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PREFACE TO ENGLISH EDITION

As a result of the war the English version of this book is being published
gix years later than the orginal Dutch edition. In this book the reader will
therefore find some types of valves described which in the meantine have
become obsolete, such as the DM 21, DHH 50 and the UY 21. These types
could not be omitted however because Parts II, III and 11Ia are intended
to give a historical review of the development of European radio valves.
Meanwhile the milestone referred to in the first preface has been passed and
with the Rimlock series of valves yet another milestone has been reached.
This Rimlock series, with smaller dimensions than the key valves, will be
described in more detail in the second supplement (Book IIIa),

January, 1949,



FOREWORD TO THE DUTCH EDITION

In consequence of the great interest with which Books I and II of the
Philips’ Series on Electronic Valves have been received, it has not been
possible to take into account new typesof valves which have made their
appearance in the interim, owing to the urgent demand for further edi-
tions. The object of this work is to bridge the gap.

This supplement, Book ITI, deals in the first place with the new “all - glass”
type, which has established a milestone in the history of the radio valve
and which by reason of its practical construction and the very limited
number of types in which it occurs — capable nevertheless of fulfilling
every requirement — has greatly simplified the work of the radio manufac-
turer.

The second series of valves described in Book III is the so-called D-series,
a range of valves designed to work on 1.4V heater voltage. These
valves have solved the problem of the economical battery set.

The 100 mA AC/DC series (U-series) and two 6.3 V types, namely the
ECH 4 and EL 50 in a category of their own, are also described.

The following pages naturally include once more a number of receiver
circuits, as this is the most practical method of illustrating the best means
of employing the valves.

In contrast with Book II, in which such circuits formed part of a separate
section, the circuit diagrams are now included in the respective chapters
on each particular series of valves.

Lastly, this work introduces in brief the latest measuring instruments of
interest both to the manufacturer of receivers and to the research worker.

January 1943.
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Philips “Miniwatt”
key valves
The new E and U series

INTRODUCTION

Thermal electronic or thermionic emission, upon which the evolution of thermmess
valve is based, was originally discovered in the incandescent electric lamp amre=vms
is the reason for the fact that early radio valves were constructed along thexsame
lines as the electric lamp, this principle being characterised primarily by the “pindit,
method of construction.

Although the pinch is a logical element in the design of the lamp, it is however by
no means the ideal arrangement for radio valves from the aspect of radio frequency
work. In recent years, therefore, numerous manufacturers of radio valves have directed
much effort to finding an alternative to the pinch mode of assembly that would better
serve the requirements imposed upon it by radio frequencies. The Philips factories
have provided the solution in the shape of the so-called key valve. In this, the
pinch is replaced by a flat glass base upon which the complete electrode assembly
is mounted, the bulb proper being fitted over the assembly and sealed to the rim of
this base. In this way, all the electrodes are brought out at one end of the valve, that

is, through the base only, and connections between the electrodes and their respective
contact pins are kept as short as
possible.

Description of the construction.

Fig. 3 shows a drawing of the all-
glass type of triode-heptode ECH 21.
The electrode system is mounted
on a circular glass hase (see also Fig.
2), into elevations of which eight
leading-in pins are sealed in such a
way as to be quite vacuum- tight;
these pins are disposed in a circle
17.5 mm in diameter and are suffi-
ciently robust (1.27 mm dia) !) to serve
for purposes of contact in the valve-
holder. The electrode system, mounted
vertically on the base, is welded di-
rectly to these eight pins; the exhaust
stem is located in the centre of the
circle of pins.

With the exception of the rectifier
valve, the electrode system in these
a.ll:gla,ss valves is supported at three
points by U-shaped supports, and is
very rigid.

—_—_
') Prov

been “81:110“1‘1”%', I;ins 1.1 m in diameter have Fig. 2
opi8ed, but these fit equally well in t vith 8 leading-in pins sealed vacuum-
existing V;llVe-holders, q \ in the Pressed glass base with 8 leading-in p!

tight in the glass on a circle 17.5 mm in diameter.
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1. Bulb.

2. Metal tray to which the getter is attached.

3. Connection of first grid of the heptode section.

4. Screen cage.

5. Top support, of insulating material.

6. First grid of the heptode section.

7. Second grid (screen) of
the heptode section.

8. Anode of the heptode
section.

9. Third grid of the heptode
section,

10. 4th grid (screen) of the
heptode section.

11. 5th grid (suppressor) of
the heptode section.

12. Centre support, of insu-
lating material.

13. Cathode.

14. Control grid of the triode
section.

15. Anode of the triode sec-
tion.

16. U-shaped screening for
the grid lead of the hep-
tode section.

17. Mounting strip for the
anode of the triode.

18. One of the U-shaped sup-
ports of the electrode
system,

19. Closed winding of the
triode control grid.

20. Connection of triode anode
to contact pin.

21. U-shaped support of elec-
trode system.

22. Bottom support, of insu-
lating material.

23. Ends of the filament.

24. Connecting strip between
one end of the filament
and the contact pin.

25. Cathode connection

26. Pressed glass base.

27. Spun edge of bottom
screen for base and con-
tact pins.

28. Contact pins.

29. Pilot pin.

30. Lug or key on pilot pin.

58980

Fig. 3
Construction of the Miniwatt all-glass Triode-Heptode ECH 21



When the bulb has been sealed to the base, the valve is exhausted and the material
absorbing residual gases — the getter — is flashed off.

The getter is located on a plate above the electrode system, so that the mirroring it
produces occurs only at the head of the bulb. When the exhaust stem has been sealed
off, a screen plate with pilot pin mounted in its centre is attached to the glass base.
"The pilot pin can also serve as contact pin, if necessary. The metallised layer applied
to the glass bulbs of earlier types of valves is now no longer necessary, since screening
is effected by a cage (a cylinder of perforated metal foil), placed around the electrode
gystem of the R.F. valves and fixed to this system.

Advantages of the new design, with connections at one end only.
Mechanical advantages.

1) Smallest possible dimensions of the valve.

Owing to absence of the pinch, it has been found possible to reduce the length of the
valve by an amount equal to the height of the pinch: the height of the EBL 1
is 130 mm, that of the EBL 21 only 80 mm, while the systematic reductions that
have been made in dimensions of the electrode systems have helped to reduce the
diameter also. The small diameter of the new valves (at most 32mm for all types)
has in turn made it possible to design extremely small receivers of high quality and
utilising a minimum of ma-
terial.

The chassis of the receiver,
for instance, can be made
much smaller than in the
past, whilst a further ad-
vantage arises from the small
diameter of the valve  in
that the valve-holders need
be no larger than the overall
dimensions of the valve. With
sets of 8o very much smaller
proportions, the total weight
is also much less, which pro-
vides & considerable saving
in material.

2) Robustness

Again thanks to disappear-
ance of the pinch, the elec-
trode system can now be
mounted very rigidly on the
glass' base. The system, as
usual, is supported between
two insulating plates which
are in turn held together by
three U-shaped brackets ar-
ranged in a triangle; these
supports are securely welded
to three of the contact pins
in the glass base, the whole

Fig. 4 H f con-
The electrode system of a key valve with enveloping cage for screen- ma,km.g for a type' o .On
ing the system; at the top is the getter plate. struction which will with-
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stand jarring and vibration in all directions.

An essential feature of the new valve is that the glass base itself takes the place of
the base cemented to the bulb in the case of its predecessors and, as the leading-
in wires no longer have to be soldered to the pins and to the top-cap formerly employed
for the grid connection, the leading-in pins themselves now serving for purposes of
contact, interference such as crackle etc, due to faulty soldering is eliminated. The

screen plate, with its pilot pin, is spun over the hase of the valve and therefore cannot
work loose.

3) Single-ended connection for all electrodes

Since all the connections to the electrodes are taken through the glass base of the
new type of valve, the old form of grid connection at the top of the bulb is no longer
required; the anode-to-grid capacitance, however, is no higher than in the older types
of valve, since adequate screening is
provided within the envelope, thus en-
suring that the internal grid lead is suf-
ficiently isolated from the other internal
connections and anode mounting at the
base of the system. Then again, the metal
screen with pilot pin takes care of the
bottom screening: the electrode connec-
tions of the R.F. pentode EF 22 are so
arranged that the pilot pin lies between
the anode and grid pins and screens them
from each other. The fact that all the
connections are at one end of the valve
only, places the receiver designer in a
position to develop new types of chassis:
one direct advantage of the grid con-
nection being at the bottom rather than
at the top is that the wiring need no
longer be carried through the upper part

in

Fig. 5
The base of a key valve, showing the cut-outs for the

of the chassis, the resultant arrangement
being so much the neater. The absence of
screening on grid leads, such as were for-

clevations of the glass base, thereby giving a suffi-
ciently long leakage path between the pins and the
screen plate.

merly carried up to the top of the valve, permits a direct saving
on cost prices. The layout of the chassis becomes much more
logical and screen plates inside the chassis are now much
more efficient than in the past. Connections in the chassis
can be made by means of very short, rigid wiring which need
not be shielded with metal braiding, and parallel capaci-
tances, apart from being constant, are thus reduced to a
minimum. It is accordingly possible to utilise the slope of
the valve to the fullest extent if so desired.

4) The new method of arranging connections

The valve is not equipped with the usual base; the actual
glass base serves the same purpose. The arrangement of the
eight pins is already indicated on page 3 (cf. Fig. 6). The glass
projects through the holes in the metal screen in the form of
small protuberances, thus increasing the creepages between
pins and screen plate in order to conform to the various
official safety regulations.

Fig 6
Main dimensions of the
new valve base.



The pin in the centre of the bottom plate is provided with a lug, or key, to register
the valve when it is inserted in the receiver, engaging with a slotted hole in the centre
of the valveholder and rendering fitting of the valves an extremely simple matter.
It is only necessary to insert the end of the pilot pin in the centre hole of the holder
and rotate the valve until the key on the pin slides into the slot, At the lower end of
the pin there is a circular groove in which a spring engages when the valve is pressed
home, thus locking it firmly in place. By this means it is possible to transport the
receiver with the valves in position.

The electrodes are connected to the 8 pins in the circle and, if necessary the pilot
pin may also be used as a contact. By no means all valves require 9 pins, but in the
triode-heptode it is thus possible to provide separate contacts for the grid of the
triode and the 3rd grid of the heptode, making this valve suitable for various purposes
other than merely frequency changing. By virtue of this arrangement it has been
found possible to limit the number of types in each of the two series, namely AC and
AC/DC, to a total of 3.

Electrical advantages.

The new method of construction also brings with it a number of electrical advantages,
namely:

5) Very slight dependence of valve capacitances upon temperature

The absence of the conventional type of base, of which the dielectric constant is highly
dependent on the temperature, means that the capacitive variations, especially during
the warming-up period are considerably lower than in the past. Another contributory
factor in this direction is the circumstance that the temperature of the glass at the
leading-in points does not increase so sharply as in the pinch type of valve, and that
the spacing of the leading-in pins is greater.

6) Narrower tolerances in the valve capacitances

Since all the electrode connections are taken through the base of the valve, the getter-
mirror can be placed at the extreme top of the bulb, that is, at a greater distance
than normally from the electrodes; the effect of this mirror on the capacitances is
therefore very much less marked than formerly and the tolerances in input and output
capacitances can be maintained within much finer limits. In valves of the old pinch
type of construction the tolerance was + 0.8 pF; in the new valves it is only +- 0.4 pF
and these closer tolerances make possible the design of extremely simple and low-
priced receivers, since in certain circuits, for instance, trimming condensers may be
dispensed with — a great step towards simplicity and economy.

7) Good short wave properties

The use of sealed-in contact pins has resulted in a great improvement in the short
wave qualities of the valves, again by reason of the shorter length of the leading-in
wires, or pins and their wider spacing. In earlier types of valve the connections within
the pinch run parallel to each other for a distance of 35 mm and not more than 0.5—1
mm apart, with consequent adverse effects upon the short wave reception: in the new
valve there is no pinch, each electrode being connected through the shortest possible
path to its appropriate contact pin. Capacitive and inductive couplings between the
different electrodes are thus reduced to a minimum. In turn, the less marked degree
of coupling means that in a mixer valve, for instance, frequency drift due to the gain
control is much less than in a corresponding valve with pinch.,



THE NEW SERIES OF VALVES

Logical choice of types in the E and U- series

The number of different types of valve in use has increased very considerably in recent
years, a8 will be seen from the diagram

(Fig. 7). 300
It will be observed that in 1926 there | JNCREASE IN NUMBER
were only 14 different types, whereas lat- | OF VALVE TYPES

19/8—1940

terly, upwards of 280 varieties have been
marketed. In all fairness it should hqwever
be added that about one half of these are
used in new receivers, whilst the remainder
are for the replacement of older types:
nevertheless, it is desirable to restrict as
far as possible any further increase in
the number of current models.

In laying down the number of types to be
manufactured it has to be taken into ac-
count that all known types. of receiver,
from the simplest to the most elaborate
designs are being manufactured, this being
in the interest of both the radio industry
and the dealer. To meet these require-
ments, two series of valves have been
designed, namely one for A.C. (the E series}
which in accordance with present day
standards has a heater voltage of 6.3 V
and another for AC/DC (the U series), ‘ | ;
having a low heater current consumption 265

250

(100 mA)‘ Fig. 7

Each of these series comprises not more Dlncrease ilim tlile nullxllberi of valve1 types in use.
s iagram showing the Increase in valve types

than three types, viz: between 1918 and 1940.

1) EBL 21 and UBL 21: double-diode output pentodes.

These are high-slope valves with a maximum anode dissipation of 11 W. The combi-
nation of two diodes with output pentode is so arranged that adequate A. F. gain
can be obtained between the diodes and the pentode. It is thus possible, in conjunction
with other valve types in the same series, to design every conceivable type of circuit,
including automatic gain control and feedback.

The design of the pentode section of the UBL 21 gives rise to simple change-over
arrangement, the valve being suitable for a working voltage of 100 Vas wellas of 200V.

2) ECH 21 and UCH 21: Triode-heptodes.

The triode and heptode grids have each their own separate connection, and the two
sections can therefore be employed for different purposes; the separate connections
of all the electrodes have been made possible by the fact that there are in all nine
connecting points. Apart from acting as frequency changer, with the triode grid
connected to the third grid of the heptode, this valve may also be employed for separate
amplification purposes, e.g::

a) the heptode for the IF. stage and the triode for A.F. amplification;

) the heptode as A.F. amplifier and the triode as phase inverter for a push-pull

output stage.



3) EF 22 and UF 21. Variable-mu pentodes.

These valves, having sliding screen voltage, can be used as R.F., IF. and A.F.
amplifiers.

In the U series there is also a new indirectly heated half-wave rectifier valve,
giving a maximum D.C. output of 140 mA, namely the UY 21.

The above mentioned three types meet all possible requirements on the part of the
radio manufacturer and the following examples will give some idea of the types of
receiver in which they can be employed.

a) Small 2-valve superhets,

To be used: ECH 21—EBL 21,
or: UCH 21—UBL 21 (reflex circuit with diode detection and auto-
matic gain control).

b) Simple 3 valve superhets,

To be used: ECH 21—EF 22—EBL 21,
or: UCH 21—UF 21—UBL 21.

c) High sensitivity superhets.

To be used: ECH 21—ECH 21—EBL 21,
or: UCH 21—-UCH 21—UBL 21.
This arrangement is in no way inferior to earlier 4-valve superheterodyne receivers.

d) High quality superhets.

To be used: ECH 21—EF 22—EF 22—EBL 21,

or: UCH 21—UF 21—UF 21—UBL 21.
A receiver designed on this basis meets the same requirements as earlier types
of 5-valve receiver.

e) High grade push-pull oulput recesvers.

To be used: EF 22—ECH 21—EF 22—ECH 21—2 x EBL 2].
The second ECH 21 serves for A.F. amplification and phase inversion. Three
of the four diodes can if desired be employed to make up a 3-diode circuit.

The number of possibilities is not limited to the above, which are only a few examples
of the great variety of receiver circuits that can be designed with these few valves,
It is interesting to note that in the U types it is a very simple matter to change over
from a 220 V mains system to lower voltages (110—127 V). The valves in this series
are so matched that it is not usually necessary to readjust the values of bias, screen
and anode resistances, or the output matching: it is quite sufficient to alter the heater
current circuit only, and this can be done with very little trouble.

Electronic indicators have not yet been included in this series of valves, but the existing
type EM 4 may be used without any objection for A.C. work, or the UM 4 for AC/DC.
The following pages contain a description of the various valve types in alphabetical
and numerical order.



EBL 21

EBL 21 Double-diode output pentode

Fig. 1
Internal assembly of the double diode pentode EBL 21.

The EBL 21 is a double-diode
output pentode. The sensiti-
vity of the pentode system is
extremely high; the mutual
conductance is 9.5 mA/V. The
maximum anode dissipation
is 11 W.

Since the dimensions of the
electrode system are consider-
ably smaller than those of
the earlier EBL 1, the heater
current consumed is accord-
ingly lower: at 6.3 V the
heater current of the EBL 21
is only 0.8 A, as against 1.18
A in the cage of the EBL 1. In
many cases it will be possible,
in order to increase the A.F.

sensitivity

of the re- max39
ceiver, to —
couple an

AF. am- =
plifier be-

tween the

diode and

the pen- M
tode of the 0459
EBL 21; Fig. 2.

this is only Dimensions in mm.
possiblefor

a valve of this class when the diode-anode employed for the detec- a

tion is sufficiently free from ripple to allow of adequate A.F. gain.
In the design of the EBL 21 it was made a condition that an A.F.
gain factor of 60 between the detector diode and the grid of the
output pentode should be obtainable on normal feed by means of
a mains-operated heater transformer!). In this way the triode
section of the ECH 21, coupled as A.F. amplifier, or the pen-
tode EF 22, may be interposed between the diode and pentode
sections of this valve, in the second instance with more or less
intensive feedback. A great deal of care has accordingly been paid
to the design of the diode section of the valve. Efficient screening
and a careful choice of sequence in the electrode connections have
resulted in a minimum of ripple voltages at the diode anode d,
used for detection.

The EBL 21 is also very suitable for Class AB push-pull output

1) This figure should be used for guidance only, since a higher galn is possible if
greater ripple be permitted. When power is obtained from a vibrator, a gain fac-
tor of 15 should be regarded as the limit, since in this case a greater amount of
ripple must be expected.

10
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Fig. 3
Arrangement and
connections of the
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EBL 21

stages. Two of these valves in conjunction
with a triode heptode ECH 21 coupled
as A.F. amplifier and phase inverter give
a very high quality output stage having
100 an output of about 13 W. This is an ideal
final stage for very high grade receivers.
Moreover, 4 diodes of the EBL 21 are then
available for employment, for instance,
in a 3 diode circuit. To prevent inter-
action between the diode and pentode
H sections, the capacitances between the
A diode anodes and the anode and grid of

T the pentode have been suppressed as
T f much as possible (see capacitance values
] included in the operating data). Tech-
NES nical data of this valve are given below:

HEATER RATINGS
P4 Heating: indirect; alternating current;
H é w0l llel suppl

H ) w=3%-4]  parallel supply.
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Cax = 2.0 pF
Cdldg < 0.16 pF
¢) Between diode and pentode
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Cazgr <0.06 pF Cyye < 0.02 pF
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Anode current as a function of anode voltage at Vg, = 250 V, with grid
bias as parameter. In the figure the load lines in respect of Ra=5700 Ohms
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output power at Va = Vg, =250 V and Re = 5700 Ohms (11 W
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Total distortion and required alter;mting grid voltage as a function of
output power at Va = Vy, = 250 V and Ra = 7000 Ohms (9 W
operation).
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OPERATING DATA FOR THE PENTODE SECTION employed as single
output valve.

