA S
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~4 } .
s R
i AEREpSiRE
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MAXIMUM RATINGS
Anode voltage in cold condition Vo max. 550 V
Anode voltage gy = max. 300 V
Anode d1551pat10n . Wy = max. 2 W
Screen voltage in cold (-ondmon V2o = max. 550 V
Screen voltage at I, = 6 mA Fys = max. 125 V
Screen voltage at 7/, == 3 mA I'ys = max. 300 V
Screen-grid dissipation . Wy, = max. 0.3 W
Cathode current . .. .. . . Iy = max. 10 mA
Grid voltage at grid current sta.rt (lyl = 4+ 03 pA) ¥y, = max. —13 V
Resistance between grid and cathode . Ry, = max. 3 M ohms
Resistance between filament and cathode . Ry = max. 20,000 ohms
Voltage between filament and cathode (direct voltage
or effective value of alternating voltage) Ve = max. 100 V
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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 TF 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

FFEM 1 AF. Amplitier and electronic

The 1XFM 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
deflectors arc mounted; the grid is wound without backbones and
is supported only at the ends. A space charge thus occurs in front
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 arc 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 scction is designed on the sliding screen-voltage prin-
ciple, the screen, therefore, being fed through a resistor. When the

A.G.C. voltage is applied to the grid the screen current drops and k.g3g,

the voltage on the screen, and therefore also on the deflectors,
increases. The fluorescent screen being connected directly to the
supply voltage, the difference between the potential of the deflector
clectrodes and that of the fuorcscent screen decreases, as also the
deflecting effect of the two electrodes, in consequence of which the
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Fig. 2
Arrangement. of
electrodes and
base connections,

fluorescent areas are in-

and the dark
decreased in
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g, 3
Right-hand dieyram. 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 Vo =
250 V, Ry, = 0.35 M Ohm and Re¢ = 0.13 M Ohm.
Left-hand. diggram. Mutual conductance as a function of the grid bias,
with screen voltage as parameter. These 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.
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size. As the screen grid
is decoupled by a ca-
pacitor, it is possible
simultaneously to apply
A.F. voltages to the
grid, without aficcting
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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& T SdsaREfdas tage is applied to

s Ty o 0V 150V the grid. When a

2 SaueEs) strong signal arrives

& H7 TG at the diode the grid

1 jananauRss %“’ 4 of the KFM 1 is ren-

. PAREERY < H dered strongly nega-

N / /].’ tive and the ampli-

4 + F : B lication is reduced,

/ f which  means, of

» ] . 176V course, that the A.F.

. PAL 1 AT amplification  stage

< Ener S 18y is included in the

5 T 20V A.G.C.

ez 035m 7 T gE=a :25‘; T This combination of

oA S et clectronic  indicator

D 50 00 Q 200 wear B0y X and  AF. pentode

‘ ) Fig. 4 ) . thus virtually auto-
Screen-grid current as a function of the scrcen voltage, with grid . .

bias as parameter: resistance-line for Ku, = 350,000 ohms. matically furnishes a

variable-mu AF.
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 deflcction in the indicator a
greater voltage variation

must be established on y IRLILR ] o
. J o

the grid of the EFM 1 ¢ HHH vd Al
than is the case with, 60 - Ty =250V zr 16|50
say, the tuning indica- i TE Fa =%3571112;i
tor EM 1. L 7
The use of the combined

. . . N
amphﬁex: — 11.1dlca.t,0r © oo
makes it possible to u " - N

T {StatlVo = Dlary), P
reduce the total number = Sanp 4
of valves required for H HA
many different types of r
radio receiver, without 20 2150
dispensing with electro- FH
nic indication, or reduc-
ing the sensitivity. As
. . . T
this valve is necessarily 0 I 0lp
. =25 Yy, 0

a compromise, however,
it must not be expected Fig. 5

i i i sults Distortion as a function of the grid bias, with alternating output
?hat t will give re voltage ag parameter, at Rg, = 350,000 ohms, ta = 130,000 ohms
in every way comparable und Vb = 250V ; also shadow angle « as a function of the grid bias.
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PR Circuit dngram illustratir:
aLL_-_, 0p1uF the symbols used in the rele-
vant data.
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with those of an A.F. amplifier with scpa-
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 EBI
2; it can also he employed successfully with
a separate diode such as the EAB 1 or FB 4.

Fig. 7
Sketch of the fluorescent screen, showing
the light and dark sectors.

HEATER RATINGS

Heating: indircet, A.C. or D.C., series or ;nmllel supply
Heater voltage . . . . . . . . . . .. oo =863V
Heater current . . . . . . . . . . . .. .. . .......1; =0200A

OPERATING DATA

Supply and fluorescent sercen voltage. . . . . . Fg=V;= 250 V
Anode resistor . . . P (04 =: 130,000 ohms
Screen-grid series re sxstor P == 350,000 ohms
Cathode resistor . . . . . . . . . . . . .. Ry = 980 ohms
Grid bias in uncontrolled condition. . . . . . Fpoo == eV =
Grid bias with full control. . . . . . . . . . . T, = — —20 V
Anode current . . . . . . . . . . ... ]y == 0.8 mA 0.5 mA
Screen-grid current . . . . . . . . . . . . . . lgp = 0.6 mA 0.2 mA
Current on fluor. sereen . . . . . . . . . . . .1 =: 0.65 mA 0.8 mA
Screen-grid voltage . . . . . . . . . . . .. .1 =40V 180 V
Anode voltage . . . . . . . . . .. . . ... Vg =146V 185V
Voltage gain . . . ce oo Vy/F == 60 13
Distortion at 5V (eff) A C anode e dtot = 29, 1.7 %,
Shadow angle of single sector, measured at edac

ofsereen. . . . ... ... ...« > 70° < 5°

MAXIMUM RATINGS

Anode voltage in cold condition . . . . . . . . . T4 = max.550 V
Anode voltage . . . . . . . . . . . . ... .. Vs = max.300V
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Anode dissipation . . . oo oo We o= max. 0.4 W
Screen-grid voltage in cold condlblon e o o oo Vgo = max. 550 V
Screen-grid volmge C e e e e e oo Vg s max. 300V
Screen-grid dissipation. . . . .. Wy == max. 0.4 W
Voltage on iluorescent screen in col(l con(ntmn .. Vi == max. 550 V
Voltage on fluorescent screen . . . . . . . . . . 1, - max. 300 V
Voltage on fluorescent screen . . . . . . . . . . V; :: min. 200 V
Cathode current . . . . P 2 : max. 5§ mA
Grid voltage at grid current st'ut (Igy = -+ 0.3 pA) Vg == max. —1.3 V
Screen-grid current. under same conditions . . . . J; -= min. 0.53 mA
Resistance between grid and cathode . . . . . . . Ry - max. 3 M ohms
Resistance between filament and cathode . . . . . g - max. 20,000 ohms
Voltage between filament and cathode (dircet voltage

or effective value of A.C. voltage) . . . . . . . Fg -= max. 100 V

APPLICATIONS
The EFM 1 can be used only as

an A.F. amplifiecr combined with .
S . Diod2
an electronic indicator, and Fig. 8 001,
shows the theoretical circuit of
the wvalve in conjunction with R3c:
A

a preceding, detector, valve. The 4 jyﬁ%-,_,i

R.F. signal from the diode resistor _J_géfl M =

R, is fed through a capacitor lg—Tg =";z§'-§" o,r,qF[‘ -1— ;

to the grid of the EFM 1 and the =~ ¥

negative D.C. voltage across the = .

grid lefa'k is fed from A, by way Circuit diagram showing )J:‘E:ll,:v‘b'lsl used as variable A. F.
of resistors R, and R, also to  amplifier and clectronic indicator, following a diode-detector
this grid. Resistor R, and capa- stage.

citor '; 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. R; 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 itsclf 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
suflicient 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. Onc 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.I'. 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 2!/,, but this does not represent a suflicient reduction
in the sensitivity and the only alternatives are to use a higher value of cathode resistor
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for the output valve, or to reduce the gain of the EIM I iun the uncontrolled
condition. To ensure the proper amount of grid bias the grid of the L 3 should.
in the first instance, be connected to a tapping on the cathode resistor; a valuc of
500 ohrus for the latter gives a feed-back factor of ahout 41/, and will ensure sufficient
reduction in the sensitivity. Naturally, however, this amount of feed-hack is obtained
at the expense of the optimum output power; with a resistor of 1z = 500 ohms,
the maximum obtainable output is not more than about 3.3 W 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 (sec also Fig. 5). A cathodc
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. scnsitivity 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.T. 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 nccessary to
load fully the AD 1, the distortion is extremely slight; on an average, the distortion
from the combination of EFM 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 I1.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 EFM 1. Voltage feed-back to the EFM 1 has the advantage that the A.T.
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 casc
of current-coupling by omission of the cathode capacitor. In this way it is possible
to include in the feed-hack circuit components which are dependent on the frequency,
so as to improve the frequency characteristic.

The object of this 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 IXTM 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 he selected to serve
as LK. amplifier and detector, and this arrangement opens two possibilities:
1) EFM 1 as A.F. amplitier with weak negative feed-back on the output valve; the
electronic indicator is then more or less insensitive.
2) EFM 1 as A.I. 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 case the delay voltage should be somewhat
higher (5 to 6 V). The
most suitable circuit is
shown in the diagram of
Tig. 9; the cathode vol-
tage of the EBI 2 is
5—6 V and the cathodc
of the EFM 1 is connect-
k3 ed to that of the EBF 2
R4 Reverse

R 1. through a resistor R;
2% T - feed-back the voltage drop of

which supplies the grid
_]__Q 20857 bias for the EFM 1.
Rg T This resistor is not capa-
citively decoupled and

Fig. 9 .
Clircult diagram showing the EFM 1 used in conjunction with the EBF 2 1t serves also as part
with negative feed-back to the former. of the potential divider
for the negative feed-

back.

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 clectronic 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-bacl, 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
the 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 the 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

EH 2 Heptode

This pentagrid valve can be employcd very successfully on very — max32

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. 3
The action of this valve is similar to that of a hexode in that, when T

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 scparate contacts on the base of the valve.
The fifth grid which. regarded superficially, constitutes the main
point of difference with the carlier type of hexode, is a suppressor Fig. 1
grid, whose purpose is to improve the internal resistance and to Pimensions in nun
ensure satisfactory performance when the valve is used in A.C./D.C\.
receivers with 100 V on the anode.

When-the EH 2 is employed as frequency-changer a separate oscilla-

po L

tor has many advantages; a triode such as the EBC 3 has an initial m—l/’ g5
mutual conductance (at Vg = 0, 8§ = 3.0 mA/V) that will guarantee ¢4 g3
stability of oscillation also in the short-wave range. A variable-mu9 gl

modulator valve should meet the following requirements:
1) Conversion conductance should be sufficiently high.

2) Required oscillator voltage should be as low as possible. vy
3) Currents due to transit-time must not occur.

Sepuav) RiMN) g5
1500 T 6
g35
125 Va2 2507 d
K 4100V Tiag. 2
Y12 23V Arr'm‘igr.n;nt of
fg=05MN H dlectrodes and
1000 ‘ hase connectione.
4) Parallel input 1mpedance
750 2 should remain as high as pos-
sible, down to the very shortest
wavelengths.
oogua) 1 yamnsEEs 5) A satisfactory compromise
50 500 T T g A2 hetween the least possible back-
H ground noise. narrow range of
T 0l bias for full control of the
Rhs valve and also least possible
25 250 . ungl X i
Snman A cross-modulation.
P TR : ; f}). ;\'egligiblv froquency‘ dri.ft
SEgSugsgpRat I arising from the automatic gain
0 0 1 HEFH 0 control or from mains voltage
0 5 10 wase 15 Walem 20 variations.
Fiz. 3 7) Least possible coupling be-

Conversion conductance, inton}ill resistance and oscillator-grid tween input and oscillator
current as a function of the oscillator voltage on grid 3, at 250 V S . .
anode, 100 V screen and =3 V hias on grid 1. circuits (inductive effect).
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Scudv) RMY
1500 T TTTa 50

1) In the EH 2 the required con-
version conductance is cnsured by
the high conductance of the 1st
t s grid with respect to the anode

1250

t K;;i?‘,v T current (when using this valve as
Vg1=-2V astraight amplifierand at Vg, = 0).
Ry3e O.5SMS

This conductance is 1.8 mA/V.
1000 : - 1 2) With regard to the required
oscillator voltage, the characteris-

i 7 ! tic of the conductance of the first
] grid in relation to the anode cur-
7%0 3 rent, as a function of the voltage
?/——E ' . . . {-’
==am on the 3rd grid, is the decciding
factor. The more steeply this
hat) Che ply tl
D 500 B, characteristic drops when the bias
| ma i on the 3rd grid ( Vg,) is increased.
STt Se the lower the peak oscillator vol-
1 BN .p
asugs s L tage on the grid. Due to the parti-
25 25010 7 = ' cular construction of the first grid,
— A 1 this conductance is so high that
A ! when grids 2 and 4 are given a
R4 i Il . .
A i I T otential of 100 V the oscillator
EEaE HE 0 P
0 00 O mwe B Woles 20 voltage necessary for the normal
conversion conductance is approxi-
Vig. 4 m g which can
Conversion conductance, internal resistance atel.) 14 V(’”’ .C .be
and oscillator current as a function of the os- supplied by any ordinary oscilla-
cillator voltage on grid 3, with 250 V anode, . Ti and 4 oduce th
80 V screen and -2 V bias on grid 2. tor rlgs 3 d reprocuc the
Vv{Vug 22169
conversion conductance as a function of it
the oscillator voltage and these figures 2 ™ T
show that the values at very much lower - N ,’;:gg‘g
oscillator voltages are still quite reason- ' S SSl A “ 10 =2.25m%
able. This is important for short-wave \J // i' [j;d"lo’ﬁsu
reception. o L, s s 7
. o g 0 100 11[2000 ScuA,
3) The question of transit time current wsry ] l [.’u 4
has also been satisfactorily dealt with. 03 T i |
The electrons encounter a certain amount IO il 1 #pe %
of delay in the field between grids 2 and 921 7T Rl i d2wt% (1]
. . o ™ =t :
3, but at very high frequencies some of or P ~=_KT Rl [
them, as a result of the alternating field ’ M N paAlREERIN
produced by the oscillator voltage on 9 | I RN
grid 3, acquire so much kinetic cnergy ) 10 (%) i [TTo00 Isc(uafi)
. . . o VgI[V/ I —T I I T
that, despite the negative bias on grid 1, Z,1 T34 l I T
M~ Vo.250 250V
NS N N Wozu =80V 100V ||
—_— NN IS vesctvgy< 10w 14v0er
'ig. 5 i ~J =05M1  0SMA|
Upper diagram. EH 2 used as a frequency changer. -20 \ ‘ LS 91 =05 -
Alternating input voltage as a function of the NS | (i \L H “
conversion conductance as controlled by the bias S | \‘\\],1 ﬂ
on grid 1, with 6 % cross-modulation. -10 QG N
Centre diagram. Alternating input voltage as a =il 'N
function of the conversion conductance as controlled 0 ] ] Tﬂ I
by the bias on grid 1, with 4 % modulation hun. :

Lower diagram. Conversion conductance and anode ! L 0 1000 0000
current as a function of the bias on grid 1 SctuAN); latuA)
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o5 V3 :{(l :g % NH
D =225m%
0 d) =05 } “
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0 000 n
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IMig. ¢
EH 2 used as an R.F. or LF. 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 2
modulation hum.
Lower diagram. Mutual conductance and anode
current as o function of the bias on prids 1
and 3.

to mains voltage flectuations 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 bectween 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 g, — % and
>~ 1. At 15 metres and on a signal
frequency of 500 ke/s above the oscillator
frequency (fose = fi + 500 kefs) the
following values of input impedance and
capacitance were obtained by actual
measurement:

Rinput = 30,000 ohms

Cinput = 6.3 uuF

5) In the development of the EH 2
every effort has heen made to keep the
noise factor as low as possible, whether
the valve he 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 V4.

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

fa(mA)
4

which in themselves are

negligible.

7) The heptode EH 2 5

will not produce any

electrical coupling effects

between oscillator and

input grids. because grid

3 in no way influences

the clectrons in  the

neighbourhood of grid 1 :

Fig. 7

[}
Anode current as afunctionof

the voltage on grid 1. EH 2

used as a frequency-changer. ===
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Fig. 8

1 Anode and screen-grid enrrent
as u function of the voltage
on grid¢ 1 and 3 when using
the EH 2 as R.F. or LF.

75 amplifier.
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there is therefore no

negative capacitance be-
tween grids 1 and 3.

The normal capacitance

H exists between the elec-

5 25 trodes mutually, this

A being about 0.2 ul,

4 which on very short

a= SEd Z T o waves does result in

%“%J{ﬁzs -20 ~15 -0 -5 2084 0 retroaction from the

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.
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HEATER RATINGS
Heating: indirect, A.C'. or D.C'., series or parallel supply.