Anode voltage . . . . . . . . . . . ... Vo =250V 250 V
Screen grid voltage . . . . . . . . . . Ve =215V 250 V
Cathode resistance . . . . . . . . . . .. Ry =125 Ohms 150 Ohms
Grid bias. . . . . . e e e e e Vg =—62V —6V
Anode eurrent . . . . . . . . . . . . .. 1, = 44 mA 36 mA
Screen grid current . . . . . . . . . . .. f, =58mA 4.5 mA
Mutual conductance. . . . . . . . e 8 =9.5 mA/V 9.0 mA/V
Internal resistance. . . . . . . . . . . . . R; = 50,000 Ohms 50,000 Ohms
Optimum load . . . . . . . . . . . ... R, = 5700 Ohms 7000 Ohms
Output power at max. modulation . . . . . W, =55W 45 W
Total distortion. . . . . . . . . . . . .. dige =109 10 %
Required alternating grid voltage for max.

modulation . . . . . . . . ..o Voreg =45 V 42V
Sensitivity (W, =50mW) . . . . . . . .. Vg = 0.30 V 035 V
Gain factor: screen grid — grid 1 . . . . . Hgsgr = 23 23
OPERATING DATA for Class AB push-pull output (2 valves)
Anode voltage . . . . . . . . ... .00, Va =300 V
Screen grid voltage . . . . . . . . . . . . ... ... Vga =300 V
Cathode resistance . . . . . . . . . . .. . .. ... Ry = 130 Ohms
Optimum load . . . . . . . . . . . .. . . ... .. Ry’ = 9000 Ohms
Standing anode current . . . . . . . . . . . ... .. Iy =2 X 30 mA
Anode current at max. modulation. . . . . . . . . . . lomaz =2 X 36 mA
Standing screen grid current . . . . . . . . . . . .. B S99 =2 X 3.8mA
Screen grid current at max. modulation. . . . . . . . . Ijomaz =2 X 6.5 mA
Max. output power . . . . . . . .. ... L. Womez = 132 W
Total distortion at max. output power . . . . . . . . . dyoe =189
Required alternating grid voltage, per grid . . . . . . . Vo =170V
Sensitivity (W, =50 mA) . . . . . . .. ... . ... Voeg =03V
MAXIMUM RATINGS for the pentode section
Anode voltage, in cold condition . . . . . . . . . .. Vi = max. §50 V
Anode voltage . . . . . . . . . ... oL V, = max. 300V
Anode dissipation. . . . . . . ... ... . W, =max. 11 W
Screen grid voltage, in cold condition. . . . . . . . . Vgeo = max. 550 V

Screen grid voltage . . . . . . . . . . ... e
Screen grid dissipation, unmodulated valve (Vg9 =0V) W, = max. 1.7 W
Screen grid dissipation at max. modulation (W, = max.) W,, — max. 3.5 W
Cathode current. . . . . . . . . . . . . .. .. .. ¥ = max. 60 mA
Grid current commences at (fp; = + 0.3 gA) . . . . . Vyy =max. —1.3V
Max. external resistance between control grid and cathode Rj; = max. 1 M Ohm
Max. external resistance between heater and cathode . Ry = max. 5000 Ohms

Max. potential between heater and cathode . . . . . . Vg = max. 50 V
MAXIMUM ratings for the diode section

Peak voltage on diode 1. . . . . . . . .. .. ... Vi, = max. 200 V
Peak voltage on diode 2. . . . . . . . . . ... .. Vis = max. 200 V
Max. direct current through resistor of diode 1 . I = max. 0.8 mA
Max. direct current through resistor of diode 2 . . . Iz, = max. 0.8 mA
Diode current commences (Iz; = + 0.3 uA). . . . . . Viy =max. —1.3V
Diode current commences (Iz, = + 0.3 pA). . . . . . Vis = max. —1.3 V
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APPLICATIONS

The following points should be borne in mind in the applications of this valve.
(I) Grid bias should be obtained exclusively by use of a cathode resistance. If re-
quired, so-called semi-automatic bias may be applied, but only when the cathode
current of this valve exceeds 50 %, of the total ourrent flowing through the resistance
used to provide the bias: the grid leak should then be correspondingly lower in value
than the indicated maximum value. (IT) Leads to the electrodes should be keptas
short as possible. (III) To avoid parasitic oscillation, which, due to the high mutual
conductance, very quickly sets in, a damping resistance of, say, 1000 Ohms may be
included in the control grid lead ; this resistance is to be mounted as closely as possible
to the electrode concerned and must not be bypassed by a condenser.

For use of the EBL 21 with feedback, in conjunction with the ECH 21, see also p. 17,
in connection with the ECH 21.

Arer)
Sot(%) TimA)
o .
EE— 7 i il g
0 off (.-
o L Vae kg2 .2 300 "
Raa'= 90000
Rk= 13002 t
180
= Ia
e 1T
Vglafr 1
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1 40
1
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2
T
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- suasa H i
1l T T e T T 1T T
17T 181 NS ESEESENENGESREEEAESEARE] 1T T
INEEEDS 1L llll:nlrlll‘l[llln[u T 1L L
0 2 4 6 é LY

Fig. 8
Total anode and screen current, total distortion and required alternating
grid voltage (per grid) as a function of output power of two valves EBL 21
in a class AB push-pull circuit, at Va = Vg, = 300 V.
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ECH 21 triode heptode

The ECH 21 is a variable-mu triode-heptode intended for A.C. supply. The two electrode
systems employ a common cathode, consuming approximately 2.1 W.

Fig. 1
Four stages in assembly of the triode-heptode all-glass valve ECH 21.

The ECH 21 is recommended primarily as a frequency changer and as such has the
following advantages:

a) Mizer section constructed as heptode

The fifth grid of the heptode section is a suppressor grid, to neutralize any adverse
effects of secondary emission from the screen and anode. It is therefore possible
to apply sliding screen grid voltage, without affecting the internal resistance of
the valve; in other words, the screens may be fed from the source of anode voltage
through a series-resistance. This not only saves the use of another resistance, but
also saves current, in that no potentiometer network is required. The suppressor
also ensures a low noise level, since the 4th grid emits no secondary electrons.

b) High mutual conductance.
750 uA/V at low anode current (3 mA).

This relation between the slope and the anode current is again an advantage from
the aspect of noise.

¢) Low cross modulation.
This is ensured by feeding the screen through a series-resistance.

d) Low frequency drift on short waves.
Due to the very small amount of frequency drift, it is possible to control very
effectively the mutual conductance in the short wave range. At a wavelength of
15 m and employing & tuning capacitance of 50 pF in the oscillator circuit, the
drift at maximum control is less than 1.5 ke/s, provided the inductance effect
is suppressed as much as possible, e.g. by means of a compensating condenser.

e) The slope of the triode s very high at the point where oscillation starts (3.2 mA/V).
Oscillation is accordingly reliable, even under the most unfavourable conditions.
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f) Very steep grid current characteristic of the triode section.
“Squegging-oscillation” is easily avoided and more latitude is thus provided in
the choice of grid condenser and leak.

In the ECH 21 the grid of the triode is not shorted to the 3rd grid of the heptode as
in the ECH 3; each grid has its own separate terminal and the

max 39 range of application of the valve is accordingly very much grea-
ter. Its uses as mixing valve have already been mentioned; in

px this case the grids concerned are interconnected. When the grids

are not joined the heptode section can be employed as a variable-

mu LF. amplifier and the triode part as resistance-capacitance

I (R—C) coupled A.F. amplifier. It is then of course essential to
0| avoid any capacitive and / or inductive coupling between the
40056 two systems, and the design of the ECH 21 ensures this to a
Dlmemﬁifziszin mm. Very high degrfae. Tl.le possibility (.)f employing .th_is Yalve as L.F.
and A.F. amplifier is an outstanding feature, since in the same
ay ar series of valves a double diode output pentode (EBL 21) can
be used with it. In this way a superheterodyme receiver em-
ploying only three valves can be made to have the same charac-
teristics as a normal 4-valve set; for instance, the receiver may
be equipped with two ECH 21 valves and one EBL 21, giving
a very high degree of sensitivity; or. if desired, normal sensiti-
vity, with the surplus A.F. gain diverted to provide good A. F.
feedback; or alternatively, to permit of a slight reduction in the
gain, as in low-priced receivers where coils without trimmers are
employed.
Then again, the ECH 21 provides a good solution in the matter of
gramophone amplification in simple receivers, since the output
valve is then preceded by an A.F. stage, guaranteeing ample
sensitivity towards the pickup signal.
In this circuit one point must however be watched: the heptode
and triode sections of the valve share a common cathode, so that
Fig. 3 if the L.F. amplification is controlled (heptode side) the cathode
Order of connection current drops. At the same time this current determines the grid
of the electrodes.  j,8 of the A.F. side and this potential is accordingly reduced when
the control voltage increases. This is, of course, not desirable and
can be avoided in various ways, a very economical method being the one illustrated
in Fig. 4. The cathodes of all valves are connected to chassis and the cathode-
resistances with their appropriate decoupling condensers are therefore not required.
The grid bias for the A.F. amplifier and output valve is then obtained by means of
resistances (R, and R,) in the negative feed line. This leaves bias to be found for the
mixer and LF. valves, as well as the delay voltage for the automatic gain control,
and for this purpose a negative potential is applied to the anode of the A.G.C. diode.
This potential is also carried across the A.G.C. system to the grids of the valves to
be controlled. Since in this case the grid bias of the I.F. valve and that of the fre-
quency changer are of the same value as the delay voltage, a compromise has to be
found between the most suitable A.G.C. delay voltage and the initial voltage of the
controlled valves. The circuit III on page 68 illustrates this principle, employing
the UCH 21 and UBL 21 valves.
If the requirements of the receiver are on a higher level, this arrangement will naturally
not be used, and steps will be taken to ensure the best possible value for the A.G.C.
voltage. For example, the voltage drop across the cathode resistance of the output
valve may be employed, this potential being applied to the grids of the controlled
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valves which in this instance will require a cathode resistance. In order to prevent the
anode current of the triode section of the second ECH 21 from being affected by the
control, the potentiometer R, and Ry (see Fig. 5) is 8o arranged that the current
flowing through it passes also through the cathode resistance R,. The latter re-
sistance then carries the constant current in question, as well as the anode current
from the triode section, which is also fairly constant, and the control then affects
only the relatively small anode current in the heptode section. This means that the
anode current on the triode side is practically independent of the control exercised
on the heptode. In this circuit the grid voltage of the triode fluctuates under maximum
control of the heptode between — 2.2 V and —2.9 V, which is quite permissible.
The fact that the third grid of the heptode and the control grid of the triode have
each their own separate connections further makes it possible to use the ECH 21 as
pre-amplifier and phase inverter, preceding a push-pull output stage. In this case the
two sections of the valve are emplayed as resistance-capacitance coupled A.F.amplifier.
This arrangement is not suitable for driving push-pull amplifiers running into grid
current, but the range of application of the normal type of push-pull amplifier without
grid current is so extensive that this feature of the ECH 21 is sufficiently important.
One or other of the two available valve systems must in any case be employed for
A.F. amplification and for this purpose we select the heptode, seeing that this provides
the greater amount of gain. The triode need then serve only for inversion of the phase
of the voltage thus obtained, for which purpose a single time of amplification is suffi-
cient. Feedback is obtained by returning a portion of the anode voltage to the grid
of the same valve.

The theoretical circuit is shown in Fig. 6. The voltage V; derived from either a diode
or a gramophone pickup : applied across the points A and B. A coupling resistance

of 200,000 Ohms is included /), TRIODE DOUBLE DIODE
intheanode circuitofthehep- HEPTODE HEPTODE  OUTPUT PENTODE

tode. The screen grids are fed
from the 250 V line through
a resistance of 0.25 M Ohms. ===l
The A.F. gain factor on the ' af
heptode side is then about
100 without control, so that R
the alternating voltage ( V,,) d + f .
applied to the grid of the ik S C‘i::ﬁgl[.
first output valve is 100 A ve P
times as great as the input 2 !
voltage V;. Furthermore,

the a.lternatipg voltage R

across the resistance R, is _

sistance RB; of 1 MOhm. e FL

Due to the resistances R;

and R,, the voltage on the

o oag o +b

grid in question is about 59035

one third of the value of Fig. 4

the original alternating vol-  Circuit details showing method of obtaining grid bias and automatic
¢ gain control, employing the ECH 21 as L.F. and A.F. amplifier with
age. R-C coupling (economical compromise). The voltage drop across
A portion of the resultant the resistances R, and R, in the negative lead is employed as grid

ial R.i bias for the output valve and I.F. amplifier triode. Part of this

potential across R, is used voltage is taken by way of the A.G.C.system to the grids of the
for feedback purposes, thig controlled valves. In this circuit arrangement the voltage obtained

. is a compromise between the optimum A.G.C. delay voltage and the
being taken through R to initial voltage of the controlled valves.

,"..‘

applied to the grid of the
triode section across a re-
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ECH 21

. . ) TRIODE TRIODE DOUBLE DIODE
the grid of the triode section ~ wrPTODE HEPTODE OUTPUT PENTODE

and thus superimposed on
the existing alternating vol-
tage. In this way the vol.
tage across R, as applied to
the grid of the second out-
put valve is practically the
same as that across R,, but
180° out of phase. In absence
of control on the valve, this
arrangement produces a
potential of 10 V for each L1
output valve, with 0.8 9, Fo
distortion, which is quite

sufficient for modulation of Ry Rg

two high-conductance EL 6

valves in a push-pull cir- e
cuit. This type of output Fig. 5

circuit can be used to ad- Circuit diagram showing method of obtaining grid bias and automatic
" in high-cl . gain control when using the ECH 21 and EBL 21: the delay voltage
vantage In high-class recel- for the AGC is now adjusted to the correct value, employing the
vers, and the more 80 since  Voltage drop across the cathode resistance R, of the output valve.
he diod h The current flowing through the potentiometer for the screen feed
the diodes of the EBL 21 ajs0 passes through the cathode resistance of the second ECH 21
can then be employed in a and the drop across the latter resistance (R,) is therefore practically

$1 -diode circuit, which is independent of the control on the heptode.
also well-known for the very slight degree of distortion it introduces.

IRa G

voltage

4

39054

Ao—
Vi
syt affuFf
~  R65012 % Ro=
0.25M
+250V
39536

Fig. 6

Circuit diagram of the ECH 21 employed as A.F. amplifier and phase

inverter preceding a push-pull output stage; the output voltages Vo, and

Vo, are exactly in counter-phase and are applied to the grids of two

output valves. For clarity, the triode and heptode sectionsare deplc-
ted as separate valves.
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HEATER RATINGS
Feed: indirect, parallel on A.C.

Heater voltage . . . . . . . « . . o . . o 0 e Vp=63 A
Heater current . . . . . . « « « o v 0 b e e e e e e e e I; =033 A
CAPACITANCES
a) Heptode section:

Cy: =6.5 pF Cgyys <03 pF

C, =8.0 pF Cos =28 pF

Capr < 0.002 pF Cpy < 0.007 pF
b) Triode section:

Cy = 3.8 pF Cu =16 pF

Cq = 3.1 pF Cy =11 pF

Cok = 2.7 pF Cy <01 pF
¢) Between heptode and triode, and both combined:

Corpg < 0.1 pF Cyr+9sgm < 0.35 pF

Cyr+43) = 12.3 pF Cyr+gner <01 pF

OPERATING DATA, HEPTODE SECTION USED as frequency changer
(third grid connected to control grid of triode)

Anode and supply voltage . . . . . . . . a= Vp = 250 V
Screen grid resistance . . . . . . . . .. Rygoygy = 24,000 Ohms
Cathode resistance . . . . . . . . . . . . Ry = 150 Ohms
Grid leak, third grid and triode grid . . . Ry = 50,000 Ohms
Current of 3rd grid and triode grid . . . . Igz4em = 190 puA
Grid bias . . . . . . ... ..o Vg = —21)-2452)V
Screen voltage . . . . . . . . . . . . .. Vigatgy = 100 250 V
Anode current . . . . . . . . . . . . .. 2 = 3 — mA
Screen current. . . . . . . . ... ... Iyotrgy = 62 — mA
Internal resistance . . . . . . . . . . .. R; = 14 >3 MOhm
Conversion conductance. . . . . . . . . . S, = 750 7.5 uA/vV
Equivalent noise resistance . . . . . . . . Roeq = 865,000 — Ohms
1) Valve not controlled.
%) Conversion conductance controlled to 1/100.
150
w
o 4
H
G i

ALR

CVA R

AV cC 240000 +250V 200000

40461

Fig. 7
Circuit diagram of the ECH 21 employed as frequency changer.
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Fig. 10
At Va = Vb = 250 V and R (95 + g,) =
24,000 Ohms:
Upper diagram; Highest permissible effective
value of R.F. alternating voltage for cross
modulation of 1 % (K =1 %) and'forl %,
modulation hum (mb = 1 %), both in respect
of the interfering signal at the grid, as a
function of the conversion conductance.
Lower diagram; Anode current Ia, screen cur-
rent I (9, + g.), conversion conductance Se, in-
ternal resistance Ri and equivalent noise re-
sistance Raeg, as a function of the grid bias Vyg,.



ECH 21
Vieft(mV)

Fig 14

The heptode section used as I.F. amplifier at
Va = Vb = 250 V, with the screen fed across

a resistance of 45,000 Ohms.
Upper diagram. Highest permissible effective
value of R.F voltage at 1 % cross modulation
(K =1%) and with 1 9 modulation hum
{(mb = 19,), both in respect of the interfering
signal on the grid, as a function of the mutual
conductance.
Lower diagram. Anode current Ia, screen grid
current I(g, + g,), mutual conductance S,
internal resistance Ri and equivalent nolse
resistance Raeg, 88 a function of grid bias.
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Anode current as a function of anode voltage, with grid bias as
parameter, at V(g, + g) = 100 V and Vg; =0V
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STATIC RATINGS: TRIODE SECTION

Anode voltage

Grid bias.

Anode current
Mutual conductance .
Gain factor.

Ve=100 V
e e e V= 0V
e e e Iy =12 mA

§ = 32 mA/V

u = 22

OPERATING DATA: TRIODE SECTION used as oscillator valve (triode
grid connected to 3rd grid of the heptode section)

Supply voltage . . Vp = 250 V
External anode resmtanoe . R, = 20,000 Ohms
Grid leak. . . .« .« Rgpyigy = 50,000 Ohms
Current through gnd lea.k to be a.dJusted to « oo Tgrygy = 190 pA
Anode current . B £ = 4.5 mA
Effective mutual eonductance S, = 0.55 mA/V
/s
lauA) SpAm
TN 12~ s s = — 710000 CrEIEeas == ; 70000
1 Va w 250 VT Va=250V
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Fig. 12

The heptode section employed as I.F. amplifier.

Anode current as a function of grid bias at

Va = 250 Vand Vg, = 0 V with screen voltage
a8 parameter,
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Fig. 13
Mutual conductance as a function of grid bias
of the heptode section at Va = 250 V and
Vg, = 0 V, with screen voltage as parameter.



ECH 21
VieftmV)

Fig 14

The heptode section used as I.F. amplifier at
Va = Vb = 250 V, with the screen fed across

a resistance of 45,000 Ohms.
Upper diagram. Highest permissible effective
value of R.F voltage at 1 % cross modulation
(K =1%) and with 1 9 modulation hum
{(mb = 19,), both in respect of the interfering
signal on the grid, as a function of the mutual
conductance.
Lower diagram. Anode current Ia, screen grid
current I(g, + g,), mutual conductance S,
internal resistance Ri and equivalent noise
resistance Raeg, 88 a function of grid bias.
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Fig. 15

Anode current as a function of anode voltage, with grid bias as
parameter, at V(g, + ¢,) =100 Vand Vg =0V
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ECH 21

OPERATING DATA: TRIODE SECTION used as A.F. amplifier with R-C
coupling (triode grid not connected to third grid of heptode)

250

Supply voltage . . . Vp
External anode res. . R,
Grid bias . . . . . . |7
Anode current. . . . Ig
A.C. output voltage . Voent
Total distortion . . . dy

- Voeﬁ
Voltage gain . . . . 7 prott

ponow oot

—2
1.0
7.6
2.6

13

250

0.2

—4
0.9
7.6
2.0

12

0.
—2

2

7.
2.

14

6
1

1

—4
1.7
7.6
1.6

13

250 v
0.06 MOhm
—2 —4 Vv
3.6 3 mA
7.5 75V
21 15 9
14 13

OPERATING DATA FOR THE ECH 21 used as phase inverter for the modu-

lation of a balanced output stage

(Arrangement with feedback, see Fig. 16: triode grid not connected to 3rd grid of

heptode.)
Supply voltage . . . . . . . . . ... Vs =250 V
External anode resistance: heptode sectlon ..... Rem = 0.2 MOhms
External anode resistance: triode section . . . . . . Rar = 0.1 MOhms
Screen grid feed resistance. . . . . . . . . . . .. Riatgyy = 0.26 MOhms
Cathode resistance . . . . . . . . . . . . . . .. Ry =650 Ohms
Neg. control voltage on
heptode control grid: . . . Vg = 0 —$§ —10 —156 —20 V
Combined anode current:
triode and heptode . . . Isgilqr = 2.5 245 236 2258 2.15 mA
Screen grid current . . . . Ip4 = 076 058 043 032 0.24 mA
A.C. input voltage g1eff = 010 033 066 1.0 16 V
Voltage gain:. . . . . . . V”‘t =100 30 15 10 6
geff
A.C. output voltage. . . . Vienr = 10 10 10 10 10 V
Total distortion. . . . . . ot = 080 370 450 620 7.60 %
~—Jay O,(Z‘ny
-
0,7/‘10% Voerr
~—lar
1MN
1}3’#’ L om;; ' amné Vourr
] " 3 ~oonF
ma%_ 1 2
I e =R jaq 4’”" Fa2 SRar
TR%T S o 2“”?3?}
N el " lig2+ge) ,
¥
e~
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Fig. 16

Circult diagram of the ECH 21 employed as phase inverter with feed-
back, to illustrate the above remarks and symbols,



MAXIMUM RATINGS FOR THE HEPTODE SECTION

Max. external resistance between grid 1 and ca.thode Ry
Max. external resistance between grid 3 and cathode R
Max. external resistance between heater and cathode Ry
Max. voltage between heater and cathode (D.C.
voltage or effective value of the alternating
voltage) . . . . . . . . . . . . .. ... Vir

Anode voltage in cold condition . . . . . . . . Vao =
Anode voltage . . . . . . . . ... .. ... Va =
Anode dissipation. . . . . . . ... .. L L. W, =
Screen voltage in cold condition . . . . . . . . Vigetgs) =
Screen voltage, valve not controlled (I, = 3mA). Vigigy) =
Screen voltage, valve controlled (I, <1 mA) . . Vgoigy =
Screen grid dissipation. . . . . . . . ... .. Wigatgs) =
Cathode current. . . . . . . . . . . ... .. Iy =
Grid current commences (I;; = +0.3ud). . . . V, =
Grid current commences (Iy; = + 0.3 uA). . . Vs =

MAXIMUM RATINGS FOR THE TRIODE SECTION

Anode voltage in cold condition . . . . . . . . Veo =
Anode voltage . . . . . . . . . . .. .. .. Va =
Anode dissipation . . . . . . . . . ... ... We =
Grid current commences (I, = + 0.3 uA). . . . V, =
Max. external resistance in the grid circuit . . . Ry =

max.
max.

B
K

max.
max.

E B
&k

max.
max.
max.
max.
. 3 MOhms
max.

B
2

max.

max.
max.
max.
max.
max.

ECH 21

550 V
300 V

3 MOhms

20,000 Ohms

550 V

176 V

08 W
—13V

3 M Ohms
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ECH 21
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8creen current as a function of screen voltage at Va = 250V, Vg, =0V,
with grid bias as parameter.
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Anode current and mutual conductance of the triode
section as a function of grid bias,at Va7 = 100V.



EF 22
EF 22 R.F. variable MU pentode

max29 The pentode EF 22 is a variable-mu R.F. or L.F. a
amplifier valve which can also be employed as re-
sistance-capacitance coupled A.F. amplifier.

§ Electrically, this valve is practically identical with g2 g3
g the EF 9 in the “red” series: in the EF 22 the -gf
screen voltage is also sliding, thus retaining its
w]  useful properties with respect to cross modulation
«00s  etc, even if control is applied. Although the EF 22, kKt f o

Fig. 1 in contrast with the EF 8, does not include the
Dimensions inmm. eytrg grid, the equivalent noise resistance is as
high as 6,200 Ohms; on this account the EF 22 is admirably suited
for use in super-sensitive receivers with R.F. pre-amplification.

HEATER RATINGS

Heating: indirect, AC or DC, parallel. Fig. 2.
Heater voltage. . . . . . . . . .. .. .. ... V=63V é‘eff\?é'.’f&mi?‘ef‘e’é‘.’
Heater current. . . . . . . . . . . .. .. ... Iy = 0.2 A trode connections.
CAPACITANCES

Cogr < 0.002 PF
C; =61 pF
Cp =55 pF
Cpy < 0.004 pF

OPERATING DATA: valve used as R.F. or L.F. amplifier

Anode voltage . . . . . . . . .. Vo = 250 V

Suppressor grid voltage . . . . . . Vgs = ov

Screen grid resistance . . . . . . . Ry, = 90,000 Ohms

Cathode resistance . . . . . . . . Ry = 3256 Ohms

Grid bias. . . . . . . . . . ... Voo =—25VY) —46 V2)  —58 V3)
Screen voltage . . . . . . . . .. Vs =100V — 250 V
Anode current . . . . . . . . .. I, =6mA — —
Screen grid current . . . . . . . . Iy, =17TmA — —
Mutual conductance . . . . . . . . S = 2200 uA/V 22 uA/vV 4.5 uAfv
Internal resistance. . . . . . . . . R; = 12MOhm >10MOhm >10 MOhm
Gain factor in respect of screen grid pgey, = 17 — —
Equivalent noise resistance. . . . . Rgeq = 62000hms— —

1) Valve not controlled.
%) Mutual conductance controlled to 1/100.
?) Extreme limit of control.
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Anode current as a function of grid bias at
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tage as parameter.
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Mutual conductance as a function of grid bias
at Va = 260 V and Vg, = 0 V, with screen
grid voltage as parameter.

Fig. 5
At Va =250 V, Vg, =100 V (fixed screen vol-

tage) and Vg, =0V

Upper diagram; Highest permissible effective value
of R.F. alternating voltage with 1 %, cross modu-
lation (K = 1 %) and of alternating voltage with
1 % modulation hum (mb =1 %), in each case
in respect to the interfering signal at the control

grid, as a function of mutual conductance

Lower diagram; Anode current Ia, screen current
Ig,, mutual conductance S and internal resistance

Ri as a function of grid blas Vg,.
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OPERATING DATA: valve used as resistance-capacitance coupled amplifier with gain control by means of the control grid.

Supply | Anode Scr?en Anode Scr(?en Cath. Con- Gain. Required alternating grid voltage and total distor-
volts Tes. grid current grid Tes. trol 4 N lternati tput vol £
res. current volts ion at an alternating output voltage of:
on
grid 1 Vo =3V | Vog=5V | Vag=10V
Vs R, -Rgz : 1, Iya Ry —VR _Koﬁﬂ; Vgleﬂ Aot Vgleﬂ diot Vg1e17 Y dioe
(V) |(Mohm) | (Mohm) | (mA) (mA) | (Ohms) 4% Voren V) (%) v (%) (V) (%)
250 0.2 0.8 0.87 0.26 1750 0 106 0.028 0.8 0.047 2.4 0.094 2.7
250 0.2 0.8 0.69 0.21 1750 — 5 40 0.076 0.8 0.125 2.4 0.25 2.7
250 0.2 0.8 0.55 0.17 1750 —10 23 0.13 1.1 0.22 1.9 0.43 3.7
250 0.2 0.8 0.37 0.11 1750 —18 11.6 | 0.27 1.5 0.42 2.4 0.86 48
250 0.2 0.8 0.17 0.05 1750 —25 6.7 | 045 2.7 0.76 44 1.46 8.8
250 0.1 0.4 1.6 045 1000 0 85 0.035 0.8 0.059 1.3 0.118 2.5
250 0.1 0.4 1.22 0.36 1000 —5 36 0.083 0.8 0.14 14 0.28 2.7
250 0.1 0.4 0.92 0.28 1000 —10 20 0.15 1.2 0.25 2.1 0.49 4.1
250 0.1 0.4 0.57 0.18 1000 —18 9.2 | 0.33 1.8 0.55 3.1 1.08 6.1
250 0.1 0.4 0.36 0.11 1000 —25 55 | 0.55 2.8 0.91 4.8 1.83 9.5
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EF 22

MAXIMUM RATINGS

Anode voltage in cold condition . . . . . . . . . Vg = max. 550 V
Anode voltage . . . . .. ... ... ... .. V, = max. 300V
Anode dissipation. . . . . . . e v v .. Wg = max. 2 W
Screen grid voltage in cold COIldlthl’l . v v+ .. Vg = max. 550 V
Screen grid voltage at I, <3 mA . . . . . . .. Vg, = max. 300V
Screen grid voltage at I, =6 mA . . . . . . . . V, = max. 126V
Screen grid dissipation. . . . . . . . . . . ... Wy = max. 03 W
Cathode current. . . . . . . .. I, = max. 10 mA
Grid current commences at (Ig1 = + 0 3 uA) . Vg = max. —1.3 V
Max. external resistance, grid-cathode. . . . . . . Ry = max. 3 MOhms
Max. external resistance, heater-cathode . . . . . Ry = max. 20,000 Ohms
Max. voltage between heater and cathode. . . . . Vg = max. 50 V
lg2(mA)
T TR
T T S e
H Wg2<03W Va1 =0V ~-1y T--2¥ [ -3V | -4V -5V ]
7 Sun " TITALY ]
e A A &
T S T I
_—:Vau:ZJCV A aapLas” Deov
H ) v .
40 ] 1 Z v ay
4 Y 'AD AR 4 v -8V
N 4 74 4 y
RN Vil 4 7
A 4] n 4 // pd 2
- L | A A
A, T L
92.90-‘ 7 3 4ERABTEE
TEJ e T A A Sanze
2 F 1 r,Z 7 A2 4 - ¥ -14v
11T / v 7 PR r
A7 L A TAT T 16V
A A, . : ol =
¢ At e -20v
pasze5%s T = eaninccans
0 2 : T = -30¥
/] 50 100 150 200 w2fl) 250
38736
Fig. 8

Screen current as 8 function of screen voltage at Va = 250 V, with grid
bias as parameter. The diagram also includes the load line for a screen
grid resistance Rg, = 90,000 Ohms.
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The new key valves for AC/DC (U series)

In recent years AC/DC receivers have been fitted mainly with the E type valves,
consuming a heater current of 200 mA, in conjunction with valves from the C series,
also taking 200 mA, for the output stage and rectifier. The heater voltage of the
E type valves is 6.3 V and it was formerly necessary always to include a voltage
dropping resistance in series with the heaters. In place of a resistance, a regulator
valve, or barretter, was frequently used, the advantage of this being that the heater
current is kept constant, and modification of the circuit when changing over to another
mains voltage is not necessary. Circuits employing E type valves have this disadvantage,
however, that much power (about 30 W) is lost in the series resistance or barretter,
especially in the case of small receivers having only three or four valves, where a
surplus of 125 to 150 volts must be disposed of when the set is run on 220 V mains.
For this reason a special range of AC/DC valves, known as the U series, has been
developed. The heater current of these valves is 100 mA, which shows a considerable
saving in current as compared with the former E or C types, but in order to ensure
that the new valves will have the same characteristics as the E types, that is in effect
to provide the same heater power, the heater voltage has been increased. In the new
type U-valves this voltage has been 80 chosen as to make possible extremely economical
circuits for use on existing mains (chiefly 110—220 V).

In the development of the new valves it has been the object of the designers to make
them as similar as possible to their corresponding types in the E series, which means
that the main features of the design of a receiver for AC/DC operation may be identical
with those used on AC only. The electrical properties of the R.F. types are such that,
apart from heater ratings, they are in fact almost identical. It has not however been
found possible to achieve this in the case of the output amplifier valve UBL 21 as
sufficient output must already be obtained at an anode voltage of only 100 V.
Another feature of these valves is that the resistances in the different feeds need not
be changed when the receiver is to be used on a different mains voltage; in this case it
is only necessary to adapt the heater circuit.

The full range of the U series comprises the following types:

UBL 21 — Double diode pentode: heater voltage 55 V.
UCH 21 — Triode heptode: heater voltage 20 V.

UF 21 — Variable-mu pentode: heater voltage 12.6 V.
UY 21 — Half wave rectifier: heater voltage 50 V.

In the introduction, the chapter entitled — Philips “Miniwatt”’ key valves — men-
tion has already been made on p. 9 of a number of alternatives for the design of
AC/DC receivers; in the following pages the electrical data will first be reviewed.
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UBL 21

UBL 21 Double diode output pentode

The UBL 21, designed for use in AC/DC receivers and taking a
heater current of 100 mA, comprises a double diode and a very
sensitive 11 Watt output pentode. The diode and pentode sections
employ a common cathode and the two diode anodes are both situated
at the same height, at the lower end and opposite to the flat sides
of the cathode; the pentode part of the valve is located at the upper
end of the cathode. As the control grid of the pentode is connected
through the base of the valve, this connection has been screened
from the leads of the diodes and from the diodes themselves. This
combination of pentode and two diodes places the receiver designer
in a position to develop a large variety of receiver types, using
only a limited number of valve types. The A.F. signal coming from
the detection diode is frequently taken first to the grid ofan A.F.
amplifier before it is passed to the grid of the output pentode, but in
this case it is essential for the detector diode to be sufficiently free
from ripple to permit of adequate A.F. gain. In the design of the
UBL 21 special precautions have had to be taken to ensure that
the heater voltage, at the relatively low current consumption of 100
mA, would not be too

max29
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Fig. 1
Dimensions in mm.

Fig. 2
Arrangement and
sequence of con-
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H HH ”‘,;” s  power has therefore been
HHH ;; r,a:zgs:iw., kept as low as possible,
HH3 vaalg2. 100V whilst careful adjust-
T3
HHHH mp  mentof the valve system
HH— o2 it (see below) has made it
i possible to limit this
H Hls  power to 5.5 W, that
is a heater voltage of
55V. For the pentodesec-
wo tion the available choice
i laybetween the principle
of the output pentode
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Fig. 8
A.node and screen current as a function of grid
bias at Va = Vg, = 200 V, 180 V and 100 V.

CL 4 in the AC/DC 200 mA series and
that of the CL 6. In the first instance this
would mean a screen voltage of 200 V,
or the same for both anode and screen
when operated on 200 V feed, i.e. screen
grid fed direct from the source of anode
voltage. Against this there is the fact
that on low working voltages, for example
100 V, the output power is on the low
side (about 0.8 W), whilst on the other
hand, if the principle of the CL 6 were
adopted, namely a valve witha low screen
voltage (125 V), the output power on low
working voltages would be considerably

higher (about 2 W at 100 V). In that case it is necessary to feed the screen from a
resistance or potentiometer when operating on 200 V feed. The UBL 21, however, is
based on a compromise, the output power being 1.35 W on a working voltage of 100 V.
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UBL 21
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Anode current as & function of
anode voltage at Vg, = 100 V,
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diagram.
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Owing, moreover, to the greater grid space and robust construction of this valve,
at a working voltage of 200 V and 11 W anode dissipation it will deliver a power of
not less than 4.8 W with 10 9 distortion.

With an output valve to be employed in AC/DC receivers it is of practical importance
that any change-over from one working voltage to another should be carried out in
the simplest possible manner. In the case of the CL 4 it is not necessary to change
cathode and anode resistances when transferring from 200 to 100 V mains, and the
switch-over is consequently a very simple operation. When the CL 6 is used, the
screen feed resistance of 27,000 Ohms, suitable for 200 V mains, has however to be
short-circuited when the set is operated on 100 V, and the anode loading resistance
reduced from 6000 to 2000 Ohms. The cathode resistance need not be changed. The
higher power supplied by the CL 6 on 100 V is obtainable at the cost of the power
on 200 V (2.6 W), besides necessitating much more complicated modification when
transferred from one mains voltage to another,
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UBL 21

la(mA) w
T ¥ FYRD
; =
H v H
’S‘ﬁ Vg2-200v
H- -6
u ML s a
oK e, - = HH H
v SRS I BEE 7
: TG T us ¥
£ a8 agauananans: A
H adse 2 = VY
¥ 50 anmT T C T
'ig. 6 ‘ [ T my ]
Anode current as function of AT T T T L s
anode voltage at Vg, = 200 4 - = ‘v H
V, with Vg, as parameter. e H
The load line for Ra = 3,500 2 Semas gK
Ohms is also given. o E= 4
[/ 00 200 300 400 Va(¥) 00
385

Since the UBL 21 can handle an anode dissipation of 11 W, it enables the set to be
changed from one voltage to another without modification of the circuit, the output
power being quite sufficient on 100 V mains. Two sets of operating data are given for
this valve, at a fixed cathode resistance of 140 Ohms; one of these refers to a working
voltage of 100 V and the other to 180 V, with a view to operation on 127 and 220 V
respectively. (At a mains voltage of 127 V a voltage of 105 V is usually available for
the output valve. Deducting the grid bias of 5.3 V, about 100 V remains for the anode
voltage. On 220 V mains the feed voltage will be 190 V which, allowing for a drop
of 10 V across the cathode resistance for the bias, corresponds to an anode voltage
of about 180 V.)

At 180 V a cathode resistance of 140 Ohms just produces the maximum anode dissipa-
tion of 11 W (at a voltage of 100 V the same cathode resistance may be retained).
The external anode resistance may be the same in both cases and the UBL 21 is there-
fore suitable for either 110/127 or 220 V mains without modification of the circuit.
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UBL 21
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Every care has been bestowed on the diode portion of the valve to ensure that ripple
voltages occurring at the diodes shall be as low as possible. The design of the UBL 21
was based on the condition that a gain factor of 60 between the detector diode and
the grid of the output pentode !) should be obtainable. In order to guarantee this
very low ripple level at the detector diode, the heater voltage, in the first place, has
been kept as low as possible (see above), whilst, secondly, effective screening is provided.
The arrangement of the valve contacts also contributes in this direction, being such
that the pilot pin screens the diode d,, intended for detection, from the heater pins.
Summarising, the UBL 21 offers the following advantages:

1) This figure is intended for guidance only: a higher factor may be obtained if the conditions imposed on
the ripple are not so stringent.
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UBL 21

ADVANTAGES OF THE UBL 21
1) It provides adequate output power when the receiver is operated on a low mains
voltage.

2) It is possible to run this valve at an anode dissipation of 11 W, thus giving very
high output power on a higher mains voltage.

3) When changing from low voltage to high voltage mains, none of the resistances
in the circuit, including the anode load resistance, need be altered.

4) Ripple voltage at the detector diode is very low, enabling a gain factor of 60 to
be obtained between that electrode and the grid of the pentode.