Heater voltage . . . N (L Y
Heater current . . . e e e .o .. 1y =0.200 A.
CAPACITANCES

Cagr < 0.0015 pplF

Cgp =5 unF

(' = 11 nul

Copge == 0.2 yong

OPERATING DATA: EH 2 used as frequency-changer

Anode voltage . . . . . . . . .V, — 250 250 V
Screen-grid voltage . . . . . . Ty = 100 S0 V

Grid leak, oscillator. . . . . . . R, = 0.5 0.5 M ohm
Oscillator voltage, grid 3 . . . . Fp = 14 10 Vg

Cathode resistor . . P 530 380 ohms

Grid bias. . . . ... ... ..V, = —3  —25  —2 o0 v
Anode current . . . . . . . . ., - 1.85 — 1.8 — mA
Screen current . . . . . . [+ 1, — 3.8 — 3.5 — mA
Conversion conductance . . \ == 400 < 10 400 -7 10 pA/V
Internal resistance . . . . . . . R; =2 > 10 2 =+ 10 M ohms

Anode voltage . . . . . . . ..V, = 250 250 V
Screen-grid voltage . . . . T, =V, = 100 80 V
Cathode resistor . . . . . . . . R = 430 310 ohms

T— = T Q- _
CGrid bias. . . . . . . . . Fy= Vo= —3 —25 —2 — 20V
Anode current . . . . . . . . . I, = 4.2 — 4 — mA
Sereen current . . . . . . [l 41, = 28 — 2.5 — mA
Mutual conductance. . . . . . . S = 1400 <2 1400 -2 2 pA/)V
Internal resistance . . . . . . . R = 1 = 10 1 ~ 10 M ohms
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MAXIMUM RATINGS

Two < max. 550 V Fouye = - 0.3 pA) = max. —1.3 V

j ~: max. 250 V Vos (Uys = -+ 0.3 pA) = max. —1.3 V
W = max. 1.5 W Ry = Ryy == max. 2.5 M ohniz
Viso = Vyuw = max. 400 V 1 = max. 10 mA

Ve = Vg o= max. 125 V Ry == max. 5,000 ohn
Wy = W,y = max. 0.5 W 1 ¥7 == max. 100 V7
APPLICATIONS

A) R.F. OR LF. AMPLIFIER WITH VARIABLE SLOPE
A potential divider should be given preference for feeding the screen grids (grids =
and 4) and the slope is best controlled by applying the same control voltage to bott-
grids 1 and 3; if the latter
grid is controlled by an
attenuator (potential divi-
der) giving a lower voltage, (===) sav
the control range is increas- Pt
¢d, Lut as the cross-modu- -L
+3v

tical in both instances this T
arrangement offers no ad- OF

w0 T
The metallizing of the enve- !
lope is connected to a sepa- 7

lation characteristic is iden-

=

S

-
vantages.

M0
— NNA—e 2

rate contact on the base AVC Dwode

<— 42mA

—i—

of the valve and, generally
speaking, this should be
carthed. The usual care
must be taken with respect 250y
to the screening of the leads 2100

and the arrangement of the Tig.
.. g . Circuit diagram of the XH 2 used as an L.F. amplifier, with the same
wiring, and the supply lines control voltage applied to grids 1 and 3.

should be decoupled by
means of filters. Fig. 9 shows the circuit diagram of this valve employed as a variable-
mu 1.I. amplifier.

g
]
i=]
~
o
g
o

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 purposc.
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 40 puF, 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 41/,
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 ohus in
series with the grid of the oscillator will prevent over-oscillation at the lower end of
the wave-rangc.

1) direct voltage or cffective 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 mediam and
long waves. The other coupling, established by the capacitance between g, and ¢,
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-
tication. 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 applicd only to the first grid. The two screens (2 and +)
should be fed from a generously proportioned potential divider.

S50upf

0‘0'\'
»
osmMnN
rl4

LILE]
ik
O
11559
v
3
L2

L
N

-+ 1N
A

100V 200004

— N UL—eave +250v 22054

Fig. 10
Circuit diagram of the LH 2 used as frequency-changer with the BBC 3 a3
oscillator

19



EK 2

EK 2 Octode

The EK 2 is a six-grid frequency-changer, employing the principle
of clectronic mixing; the small dimensions and particular internal
construction of this valve provide the following advantages:

1) The clectronic 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

climinates transit-time effects in the range of very short waves.
)

! - A Fig. 1
3) The parallel input resistance between control grid and cathode Dimensions in mm.

is very high, even on the very short waves, and its effect on the a
amplification may therefore be ignored. Py
4) Background noise, which is proportional to the root of the Mg L 06

anode current divided by the mutual conductance, is only very 23 == g4

. - 7 g3-H=== 2
slight. H===F g.
5) The performance of the valve from the point of view of ahsence '—s /

of whistles is extremely good. o
6) Interference due to cross-modulation , f ¥

or modulation-distortion when control is e
applied to the valve is a minimum. 91
7) The internal resistance is more than rr
1 megohm and permits the use of very kg6 >,
good quality 1. I. circuits, giving a high g2 a
degree of gain. !
8) Microphony is so slight that it may 93.95
be ignored in the design of a receiver. 26

Fig. 2

Arrangement. o1
electrodes and
hase connections.

HEATER RATINGS

Heating: indirect; A.C. or D.C'., series or parallel supply.

Heater voltage . . . . . . . . . .. V=63V
Heater current . . . . oo ... I =0200 A
CAPACITANCES
Fie 3 Cags < 0.07 puuF Cpo = 45 pulF
i, v .
(",onst.ructriouo}ltt,hu new octode Cy = 10 puF Cyz:/d < 0.25 pult
EK 2. The capacitor for the ("1/1 = 6.0 /l/tF Ow == 8.8 /"/‘F
compensation  of inductive A .
elfect is shown at 12. Corgs = 1.1 gl
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OPERATING DATA (for medium- and long-wave operation)
Anode voltage

Va = 100 V 200—250 V
Screen-grid voltage

Vas,s = 50V 50 V
Oscillator-anode voltage

Ve = 100 V 200 V
Oscillator grid leak

Ry, = 50,000 ohms 50,000 ohms
Oscillator voltage, grid 1

Vo = 9 V. 15 Vey
Oscillator grid current

14, = 200 pA 300 A
Cathode resistor

Ry = 570 ohms 490 ohms
Bias, grid 4 ‘ ’

Vs = —2V1H) —15V? —20V3) —2V1H —153V3) —20V53
Anode current

I = 1 mA — — 1 mA — —
Screen-grid current

Iy + Iys = 1 mA — — 1.1 mA — —
Oscillator-anode current

Iy, = 1.5 mA — — 2.5 mA S —
Conversion conductance

Se = 550 3.5 2 550 5.5 2 AV
Internal resistance

R; = 1.2 > 10 > 10 2 > 10 > 10 M ohms
Conductance, grid 1 with respect to grid 2 (Fg = 0) A

Sgrgs = 0.3 mA/V — — 0.4 mA/V — —
Direct current. oscillator anode at commencement of oscillation (V. = ()

1, = 3.2 mA — — 5.5 mA — —

) Without control
) Conductance reduced to one-hundrcdth of uncontrolled viuue
%) Extreme limit of eontrol

EK 2



EK 2
OPERATING

Anode voltage

[ = 100 V 200—250 V
Sereen-grid voltage

Via's = 80 V 80V
Oscillator-anode voltage

Vo = 100 V 200 V
Oscillator grid leak

R,y = 16,000 ohms 50,000 ohms
Oscillator voltage, grid 1

V(:sr - G "',,!/ 9 Veﬂ
Oscillator grid current

m = 300 g 200 pA
Cathode resistor

Ry == 395 ohms 525 ohms
Biag, grid 4 e — - o

Vi = —3VYH 26V —40V3H —4VI) 26V —40V?H
Anode current

1, = 25 mA — — 1.7 mA — —
Screen-grid current

gg + Ips = 2.8mA — — 1.3 mA — —
Oscillator-anode current

14, = 2.3 mA — — 4 mA — —
Conversion conductance

S, = 550 nA/V 5.5 | 500 5.5 1 AV
Internal resistance

R; = 0.65 > 10 > 10 1.4 > 10 > 10 M ohms

DATA (for reception on all wavelengths) *)

Conductance grid 1 with respect to grid 2 (Vosc = 0)

Sz = 035

0.9

— mA/V

Direct current, oscillator anode at commencement of oscillation (Vs = 0)

1,, = 4mA

— 9 mA

') Without control ) 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

Vao = max. 550 V Woe = max. 1.3 W

Vo = max. 250 V n = max. 12 mA

We = max. 1.0 W Vgs (Ige = + 0.3 uA) = max 13V
Vyase = max. 550 V Ry = max. 2.5 M ohms
Vgas == max. 125 V Rk = max. 100,000 ohms
“yas = max. 0.3 W Ry, = max. 5,000 ohms
Vgeo = max. 550 V Vir = max. 100 V?)