5) The heater power and consequently the heater voltage also are relatively low.

6) The construction is very dependable and steps have been taken in the design
to eliminate thermal emission from the grid.

7) The mutual conductance of the pentode section is high.

8) The combination of diodes with output pentode greatly reduces the number of
valve types in the series, whilst still permitting of the design of any type of receiver.

HEATER RATINGS

Heating: indirect, AC or DC, series connection.

Heater voltage . . . . . . . . . .. . ... e e e e Vi=56V
Heater current . . . . . . . . . . . . ... e e e e e e e I; =0.100 A
CAPACITANCES
a) Pentode section Cipy < 12 pF
b) Diode section Ciz = 18 pF

Cix = 2.0 pF

Cas < 0.15 PF
¢) Between diode and pentode Cg, < 0.06 pF

Casa < 0.02 pF

Cagn < 0.1 pF

Oy < 0.05 pF

OPERATING DATA: pentode section employed as single output valve.

Anode voltage . . . . . . . . Ve =100V 180 V 200 V
Screen grid voltage . . . . . . Ves =100V 180 V 200 V
Cathode resistance . . . . . . R = 140 Ohms 140 Ohms 200 Ohms
Grid bias. . . . . . . . . .. Vjp =—53YV —10V —13V
Anode current . . . . . . . . I, = 32.5 mA 61 mA 55 mA
Screen grid current . . . . . . Iy, =55 mA 10 mA 9.5 mA
Mutual conductance. . . . . . S =175 mA/V 9 mA/V 8 mA/V
Internal resistance . . . . . . R; = 25,000 Ohms 22,000 Ohms 25,000 Ohms
Recommended anode load . . . R, = 30000hms 3000 Ohms 3500 Ohms
Output power . . . . . . .. W, =13W 4.8 W 48 W
Total distortion. .. . . . . . . diee =109 10 9% 10 9%
Required alternating grid voltage

at max. modulation. . . . . Vaep =38V 62V 62V
Sensitivity (W, = 50 mW). . . Vg =055V 05V 0.5V
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MAXIMUM RATINGS for the pentode section

Anode voltage in cold condition . . . . . . . . .. Vie = max. 550 V
Anode voltage . . . . . . . . . ... Vs, = max. 250 V
Anode dissipation . . . . . . . . . . ... W, = max. 11 W
Screen grid voltage in cold condition . . . . . . . . Vg0 = max. 550 V

Screen grid voltage . . . . . . . . . . . ... .. Vye = max. 250 V
Screen grid dissipation, va]ve not modulated (Vg =0) Wy, = max. 1.9 W
Screen grid dissipation at max. modulation (W, = max.) W;, = max. 3.5 W

Cathode current. . . . . . . . . . . . . .. ... Ir = max. 75 mA
Grid current commences at (I;; = +03 pd) . . . . Vy; = max. —13 V
Max. external resistance between grid 1 and cathode. Ry = max. 1 M Ohm
Max. external resistance between heater and cathode. Rp; = max. 20,000 Ohms
Max. voltage between heater and cathode (D.C. voltage

or effective value of the A.C. voltage) . . . . . . Vi = max. 150 V

MAXIMUM RATINGS for the diode section

Peak voltage, diode 1. . . . . . . . . . . . ... V4 = max. 200 V
Peak voltage, diode 2. . . . . . . . . . . . ... V4o = max. 200 V
Max. direct current through resistor of diode 1 . . . I3 = max. 0.8 mA
Max. direct current through resistor of diode 2 . . . Iz = max. 0.8 mA
Diode current commences at (I = +03uA). . . . Vg =max. —13V
Diode current commences at (Iz, = +0.3u4). . . . Vg =max. —13V

WORKING PRECAUTION

The same precautions must be taken with this valve as with the EBL 21 discussed on
p.14. The lower heater pin shown in the base in Fig. 2 should be earthed, if possible,
or at any rate connected to the point of lowest potential relative to chassis.



UCH 21 Triode-heptode

This is an AC/DC triode heptode consuming 100 mA heater current,
which can be employed as variable-mu frequency changer. It is also
suitable for use a8 a combined I.F. and A.F. amplifier and as A.F.
amplifier and phase inverter for driving push-pull output stages
without transformer. Except for the heater ratings, the UCH 21 is
identical with the ECH 21 in the A.C. series of valves, to which refe-
rence may be made for further description.

In this connection it should be added that in comparison with other
frequency changers this valve has very excellent properties on low
working voltages. On a voltage of 100 V the conversion conductance is
580 pA/V, whilst, due to the provision of a suppressor grid, the
internal resistance is very high (1 MOhm).

It is moreover an extremely simple matter, when using this valve as
frequency changer, to transfer the set from 100 V to 200 V opera-
tiqn. The screen feed and cathode resistances need not be changed
and the anode resistance of the triode may also be retained. In
other words, the circuit of the receiver section needs no modi-
fication whatsoever when a change-over is made. Owing to the
high mutual conductance, oscillation of the triode is fully reliable,
even on low working voltages, making this section of the valve
very satisfactory for short-wave work.

The grid of the triode and third grid of the heptode sections are
not inter-connected and the two systems can therefore be employed
for different purposes; the heptode can for example function as
L.F. amplifier with the triode as resistance-capacitance coupled A.F.
amplifier, in which case, again, no modification of the circuit is neces-
sary when changing from low voltage to high voltage mains, except
that the grid bias of both triode and heptode should be —2 V instead
of —1 V. This modification usually takes place automatically in the
receiver, since the total current consumed by the output valve
UBL 21, as well as that of the UCH 21 used as frequency changer,
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is doubled when operated on 200 V instead of 100 V, so that the voltage drop

across the resistance in the negative feed line from which the grid
is also roughly doubled.
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UCH 21

HEATER RATINGS
Heating: indirect, AC or DC, series supply.

Heater voltage . . . . . . . . . . ¢ . o o o o 0. Vp=20V
Heater current . . . . . . . . . ... ..o I, =0.100 A
CAPACITANCES
a) Heptode section:

C, =65 pF Cpygs <03 pF

s =38 pF Cpy =38 pF

Coyy < 0.002 pF Cyy < 0.007 pF
b) Triode section:

¢, =38 pF Ca =16 pF

C; =31pF Cop =11 pF

Cjp =27 pF Cy <01 pF
¢) Between heptode and triode, and both combined:

Corpur < 0.1 pF CT+gnynE < 0.35 pF

Cr+gn = 12.3 PF Cyr+gam < 0.1 PF

OPERATING DATA: Heptode section employed as frequency changer (third
grid connected to triode grid)

200 V and 100 V operation, with sliding screen voltage.

Anode and supply voltage V,= Vp = 200 V 100V
Screen grid resistance . . Rgyigy) = 15,500 Ohms 15,500 Ohms
Cathode resistance . . . Ry = 150 Ohms 150 Ohms
Grid leak, 3rd grid and

triode grid . . . . . . Rygsigmy = 50,000 Ohms 50,000 Ohms
Third grid and triode grid

current. . . . . . . . Lgargmy = 190 uA 95 uA
Grid bias. . . . . . . . Var =—2V!) —28V?) —1V) —14V?)
Screen grid voltage . . . Vpigy =100V 200V 53V 100 V
Anode current . . . . . I, =35mA — 1.5 mA —
Screen grid current . . . Iggyig) = 65mA — 3mA —
Conversion conductance . S, = 750 uA/V 7.5 uA/V 580 uA/V 5.8 uA/V
Internal resistance. . . . R; = 1MOhm =>10 1 MOhm >10 MOhm
Equivalent noise resistance  Rgeq = 55,000 — 40,000 — Ohms

1) Valve not controlled.
?) Conversion conductance controlled to 1/100.
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OPERATING DATA: Heptode section employed as L.F. amplifier (third grid
not connected to triode grid)

200 V and 100 V operation, with sliding screen voltage.
Anode and supply voltage

Va="Vp = 200 V 100 V
Voltage, third grid

Vas = ov ov
Screen grid resistance

Rigstgs) = 30,000 Ohms 30,000 Ohms
Grid bias

Vo =2V —28V?) —36V3) —1 V1) —15V2) —20 V3)
Screen grid voltage

Vigatg) =94V — 200V 50V — 98V
Anode current

1, = 5.2mA — — 2.6 mA — —
Screen current

Igstgs) = 3.5mA — — 1.9 mA — —
Mutual conductance ‘

S = 2200 uA/V 22 uA/V 2.2 uA/V 2000 uA/V 20 uA/V 2.0 uA/V
Internal resistance

R, = 0.7 >10 >10 0.7 >10 >10 M Ohms
Gain factor from screen

Hgog =19 — — 19 — —
Equivalent noise resistance

Roeq = 9000 — — 4900 — — Ohms

1) Valve not controlled.
?) Mutual conductance controlled to 1/100.
3) Mutual conductance controlled to 1/1000 (extreme limit of control).

STATIC DATA: TRIODE SECTION

Anode voltage . . . . . . . .. 00 Vo =100 V
Grid bias. . . . . . . . . . .o e e e e e Vo =0V
Anode current . . . . . . . . . . . w e e e e e e I, =12 mA
Mutual conductance. . . . . . . . . . . . . ... S =32 mA/V
Gain factor. . . . . . . . . .. ... Lo o p =1

Ol-:’ERATING DATA: TRIODE SECTION employed as oscillator valve (third
grid of heptode connected to triode grid)

Supply voltage . . . . . . . . . . .. Vy =100V 200 V
Anode series resistance . . . . . . . . R, = 20,000 Ohms 20,000 Ohms
Grid leak, . . . . .. ... ..... Rgs1gr)y = 50,000 Ohms 50,000 Ohms
Current through grid leak to be adjusted to Igs+97) =95 pA 190 uA
Anode current . . . . . .. ... .. 1, = 1.9 mA 4.1 mA
Effective mutual conductance . . . . . Seg =044 mA/V  0.45 mA/V
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Fig 4 Fig. 5
Anode current of the heptode section of the Conversion conductance Sc as a function of grid
UCH 21 employed as frequency changer, as a bias Vg, at an anode voltage of 100—200 V,
function of grid bias, with screen grid vol- with screen grid voltage as parameter. Broken
tage as parameter, at an anode voltage of 100 lines: sceen grid fed through a resistance of
—200 V. Broken lines: screen fed through aresi- 15,500 Ohms.

stance of 15,500 Ohms.

OPERATING DATA: TRIODE SECTION employed as A.F. amplifier, re-
sistance-capacitance coupled (third grid not connected to triode grid)

Supply Anode Grid Anode Alter- Total Voltage
voltage resi- bias current nating distor- gain
stance output tion
voltage
Vy R, vy I Voeg diot Joet
V) (Mohms) ) (mA) (V) (%) Voreg
200 0.2 —2 0.8 7.5 2.8 10
100 0.2 —1 0.37 7.5 6 10
200 0.1 —2 15 7.5 2.8 10.5
100 0.1 —1 0.68 7.5 5.8 10.5
200 0.05 —2 2.8 7.5 2.2 11
100 0.05 —1 1.3 7.5 54 11




UCH 21

OPERATING DATA FOR THE UCH 21 employed as phase inverter for the
modulation of a push-pull output stage (third grid not connected to triode
grid)

(With feedback, see Fig. 6)

Supply voltage . . . V, = 200 V 100V
Anode resistance
(heptode). . . . . Ram = 0.2 MOhm 0.1 MOhm 0.2 MOhm 0.1 MOhm
Anode resistance
(triode). . . . . . Ryr = 0.1 MOhm 0.1 MOhm 0.1 MOhm 0.1 MOhm
Screen grid resistance R(g,1g44) = 0.18 MOhm 0.1 MOhm 0.18 MOhm 0.1 MOhm
Cathode resistance . R = 700 Ohms 500 Ohms 700 Ohms 500 Ohm
Combined anode cur-
rent, triode and hep-
tode. . . . . . . lqHtary = 21mA 2.7mA 1.1 mA 1.3 mA
Screen grid current . Iy, = 0.8mA 1.3 0.4 0.65 mA
Alternating input vol-
tage to give an out-
put of 10 Veg. . . Vg =013V 014V 0.156 V 0.18V
Voltage gain . . . . Voeg/Vgies = 15 70 65 55
Totale distortion . . dyy =259% 2.3 % 3.19% 2.4 9%
b, o
Ll )
0,7:‘1{1% Voer
-—lar g
1M
QOluF |z ;_‘: 0,07[.(}; i 0.7/'1-0% Voers
L] N
Vo ™0 o SRar
l QwF Rigesge) 'S 2
i % T x| U ¥
l 1(qz+94)
) +
J964C
Fig. 6

Circuit diagram showing the UCH 21 employed as A.F. amplifier and
phase inverter with feedback, for a push-pull output stage.
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UCH 21

MAXIMUM RATINGS FOR THE HEPTODE SECTION

Anode voltage, in cold condition . . . . . . . Vg = max. 550 V
Anode voltage . . . . . . . . . ... ... V, = max. 250 V
Anode dissipation . . . . e .. W, = max. 1.5 W
Screen grid voltage, in cold condxt,lon .« v+ Vigatgso = max. 550V
Screen grid voltage, valve not controlled
(I = 3 mA) . Viga+ge) = max. 100 V
Screen grid volta.ge, valve contro]led (Ia < l mA) Vgat+gs) = max. 250 V
Screen grid dissipation. . . . . . . . .. Wgotgy =max. 1 W
Cathode current. . . . . Iy = max. 15 mA
Grid current commences a.t. (I‘,1 = + 0 3,uA) . Va = max. —1.3 V
Grid current commences at (Igy = 4+ 0.3 uA) . V4 = max. —1.3 V
Max. external resistance between grid 1 and
cathode . . . . . Ry = max. 3 MOhms
Max. external resxsta,nce between gnd 3 a.nd
cathode . . . . Ry = max. 3 MOhms
Max. external reslsta.nce between hea.ter and
cathode . . . Ry, = max. 20,000 Ohms
Max. voltage between hea.ter a.nd ca.thode (D C
voltage or eff. value of the alternating voltage) Vye = max. 150 V
MAXIMUM RATINGS FOR THE TRIODE SECTION
Anode voltage, in cold condition . . . . . . . Vg = max. 550 V
Anodevolta,ge............... Ve =max. 175 V
Anode dissipation . . . . W, = max. 0.5 W
Grid current commences at (I,, = + 0 3 ,uA) Vy = max. —1.3 V
Max. external resistance in grid circuit . . . . Ry = max. 3 M Ohms
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Conversion conductance Sc, internal resistance Ri, ef-
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noise resistance Raeg as a function of oscillator grid
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Fig. 9
At an anode and feed voltage of 200 V and with screen
grid fed through a resistance of 15,500 Ohms:
Upper diagram; Highest permissible effective value of
R.F. alternating voltage with 19, cross modulation
(K =1%) and with 1 % modulation hum (mb = 1 %),
both in respect of the interfering signal at the grid, as a
function of conversion conductance.
Lower diagram,; Anode current Ia, screen grid current
I (g9s + g.), conversion conductance Sc, internal resist-
ance Ri and equivalent noise resistance Raeq as a
tunction of grid bias Vg,.

Fig. 10
Conversion conductance Sc, internal resistance R, of-
fective A.C. oscillator voltage Vosc and equivalent
noise resistance Raeq as a function of oscillator grid
current I (g7 + g,), with Va = Vb =200 V and
R(gx + 9,) = 15,500 Ohms.
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Anode current as a function of grid bias at Va Mutual conductance of the heptode section as
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voltage as parameter: valve employed as I.F. and Vg, = 0 with screen voltage as para-
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ance of 30,000 Ohms.
1a(mA)
T i ]1 I T TT T T el T T T T WOvo! 1.6
I T 92+94) =100V i
I Il T ’
T - %a.o »{j ] +
15 3 T REpEAN ~
- 5\2 P
1 -‘_
\ -
10H - auEs
yafinnl N
4 Lt N
/1 A
A |
AT ~ A
ok
]
5|
V.
Npgen
V9~ [ ] i 1]
e /L
olk= : !
0 100 200 500
J87%66

Fig. 13
Anode current as function of anode voltage at V (g, + g,) = 100 V and
Vg, = 0 V, with grid voltage as parameter.
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At Va=Vb=100V and Vg, = 0 V, with
screen grid fed through a resistance of 30,000
Ohms: valve employed as I.F. amplifier (hep-
tode).
Upper diagram; maximum permissible effec-
tive value of R.F. alternating voltage with 1
% cross modulation (K =1 %), and with 1 9%,
modulation hum (mb = 1 %), in each casein
respect of interfering signal at the control grid,
as a function of mutual conductance.
Lower diagram; Anode current Ia, screen grid
current I (g, + ¢,), mutual conductance S, in-
ternal resistance R:i and equivalent noise
resistance Raeg, as a function of grid bias Vyg,.
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UF 21

UF 21 Variable MU R.F. pentode

max29 The UF 21 is a variable-mu R.F. or L.F. amplifier a

Y pentode for AC/DC receivers, consuming a heater
9 current of 100 mA. It can also be employed as g3
x an R-C coupled A.F. amplifier, in which case it g2 l
g is also possible to obtain very excellent auto- gi

matic gain control; since in such cases it is very -

() important to know the amount of distortion occur-

w0005  ring at a given output voltage and grid bias, details kt f
Fig. 1 have been included in the Operating Data.

Dimensions in mm  Apart from the heater ratings, the UF 21 is

identical with the EF 22, also as far as the

sliding screen voltage is concerned.

HEATER RATINGS

Heating: ‘indirect, AC or DC, series supply.
Heater voltage . . . . . . . ... . ... .. Vi=126V Fig. 2

Heater current . . . . . . . . . . ... ... Iy =0.100 A Arrangement and
sequentce of con-
acts.

CAPACITANCES
C, = 6.6 pF Cagr < 0.002 PF
C;, = 5.6 pF Cpry < 0.006 pF

OPERATING DATA: valve employed as R.F. or LF, amplifier
a) With fixzed screen voltage.