Vg = max. 225 V

1) Direct voltage or etfective value of alternating voltage.
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I (uA)
Sc{uAN) RIMN)
1000 A2 259438 s
-
Va =200-250V
Vg2 200V
Vga.50 50V
800 Vosu-2V 4
Rg1= 50000
607 3
e
J.
1 i~
7
L
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100 2
1 Ri =
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I
I o H .
2004+ Iy 1
Fig. 4
Conversion conductance Se, internal resistance 77
,' and oscillator-grid current Ig, as a function of the
A oscillator voltage, with ¥Fg, = 200V and 1,
o B g =50V,
[« E 10 15 VosclVerr)
20027
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Fig. 5
Conversion conductance Se, internal resistance
Ri and oscillator-grid current Ig, as a function -#
of the oscillator voltage, with Fg, = 200 V
and Fg,,, = 80 V. 2 2
0 s 10 15 VoeelYors)
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SelpdlV) RilMAL
’000 K2 23-8738 2#
00 Va2 100V 20
s= 80V =
Vga- -3V ~
Ryr< 16000 11
600 L 15
d Se
b(pd)
800 400 f 10
i
J L Rr
- 1
400 2001+ 05
o Fig. 6
T (‘onversion conductance Sc, internal resistance 10/
1 and oscillator-grid current Ig, as a function of the¢
1 oscillator voltage, with Ty, = 100 V and Vg,,; =
0 0 0 SO V.
[ K 10 15 losclVerr)
26929
griud)
ScWwAM RIMA)
1000 i lzz;zrz.s
800 Vs Via= 00V 20
Upsa S0V
Wa=-2V
Ry = 5000001
t
600 15
— N
=l ANEE
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I
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Tig. 7
Conversion conductance Se, internal resistance 1
Ri and oscillator-¢rid current 7g, as a function T
of the oscillator voltage, with 'y, = 100 V and I EEEE
0
0 5 10 15 sc(Vetr)
26026

Fay,s = 50 V.
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Upper diagram. Alternating input voltage as a

function of the conversion conductance con-

trolled by the bias on grid 4, with 19 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. ¥4y = 0), the grid leak of the EK 2
can be connected directly to the cathode.
A value of 15 Vg 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 difliculty. 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).

vitmigs)| T

EK 2

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
duc to very rapid cessation and re-
commencement of the oscillation. Squey-
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
he 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 secen that at
about 9 or 10 Vg the slope is even better
than at 15 Veg. In order to stabilize the
oscillator voltage throughout the whole
range a damping resistor is frequently
connected in parallel with the coupling
coil.
Vilmberr)

10004 ——

100 +=

10

i
=250V 1]
2= 100V Vo22 200V
Wisa SOV |Wps-50V
Vosc= Vet Voscm OVert
11].Ry1- 50000121 Ry1- 500000 1]
N F
ng i
d-ThR
“—‘l';%\T" i
1 10 100 100

0 10000
ScuaN): b(pA)
Fig. 0
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 9%
modulation hum.
Lower diugram. Anode current and conversion
conductance as a function of the bias on grid 4.
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EK 2

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 I for the grid capacitor and 50,000 ohms for the leak. Since
50 puT is really too low for good long-wave reception (a value of about 200 to 1000 g I is
usually preferred), the value of the grid leak may be reduced in all-wave receivers.
instead of using a smaller eapacitor, e.g., 10,000 or 16,000 ohms (see also data relevant.
to the latter value).

At the sume 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
TFig. 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 Cy is too low, however,
damping will still occur and in “all-wave” receivers the circuit depicted in Fig, 13
is recommended.

Herc a grid leak of 30,000 ohms is used for the broadeast range and 10,000 ohms
for the short waves. 1t a padding capacitor Cp is also to be included on short waves
o L this will generally
~— 1mA 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:

Vol

+50V - -

+200V
(5= 100y:F

. N4
& €6~ 10000, F Vg = 200 V
L 4250V Vya,s = 80V

ave This  generally
23167 . .

Fig. 10 provides an oscil-

Circuit diagram showing the application of the EK 2. lator voltage of 5

to 6 Veg, 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 Ve 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 metresitisonly 5 ]
Ie/s. On the other hand, frequency Tig. 11

drift in the 13—50 m band caused Circuit employing a low value of grid leak (10,000 ohms).

L. . . The method of measuring the amplitude of the oscillator
by variations in the hias on the 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.
1f, despite this fact, control is to g
he employed, it is essential to use
a separate triode as oscillator, S—
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- TC,D Bg é T
tode, applying the control to that yd e 42327
valve. Without this R.F. amplifier | Fig. 12 ) .

e s . Circuit for low value of grid leak, with padding capacitor
the sensitivity in the short-wave in serics with the coil.
range is not very high and it is
therefore sufficient to control the
LT. valve only.
Since suppression of the image-
frequency in short-wave reception
(due to the lower magnification ¢5
of the R.F. circuits in that range) 7
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 ke/s), whichis, ) - Tig. 13 .
morcover, advantageous in sup. DiaErtm ofsslator sret wih lowyalue s Lok and
pressing electronic coupling. At reception.
lower intermediate frequencies it
is good practice, in order to simplify balancing of the circuits, to detune the input
stage by about 500 kec/s at the lower end of the wave-range, i.e., to increase thc
difference hetween the oscillator and input frequencies by 500 ke/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
lie 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
cffect but does not entirely climinate it, since too much
compensation causes the input circuit to oscillate. In

Cv

L1
500000

[ |

2
S
1000042

225}3

the 13—50 m band the padding capacitor is often

omitted, the difference in frequency being obtained from E

differences in the self-inductance and trimming capa- %

citor; the oscillator frequency can therefore be lower S2
21540

than the input frequency also in this range.
Tig. 14

The tuned oscillator circuit must be coupled to the first
¢rid 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

Oscillator coil for use on very

short waves (6 to 3 metres).

S, =5 turns of 2 mm bare

copper wire (not tinned). S, =

5 turng of 0.1-0.2 mm enam-
clled 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, cxtreme 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 interfercnce are here reduced to a minimur by means of
clectronic 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 offers many advantages.
The principle of electronic bunching makes it possible to separate
the oscillator unit from the mixing scction 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 Dimens]?(i)i.s lin min.
through the system of electrodes, together with the different electron

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
effect what-
ever on the
space charge
and slope of

27765

¢
ff

\ the oscillator k,gG/\q
a unit; frequen- QQ v

cy drift aris- g2\&

v9 ing from con- ¢ 4 b /
trol on the g1 g3g5
valve is thus ! 35
avoided and =TT =
the EK 3 can Fig. 2

therefore Dbe
included
the A.G.C,

even on the

short-wave range.

This screening of the oscillator
unit is accompanied by the
following advantages:

Arrangement of
in electrodes and
base connections.

o s
N
///\Q,’\\\ It

LB R

25292

Yig. 3
Cross-section of the system of clectrodes in the LK 3, showing

the clectron streams. The two bunches to left and right serve
to gencrate 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
bunches of clectrons are directed; this screen is maintained at a
positive potential and functions as a third octode grid. Electrons
feaving the oscillator scction are deflected to a certain extent
before they rcach the 4th grid. Any clectrons that may he
repelled back cannot re-enter the oscillator section but return
to the screen surrounding the oscillator.
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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 1 with respect to grid 2
is not affected by the bias on
grid 4.
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¢) The mutual conduc- g+ Kk @Gz Ga gs

tance of grid 4 with

respect to grid 2 may i I

be entirely ignored. In- i = § a

terference due to un-
desired  coupling he-
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 causcd —H
by frequency drift.
The oscillator anodc con-
sists of two V-shaped
plates and the electron
streams  directed to- o Pig. 4
wards these are held by Details of construction of the 4-channel octode.
them. variations in the
direct voltage on grid g, 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 threshold 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
g{% (w4v] capacitor in  serics
XA EISES =S gREE=sasszazac: = 10 with a resistor is
HEs T H 5‘”55,0! 100V connected hetween
g ‘%2,:912"5; H 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
SRRnsERANARRRAS time of the electrons
i passing from grid 1
Wi -2 -20 15 -0 -5 0 to grid 4; the con-
soaz version amplification
Tig. 5 at the lower end of

Conversion of the 4th grid as a function of the direct voltage i
on grid 1 the different wave-
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EK 3

hruA) Rm
5%"/ :5111) ranges is hardly influenced at all by the
T HH {jJ]Lﬁ effect in question.
T . . o s
v L 250V The mput impedance of the EK 3 in the
Vg2 = Wpa.5 = 100V short-wave bands is very high in com-
Ve = =25V . . . ¥ g
,gg,: 500001 parison with the impedance of the normal
800 4 receiver circuit, and its effect on the
TIT amplification may therefore be ignored.
N At a wavelength of 14 metres the impe-
H T dance is about 60,000 ohms. The input
600 Se11;  capacitance is different for every value of
] 3 control voltage applied to the grid,
/ n hecause variations are produced in the
density of the space charge in front of
I RER HHH S the grid and these variations tend to
0 T I detune the circuit coupled to the grid
1 pZen and reduce the sensitivity of the receiver.
I ERERRERP N Ny Furthermore, the R.F. signal in this case
% R does not occur at the centre of the reson-
200 H 4 1
| > SERgpEEEwRRS
7 ,_——‘— T C 41
Vilmber er802
1 R T Vs 2 250V
N\ | Vg = gas. OOV,
0 - 0 1000 === i : HYgr w 12Vertr
0 L 10 15 Wsclv) = AT HiN K =%
27807 o 1 ~F W T
Fig. 6 { [
Jnternal resistance, conversion conductance ’00:““ R ==
and oscillator-grid current as a function of i T
the oscillator voltage when a grid leak of I
h i 3 1 T
50,000 ohms is used. 0 J Lo 0 |ScluA y)]
Vi{mVerr, H !i
ance curve and the amplification of the : —FRE EE:
sidebands is not uniform; the resultant ] e i 250V
. (=T 11
asymmetry tends to cause considerable Yas K00V
: : . 10+ 2Vers
distortion in the detector. %
In the EK 3 such capacitive variations HHf
are very small, namely only 0.2 yy ¥, and 0 Sc[(p])?/x)]
the consequent detuning effect is only it Immu
liol . ithi 1 limi f' "L Va = 250V
slight, 1n any case within the limits for l~‘* Vg = Vuas: 100V
he normal broadcast bands. i Vg = 12Vers
H - . -30 Hi Rq1= 500001
If a better cross-modulation characteristic i —
. . - - b T
is required it should be noted that the -2 I i f‘ i
conductance of the EK 3 drops less T - R masil
. . —101— 1 - H;; !
sharply when a control voltage is applied = P e = r\#\ i‘:“'&
to thelélth grid. . ! 0 0 0 10000
The high conductance of the oscillator lalpA); ScluAN)

unit and increased conversion conductance
necessitate a high power cathode and the
heater current is accordingly well above
200 mA, heing actually 0.6 A; this valve
cannot therefore be used in A.CL/D.C.
receivers, for which purpose a special
valve with a 200 mA filament for series
operation has been developed.
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g, 7
Cpper divgram. Alternating input voltage as
a function of the conversion conductance con-
trolled by the bias on ¢rid 4, with 1 % cross-
modulation.
Centre diagrem. 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.



EK

HEATER RATINGS

Heating: indirect, A.C., parallel suppl\
Heater voltage . A Py 63V
Heater current . . . . . . . . . . . ... L. . dr =06 A

CAPACITANCES

Cugs < 0.07 puuF Cogs = L1 pul
¢, = 16.5 yuF Cypy == 86 uuF
¢, =14 puf Cyy = 152 pp®

OPERATING DATA: EK 3 employed as a frequency-changer for ‘‘all-
wave’’ reception

Anode voltage . . FE oo Ty =200V
Screen-grid voltage . . . . . . . . . . .. .. V=100V
Oscillator-anode voltage . Vys = 100V
Oscillator grid leak . . Ry == 50,000 ohms
Oscillatory voltage, grid 1 . . Ve = 12 Vg
Oscillator-grid current . "1, = 300 pA
Cathode resistor R =: 190 ohms
Bias, grid 4 . Fyo = —25V1Y) 38V —42 V¥
Anode current . . . . . . . . . . . ., =25 mA — —
Screen-grid current . . Iy, =55mA  — -
Oscillator-anode current . . . . . . . . J,, =4imA — —
Conversion conductance . . . . . . . . & =650 6.5 3 wAjV
Internal resistance e R, =2 > 10 > 10 M ohms
Mutual conductance, grid 1 \\1th respect

to grid 2 (Vo = 0) . . .Sy = A mAN —
Direct current, oscillator a.node at t}neshold

of oscillation (Voee =0). . . . . . . I;p =18 mA —- -—

1) Without control
?) Conversion conductance reduced to onc-hundredth of uncontrolled value
3) Extreme limit of control

MAXIMUM RATINGS

Anode voltage in cold condition Fao max. 350 V
Anode voltage | = max. 300 V
Anode dissipation . . P ¥, == max. 1 W
Screen voltage in cold (ondlt\on B A = max. 530 V
Screen voltage . . . . e R P = max. 150 V
Screen dissipation . Woas - max. 1 W

Oscill. anode voltage in cold condmon Ve © max. 550 V
Oscill. anode voltage Vs max. 150 V
Oscill. anode dissipation . Wy == max. 1 W
Cathode current. . 1y = max. 23 mA

Grid voltage at grid current start (1,“ = [~ O 3 ud) Vyy = max. —1.3 V
Resistance in circuit of grid 4 . . . Ry - max. 3 M ohms
Resistance in circuit of grid 1 . . Ry = max. 100,000 ohmnis
Resistance between filament and cathode . Ry, == max. 20,000 ohms

Voltage between filament and cathode (direct

voltage or effective value of alternating voltage) 17 max. 50 V

(O8]



EK 3

Because of the steep slope of the oscillator section it 1s nov a difficult matter vo
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 loosc: over-oscillation or squegging will then not occur. A grid leak of
50,000 ohms with a grid capacitor of 50 puF is recommended and will serve for
all wavelengths.

In the EK 3 the inductive effect is counteracted by a form of compensation hetween
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 (eflective), (300 1A grid current passes through
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
is to be minimized the voltage
on the screen (V,;,;) must be
stabilized by means of a poten-
tial divider passing a fairly con-

’Ogﬁ’/"c '-E siderable current; for practical

S0uuF | 4] purposes, however, there is a

b limit to this stabilization of the

/ screen voltage. A useful method

2 Ly IECy of eliminating any residual

frequency drift consists in

Gz= S coupling the oscillator circuit

TE[ to the anode circuit of the

s o= ) triode. Capacitive variations in
’ PSS AVC §L' the Ist grid then have less
| g? effect upon the tuning, provided

+1o0y - +250V  that the reaction is not too

Fig. & e tight, since the grid capacitance

Circuit diagram showing the oscillatory circuit in the oscilla- is induced in the oscillator

tor-anode circuit of the EK3, with the anode fed through : 3 . 3 :
a resistor of 30,000 ohms. The oscillator circuit is not c1r(.:u1t by way of this coil.
accessible to the direct voltage. 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 xuF. In this way the direct voltage of 100 V
does not rcach 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 capaciter
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 C) 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-
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ously to block the voltage from the variable capacitor C,. This circuit also has a

disadvantage, in that extra contacts arc required on the wave-change switch for

connection to the padding capacitor C'p; 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 valuc of only 4.5 ke/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
Vyars is taken from a potential divider the frequency drift is even less.

1:%
== S0upfF 4(!"0
L [
3 § c
%) Ly Ly v
O uF== Ry —§
T OfuF
an ~T—Nr—-ALR
+100V +250v

25987
Fig. 9
('ircuit diagram of oscillatory circnit in the oscillator-anode
circuit, this anode being fed through the coil. The padding
capacitor also serves to isolate the variable capacitor C,
from the dircct voltagze.

EK



EL 2

EL 2 Output pentode

The EL 2 i an indirectly-heated, 8 W output pentode for use in  max37

car-radio receivers; the low heater-power consumption malkes 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 'E"

the top of the cnvelope.

HEATER RATINGS R

Heating: Indirect by battery current; series or parallel supply. Fig”f“

Heater voltage . . . . . . . ... ... ... Vy=63V  Dimensions in mu.

Heater current . . . . . . . ... .00 0. I =02A R

CAPACITANCES

Anode to grid 1. . . . . . . . . . ... (4 <06 uul 2 g3
9 ' g7

-

kf f
9’m
rs
22560 k,g3
BT oo I(mA 20 QQ Qo
- = Qla
— 00
———-lg2 (i Fig. 2
Arrangement. ot
clectrodes and
&0 buse connections.
I
]
60
J
J !
/!
/ 40
o e =250 Y T
Va = Vg2= 200 r
1
20
T RRdlP%es dnancootuats
ol ) e Scduaaan 0
-8 -60 -40 =20 0
g, 3

Anode and screen current as fnnctions of the grid
Lias for equal anode and screen voltages of 200V
and 250 V.
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EL 2

OPERATING DATA: EL 2 used as Class A output valve (single valve)

Anode voltage . . . . . . .. .. . ... Fy =200 V 250 V
Secreen-grid voltage . . . . . . . . . . . Vg, =200 V 250 V
Cathode resistor . . . . . . . . . . . .. R = 480 ohms 485 ohms
Grid bias. . . . . . ..oV, =—14V —18 V
Anode current . . . . . . . . ... L., = 25 mA 32 mA
Screen-grid current . . . . . . . . . . L, =4 mA 5 ma
Mutual conductance . . . . . . .. ... .S =3 mA/V 2.8 mA/V
Internal resistance . . . . . . . . . .. . R; = 70,000 ohms 70,000 ohms
Load resistor . . . . Y % = 8,000 ohms 8,000 ohms
Output with 10 dlstmtlon . R | =23 W 3.6 W
Alternating grid voltage with 100 distor-

tion . . . R O = 8.5 Fopy 10 Vg
Alternating grld voltaoc for 00 mW output R =1 Vo 0.9 Ver

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

Anode voltage . . . . . . . . . .. ... 1, =200 V 250 V
Screen-grid voltage . . . . . . . . . . . . Ty =200 V 250 V
Common cathode resistor . . . . . Lo Ry = 320 ohms 305 ohms
Anode current (without signal). . . . . . . Iy =2 X 2lmA 23 27.5mA
Anode current at full modulation. . . . . . T = 2 X 245 mA2 X 32.5 mA
Screen current (without signal). . . . . . . [y = 3.5 mA 2 X 4.5 mA
Screen current at full modulation . . . . . Jppee =2 X 6mA 2 X 8mA
Load resistor hetween the two anodes . . . Ry, = 9,000 ohims 8,000 ohms
Qutput power . . . e e o s Womar =0 W 8 W
Total distortion at fulI modulamon - . dyot = 159, 1.4 9
Alternating grid voltage at full modulatlon .V = 14 Vg 17 Ve
L(mA) 22280
&0 T T T 7 7550
Q A T it
ﬂ_ f,/‘ 6@ -6V
I O
2 = 250
[ H-9v
60 s T
:- [ 12
/i = =
By
40 e 5 HHH
H 18V
R
i TTTT
1117
I 21V:
t ]
20 1 -’¢“I'VI|
=5 2
=30V .
= gg‘; Tig. 4 .
= = H 36vH, 1 H Anode current as a function
o.H It T 1Va)] of the anode voltage with Vg,
0 100 200 300 400 00 600  asparameter,at Vg, = 250 V.
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EL 2

IalmA« VilVer1):lalmA) i vgilv)
22153
€7 19-597 FEHHH 100 7 507 - 50
I 1
uE f 90 %
HSHH drot(%9) T W)
ST 80 16 WomarTT90 40
EREEE s I S ,}d:: , Wl B Vers
= I 0 i M A t 35 35 14
| o N RN
v = — RN A fal-H
L | ] 1 &0 12 EE=s V7 1dtot w,,“J—ao 30 2
LEE)- T s
ey - y. ,) ~
11 50 0 L A 2525 19
I 127 V.
SENREERREN. A Vi (somw
ENEREN ./___LH_r ,I I
| 40 8 » / H-++20 20 08
P mp | =Vt~
T 30 T A = i5 15 06
] f/ Ra(12) P LA W= "v"(l A1
EpARNN 20 0000 4 o= S=NA .lj:,m w0 o
1 B
FH A h—/"f gt /qa mu
4 1
10 5000 2L A Vi L5 05 a3
' sfimgees = Il
Emr T i
i o 00 Yamlg2W)i g ¢ o
- -&0 -5 -4 -30 -20 -0 0 20 50 200 250 R
LFig. 5 Fig. 6
EL 2 used as triode. Anode current as a function L 2 used as triode. Anode current as a function of
of the grid bias at Va = 200 and 250 V. the anode voltage for different values of grid bias.