Anode voltage

Va = 100 V 200 V
Suppressor grid voltage

75 = oV oV

Screen grid voltage

Vs = 100 V 100 V
Cathode resistance

Ry, = 325 Ohms 325 Ohms
Grid bias

Vo = —2.5 V1) —19 V?) —22 V?) —25V1) —19V?) —22 V3)
Anode current

I, =6 mA — — 6 mA — —
Screen grid current

I, =17 mA — — 1.7 mA — —-
Mutual conductance

S = 2200 22 7 2200 22 TuA/V
Internal resistance

R; =04MR2 >10MR2 >1I0MSR 1MR >I0MR >10MR
Gain factor in respect of screen grid

Hgag1 =17 — — 17 — —
Equivalent noise resistance

Reyeq = 6200 Ohms — — 6200 Ohms — —
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b) With sliding screen voltage.
Anode voltage

Vo = 100 V 200 V
Suppressor grid voltage

Vs = oV oV
Screen grid resistance

Rys = 60,000 Ohms 60,000 Ohms
Cathode resistance

Ry = 3256 Ohms 325 Ohms
Grid bias

Vo =—13V!) —19V:) —23V3) 25V —37V?) —46V?)
Screen grid voltage

Vge =50V — 100 V 100 V — 200 V
Anode current

I, =32 mA — — 6 mA — —
Screen grid current

Iy, = 0.86 mA — — 1.7 mA — —
Mutual conductance

S = 2000 20 5 2200 22 4.5 uA/v
Internal resistance

R; =1MR >10Mf >10MR2 1MR SIOMR >10MR
Equivalent noise resistance

R = 4000 2 — — 6200 Ohms — —

1) Valve not controlled.
1) Mutual conductance controlled to !/,
%) Extreme limit of control range.
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UF 21

OPERATING DATA: valve employed as resistance-capacitance coupled A.F.
amplifier, with gain control applied to the control grid

Anode Screen | Anode | Screen | Cath- |Control| Gain | Bequired alternating grid voltageand total
coup- | grid cur- | grid . ode | volts ' distortion to give an alternating output
ling | res. rent | cur; res. } iodnl R vpltage of: N
P o, | rent igr | e, | Youp =3V | Vo =5V | Vo =8V
(M M | Is | Ig ‘ e |=VR | 0 Vo5 Va.eg) ot | Vo,eg| ot
Ohm) | Ohm)' (mA) | (mA) !(Ohms)' (V) | Voeg | (V) PO 1 (%) L) | (%)
Vp =200V | ) :
02 | 08 |0.65 0.17 |2500 | 0 88 |0.034 0.057 1.25 ;0.091| 2.0
0.2 | 0.8 |0.54 0.14 | 2500 | 5 35 10.086 0.140, 2.0 0.228 3.2
0.2 | 0.8 |046 ;0.11 | 2500 | 10 22 10.136 0.228 2.3 0.364‘ 3.7
0.2 | 0.8 | 0.38  0.08 | 2500 | 15 15 0.260 0.334, 2.8 (0.5344.5
02 | 0.8 |0.31 0.06 | 2500 | 20 11 |0.272 0.455“ 3.0 ({0.726 4.8
02 | 0.8 |025  0.05 | 2500 | 25 0.375 0.625; 3.8 (10 |58
0.1 04 |12 |035 1300 | ©O 78 10.038 0.064‘1 1.250.102 2.0
0.1 | 04 1096 028 1300 | 5 33 10.091 0.1521 2.0 0.242' 3.2
0.1 | 0.4 |0.78 | 0.22 1300 | 10 20 {0.150 0.250 2.65 |0.400 4.25
0.1 | 04 |0.62 | 016 1300 ; 15 13 |0.230 0.385‘ 3.3 0.615} 5.3
0.1 | 04 |0.48 |0.12 | 1300 | 20 0.375 0.6251 3.65 |1.000 5.85
0.1 | 0.4 |0.36 | 0.09 ‘ 1300 | 25 | 0.500 0.832| 5.65|1.333 9
Vp =100 V

0.2 | 0.8 1033 |0.08 |2500| O 82 10.037

0.2 : 0.8 | 0.26 | 0.06 | 2500 | 2.5 37 10.081

0.2 | 0.8 | 0.21 | 0.055| 2500 | 5 21 [0.143

0.2 | 0.8 [0.18 |0.03 | 2500 | 7.5 13 |0.230

02 | 0.8 | 0.14 | 0.025| 2500 | 10 0.334

0.2 | 0.8 | 0.12 |0.02 | 2500 | 12.5 0.430

0.1 | 04 | 061 |0.15 | 1300 | O 72 10.041

0.1 | 0.4 | 047 |0.13 | 1300 | 25 35 |0.086

0.1 |04 {037 |0.10 {1300 | 5 20 |0.150

0.1 |04 |0.29 |0.06 | 1300 | 7.5 12 |0.250

0.1 | 04 |0.220.05 | 1300 | 10 0.430

0.1 | 04 [0.17 |0.04 | 1300 | 125 0.500

MAXIMUM RATINGS

Vao (Ig = 0) = max. 550 V

Va = max. 250 V

W, = max. 2 W

Vgao (1g3 = 0) = max. 550 V

Vga (Ig < 3 mA) = max. 250 V

Vgs (I = 6 mA) = max. 150 V
92 = max. 0.3 W

1. = max. 10 mA

Vo1 (g, = + 0.3 pA) =max. —13 V
g1k = max. 3 M Ohms

Rpx = max. 20,000 Ohms

47 = max. 150 V
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UY 21 Half-wave rectifier valve

max29 This is an indirectly-heated high vacuum rectifier for AC/DC

— operation on 100 mA heater current. Endeavours have been made
in the design of this valve to effect a compromise between the
highest possible anode current and the lowest practicable heater
power. The first of these requirements is connected with the use
of a single valve for the power side of receivers with high output
3 (push-pull output stages); the purpose underlying the second stipu-

"2} lation is the connection, in series with the heater of the UY 21, of

>~

2ass & larger number of heaters of other valves, at a given mains voltage.
Fig. 1 The best compromise proved to be a maximum direct current in
Dimensions fn M- ¢1c anode circuit of 140 mA at a heater voltage of 50 V. On the basis

< of this current it is possible to feed almost any type of receiver, even

when fitted with two UBL 21 output valves in a push-pull circuit.

HEATER RATINGS
Heating: indirect, AC/DC, series feed.

MAXIMUM RATINGS

Alternating anode voltage on the valve. .
Direct current output. . . . . . . . . .
Voltage between heater and cathode

Input capacitance of smoothing filter . .

Heater voltage -. . . . . . . . . . . . .. .. Vy =50V
Heater current. . . . . . . . . . . . .. ... I; =0.100 A

= max. 250 Vg
= max. 140 mA
= max. 550 V

= max. 60 uF

19739 On high mains voltages, when high capacitance smoothing conden-
Fig. 2 sers are employed, a limiting resistance should be included in the
Arrangement and gpode circuit, for which resistance a minimum value is indicated

sequence of con-

nections. in the following table:

Mains voltage Smoothing condenser Series resistance
170—250 V 60 uF min. 175 Ohms
32 uF min. 125 Ohms
16 uF min. 75 Ohms

8 uF 0
127—170 V 60 uF min. 100 Ohms
32 uF min. 75 Ohms
16 uF min. 30 Ohms

Maximum 127 V 60 uF 0
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CIRCUITS
of AC and AC/DC receivers based

on the use of the new “Miniwatt”

key valves



I. Superheterodyne A.C. receiver with three receiving valves
Valves used: ECH 21—ECH 21—EBL 21—EM 4—AZ 1.

Description

The performance of a superheterodyne receiver of this type is quite equal to that
of any other conventional 4-valve set; using two combination valves ECH 21 it has
been possible to design a receiver employing only three valves without in any way
detracting from the characteristic features of the set. The advantages of this arrange-
ment are as follows:

High sensitivity, namely 10 uV(required for a standard output of 50 mW).
Considerable output power: 4.5 W at 10 9% distortion.

Sufficient A.F. gain for gramophone pickup.

Tone control.

Effective automatic gain control.

Tuning indication by means of electronic indicator.

Three wave ranges: 830—2050 m,
200— 550 m,
15— 50 m.

Coils.

The different wave ranges are selected by switching the coils, this being preferable
to the method, often employed, of short-circuiting parts of the coils, although the
latter procedure does not involve so many switch contacts. Short-circuited coil sections
are liable to produce different kinds of interference, such as faulty tuning, unwanted
coupling ete, but in the circuit under review those coils which are not actually in use
are switched out of the circuit altogether and any form of interference is thereby
avoided. If any trouble is experienced in connection with whistling tones, these can
usually be suppressed by interposing a filter circuit in series between aerial and earth,
tuned to 470 ke/s. It is advisable for the short and medium wave aerial circuits to
screen all from the oscillator circuit and the former should also be provided with
individual switching, necessitating two separate switches.

Data for the R.F. circuits are based on the use of 20—500 pF variable condensers:
the zero capacitance on medium and long waves is estimated at 50 and 70 pF respec-
tively (trimmers, wiring, etc.). The capacitance variation in the medium wave range
is therefore 70—550 pF and for the long waves 90—570 pF. R.F. coils of 160 xH give
a medium wave-range of 200—550 m, whilst coils of 2150 uH cover a long wave-
range of 830—2050 m.

The aerial is coupled inductively and the voltage gain, constant over the whole wave
range, amounts to a factor of three. The self-inductances of the R.F. coils are adjusted
to the correct values with short-circuited aerial coil: the aerial coupling is satisfactory
when the variation in self-inductance of the tuning coil, by short-circuiting the
aerial coil, is 3 9 in the medium wave range and 7 % on the long waves.

Oscillator circust.

In order to limit frequency drift as much as possible and ensure uniform oscillation
throughout the whole wave-range, the oscillator circuit is connected to the anode
of the triode section of the ECH 21 and, further, to avocid direct contact between the
oscillator circuit and the D.C. anode voltage, parallel feed across a 22,000 Ohm re-
sistance is employed. The grid condenser and leak C; and R, respectively are of such
values that squegging oscillation is out of the question. The padding condensers are
fixed, with trimmers across them, to provide the necessary accuracy of adjustment.
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Mqizer stage

The voltage for the second and fourth grids of the ECH 21 is obtained from a series
resistance R, of 18,000 Ohms, thus obtaining & sliding screen voltage which is very
favourable from a point of view of distortion. In order to avoid too much frequency
drift when receiving short waves, the ECH 21 is not controlled in that range. Grid
bias i8 obtained in the usual manner by means of a cathode resistance Ry, of 150
Ohms. The gain in the mixer stage amounts to a factor of about 120.

I1.F. stage

The I.F. is 470 ke/s. The self-inductances are iron-cored coils, of inductance abt 1 mH,
thus ensuring high circuit quality; condensers in the I.F. circunit, of 125 pF, are of
high quality in order to meet the requirements imposed on these circuits. The latter
are trimmed to the correct frequency by adjusting the iron cores.

L.F. amplifier stage

The heptode part of the second ECH 21 acts as I.F. amplifier. Voltages for the second
and fourth grids are tapped from a potentiometer (39,000 +- 47,000 Ohms), the current
flowing through this potentiometer passing also through the cathode resistance R,.
This current is sufficiently high to limit the effect of the heptode control upon the
grid bias of its triode section. Screen feed by means of a potentiometer is less satis-
factory than feeding through a series resistance, in view of cross modulation, and
if the latter effect is of great importance the screen may also be fed by means of a
resistance of 47,000 Ohms. In this case care must, however, be taken that current
also flows through the cathode resistance R,, and this can be derived from the feed
voltage, vis a 47,000 Ohms resistance. The I.F. gain factor is about 100.

Diodes for detection and automatic gain control

Diode d, of the EBL 21 is employed for detection purposes and d, for the automatic
gain control; both are connected to tappings in the second L.F. transformer (ratio
2 : 1), thus avoiding distortion due to retroaction of the A.G.C.system, whilst the
effect of capacitances of the diode anodes upon coupling of the I.F. transformer
is also reduced.

Grid bias for the output valve acts simultaneously as delay voltage for the A.G.C.
and becomes effective only when the aerial voltage is about 9 times the normal aerial
input, that is at a signal of the order of 100 4V. At a signal of this strength the output
valve, when fully modulated, delivers its maximum rating of 4.5 W, with 10 %,
distortion.

A.F. amplifier stage

The triode section of the second ECH 21 is used as A.F. amplifier, giving a gain factor
of 10 with anode loading resistance of 0.1 M Ohm. As the grid bias furnished by the
cathode resistance serves both the triode and the heptode sections, certain precautions
are necessary. In the first place care must be taken.to ensure that variation in the
anode current of the heptode section, due to the control, does not have too marked
an effect on the anode current of the triode section, and in this connection it should
be remembered that the current in the potentiometer R, + Ry passes also through
the cathode resistance. Secondly, due to the curvature of the characteristic, a weak
A.F. component (anode bend detection) occurs in the anode current of the heptode
section, which component, by reason of the common cathode resistance, produces
a residual signal in the grid circuit of the triode. To avoid trouble on this account, the
cathode resistance is decoupled with a large condenser (25 uF). The condenser C,,,
together with the resistance R,, of 0.6 M Q form a simple tone control.
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A gramophone pickup can be connected direct to the volume control. To prevent
distortion of the diode current a limiting resistance of 0.1 M Ohms is also included.

Ouwtput stage
The output pentode of the EBL 21 delivers no less than 4.5 W with 10 9, distortion.

Two resistances of 100 and 1000 Ohms respectively are included in the leads to the
screen and control grid to eliminate parasitic oscillation.

Electronic tuning indicator

The electronic tuning indicator is controlled by the rectified signal voltage across
the volume control, for which purpose the cathode of the EM 4 is connected to that
of the EBL 21. Since the maximum control voltage would otherwise be too high
for the grid swing of the EM 4, this voltage is taken from a potentiometer consisting
of two resistances of 2.2 M Ohms each.

Power section

An AZ 1 is used as rectifier. Two electrolytic condensers of 32 uF and a choke of 8 H
ensure adequate smoothing; the potential at the output side of the smoothing filter
is 260 V DC at 66 mA and the current consumption in the different stages is as follows:

1. ECH 21 I,g = 3.0 mA
I(ga + g4) = 6.0 mA
Current through
potentiometer = 2.5 mA
I,p = 3.6 mA
2. ECH 21 I,g = 5.3 mA
I{gg + g4) =35 mA
aT = 2.0 mA
EBL 21 I, = 36 mA
14, = 4 mA
Total 65.8 = approx. 66 mA.

TECHNICAL DATA
1) Sensitivity (W, = 50 mW)

at the output valve 05 V ;

at the triode part of the second ECH 21 0,05y J AF- gain factor of 10

at the diode 0.26 V 3 1.F. gain factor. of 100

at the heptode part of the second ECH 21 2.6 mV } - in factor 120
at the frequency changer 22 uVv conversion gan factor

at the aerial 10 uv } voltage gain factor about 2.

2) Selectivity
Attenuation due to variation in tuning between +4.5 and —4.5 ke/s 1: 10.
Attenuation due to variation in tuning between +8 and —8 ke/a 1: 100.

3) Automatic gain control curve
The following points on the A.G.C.curve are given to illustrate the working of the

control:

1 X normal input voltage corresponds to 1X normal output voltage
2'2 x bhd ” 2 ” 9 2x 9 ”» ”»
44 X » . ' ' ,, 4% ' ’ »
2 x ” » ,» 8% » ” »
20 x ” " » 18X, » »
7000 x » » » . 32X » » »
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Fig. 2
Sketches of coils used in this 3-valve recelver.

Type Diameter Wire Kind
Coil No. of Self- H of thickn £
! turns induct. . odjn former UCKNESS o
winding in mm in mm wire
S1 23 — layer 14 0.1 enamelled
S2 319 — wave 7 0.1 »
S3 950 — . 7 0.07 ’
S4 10 — layer 14 1 '
S5 97 160 uH | wave 7 156 x 0.04 litz
S6 366 2150 uH ' 7 0.1 enamelled
S7 7 — layer 14 0.1 s
S8 50 — wave 7 0.1 ’
S9 100 — »» 7 0.1 »
S10 9 — Iayer 14 1 ’
S11 60 75 uH | wave 7 0.1 »
S12 128 320 uH ' 7 0.1 »
S13 155 1mH ' iron core 24 x 0.04 litz
7
S14 156 1mH . 7 24 x 0.04 ’
S15 155 1mH » 7 24 x 0.04 .
S16 155 1mH ” 7 24 x 0.04 »
2,
Sg o S9
o, S S12
14 4
o3 Sy
® Sq © ,70
39087




II. A.C. Superheterodyne 4-valve receiver
Valves used: ECH 21—EF 22—EF 22—EBL 21—EM 4—AZ 1.
Wave ranges

Long waves: 830 —2050 m.
Medium waves: 200 — 660 m.
Short waves: 15.5— 52 m.
Description

This is a high quality receiver in the average price class. The use of a separate valve
for A.F. amplification makes it possible to employ considerable inverse feedback and
the outstanding quality of the receiver is enhanced by the ‘“‘three-diode” arrangement
included in the circuit.

R.F. circuit

The different wave ranges are selected by means of a switching arrangement on the
coils. As already seen, this is preferable to short-circuiting of parts of the coils. Whistling
can be eliminated by including a filter circuit tuned to 470 ke/s between aerial and earth.
It is good practice to screen the short and medium wave aerial coils from the oscillator
circuit and the two former circuits should further be operated by individual switches
(2 separate switch-segments are then required). The R.F. circuits are based on a variable
condenser of 20—500 pF. For the medium and long wave ranges values of 50 and 70 pF
have been taken to cover the zero capacitance (trimmers, wiring etc.) and on medium
waves the capacitance variation is therefore from 70 to £50 pF, on long waves 90—
570 pF. R.F. coils of 160 uH serve the medium wave range of 200 to 550 m and coils
of 2150 uH the long waves from 830—2050 m. The serial is coupled inductively and
the voltage gain, which is constant throughout the whole range, amounts to a factor of 3.
The self-inductance of the R.F. coils is trimmed to the correct value with the aerial
coils short-circuited and good results can be obtained only when the self-inductance
of the tuning coil, with aerial coil shorted, decreases 3 % in the medium wave range
and 7 9%, on long waves.

Oscillator circuit

The tuned oscillator circuit is incorporated in the anode circuit of the triode part of
the ECH 21. In this way the effect of grid capacitances (which are the most subject
to variation) upon the oscillator circuit are limited as much as possible. In order
that the oscillator circuit shall be isolated from the D.C. anode voltage, the anode
is fed by means of a resistance of 22,000 Ohms, the oscillator circuit being coupled
to the anode circuit through a 220 pF condenser. The value of the latter is such that
oscillation is kept as constant as possible throughout the whole wave range. Frequency
drift due to the automatic gain control or to fluctuations in the mains voltage is limited
not only by including the tuned circuit in the anode circuit but also, making
use of the circumstance that frequency drift is occasioned mainly by the coupling
between the oscillator circuit and the R.F. input circuit which is tuned to another
frequency. Such coupling is set up by the capacitance between the input grid of the
heptode section and the third grid, which is connected to the oscillator. As this capaci-
tance is produced partly by the space charge, it is dependent on various feed voltages,
which thus affect the tuning of the oscillator circuit by way of the input capacitances.
Now, the space charge capacitance (induction effect) is unilateral, that is, the third
grid is able to induce a voltage on the input grid, whereas the reverse does not apply.
If, therefore, the constant capacitance of the input grid with respect to the third grid
is compensated, the oscillator circuit can certainly induce a potential in the input
circuit, but this has no retroactive effect on the oscillator circuit and the tuning remains
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unaltered. Such compensation is introduced by means of a differential condenser which
capacitively couples the input grid to the anode of the triode on the one hand and to
the grid of the triode (third grid of the heptode section) on the other. The “sense”
of the reaction is such that the coupling with the anode, produced by the correct setting
of this condenser, is completely cancelled out by the coupling with the grid. This
device reduces frequency drift at a wavelength of 15 m, and with maximum control
on the valve, to a maximum of 1.5 ke/s, thus enabling the valve to be included in the
automatic gain control in the short wave as well as in other ranges.
The construction of the differential condenser is very simple and Fig. 2 illustrates it;
the variable electrode ¢) has a capacitance to the other
electrodes a) and b) of maximum 1 pF and minimum 0.1
pF (approx.). To set this condenser, the procedure is
as follows. A valve-voltmeter reading to some tenths
of a volt is connected across the input circuit. The set
is then tuned to 15 m and the voltage induced by the
oscillator section of the vslve is reduced to & minimum by
means of the condenser. The grid current flowing in the grid
leak of the oscillator triode at the beginning and end of
the wave range is then roughly:

300—100 uA on short waves

260—180 pA on medium waves

100—180 uA on long waves.
The values of the grid leak and condenser are such that
over-oscillation is rendered impossible. The padding con-

densers are of the fixed type, with trimmers across them
for accurate adjustment to the correct values.

Mizer stage

Voltage for the 2nd and 4th grids of the ECH 21 is ob-
tained from a resistance and the screen voltage is therefore
sliding. The gain factor in respect of the mixer stage,
including the I.F. transformer, is 200,

Fig. 2
Construction of a low-value
differential condenser.
Top; Left and right hand
half-sections of the condenser.
(a) stationary electrode: ()
second stationary electrode;
(c) rotating plate, adjustable
with respect to electrodes (a)
and (b): (<) eyelets, by means
of which the electrodes (a),
(b) and (c) are attached to
the bakelised paper discs.