20
AL e
J\\' / A1 w/\_f}é_
60 OB
/ 'j;\
501 H
/| 7
0 J
"
/! -/ Y,
30 L
A A
A
A A
20 P4
VAP A ALY
VAP 4 FAy Sy.av 4 AP AD 4
AP 4V 4 Y
AV 4
10— '/ AV avd
4
j_ 7!11 A C C A
0 Lo e vall)]
a X0 200 300 400 oo
Iig. 7

Various data as function of anode and secrcen 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 . . . . . . . ¥V, = 250 V 250 V
Grid bias. . . . . . ... .. ... ... Fy =-—27V —20 V
Anode current . . . . . . . . . . ... I, =15 mA 30 mA
Mutual conductance. . . . . . . . . . . . S = L7 mA/V 2.6 mA/V
Internal resistance . . . . . . . . . . . . R; = 4100 ohms 3.100 ohms
Amplification factor . . . . . . . . Lo =17 8

MAXIMUM RATINGS

Anode voltage in cold condition . . . . . . . . . Vg
Anode voltage . . . . . . . . ... ... ... F,

Anode dissipation . . . R |
Screen-grid voltage in cold condltlon P
Screen- grld voltage . . . . . . . .. ... ... Vg
Screen-grid dissipation . . . . . . B |
(Cathode current . . . . T 2

Grid voltage at grid current s*a.rb (10, = +03ud) Ty,
Resistance between grid and cathode with automatic

bias . . . N [
Resistance between grld and ca.thode w1t]1 fixed bias Ry
Resistance between filament and cathode . . . . . Ry
Voltage between filament and cathode (direct voltage

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

35 = Vi (Verd
dl (°/ /i (Ve
& A Va o Vg24250V
H m_ Ih=-2mA 5
T K Ru <4850
H yiy p ' ?, Ra 2800011
-+ =1 1| Ric 2
B T ,K T
ES I pan 1 !
1T Vaa¥y2 T I ;
20+ - H ‘, 0
ERRRR AR % 0 I
| ety L1 , 1
54 e zanm Tt
1 ’il” T
101 T“"“/ i Pk HH TS
2 T e T 1= ]
L1 N e ]
PRakvai L T et
T T
o - i
1] Lj‘»wm { % i wo(W) g
0 ! 2 3 a 5
JQAR2
Fig. 8

Alternating grid voltage and total distortion as a function of llu
vutput power. EL 2 used as ~mf'le output valve, with Ve = Vy,
250

= max. 550 V

= max. 2560 V

= max. 8 W

= max. 550 V

= max. 250 V

= max. 1.6 W

= max. 45 mA
= max. —13 V

= max. 1 M ohm
= max. 0.6 M ohm
= max. 5,000 ohm

= 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 serics, for
example the EBC 3 or
EF 6. The cathode must
be decoupled with re-
spect to the carth line
through a capacitor of
at least 2 I, hut an
even higher capacitor of
25 or 50 ulk is better.
When used in balanced
output circuits  (two

(B8]
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EL 2

7 Tl Va - Vaz 250V a(mA) 75 valves), the bhias
a0 2x225mA |4 l2lmA) should preferably be
- EEEEN ,’:“ =~;ggé’n 50 60 automatic and the
° N EBC 3 or EL 2,
5 Hws 50 connected as triode,

= may be employed as
P w00 @  driver. Bearing in
1 mind the cost of the
5 driver  transformer
T and the required
I reproduction of low
50 20 Ny ;
4 andiofrequencies.the

N

T
L Ig2 | . -
i - EErd o designer will find a
= i 25 10 transformation ratio
o T of 1:(2+ 2) quite
T SR e L2 42 q
: : 0 suitable, but if the
3 4 i/ .
’ ¢ 7 8 ° ;95:6.7 EL 2 is used, connce-
Fig., 9 . . . tedastriode, theratio
Anode current, screen current and total distortion as a function of N e
the output power for two EL 2 valves in a balanced circuit, with may e somewhat
automatic grid Lias, with Fu = Fy, = 250 V. higher'

Tables T 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
effcctive power at the output side of the valve and in this case the transformer
losses should be deducted.

n7t n:l
& b4 } § [
§2(58 l s2( 5§
L3 « Q Q<
. Va bl
Va Ver Ri
Rg2 Vi
Vi 7 ?
1 Vb la
Vb 1a >~
- 21
=t é
Pr T
Ru <
T 3
Yiz. 10 Fig. 11
Circuit diagram of the EL 2 as employed for the Circuit diagram of the EL 2 as used for the
measurements the results of which are given in measurements the results of which are given
Table I. Loading resistance in Table II. For the symbols and formulae
La == Rprim + n*Rsec + n*Rl = Rtr + n*RI. employed see text, Fig. 10

Output power
1a® (Rprun + n®Rsec + n*Rl)
ia® (Rtr + n*Rl) = {a*Ra.
Dircet voltage on the anode = Va = Vb-Ta Rprim.
Power loss in output transformer =

i (Rprim + n* Rsec) = ia® Rtr = Wo

Wo

r
Lin
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EL 2. Output power and alternating voltage across grid leak as a function of the

an anode voltage of 250 V.

TABLE I

voltage drop across the output transformer, at

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

I, = 32 mA
With 10 95 distortion At 5 9 distortion
Power loss
Anode sSupply Screen Voltage Anode Alternating Output Anode Alternating Output in output
voltage voltage resistor drop in load arid power load arid power transformer
output resistor voltage resistor voltage .
transf. Wer 100 o
Tu (V) 1) (V) Ry, (ohm) Ver (V) Ra (0hm) 17 (Veff) o (W) Ra (ohm) 17 (Verl) o (W) Wo =7
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
230 300 8,400 50 8,000 8.5 2.95 8,000 4.3 1.0 40
TABLE II

With 10 9 distortion

At 5 95 distortion

Power loss

Anode Supply Screen Voltage Anode Alternating Output, Anode Alternating Output in output

voltage voltage voltage drop in load grid power load arid power transformer

output resistor voltage resistor voltage \

transt. Vtr 100 ¢

T (V) b (V) Vg, (V) Vtr (V) Ita (ohm) i (Veff) 1o (W) Ia (ohm) Vi (Vef]) Wo (W) Wo °
230 250 250 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 I 50 6,000 9.8 2.9 | 6,000 5.1 1.1 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.

¢ T4



EL 3

EL 3 Output pentode

This is a high-mutual-conductance, indirectly-heated 9 W output
pentode which, owing to its accuracy of construction, is capable
of delivering 4.5 W with 10 9, 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 ¥, = 175, = 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 driver 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
imparts to this valve its very high mutual conductance with a
comparatively low heater powcr; at the heater voltage of 6.3 V
the current is only 0.9 A.

HEATER RATINGS

Heating: indirect. A.C\
Heater voltage
Heater current

I

or D.(". parallel supply.
Iy

It

CAPACITANCES

Anode-to-grid . Copp = < 0.8 ¥

OPERATING DATA: EL 3 employed as single output valve

Anode voltage Va ==
Screen-grid voltage Vyo =
Grid bias. Vo =
Cathode resistor Ry =
Anode current 1, =
Ncreen-grid current Ly ==
Mutual conductance . N =
Internal resistance R; =
Load resistor . e e e e R, =
Output power with 10 9 distortion . W, =
Alternating grid voltage at W, = 4.5 W . Vi =
Sensitivity (117, = 50 mW). e e e e e e Vi =
Amplification factor; grid 2 with respect to grid 1. Mo ==

118

so010

Fig. 1
Dimensions in mm

50005

2

Fiz, 2

Arangement of
clectrodes and
base connections.