Bottom; The assembled con-
denser.

I.F, stage
To ensure a satisfactory control characteristic, the screen of the I.F.valve EF 22 is
fed through a resistance of 0.1 M Ohm. The third grid is included in the A.G.C.-
circuit (three-diode circuit) which means that the cathode is earthed and that another
method of obtaining grid bias has to be adopted. For this purpose the resistance
providing grid bias for the output valve is tapped, with a potentiometer (Ry; —Ryq;
2 X 0.82 M Ohm) between this tapping and the control voltage: the grid bias for the
EF 22 is thus supplied partly by the fixed tapping and partly by the A.G.C. circuit
and the advantage of this arrangement is that the I.F.valve is not controlled to the
same extent as the mixer valve. The total gain factor in the I.F.stage is 100.

Diodes for detection and automatic gain control

Diode d, of the EBL 21 is employed for detection and diode d, for the A.G.C. Both
diodes are connected to tappings on the I.F. transformer in the ratio of 1 : 2, 8o as
to reduce damping in the I.F. circuits.

The A.G.C. diode is biased and delay is obtained since the A.G.C. circuit is shunted
across the smoothing filter R,,-C,, by the third grid of the EF 22, which is connected
to a positive potential across R,, and R,;. The control becomes operative only when the
diode d, acquires a negative potential across R;, sufficiently large to quench the third
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grid (suppressor grid of the first EF 22); this takes place when the signal on the aerial
is in excess of 90 uV, or that on the diode greater than 4.5 V.

A.F, amplifier stage

The total gain factor of the EF 22 is 70 and this high gain permits of considerable
inverse feedback. In the circuit in question the feedback factor is 7, 8o that the actual
A F.gain factor is 10.

The feedback voltage is applied to the cathode circuit, being tapped from the potentio-
meters Ryp-R,3-Csy and R,4-RB,,-Cyy across the voice coil of the loudspeaker. The
values of these resistances and condensers have been so chosen as to permit of the
frequency curve being slightly flattened by the impedance of the speaker.

A tone control Cy,-R,,-C,; is provided between the volume control and the grid, by
means of which the high tones can be more or less attenuated.

Output stage

The output pentode delivers an output of 4.5 W with 20 %, distortion. In view of the
arrangement of the A.G.C.circuit, no resistance is used in the cathode circuit. The
grid leak may not, therefore, exceed 0.64 MOhm. A stopper resistance of 1000 Ohms
is connected to the control grid to prevent parasitic oscillation.

Tuning indicator

The electronic tuning indicator is controlled by the rectified signal voltage. A potentio-
meter R,-Rg is included across the volume control R, to reduce the direct voltage
to & value suitable for the EM 4, whilst simultaneously smoothing the A.F.voltage,
in conjunction with a condenser Cy.

Power section

The output voltage from the smoothing filter is about 250 V at 71 mA, D.C. An AZ{l
valve is employed as rectifier. Smoothing is effected by means of two 32 uF electrolytic
condensers and an 8 H choke.

TECHNICAL DATA
Sensitivity (to give an output of 50 mW):

at the output valve 05 V at the LF.valve 45 mV
at the A.F.valve 005 V at the mixer valve 20 uV
at the detector diode 500 mV at the aerial appr. 10 uV
Selectivity

Attenuation for a variation in tuning of +4.5 and —4.5 kefs: 1 : 10.
Attenuation for a variation in tuning of +7.5 and —7.5 ke/s: 1: 100.



III. Three-valve superheterodyne receiver for 220 V AC/DC operation
Valves used: UCH 21—UCH 21—UBL 21—UY 21.

Description

This is intended to figure as a low-priced receiver. Only three receiving valves are
required, the second UCH 21 acting as a double valve, for which reason the per-
formance is equal to that of any ordinary 4-valve set. Again, the set can be operated
only on 220 V mains, this representing a considerable saving in switches and resistances.
Inverse feedback and tone control in the A.F.section are dispensed with, also for
reasons of economy.

The use of the small key type of valve also contributes towards the economy of
the receiver, which, taken all round, is both small in dimensions and low in price.

Wave-ranges

900—2000 m
200— 590 m
15— 50 m

Coils
The R. F. and oscillator circuits are the same as in the circuit Ton p. 58: for dimensional
sketches and tables of coils the reader is referred to the relevant data.

Oscillator circutt

To limit frequency drift as much as possible and ensure uniform oscillation throughout
the whole wave range, the oscillator circuit is incorporated in the anode circuit of the
triode side of the UCH 21. Parallel feed is employed in order to isolate the oscillator
circuit from the D.C. anode voltage. The values of the grid leak and condenser R,
and C,; are so chosen that the possibility of squegging is excluded. The padding
condensers consist of fixed capacitances with trimmers in parallel for adjustment to
the correct values,

Mezer stage

Voltage is applied across a resistance R, to the 2nd and 4th grids of the UCH 21 and
the resultant sliding screen voltage maintains distortion at a very low level,
even with gain control. In order to keep the cost of the receiver as low as possible,
no special measures are taken to limit frequency drift arising from control on the
amplification and, to avoid too much drift during short-wave reception, the UCH 21
i8 not controlled in that range. In the medium and long wave ranges the grid bias ia
controlled by the A.G.C.; on short waves the bias is fixed.

The gain factor in respect of the mixer stage is 120.

I.F.circuits

The intermediate frequency is 470 ke/s. Iron cored inductances of abt. 1 mH are used
in the IF.circuits, thus ensuring high circuit quality. The condensers in the I.F.
circuits are of 100 pF and of high quality to guarantee the desired performance here.
The I.F.circuits are trimmed to the correct frequency by means of the iron cores.

1.F.amplifier stage

For the I.F.amplification the heptode of the second UCH 21 is used. Grids 2 and 4
are fed through a resistance, giving sliding screen voltage. The third grid is
connected to the cathode.

Grid bias is taken from the A.G.C.circuit, this being necessary since the heptode and
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triode sections of the valve share a common cathode. If a cathode resistance were
employed, variations in current on the heptode side would lead to variations in the
voltage across the resistance, which in turn would affect the working of the triode.
LF.gain factor = 100.

Diodes for detection and A4.Q.C.

Diode d, of the UBL 21 is employed for detection purposes and diode d, for the automa-
tic gain control. Both diodes are connected to tappings on the second I.F.transformer,
in the ratio of 2 : 1; distortion due to the retroaction of the A.G.C. is thus avoided,
whilst the coupling of the I.F.transformer is then only slightly affected by capacitances
of the diode anodes.

The delay voltage for the A.G.C. is tapped from a potentiometer R,-R, and applied
to diode d, by way of R,,. The same potential also serves as grid bias for the mixer
valve, the I.LF.and A.F.valves (heptode and triode sections of the second UCH 21
respectively). Cathode resistances with their associated condensers are therefore not
required.

The mutual conductance in the uncontrolled condition is in consequence slightly lower,
but the sensitivity, as shown by the electrical data, is still adequate.

A.F. amplifier stage

The triode portion of the second UCH 21 takes care of the A.F.amplification. The A.F.-
voltage is tapped from the resistance R, and applied to the grid of the A.F.valve
through a condenser Cg,. An anode coupling resistance of 100,000 Ohms gives a gain
factor of 10.

Output stage
In this circuit the pentode UBL 21 yields a maximum output of about 5 W at 10 %,
distortion. Resistances of 100 and 1000 Ohms are connected in series with the screen

and control grids respectively to prevent parasitic oscillation. As already mentioned,
no cathode resistance is employed, in view of the A.G.C.

Power section

The four heaters are connected to the mains in series with a resistance of 750 Ohms.
To limit ripple, the UBL 21 is connected to the negative end of the series, followed
by the UCH 21 as I.F.and A.F.amplifier, another UCH 21 as mixer valve and, lastly,
the UY 21.

A resistance of 150 Ohms is included in series with the UY 21 for protection purposes.
Effective smoothing is provided by a dual electrolyti¢ condenser of 50 + 15 uF with
a choke coil in the feed line. In very small receivers with a loudspeaker which is
relatively insensitive to a frequency of 50 ¢/, a simpler form of smoothing is sufficient:
the choke may then be replaced by a resistance of about 1000 Ohms, the anode of the
output valve being connected to the first smoothing condenser C,;.

ELECTRICAL DATA
Sensitivity (to give an output of 50 mW):

at the output valve 06 V . )
at the triode section of the 2nd UCH 21 0.06 V ;A.F.ga.m factor: 10

at the diode 025 V LF.gain factor: 100

at the heptode section of the 2nd UCH 21 2.5 mV | ;o enn factor: toctor: 120
at the mixer valve 20 ;conver‘smn gain factor:

at the aerial approx. 10 ”V;volts gain factor: 2.
Selectivity

Attenuation for a variation in tuning of +4.5 and —4.5 ke/s 1 : 10.
Attenuation for a variation in tuning of +8 and —8 kefs 1: 100.

69



IV. 4-valve superheterodyne receiver for 110 V and 220 V AG/DC
mains operation

Valves used: UCH 21—UF 21—UF 21—UBL 21—UM 4—UY 21.

In principle this receiver is the same as the A.C.receiver described under heading II;
the main difference lies in the power section. The rectifier is a UY 21 valve. On
220 V mains the heaters are connected in series, as shown in the theoretical circuit
(switch to R.H.side), whilst on 110 V mains the UBL 21 and UY 21, in series, are
connected in parallel with the others, also in series with each other (switch to L.H.side).

TECHNICAL DATA
Sensitivity (to give an output of 50 mW):

at the output valve 05 'V, . .

at the A.F.valve 0.1 VsA.F.ga.m factor: 5

at the detector diode 045 V1R gain factor: 112

at the LF.valve 4 mV§ ) . .

at the mixer valve 30 uv, gconverswn gain factor: 133
at the aerial 8 uvs voltage gain factor: 3.5
Selectivity

Attenuation for a variation of + 4 and — 4 ke/s in the tuning: 1 : 10.
Attenuation for a variation of + 8 and -— 8 kc/s in the tuning: 1 : 100.
Attenuation for a variation of +14 and ——14 ke/s in the tuning: 1: 1000.
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1.4 Volt battery valves for

operation on dry batteries



The 1.4 V series of Battery Valves for operation
on Dry Balleries

Filament current for battery receivers may be derived from a number of different
sources, such as the ordinary lead accumulator, the nickel accumulator (Ni-Fe), the
air-cell or the dry battery.
Until recently the lead accumulator has been almost the only type of battery used
for the filament voltage, despite its many inconveniences. Not only has this type of
accumulator to be constantly re-charged, having often to be carried great distances
for this purpose, but, apart from the inconvenience and expense, the acid in the battery
has to be periodically checked and renewed. In many instances the lead accumulator
has been ousted by the air-cell, which can be transported without any liquid. This
type of battery has a very long life, but it also has its disadvantages in that it is
cumbersome, the cost is relatively high, and the battery itself is extremely sensitive
to overloads.
In principle the nickel battery has the same disadvantages as the lead accumulator.
Dry batteries were formerly employed only in exceptional cases, as they were very
uneconomical where the current-drain exceeded a certain value which would in any
case be passed when the existing 2-volt valves were conceived.
Experience has shown that the border line at which a dry battery becomes an economical
proposition (including purchase price and maintenance), as compared with the accumu-
lator, lies in the region of a current consumption of 250 mA. If the current is lower
the life of the battery will be very much longer and the running costs correspondingly
lower (generally speaking the increase in the life of a dry battery is greater than the
decrease in current). It is therefore very important that the total filament current
shall be as low as possible, and this is realised in the new series of valves. For example,
the current consumption of a superheterodyne receiver fitted normally with four
valves of the K-type (e.g. KK 2, KF 3, KBC 1, KL 5) would be 380 mA at 2 Volts.

Using the new D-valves (DK 21, DF 21, DBC 21 and DL 21) the total filament current

is only 175 mA, this representing a very considerable saving.

In order to reduce the filament current two main requirements obtain:

1) the thickness of the
emisgive coating on
the filament must be

8442 reduced and special
high tensile material
hasto be employed for
the filament proper;

2) thespace between the
cathode surface and
the grid has to be
reduced.

At a given temperature

of the cathode surface,

the consumption of fila-
ment current is propor-
tional to the length and
diameter of the filament,
including the layer of
emissive substances.
Now the mutual con-

Fig. 1 .
Diagram showing the filament power of battery valves in the last decade. ductance of the valve is
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not governed by the “'b‘

diameter of the fila-
ment, but—the di-
mensions of other
electrodes being the
same—only by the
length of the wire,
and this means that
a reduction in the
diameter of both wire
and emissive layer
results only in a
decrease in filament
current and, there-
fore, of the consump-
tion also, provided
that the temperature
at the surface is not
changed. In this way
the current con-
sumption can be de-
creased without af-
fecting the mutual
conductance.

The diameter of the
fillament in the K
series of valves is 25 u,
to which must be
added 2 times 30 u
for the emissive coat-
ing, making a total
of 85 u. An entirely
new manufacturing
process has made it
possible to reduce
the thickness of the
coating to 10 u in
the new D type
valves, butanequally
important factor, as
already mentioned, is
the wire diameter.
Tungsten wire pos-
sesses a very much
higher ultimate
strength than the
often used nickel
wire, 8o that, in place
of a 25 u wire as
employed in earlier
types of battery
valves, tungsten fila-
ment of only 10 x is

V.

ST =S
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If=200mA
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Ig=150mA

0 200 400 600 800 1000 h 1200
35289

Fig. 2
Characteristic curves of the life of a battery giving a nominal voltage
of 1.4 at about 225 Ahours, assuming that the receiver is used for 4 hours per
day. The upper curve was plotted in respect of a recelver having a total
filament current of 200 mA. The life of the battery is then about 1100
hours. Using the battery 4 hours per day, this means a total life of about
9 months

On a total filament current of 150 mA (.lower curve), employing the new
‘‘economy’’ valves, the life of the battery can be extended to 1200 hours.

1.6V,

If-150mA

0 200 400 h 600
25269

Fig. 3
Characteristic curves in respect of batteries giving a normal voltage of 1.4
V at 90—100 A/hours: here again it is assumed that the battery is used
for 4 hours per day.
The top curve refers to a receiver having a total filament consumption of
200 mA and the lower curve to a consumption of 150 mA.
The life of the battery is admittedly only about one-half of that indicated
in Fig. 2, but the weight of the battery is correspondingly lower. These
curves relate to a number of good quality batteries.
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now used, without any danger of breakage. The over-

/i

< SN all diameter of the cathode of the D-valve is there-

Vi 8000} fore only 30 x, which compares very favourably with

the previous thickness of 85 u. Needless to say, very
much less power is required to raise this wire to the
same surface temperature as before; moreover, for

the same electrical characteristics and the greatest
factor of safety, it has been possible to reduce the
distance from the cathode to the control grid. With
a corresponding reduction in the length of the fila-

1~ S/S//
t

ment, an even greater decrease in current con-

Via 154V — sumption has therefore been realised.

The design of the D type of valve was based on the

use of a dry battery of 1.4 V rated voltage, and the

filament operates on 1.4 V or multiples thereof.

The advantage of this is that the filament is sub-
jected to the maximum battery voltage only for

very short periods. Various measurements on dry
batteries have shown that the filament voltage falls

1

about 10 % below the nominal battery voltage only
some time after the first half of the battery’s life.
Figs. 2 and 3 give the discharge characteristics of a
dry battery of 1.4 V rated voltage. Two batteries of

%0
14

different size were employed for these tests.

8 70 60 50 vy Fig. 2 illustrates the curves in respect of a large

" 12 1 10 V') battery: on a current drain of 150 mA (as in the
Fig. 4 case of the low-current valves DK 21, DF 21, DAC

Alternating output voltage as a function i
Afternat bsnm)l; it voltago as i 21 and DL 21) it appears that the battery voltage

respect of different alternating dnput vol-  drops to 10 % of the nominal value only after as

tages, in a receiver fitted with DK 21, i . It is seen, moreover.
DF 22, DBC 21 and DL 21 valves. Due to much as 1000 worklng hours 2 ¢

the
gain
tage

compensating action of theautomatic  that once the battery voltage has reached ‘this value

control, the alternating output vol-  j clines rapi approaching 1.1 V after another
does not drop very steeply on strong it de nes r pxdly, PP g

input voltages. Conditions are less fa. 200 hours. At the higher current of 200 mA, the

vourable, however, with very weak sig- imi . is reac, i 1100 hours,
nals, below the level at which the A.G.C. limit value of 1.1V hed in about, 1100 ’

operates (e.g. at Vi = 16 [LV). in which case the voltage will be 10 9, of the nom-
inal value after about 700 hours’ use.

Batteries of this type are relatively heavy, however, ranging from 3 to 3.8kg,accordingto
make, and are therefore suitable only for receivers which are not frequently moved about.
Fig. 3 shows the curves relating to smaller batteries weighing about 1 to 1.5 kg which
can also be employed in portable sets.
Even smaller batteries are made, but their uses are limited, since too frequent renewsal
of batteries involves a great deal of inconvenience. '
Sometimes combination batteries are employed, consisting of H.T. and filament
batteries in one, but the disadvantage of these is that the two sections have seldom
the same working life.
The upper and lower limits for the filament voltage of the 1.4 V battery valves have
been placed at 1.1 V and 1.5 V respectively.
To give an idea of the behaviour of a battery receiver working on declining filament
and anode voltages, Fig. 4 shows a number of curves for alternating output voltage
as a function of battery voltage, with alternating input voltage as parameter. ¥rom
these curves it will be clearly seen that a drop in the battery voltages manifests itself

only on very weak signals, below the point at which the automatic gain control com-
mences to operate.

76



Provided the filament current is suitably adjusted, the new valves can be employed
not only in battery sets (driven by dry batteries or accumulators), but also in AC/DC-
battery receivers, which will undoubtedly gain in populsrity in the fature, owing to
the fact that they can be operated on batteries, A.C. or D.C. mains without any special
auxiliary apparatus such as vibrator-converters, or the use of complicated circuits.
To meet the various demands met with in practice, two series of D-valves have been
developed, namely:

1. The “Economy” or low-current valves

In this series the required filament power has been reduced to the extreme minimum,
There are four types, viz:

DK 21 Octode, with 50 mA filament current. Despite this unusually low current,
the mutual conductance is 500 uA/V.

DF 21 R.F.and LF. pentode: filament current only 25 mA.

DAC 21 Diode-triode: filament current 25 mA. The gain factor of the triode section
is 40.

DL 21 Pentode: filament current 50 mA. At an anode and screen voltage of only
90 V this valve will déliver 170 mW.

Comparison of these valves with the corresponding 2 V types in the K-series shows
that the saving in current is quite considerable. Taking, for example, the four valves
of a conventional superhet receiver, the following figures are obtained:

14 V type Fil.current 2 V type Fil.current
DK 21 50 mA KK 2 130 mA
DF 21 25 mA KF 3 50 mA
DAC 21 25 mA KBC 1 100 mA
DL 21 50 mA KL 5 100 mA

Total fil.current 150 mA Total fil.current 380 mA

It is thus possible, using the 1.4 V valves mentioned above, to construct a superhet
receiver having a total filament consumption of 150 mA: using the equivalent K-type
valves, the total consumption would be 380 mA.

2, Valves of higher power

This range of valves includes a number of types of which the electrical details are
almost identical with those of the earlier K-types; in view of their superior performance
as compared with the low-current valves, the current consumption is of course somewhat
higher than in the latter. In contrast with the 2 V valves these new valves provide,
however, a considerable saving in current. There are five different types:

DK 21 Frequency-changer octode, as already mentioned in the above range. Tl.le
outstanding electrical characteristics of this valve enable it to be used in
conjunction with the valves of this series.

DF 22 R.F.pentode with a filament current of 50 mA. This valve lends itself
well to control. The maximum mutual conductance is 1.1 mA/V.
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DBC 21 Double diode triode: filament current 50 mA. The gain factor of the triode
section is 25 and, by reason of the low impedance, this valve can also be
transformer coupled.

DLL 21 Double diode pentode for balanced output stages. Each of the electrode
systems in this valve has a double filament, these being so arranged that
either one or both can be utilised. Filament feed may be on the basis of
100 or 200 mA at a voltage of 1.4 V or 2.8 V.

DM 21 Electronic indicator. This is the first electronic tuning indicator to be
produced for use with battery receivers. The filament current is only
256 mA, making the indicator suitable for use in many different types of
battery set. The anode voltage lies between 90 and 120 V.

The sensitivity and output power of a receiver constructed with the valves listed above
are comparable to those of a mains-operated receiver. Using the DK 21, DF 22,
DBC 21, DL 21 and DM 21, a high sensitivity receiver can be designed to incorporate
delayed automatic gain control and tuning indicator, consuming only 225 mA at 1.4 V.
A receiver of this type can be run from a dry battery and, with one of the types referred
to in figure 2, a life of about 1000 hours may be anticipated. A similar receiver with
K-type valves would take a total current of about 405 mA at 2 V; in other words,
the introduction of the new D-valves has halved the filament current required.
Finally, a word should be said regarding the DAH 50. This is a special valve comprising
& diode and heptode with space-charge grid, owing to which latter feature the valve
is able to operate on an anode potential of only 15 V. It is eminently suitable for
midget portable sets with headphones.

This valve is described more fully in a later chapter.

All the valves in the D series have the 8-pin base with centre pilot pin, and the valve-
holder to be employed with these valves must always be mounted in such a way that
the valve is vertical. Should it be essential to mount the valve horizontally care must
be taken to see that the filament pins are one under the other.
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DAC 21

DAC 21 Diode-triode

The great reduction in filament current has led to the development
of a combined detector and A.F.amplifier valve, the DAC 21. At
1.4 V the filament current is only 25 mA (directly heated). In order
to attain this very low current consumption, it was necessary to
evolve a special technique in.the construction of the filament, the
second diode generally used for A.G.C.purposes also being dispensed
with. The gain factor of the triode section, however, is remarkably
high for a battery valve, this being at the same time necessary for
adequate sensitivity.

In an R—C coupled circuit the DAC 21 will give a gain of 25 with
minimum distortion (with a grid leak on the following valve of g.
1 MOhmy); if it is any higher, say 2 MOhms, the gain will be Dimensionsin mm.
even greater.

The diode portion is screened from the triode, so that all coupling
between the two systems is avoided; the interelectrode capacitance
between the diode and the grid and anode of the triode is ex-
tremely low.

FILAMENT RATING

Filament feed: direct, by means of battery, rectified alternating
current, or D.C.; series or parallel.

Filament voltage . . . . . . . . . . . . . .. Vi=14 V
Filament current. . . . . . . . . . . . . ... I; =0.025 A-fs
+

CAPACITANCES

34675
Anode-grid Coy = 1.6 pF
Anode-filament Oaf = 3.3 pF Amngéiieit and
Diode-filament Cy = 2 pF sequence of
Diode-grid  Cgy < 0.0025 pF contacts.
Diode-anode Cy, < 0.1 pF
Grid-filament Cy = 1.6 pF
TRIODE SECTION RATINGS
Anode voltage . . . . . . . . ... ... .. Ve = 90 120 V
Grid bias. . . . . .. ... ... ...... Vg = 0 0o Vv
Anode current . . . . . . . . .. .. .. .. I, = 045 0.75 mA
Gain factor. . . . . . . . . .. .. ... .. u =40 40
Mutual conductance . . . . . . . . . . . . .. S = 03 0.4 mA/V
Internal resistance. . . . . . . . . . . .. .. R, = 0.13 0.1 MOhm
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DAC 21

OPERATING DATA: TRIODE SECTION employed as resistance-capaci-

tance coupled A.F. amplifier

Battery voltage . . . . Vp = 90V 120 Vv
Anode feed resistance. . R, =06 02 MOhme | 0.5 0.2 MOhm
Grid bias . . . . . . . Vg =0 0 v 0 0 \'
Anode current . . . . . I, = 0.081 0.137 mA 0.120 0.225 mA
Required alternating grid

voltage for an effective

output voltage of ¥, g

=3V....... Vien = 0.132 0.154 V 0.119 0.140V
Voltage gain. . . . . . Vo/Vi = 23 19.6 25 21
Total distortion at an

alternating output vol-

tage of Voer =3V . diey =10 129 05 0.79%

MAXIMUM RATINGS FOR THE TRIODE SECTION

Anode voltage. . . . . . . ... ... L. Ve = max. 135 V
Anode dissipation . . . . . . . . . . .. ... .. Ws = max. 0.1 W
Cathode current . . . . . . . . . . . .. ... ... Iy = max. 3 mA
Max. external resistance between grid and filament. . . R, = max. 3 MOhms
Grid current commences (I, = + 03 gA). . . . . . . Vy = max. —02 V
Minimum limit for filament voltage . . . . . . . . . . Vi = min. 1.1 V
Maximum limit for filament voltage. . . . . . . . . . Vi = max. 1.5V
MAXIMUM RATINGS FOR THE DIODE SECTION

Peak voltage on the diode. . . . . . . . . . . . . .. Vi = max. 125 V
Max. direct current through resistor . . . . . . . . . . I; = max. 0.2 mA
Diode current commences . . . . . . . . Vi(Ig = +0.3 uA) = max. —0.6 V

APPLICATIONS

The DAC 21 is suitable for diode detection and R—C coupled A.F.amplification.
When used in conjunction with other valves in the D-series, this valve makes possible
the design of receivers with extremely low current consumption. Since, for economy
in current, no diode is provided for automatic gain control, the voltage for this purpose
is taken from the detector diode. The filament electrode connected to pin No. 1 (see

3a672

Fig. 3
Bkeleton circuit illustrating the symbols employed in
the operating data.
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Fig. 2) must be earthed, since the
diode anode is mounted at that end of
the filament, part of the latter of
course being used for the diode. In the
triode section, the negative end of the
filament is slightly positive with re-
spect to the negative filament pin, so
that sufficient grid bias is obtained
by earthing the grid through a re-
sistance. The valve can thus be op-
erated without any separate source of
grid bias.

In view of the very low filament cur-



DAC 21
Ia(mA)
rent of the DAC 21, two of these valves PR I !

can also be used in an A.F.amplifier stage 1

to drive a push-pull output stage: one of

them then acts a8 R—C coupled A.F.am-
plifier, with the triode part of the other as T1T198
phase inverter. The two valves together
consume only 50 mA filament current and
no input transformer is required for the
output stage. The filament current of
the DBC 21 is also 50 mA, but with this
valve an output transformer is necessary

for a push-pull output stage. When two H

DAC 21 valves are employed, two diodes :'9 in

are available, one for detection and the BV 2 a#

other for A.G.C. Moreover, the combined ! \::

anode current of the two DAC 21 valves u 1 "

is only 0.2 mA, whilst that of the DBC 21

with transformer coupling is 1.9 mA.

The arrangement with two DAC 21 valves A

in the A.F.driver stage is especially im- A i

portant when the double pentode DLI. 21 ZaRmE s

is used, and Fig. 6 shows a circuit for this e

combination, in which the anode voltage i) -3 -2 - 0

may be 90—120 V. The triode section of 34685

the first DAC 21 operates as a normal Fig. 4

A F.amplifier with R—C coupling and  Anode currentvzs;g{)u:;téo&gt ‘;,he grid bias at

modulates the “left hand” pentode of )

the DLL 21 across a coupling resistance of 0.5 M Ohm + 25,000 Ohms, with a

10,000 pF condenser.

The alternating grid voltage for the second DAC 21 is taken from the anode resistance
TlmA) of 25,000 Ohms of the
o8 7T j,H_} GacH m--m) first DAC 21, and the

A N HHH  anode of the second is
oy coupled to the grid of
the “right hand” pen-
: s tode, but with a phase
B i 25 displacement of 180°.
: - H The filament of the
DLL 21 is then connec-
Cyaaansss ted for a current of 100
mA, since an ordinary

- dry battery would be too

’ » y H heavily loaded at 200
Sas v AAT pasy . mA. The sensitivity of
/ % aan the combination, consist-
ing of two DAC21 and
0 50 100 0 200 20 V¥ 0  the DLL 21 valves, is
) about 0.12 V at a high

Anode current as a function of tlﬂlghgde voltage, with Vg as parameter. tension voltage of 120
V. Delay voltage for

the A.G.C. is obtained very simply by applying to the diode of the second DAC 21 a
negative potential, obtained automatically from the voltage drop across a resistance
in the negative return to the battery. Without signal, this voltage is —1.5 V and
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DAC 21

ALR

CAY
Avc

this serves simultaneously as initial voltage for the controlled valves. Naturally, it
is possible also to arrange the A.G.C.circuit on other lines, for instance by applying
to the controlled valves (mixer and I.F.amplifier) a lower initial voltage and em-
ploying a control that is accordingly less effective.

In certain cases it may be desirable to feed the filaments of the valves by means of
a good 4.5 V torch battery and this can be done by forming a 50 mA circuit, employing
the DK 21 and DL 21 in series with the DAC 21 and DF 21 in parallel: the filament
current of the two last mentioned valves is 25 mA, so that overall consumption is 50 mA.
Should one of the filament pins fail to make good contact in its valveholder, the filament
of the other valve will be heavily overloaded, and although this overload will not
usually mean the destruction of the filament, the emission will nevertheless be impaired.
The same thing happens when one of the valves is removed without first breaking the
filament circuit, and if the arrangement in question is employed the necessary care must
be taken that contact between the valve pins and the valveholders is as effective as
possible.

\ 25ppt
u 10000 upf
11
DAC21 $ Wpaczt DLL 21
80 0000puf
] - = |
100 iy F v - %% <
10000upf | Q 10000uuF) |
T I
T 1L
"W
25
aQsmnN puf| J
+—eq
100pyF § $ ] § $
I I RS by X «Q
LL Q2 ~ Q [
_L(?,fyi
T O+
Im
A
§ § A a25uf =
) g '1'
O +
J. Otuf 1600 3200 190431“
JUTUUL— 0 -
1m0 34849

Fig. 6
Theoretical circuit showing method of employing two DAC 21 valves in a modulation stage pre-
ceding a push-pull output stage. Detection takes place at the diode of the first DAC 21, the diode of
the second DAC 21 serving for the delayed A.G.C.
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DBC 21 Double-diode triode

This directly-heated double diode triode has a filament voltage of
1.4 V, at a current of 50 mA. The gain factor in respect of the triode
gection is 25 and the mutual conductance 0.85 mA/V at an anode
voltage of 90 Vor0.9 m A/V at 120 V. The impedance is relatively
low, being 30,000 and 28,000 Ohms at these anode voltages, so that
the valve can serve not only as detector and R—C coupled A.F.
amplifier, but can also be used with transformer coupling, this
being important if a push-pull output stage using the DLL 21 is to
follow. In contrast with the DAC 21, the DBC 21 has two diodes, one
of which can be used for detection, whilst the other is available for
automatic gain control.

As regards the construction of the DBC 21, this valve has virtual-
ly two filaments, each taking 25 mA: one serves the triode portion
and the other the two diodes. The triode is screened from the diode
part by a plate which almost. completely separates the two sections
electrostatically: the two filaments are wired parallel within the valve,
and the screen is connected to the filament pin marked —f,s in
Fig. 2. The diode marked d; is mounted at that end of the fila-
ment which is in contact with pin —f,s and is therefore employed
for detection (filament pin —f,s is to be earthed).

In this way the other diode automatically receives & small negative
potential which serves for the automatic gain control, although,
generally speaking, a slightly higher delay voltage is desirable.

FILAMENT RATINGS

Filament supply: direct heating by means of a battery, rectified alter-
nating current, or D.C.: series or parallel supply.

DBC 21

Fig. 1

Filament voltage . . . . . . . . . . . . ... Vp=14 V
Filament current . . . . . . . . . . . .. .. I; = 0050 A

Arrmfglt;grh:nt and
CAPACITANCES sequence of contacta.
Anode-grid . . . . .. ..o o000 oL Cyy = 2.6 pF
Grid-filament . . . . . . . . . .. ... ... ... Cos = 1.7 pF
Anode-filament . . . . . . . . .. ... ... ... of = 40 pF
Between diodes . . . . . . . . . .. .. ... ... Cards < 1.2 pF
Diode 1-filament . . . . . . . . . ... ... .... Ca s = 24 pF
Diode 2-filament . . . . . . . . . . . ... .. ... Caaof = 2.0 pF
Between the 2 diodes and grid . . . . . . . ... .. Clay+d2)y < 0.01 pF
Between the 2 diodes and anode . . . . . . . . . .. Clar+de < 0.1 PF
RATINGS FOR THE TRIODE SECTION
Anode voltage . . . . . . . . . ... ... .. Ve = 90 120 V
Grid bias. . . . . .. .. ... ..., Vg = —05 —15V
Anode current . . . . . . . .. ... ... .. I, =14 1.6 mA
Gain factor. . . . . . . .. ... oL p =25 25
Mutual conductance. . . . . . . . . . ... .. S = 850 900 uA/V
Internal resistance . . . . . . . . . . . . ... R; = 30,000 28,000 Ohms
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DBC 21
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Fig. 8 Fig. 4
Circnit diagram showing the triode section of the Anode current as a function of the grid bias at
DBC 21 used as R.C. coupled A.F. amplifier, to Va= 90 V and 120 V.

illustrate the symbols employed in the Operating
Data.

OPERATING DATA: triode section employed as resistance-capacitance
coupled A.F. amplifier

Battery voltage. . . . . . . Vo = 90 : 120 V
T | DRl T ——

Anode resistance. . . . . . . R, = 0.2 057 0.2 0.5 MOhms
Grid bias. . . . . . . . .. Vq = —05 —0.5 —1 -1V
Anode current . . . . . . . I, = 0.19 0.09 0.27 0.14 mA
Required alternating grid vol- '

tage for an effective output

voltage of Voo = 3V . Vieg = 0.19 0.16 0.18 015 V
Voltage gain . . . . . . ® . V/Vi =155 19 16.5 19.5
Total distortion at an alter-

nating output voltage V, et

=3V........0.. dio = 0.7 0.5 1.0 0.8 %

[

MAXIMUM RATINGS FOR THE TRIODE SECTION

Anode voltage . . . . . . . . . . ... L. L. Ve = max. 135 V
Anode dissipation. . . . . . . . .. .. L. L. Wg = max. 0.3 W
Cathode current. . . . . . . . . . . . . ... ... I = max. 3 mA
Max. external resistance between grid and filament . . Ry = max. 3 M Ohms
Grid current commences at (I; = +0.3 uA). . . . . . Vy = max. —02V -
Minimum limit for filament voltage. . . . . . . . . . ¥V = min. 1.1 V
Maximum limit for filament voltage . . . . . . . . . V; = max. 1.5V
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MAXIMUM RATINGS FOR THE DIODE SECTION

Peak voltage on diode &, . . . . . . . . e v+ ... Vg = max.
Peak voltage on diode &3 . . . . . . . . . . . v« . . V3 = max.
Max. D.C. through resistor of diode 1. . . . . I3 = max.
Max. D.C. through resistor of diode 2. . . . . . . . . I;, = max.
Diode current commences at . . . . . Vi, Igy = +0.3 uA) = max.
Diode current commences at ... . . . Vg3 (lg3 = +0.3 yA) = max.

APPLICATIONS

DBC 21

125 V
125 V
0.2 mA
0.2 mA
—04 V
—07V

The uses of this valve are restricted to diode detection with subsequent R—C coupled,
or transformer-coupled A.F.amplification. It is recommended that a grid bias of at
least 0.5 V be applied to the grid of the triode, since in some cases grid current com-
mences to flow at —0.2 V. In view of possible microphony, the gain between the diode

and triode sections should not exceed a factor of 15.

In the case of series-parallel circuits precautions must be taken as described on p. 82.
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Fig. 5
Anode current as a function of the anode voltage, with Vg as parameter.




Fig. 1

R.F. Pentode

The DF 21 is a directly heated pentode with a 1.4 V filament,
taking a. current of 25 mA. As explained in the Introduction, this
extremely low current consumption has been made possible by
reducing the thickness of the emissive layer and using high tensile
material for the filament, to produce the thinnest possible wire,
together with a reduction of the space between the cathode surface
and the grid.

The result is a valve which as far as current consumption is concerned
is very economical in use and yet has exceptionally good electrical
properties. In conjunction with the DK 21, DAC 21, DL 21, this
valve enables a receiver to be built of which the total filament
ourrent is only 150 mA.

The DF 21 is suitable for R.F., L.F. and A.F.amplification. Although
the control grid is of the constant pitch type, the valve, when em-
ployed as R.F. or I.LF.amplifier, can be controlled by varying the
grid bias. It can thus be included in the A.G.C. system, although
the cross modulation curve is naturally not so good as in the case of
a valve having a variable-pitch grid. Used as resistance-capacitance
coupled A.F.amplifier, the DF 21 gives a gain factor of 85. The fila-
ment may be series—or parallel—fed and the valve is therefore suit-
able for use in AC/DC-battery receivers.

FILAMENT RATINGS

Filament supply: direct, by means of a battery, rectified alternating
current or D.C. Series or parallel supply.

Filament voltage . . . . . . . . . . . . .. Vi=14 V
Filament current . . . . . . . . . . . . . . I; = 0.025 A
CAPACITANCES
94833 Anode-grid . . . . . e e Cagy < 0.006 pF
Amnll‘;;gn-l e2n tand Control grid-all other electrodes. . . . . . . Ch =53 pF
sequence of contacts. Anode-all other electrodes . . . . . . . . . C, =171 ©pF
vooowr  —f===) e
—il | Snguing 1 _l
" 4 A - )
Lsnng vi ( o Skez é??alﬂl/l !
— || —3 )
IR
|57 = Vb
= Fig. 3
i Circuit diagram {llustrating the symbols em-
_ t ployed in the Operating Data
39674
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DF 21

OPERATING DATA, valve employed as R.F. and LF. amplifier

Anode voltage . . . . Vg
Screen voltage . . . . Vg,
Suppressor grid voltage Vg,
Grid bias
Anode current . . . .
Screen grid current . . I,
Mutual conductance. . S
Internal resistance . R
Gain factor in respect of
screen grid

Anode voltage and supply
voltage to screen grid
resistance. . . . . . Va

Suppressor grid voltage Vs

Screen grid resistance . Ry,
Grid bias . . . . . . Vo
Anode current . . . . I,
Screen grid current . . Ig,
Screen grid voltage . . Vy,
Mutual conductance. . S
Internal resistance . R;
Gain factor in respect of
screen grid < - Hgagt

1) Valve not controlled.

2) Mutual conductance controlled to

OPERATING DATA, valve

tance coupled.

I

-0
=1
=0

I

=2

0
=1

=2

Ve

A
2 mA
.25 mA

700

30

VY
.2 mA

0.25 mA
90
700

5

=30

1/100.

Battery voltage. . . . Vp = 90
- ——

Anode resistance . . . R, = 0.5
Screen grid resistance . Bj, = 2
Grid bias . . . . . . Vgr = —05
Anode current . . . . I, = 0.10
Screen current . . . . I, = 0.02
Required alternating grid

voltage for an effective

output voltage V, efr

=3V. ... ... Vieg = 0.043
Voltage gain . . . . . Vo/Vi= 69
Total distortion at an

alternating  output

volta,ge Vo eff = 3V dtot = 1.2

— 4.5V

90V
90V
(U
—0.6 V1)
0.85 mA
— 0.18 mA
7 nA/V 6820
> 10 M Ohms | 3

—35V?)