250 V

250 V
—6V

150 ohms
36 mA

4 mA

9 mA/V
50,000 ohms
7.000 ohms
4.5 W

4.2 Vo
0.33 V.y
23



OPERATING DATA: EL 3 used in balanced output stage (2 valves)

(automatic grid bias)

Anode voltage

Screen-grid voltage

Cathode resistor

Anode current (without sxgna.l)
Anode current at max. modulation .
Screen current (without signal) .
Screen current at max. modulation .
Load resistor betwcen anodes
Output power

Distortion .
Alternating input voltage (per grld)

1) separiate cathode resistor per valve.

1(10

Ia max
I{]ZO

gzmax =

Raq
‘Vo
diot
Vi

=250 V 250 V
=250 V 250 V
= 140 ohms 190 ohms ?)
=2xX24mA 2 X 31 mA

= 2 X 285 mA 2 X 34 mA
=2XxX28mA 2 X 3.6 mA
23 46mA 2 X 58mA

== 10,000 ohms 10,000 ohms
= 82 W Y W

== 3.1 9% 6.8 9,

= 6.7 Vegr 5.6 Vg

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

Anode voltage

Grid bias.

Cathode resistor
Anode current
Amplification factor .
Mutual conductance .
Internal resistance
Load resistor . e
Output power with 59, distortion .
Alternating grid voltage .
Sensitivity (W, = 50 mW) .

MAXIMUM RATINGS

Anode voltage in cold condition .
Anode voltage
Anode dissipation .

Screen-grid voltage in cold cond.mon .

Screen voltage R
Secreen dissipation (17; = 0)
Screen dissipation (17, = max.)
Cathode current

Grid voltage at grid current start Iy = + 0.3 pA)

External resistance between grid and cathode .

lixternal resistance between filament and cathode .
Voltage between filament and cathode (D.C. voltage

or cffective value of alternating voltage)

Ve =250 V
Pgo= —85 V
U, == 425 obmsy
/, = 20 mA
pno= 20

S = 6.5 mA/V
R; = 3,000 ohms

Rqy = 7,000 ohms
o =11 W

Vi = 8.9 Vg

i = L1 Vag

Veo = max. 550 V
Y, = max. 250 V
W, == max. 9 W
Viyso = max. 550 V
Ipy = max. 275 V
W,, = max. 1.2 W
W,, = max. 25 W
/= max. 55 mA
Vg = max. —1L3V
Ry == max. 1 M ohm

R = max. 5,000 obms

Ve = max. 50 V

EL 3



EL 3

J0015

lalmA] 11 T N [FEEZD
1T
1t
o Hhe? .
i AT -
\ i
Vg2 = 250V T B
T T T
[ ] 17
ui [
Raa 700010 a1 I
0015 Lo s ov inus)
i [ I T Ty
S e dwi it HY RPN
PP e P -2l HH i
Mo EEhNgyN, __II P o w1 4 t B '745“_[\_
nnrdpSans g Ea=p —}- -4{/"‘i SR
50- - (1T s [
e g = gy A IRES
e R ARRAPREY =
i NS T O H e it
sEsert e
q *i: H + T T - i . :9VV
M - 17 B {,I T4 >7V
o ===, o e 0 0 i~ ]
0 100 200 300 400 vatvy 500

Fig. 3
Anode current as a function of the anode voltage at diferent values
of arid bias, at Vg, = 250 V'

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 uscful
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 9, 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 cssential 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 halanced 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 this 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 he 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

halanced output stages operating with grid current.
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Anode and screen-grid current as a function of
the grid bias at Va = Vg, = 260 V.
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EL 5 Outpul Pentode

a The EL 5 is a steep-slope, 18 W output pentode.
y Using this valve it is possible to obtain greater
output power than with two 9 W pentodes in a
gt balanced circuit. Linear and non-linear distortion
are considerably reduced by applying A. F. feed-
back.
Two of these 18 W pentodes in a balanced circuit
will deliver an effective output of 20 W, in which
case contrast expansion can be successfully em-
ployed. The particular form and dimensions of
the 3rd grid ensure a very satisfactory upper bend
in the dynamic characteristic. At full excitation
it is possible for the anode voltage to drop to very Tz 1
low values, with the result that the distortion at Pimensions in mm.
9 W output is extremely low, being 10 %, when
35 ! automatic bias is employed; at lower output powers the amount
Pia, o of 3rd harmonic distortion is very slight indeed. All the advantages
Arrangement of Of a triode are thus obtained, without its disadvantages, viz. that
hlcs'f‘(‘;i’l‘r’)ii“';;:i 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 V this, in
conjunction with an anode voltage of
250 V, will allow for a drop of about 25 V
in the output transformer. 22128 1 (mA}

HEATER RATINGS

Heating: indirect by A.('., parallel supply.

Heater voltage . . . . . Fy =63V
Heater current . . . . . Iy =13 A
CAPACITANCES

Anode-grid Cyyy < 0.8 pul?

Tig. 3
Anode current and screen current as a function
of the grid bias, at Va = 250 V, Vygy = 275 V.
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OPERATING DATA: El 5 used as normal output valve (single valve)

Anode voltage

Screen-grid voltage

Cathode resistor

Girid Dbias.

Anode current

Screen current

Mutual conductance .

Internal resistance

Load resistor . .

Output power (dggt == 10 0(,) R
Alternating input voltage with 10 °,, (lxst
Sensitivity (1, = 50 mW) . .

e = 250 V

Vyo — 275 V

R = 175 ohms
I'jp== —14 V

1, == 72 mA

1,, == 7 mA

N == 85 mA/V
L; = 22,000 ohms
R, =+ 3.500 ohms
1 3.8 W

o v 9.1 Ve

0.5 Vit

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

Anode voltage Fa
Screen-grid voltage Ve
Cathode resistor e Ry
Anode current (without signal). Luy
Anode current at max. modulation . 1y max
Screen current (without signal). 1,3,
Screen current at max. modulation . 45 ax

Load resistor between anodes . . . . . . . . . . R4
Output power (I,; = 403 pA) . . . . . . . . . I,
Total distortion (/4 = 4 0.3 y~\) . dtot
Alternating input voltage (I, = + 0.3 1 vX) . 17

MAXIMUM RATINGS

Veo = max. 550 V Iy E
Fo = max. 250 V Vo Uy = 4+ 0.3 pA) =
W, = max. 18 W By i1 (auto. bins)

Vg = max. 550 V Ry

52 = max. 275 V Fon

Wy = max. 3 W

= 1aX.

= Mmax.
R HO

|
W W0 W = 1Y
X
&
o
=
T

=: 4500 ohms
19.5 W

RN

= 12.5 Vop

90 mA
—1.3V
0.7 M ohm
5,000 ohms
50 V

max.

mix.



EL 5

A. Single output Amplifier

22126
1 T . .
5T B A Generally speaking. it
v, (vetr) : . ; Tvi °
s - H is not advisable to cou-
" )
T 3 . ple the EL 5 directly to
il hERE a diode. Figures 5 and 6
i aantMeadensladass indicate the alternating
10 “*‘ﬁ; 4::‘[?‘, : El.s. L1 grid input and distortion
I e . 2sov at ¥, = 250 V, ¥y, =
FRasss o, To7sy 275 V and R = 175
£ ;" .g%IR ohms, corresponding to
6 o souF an anode current of 72
HH- Wsaomw Q51 Vet mA, as a function of the
= friH output power; Fig.. 5
2 insaN - relates to a loading
. 4 L 17‘1 HHH resistance of 3,500 ohms
o : i wlj|  and Fig. 6 to 2,500 ohms.
0 6 8 0 2 From these curves it is
‘ 1 Yig. 5 evident that when a
Alternating grid voltage, total distortion and distortion constituents. 9 :
as functions of the output power; EL 5 used normal output valve load of »500 ohms .1s
with appropriate anode voltage, 3,500 ohms load resistor and used the 3rd harmonic

decoupled bias resistor. component is muchsmal-

ler than in the case of
the 3,500 ohme 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 L 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 KL 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, %1y
the result is as shown  Wlerd
in Fig. 7, in which the
EI' 6 is represented as
pre-amplifier, with the
feed-back applied to
both valves.

1

B. Balanced output
Stages (2 Valves)

If greater output, or less
distortion, 1is desired,
two EL 5 valves can
with advantage be cou-

pled in a balanced Fig. 6

circuit. With an anode Relation between alternating grid voltage, total distortion, distortion
£ 95 ’ components and output power of the EL 5, with normal anode vol-

voltage of 250 V and tage, 2,500 ohms load resistor and decoupled bias resistor.

126



screen voltage of 275 V, the common cathode resistor should be 120 ohms and

(

distortion can be kept down by decoupling this resistor with a high capacitor
or 50 uF). The full line in Fig. 8 represents the distortion obtained with this

arrangement, with a load resistor of 4,500 chms (between anodes), as a function
of the output power. The distortion is due to 3rd harmonic only.

J67)
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12 121
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WVisomu=20mVer
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B SEA RS s an

LLlid

*f'
i
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0 04== ErTd
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Pig. 7
RRelation betwecen alternating
arid voltage Vi, total distor-
tion dtot and output power;
LL 5 with pre-amplifier EF 6
and negative feedback applicd
to the latter.

Tig. 8
Anode current and total dis-
tortion as a function of the
output power; two 5L 5 valves
in balanced output stage with-
out. grid current, employing
normal anode voltage and
load resistor of 8,000 ohms
or 4,500 ohimy hetween anodes.,
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EL 6 Oul’put Pentode

"This is another 18 W, indircctly-heated, high conductance output
pentode, the nced for which arose from a demand for a ‘larger”
output valve which, fully excited, would take ahout the same grid
input as the EL 3. The advantage of this valve is that reccivers
having a 9 W or 18 W output stage, apart from the rectifier, may
he developed along cxactly the same lines. At the working point
the EL 6 has the unusually high mutual conductance of 14.5 mA/V.
With 10 ©;, distortion the maximum obtainable output is 8 W. The
peak alternating grid voltage for this output is only 4.8 Viyp whilst
the sensitivity (for 50 mW output) is 0.3 V().

The valve can also figure in balanced output stages, although the
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 W
with 2.2 ° distortion at an alternating grid voltage of 7.3 Vi)
per grid. Taking into account an average voltage drop of 15 V across
the output transformer, the output at ¥, = 250 V with Vg, = 265 V
is somewhat higher, viz. 16 W, with 1.4 % distortion with a grid
input of 8.5 V(¢). The maximum distortion is roughly 3 %5, which
oceurs at approximately 10 W 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.

max 122

27818
Fig. 1
Dimensions in mm.
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F Fig. 2
Arrangement. of
/T 50 electrodes and
[ base connections.
/
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1
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Fig. 3

Anode and sereen current as a function of the
grid bias. at Fa = Vg, = 250 V.
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Anode current as a function of the anode voltage at Fy, = 250 V
with Vg, as paramcter.

HEATER RATINGS

Heating: indirect by A.C., parallel suppl\

Hea.ter voltage . . . . . .. . . oo o Fp=63 0
Heater current . . . . . . . . . . . . . o - ooy =12 A
CAPACITANCES

Anode-grid . . . . . . . .. e e Uy < 0T

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

Anode voltage . . . . . e e e e e e e e =250V
Screen-grid voltage . . . . . . . . . . .. oo Fy o= 250V
Grid bias. . . . . . . . ... ... ... ... .0V =—1
Cathode resistor . . . . . . . . . . . ... ... . R = 90 ohms
Anode current . . . . . . . . . . . . . ... ... 1, =172mA
Screen-grid current . . . . . . . . . .. ... ... 1, = 80mA
Mutual conductance. . . . . . .. ... . ... 8 =145 mA/V
Internal resistance . . . . . . . . . . . . . . ... R = 20,000 ohms
Load resistor . . . e e e . . . . . . Ry = 3,500 ohms
Output power with 10% dlstortlon .. ... W, =8W
Alternating input voltage for W, = S VV oo oo =48 Vo
Sensitivity (W, = 50 mW) .. .. Ve =03 Vo
Amplification factor, screen with respect to grld l .o ltgay = 20
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OPERATING DATA: EL 6 used as an output valve in balanced circuits
(two valves) with automatic grid bias.

Anode voltage . . . . . . . ... ... F, = 250 V 250 V
Screen-grid voltage . . . . . . . . . . . . Py == 250 V 265 V
(Cathode resistor. . . . .. . . . . Ry = 90 ohms 97 ohms
Anode current (without sngna.l) Y = 2 X 45 2 X 45 mA
Anode current at max. modulation. . . . . Jypax = 2 X 53 2 X 54 mA
Screen current (without signal). . . . . . . [g, = 2X 5.1 2 % 5.1 mA
Screen current at max. modulation. . . . . Jmax = 2 X 8.5 2 % 9.9 mA
Load resistor between anodes . . . . . . . Ry == 5,000 ohms 5,000 ohms
Output power . . . . . . . . . . ... I, = 145 W 16 W
Distortion . . . oo ot = 229, 1.7 9,
Alternating grid \'olmge per grld A A = 7.3 Vit 8.2 Vg

MAXIMUM RATINGS

Anode voltage in cold condition . . . . . . .. V4 = max. 550 V
Anode voltage . . . . . . . . . .. .. Fa = max. 250 V
Anode dissipation . . . . ... . .. ... W, = max. 18 W
Screen voltage in cold con(htlon e o oo oo Vg = max. 550 V
Secreen voltage . . . . e .. Fgp = max. 275 V
Screen dissipation (17 == o) e oo oo Wy — max. 2 W
Screen dissipation (Hy - max.). . . . . . . . .. Wy, = max. 3 W
(‘athode current . . . . I = max. 90 mA
Grid voltage at grid current smrt (1 L= + 03 ,uA) Vy = max. —1.3 V
External resistance between grid and cathode . . . Ry - max. 0.7 M ohm
lixternal resistance between heater and cathode . . Ry = max. 5,000 ohms
Voltage between heater and cathode (D.C. voltage

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

Ifig. 6 gives a number of useful data plotted against the screen voltage in the range
250—275 V. 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.

In 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:

Ca.thode current of the output valve ]
""""" v Row

Tt 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 riscs 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 V, == 250 V and V,, = 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 anodec.
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.

diot (3 _ S— _V’;SVE{/)
s } 1 J[ m } 3 _L | H Vs = Vg2 =250V j’[’[;*}' ]
AT | L=72mA T
- ' R 900 St s
T Ra= 35001 :
Ey T Ces SOpF
1 T
T
|
] 4
- e
z 41/ _ 5
L]
iy
i I
f .o
6 8w 10
276

Fig. 5
‘fotal distortion, and 2nd and 3rd harmonic distortion; EL 6 used as
normal output pentode with auto. bias and decoupling capacitor iu
the cathode circuit (Fa = Vg, = 250 V).
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Total anode current Ia, total screen current Ig,, 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 = Vg, = 250 V.
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Output power at max. modulation
Total distortion . e e e e
Anode current at max. modulation .
Screen current (without signal)
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Cathode resistor (fao = 45 mA per valve) Rk

functions of the
screen-grid voltage (in
the range 250-275 V),
at constant anode
voltage (¥a = 250 V)
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ELL 1

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, cach
unit having an anode dissipation of 4.5 W. Irom 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 cach unit invidually is not so very high,
viz. 1.7 mA/V. The two valve units have heen housed in a common
hulb for usc in balanced circuits, in order that the power supplied
to the anode shall be utilized to the best possible advantage; with

3.4 00 distortion, the output power is 4.5 W. 27as9
. p
The two cathodes, sereen grids and suppressors are inter-connected  Fig. 1
. . - : Dimensions in mm.
within the valve.
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Fig. 3

Anode and screen-grid currents of a single pentode

unif, of the ELL 1 as a function of the grid bias,
at Ve = Vg, = 250 V.

HEATER RATINGS

Heating: indircct hy hattery current. rectified A.C. or D.C.; parallel supply.

Heater voltage . . . . . . . . . N S Y
Heater current . . . . . . . . .. ... ... ... .. I =045 A
CAPACITANCES

Anode-grid system 1 . . . . . L. e - Oy < 1.3 uuF
Anode-grid system 2 . . . 0 . 0 00 0000000 LGy < 13 pult
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ELL 1

STATIC RATINGS (PER SYSTEM)

Anode voltage . . . . . . . . . .. . ... . T,

Screen-grid voltage . . . . . . . . . . . . . .. Vg

Grid bias. . . . . . ... ..o Ty

Anode current . . . . . . . . . ... ... 1,

Screen-grid current . . . . . . . . ... ..o Ly -

Mutual conductance. . . . . . . . . ... . N = 1.7 maA/V
Internal resistance . . . . . . . . . . . . . . . R =+ 110,000 ohms

Anode voltage . . . . . . . . . ... ... .. F, 250 V
Screen-grid voltage . . . . . . . . . . . . . .. Vg, 250 V
Common cathode resistor . . . . . . . . . . . R == 560 ohms
Grid bias. . . . .. ... ooV = =195V
Anode current (without signal). . . . . . . . . . Iy ~— 2 % 15 mA
Anode current at max. modulation. . . . oo Tymax = 2 <17 mA
Screen current (without signal). . 1ys0 © 2% 25 mA
Screen current at max. modulation. . . . . . . . Jyomay == 2 X 5 mA
Load resistor between anodes . . . . . . . . . . Ry, = 16,000 ohms
Output power . . . . . . . . . . . ... ... W, - 45 W
Total distortion. . . . e e == 3.59%
Alternating input volta.nre per grld N - 19 Veg
MAXIMUM RATINGS

Anode voltage in cold condition . . . . . . . . . ¥4 - max. 550 V
Anode voltage Co Ve =+ max. 250 V
Anode dissipation (per svstem) e . W, -: max. 45 W
Screen-grid voltage in cold condition . . . . . . . T, = max. 550 V
Screen-grid voltage . . . . . . . . . . . . . .. F, = max. 275V
Screen dissipation per svstem (Vi=o0) . .. Wgo =2 max. 0.7 W
Screen-grid dissipation per system (117, = ma,x.) . Wse = max. 1.5 W
Cathode current per system . . . I -+ max. 30 mA
Grid voltage at grid current start (IJl = —+— O 3,uA) Vg = max. —1.3 V
External resistance between heater and cathode . . Ry - max. 5,000 ohms
Voltage between heater and cathode . . . . . . . Vg - 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 ca<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>