30

120 V

oV
0.12 M Ohms
—0.56 V1)
1 mA
0.21 mA
95
660
3

120V
TuA/V
> 10 M Ohms

30

—3.6 V)

6.2 uA/v
> 10 M Ohms

—48V?)

120V
6.6uA/V
> 10 M Ohms

employed as A.F. amplifier, resistance-capaci-

\% 120 V
o — e e— i —
0.2 M Ohms | 0.5 0.2 M Ohms
1 M Ohm 2 1M Ohm
—05V —0.5 —0.5V
0.17 mA 0.15 0.28 mA
0.034 mA 0.032 0.056 mA
0.056 V 0.035 0.044 V

53 85 68

1.6 9, 0.8 0.75 9%
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DF 21

MAXIMUM RATINGS

Anode voltage . . . . . . . . . . .. .. ... .. Vg = max.
Anode dissipation. . . . . . . . . ... ... ... Wg = max.
Screen grid voltage . . . . . . . . .. ... . ... Vy = max.
Screen grid dissipation . . . . . . . . ... ... . Wy, = max.
Cathode current . . . .. .. .. 1 = max.
Grid current commences (Ig1 = +03 ,uA) ..+« . .. Vs = max.
Max. external resistance between grid and flament . . Ry = max.
Minimum limit of filament voltage . . . . . . . . . . V;y = min.

Maximum limit of filament voltage.

3
I

APPLICATIONS

max.

136 V
02 W
135 V
01 W
2.6 mA
—02V
3 M Ohm
1.1V
15V

As already stated, the DF 21 can be used for R.F., LF. and A.F.amplification. The
maximum anode voltage is 120 V and screen voltage 90 V. If the battery voltage
is in excess of 90 V it is advisable, when employing the valve as R.F. or L.F. amplifier,
to feed the screen through a resistance (sliding screen voltage). If the valve is not
controlled, no grid bias is necessary, but at higher screen voltages than 90 V grid bias
must be applied to avoid exceeding the values specified for anode and screen dissipation

and cathode current.

gt) Suam
I, 20000 CE ol ln}”Hm’
11T
'90-120 [ va . 90-120] A
% 0 Yoaa OV W YVNA
b1 ) A
LA f / 1
e 1000 A :
Voat20V | / / 1
3. 120V | 17 R922012M0[T]
Rg2.012 MO AT A I T <+ 100
i/ A J 3
,% Y 4 E
YifY ]
" )
S ,/ w0
s Hikil
ITaini / / 1o
[ | 3
]
/ 1 T T
N IANAES f % N ] |
£ NN ST Al
SIS SIRIRISIS SIS JEEEERRES
) ’ U 3
&
J ] ‘ 7 14
-8 v -6 -4 -2 [/] -8 W) -6 -4 -2 0
348077 34678
Fig. 4 Fig. 6
Anode current as a function of grid bias at Va Mutual conductance as a function of grid bias,
= 80 — 120 V, with Vg, as parameter. The at Vi = 90— 120V, with Vg, as parameter.
broken line represents the conditions for the The broken line represents the conditions for
controlled valve, with the screen fed from the the controlled valve, with the screen fed from
120 V source through a resistance of 0.12 M the 120 V source through a resistance o 0.12 M
Ohm. Ohm.

88



DF 21

{z(mA) 3as7¢
2177 T ITT T or 77 5-009)
HFL- Vg2 90 s .
H-Hp3= O ¥V
‘ I ERRES
H H -
By g anm VgI-O‘V nng
T Tt
T =425V
Fr ; FEET 08V THY
N/ &4 = i RERER o 4
o5 B T ik
4 | ENSgaEENENENNEEREN
28 amsananas
0. = mammat - - T T
0 50 100 150 200 25

Fig. 6
Anode current as a function of anode voltage, at Vg, = 90, with Vg,
as parameter.

1g2(mA)
s.
) sagus TTT T T ERSpERE ]
sEasl pana; T HHE ; HHH
T S HHHH t T
s ] LT rat T
S i : :
ans Iy T 1
(g sesssass: i
] T
H T
1 t
H= H :
& t ]
Q3= 7 TR
gt = !
_.‘“ . {l S
I AT R 8
e 1 o
025% A
)2 I8NE” 4 T PN
1 ' ] Z 47
aans! 4 Sa2%)
Py ; Y
naASE n 4 H U
HH AREa
a1 }L » M
! T ins
T T 7, T "
s e : a5
(T + 1 - v
1 T 1 ITTT] |8
ofE agaasisagse i 15520 T
40 60 80 100 120 Vg2|v) 140
<1098
Fig. 7

Screen current as a function of sc'reen voltage, at Va = 90—120V,
with Vg, as parameter.



DF 21
VilmVerr) 34830 Vilm¥err) — J‘Mitl
i 12~ T |l orn r3-v-
B T o ez R
[ i | i
000 R =T e 000 THHT s
HE e S i
myii i I T
T |yl Jmust
|RANE L »_' /1, 1'
PR | R e
§ L T P 4 T] T
i | I
M } R
T — = — e
i3] — i I
M T ! 1
R b e I L 111
)R} . [ I T
T 1 i LT
0 100 1000 _S 10000
HH ! an T
o) Sesh H——FrH
e HHilVaaVba 120V
HRg2a 0,12 MO
s it Wg3= OV
S o | I
i i S
T ‘ yd IaJ
T N <. L
2 - ny eyl -2
RI i E N 1 ) /\’;“ \‘\ \ % L
1 ] i L H 2\ T T
] ! 1 ot e :
o=~ %%ﬂ! = imEa 0 3 snsmun: ) G—. I
! 0 100 1000 0000 10 100 1000 10000
lalue4); Ig2(uA); S(uA/V).Ri(MO) Ie{uA); Ig2uAl; SWAN).RI(MN)
Fig. 8 Fig. 9
Upper diagram; Effective value of alternating Upper diagram. Effective value of alternating
grid voltage as a function of mutual con- grid voltage as a function of mutual conduc-
ductance with 1 9, cross modulation, at Va = tance with 1 9, cross modulation, at Va = Vg,
Vg, = 90 V. = 120 V.
Lower diagram. Mutual conductance S, anode Lower diagram. Mutual conductance S, anode
current JIa, screen current Ig, and internal current Ia, screen current Ig,, and internal
resl.tance Ri as function of grid bias, at resistance Ri}as function of grid bias, at
Va=Vg,=90YV. Va= Vb =120 V.

When the valve is employed as R—C coupled A.F.amplifier, it is necessary that the
input voltage, to give an output of 50 mW (sensitivity), be not less than 25 mV, if
microphony is to be avoided. Standard precautions have to be taken in the case of
series-parallel circuits (p. 82).

It should be noted, further, that although the data supplied with respect to R.F. and
IL.F.amplification includes a setting of the valve with 0 V grid bias in the uncontrolled
condition, the possibility of grid current occurring is not wholly absent (the limit value
at which grid current commences to flow is —0.2 V). As a general rule, however, the
amount of grid current will be negligible and not give rise to any difficulties, since the
DF 21 usually has sufficient grid bias by reason of the A.G.C. The advantage of this

setting is that the valve, when not controlled, needs no separate source of grid bias
(e.g. from a battery).
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DF 22 variable-mu R.F. Pentode

The DF 22, a directly heated variable-mu R.F. pentode, has a filament
voltage of 1.4 V and takes a current of 50 mA. This is double the
current required by the DF 21, but on the other hand, the mutual
conductance of this valve at V5, = —1.5 Vis 1.1 mA/V, a8 compared
with a maximum of 0.7 mA/V in the case of the DF 21.

Due to the variable-pitch grid of the DF 22, the characteristics of
this valve are also very much better than those of the DF 21 as
regards cross modulation. The minimum point in the cross modu-
lation curve (K = 19,) lies at a mutual conductance of 200
4A/V, at which point the permissible alternating voltage of the inter-
fering signal, at 30 % modulation, is 55—60 mV (effective). With the
DF 21 the minimum occurs at 20 uA/V, with an allowable alternating mmemf;‘g; }x-] om
voltage, for 1 9, cross modulation, of about 20 mV.

FILAMENT RATINGS
Filament supply: direct, from a battery, with rectified A.C., or D.C.

Series or parallel supply. i
Filament voltage . . . . . . . . . . . .. .. Vi=14 V 9"2'
Filament current . . . . . . . . . . . . . .. I; = 0.060 A
CAPACITANCES

Anode-control grid . . . . . . . .. .. .. Cagr < 0.006 pF
Control grid-all other electrodes . . . . . . . Cp = 6.0 PpF
Anode-all other electrodes. . . . . . . . .. C, = 68 pF

OPERATING DATA: valve employed as R.F. and L.F. am-
plifier

Anode voltage . . . . . . Ve = 90V
Screen grid voltage . . . . Vg3 = 90V
Suppressor grid voltage . . Vy3 = ov
. . T p——
Grid bias. . . . . . . .. Voo = —15 V) —6 V)
Anode current . . . . . . I, = 14 mA —
Screen current . . . . . . 1, =03mA — 4626
Mutual conductance . . . . § = 1100 u A/V 11 uA/V Fig. 2
Internal resistance . . . . B; = 1.5M Ohms > 10 M Ohms  Arrangement and
. . sequence of
Gain factor in respect of contacts.
screen grid . . . . . . .. Ugegr = 26 —
Anode and supply voltage . . . . . Vo= V» = 120 V
Screen grid resistance . . . . . oo .. Ry = 0.1 M Ohms
Suppressor grid voltage . . . . . . . . . Vga = ov
3 - T T —— " et~ _
Grid bias. . . . . . ... ... .... Vpp = —L5 V)  —8 V3
Anode current ....... . .. ... ... I =14 mA —
Screen grid voltage . . . . . . . . .. . Vg =90V 120 V
Screen grid current . . . . . . . . . . . I, =03mA —
Mutual conductance . . . . . . . . . . . S = 1100 xA/V 11 uA/V
Internal resistance . . . . . . . . .. . R; = 2.56MOhms > 10 M Ohms
Gain factor in respect of screen . . . . . Bgan = 26 —
') Valve not controlled. ') Mutual conductance controlled to 1/100.
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MAXIMUM RATINGS

Anode voltage . . . . . . . . . . . ..., Vo = max. 135 V
Anode dissipation . . . . . . . . . ... ..., Wg = max. 02 W
Screen grid voltage . . . . . . . . . . . ... .. Vgs = max. 135 V
Screen grid dissipation . . . . . . . . . ... . .. gs = max. 0.1 W
Cathode current . . . . . . . . . . ... .. ... I; = max. 3 mA
Grid current commences at (I;, = 403 pA). . . . . V, = max. —02V
Max. external resistance between grid 1 and filament. . R,; = max. 3 M Ohms
Minimum limit for filament voltage . . . . . . . . . Vi) = min. 1.1V
Maximum limit for filament voltage . . . . . . . . . Vy = max. 15V

The valve can be used for R.F. or I.F. amplification, but, although the screen voltage
may certainly be 135 V, the maximum permissible screen dissipation is 0.1 W. If &
120 V H.T.battery is to be used, it is advisable to feed the screen through a resistance
of 100,000 Ohms: this will reduce the voltage to 90 V, if no control is applied to the
valve. This method of feeding by means of a resistance is simpler than direct feeding
by plugging into the 90 V battery-tapping and has the additional advantage that it
provides a sliding screen voltage, which is better from the point of view of cross modu-
lation than a fixed potential.

Standard precautions must also be taken in the filament circuit (see p. 82).



DK 21

DK 21 Battery Octode

This is a frequency changer for superheterodyne battery receivers _max36,
designed for use with an octode. It is a directly heated valve with
a filament voltage of 1.4 V and is therefore suitable for operation
by means of a dry battery. The filament current at the rated vol-
tage is only 50 mA and the filament can be connected in series
with other 50 mA valves.

The principle of the DK 21 departs to a certain extent from that
of conventional octodes and pentagrids, although the first grid is
none the less employed as oscillator grid and the fourth as control
grld'. . . 34816
As in the case of the octode EK 3, which works with four electron

streams, the DK 21 follows the multi electron-stream system. Fig. mmeﬁ;{‘{mls in mm,
4 shows a cross section through the electrodes, in reference to
which the working will now be described.

In the conventional type of octode (e.g. AK 2), the potential
in the plane of the control grid is sufficiently positive due to
the first positive screen (usually designated g;). In the DK 21,
however, the first screen is omitted (see Fig. 4) and its function
taken over by the oscillator electrode g,, consisting of 4 rods: Figs.
3 and 4 show how these rods are mounted in relation to the first
grid; their influence across the first grid is such as to render the
emerging electron stream sufficiently strong. The streams flow
mainly between the rods to the control grid g,, but a small portion
arrives directly at the oscillator electrode g;. In this way the electron
streams are not
dispersed by - the
turns of a screen
grid, after the man-
ner of the ordinary
octode or heptode Py
(pentagrid): i gy g
other words, the Arrangement and
electrons are not °°1UeRee Of cons
deflected in various

arbitrary directions, but move in
an orderly stream along predeter-
mined paths, and this has a very
beneficial effect on the conductance
of the 4th grid as also on the con-
version conductance of the valve,
which is proportional to it.
Assuming that all electrons move
towards the 4th grid at the same
velocity, at a certain potential in
the plane of the 4th grid they will
all continue to flow in the direction
of the anode. At a slightly lower po-
tential all the electrons will return

Fig. 3 simultaneous],
Photographic view of interior of the octode DK 21 . Y-
(without anode). This means that the conductance of
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J4960

Fig. 4
Diagrammatic cross section through the electrode
system of the DK 21,

the 4th grid is extremely good. On the
other hand, when the electrons are
deflected more or less laterally by
the turns of a screen grid, not all of
them move towards the 4th grid at
the same velocity: due to the deflec-
tion, velocity in the direction per-
pendicular to the grid is reduced,
whilst the velocity component in the
tangential direction is increased. In
the DK 21 this latter component, as
far as return of the electrons before
the grid or their movement towards
the anode is concerned, does not play
any part at all. If the electrons move
at different velocities on their way to
the grid, some of them will return
from the grid at one voltage and some
at another, which considerably re-
duces the conductance of the 4th
grid.

Most pentodes and heptodes have a screen grid wound in such a way that it produces
streams of electrons in the most divergent directions, and the conductance is then
8o much the lower, but in a valve constructed on the electron-bunching principle,

the conductance is very much greater.
In the octode having four electron bun-
dles, as mentioned in part II (see p. 106),
this electron bunching is carried out by
means of slots in the positive screen plates,
whereas in the DK 21 the four rods of the
oscillator anode serve the same purpose. In
this way a mutual conductance of about
500 4A/V is obtained at an anode current
of only 1.5 mA, which is twice the figure
in respect of the. earlier battery octode
type KK 2.

The mutual conductance of the oscillator
section of the DK 21 is also improved by
reason of the special construction, in that
electrons that do not pass through the 4th
grid pass exclusively to the oscillator
anode. In consequence, the whole current
is available for purposes of oscillation and
it is due to this that the short wave
characteristics of the valve are so good at a
very low current consumption, altheugh no
control is possible in that range.

The principle of the octode, upon which
the construction of the DK 21 is based,
would involve the disadvantage of induc-
tive effects unless special precautions were
taken to prevent this. In the EK 2 and
EK 3 the effect is counteracted by inserting
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Va = 90— 120 V, with the voltage of grid 6
as parameter. The broken line shows the anode
current when the screen is fed from the 120
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Sclud/V!

2 = M e 1000 o coridenser, or condenser with resistance,
L A ﬂ"ﬂn_nj”. S0puF ‘EE_ { H ,ﬁ in series between the oscillator and con-
§ I gl el ls T £ trol grids (grids 1 and 4). The compen-
1k 2 _ﬂé‘l’lﬁ l‘sf_ IVifs dales sation is accomplished very simply with
(. 3 lwd / ? 6/ the DK 21, in that, close to the supports
TR TV ] of the 4th grid, two rods are mounted, in
2;1122%00 i y -‘ electrical contact with grid 1. In this man-
an ,J;LH{ T AT 0 ner a capacitance is established between
o] Ve 902120V 111407 N r 'i INE grids 1 and 4 which compensates capaci-
Ji‘ Zf',ﬁgm“ 2 LA ik f 4 1 tance between the oscillator anode g, and
ETTTT] A= 350000 71 i'f |/7 AT grid g, as well as that arising from the

i i |17 / /‘] ‘ electronic coupling.
J 4/;f A v The DK 21 is a variable-mu valve and
Y VLA g o can therefore be included in the automatic
F NNV NN g hnE gain control circuit. Since in most battery
AgRERE g;@ 1'2?,{@ !%-gé— LA aunannil receivers there is usually only a very smali
3 . '/171[1,/‘ il /L_%, JITT LN voltage available for the A.G.C., every care
LA LAY : % ] has been taken to ensure a sharp control.
A (W i | i To regulate the conversion conductance to
Ve !111[1/ 1 | ] 1/100 of the initial value the grid bias
I ‘/51 YT, should be about 8 V. In the short wave
- s;(w 75 -5 -25 0 range it is not advisable, in view of fre-
JI5298 quency drift, to control the DK 21, but at
Fig. 6 wavelengths of upwards of 200 m the drift

Conversion conductance as a function of grid . . .
blas at Va = 90— 120 V, with the voltage is sufficiently slight.
of grid 5 as parameter. The broken line shows
the conversion conductance when the screen is
fed from the 120 V source through a resis-

tance of 120,000 Ohms.

St So v
i >4
0 =Qf | | l
4 M -
< é/ll_ l//? C3=01uF Vb= 90V
AVC 2=100000)

+
34675

Fig. 7
Circuit diagram showing the Octode DX 21 employed as frequency-changer.
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FILAMENT RATINGS
Heating: direct, with battery, rectified alternating current, or D.C.; series or parallel.

Filament voltage. . . . . . . . . . . . ... . . ... .. Vi=14 V
Filament current. . . . . . . . . . . . ... .00 L. Iy = 0050 A
CAPACITANCES

Anode-control grid . . . . . .. ... ... Caga < 0.1 pF
Anode capacitance . . . . . . . . . . .. ... .. Cq = 9.4 pF
Control grid capacitance . . . . . . . . . . . . . . .. Cga = 9.2 pF
Oscillator grid capacitance . . . . . . . . . . . . .. .. Cgr+gs) = 7.0 pF
Oscillator anode capacitance . . . . . . . . . . . . . .. Cye = 59 pF
Oscillator anode-control grid . . . . . . . . . . . . ... Cys94 < 0.9 pF
Oscillator grid-control grid . . . . . . . ... ... .. Clgr+gar9s = 1.3 PF

OPERATION DATA FOR THE MIXER SECTION
a) at 90 V and with fixed screen grid voltage

Supply or anode voltage. . . . . . Vo = Vo = 90V
Screen grid voltage . . . . . . . . . Vs = 90V
Oscillator grid leak . . . . . . . .. Ry = 35,000 Ohms
Oscillator anode resistance . . . . . . Ry, = 12,500 Ohms
Current flow through grid leak of .

oscillator during oscillation. . . . . Ip 4 Iy = 200 A

o — .

Grid bias. . . . . . . ... ... Voa = 0w —6 V?)
Oscillator anode voltage . . . . . . . Vae =60 V —
Anode current . . . . . . . . ... 1, = 1.5 mA —
Oscillator anode current . . . . . . . Iy, = 2.4 mA —
Screen grid current . . . . . . . . . 145 = 0.25 mA —
Conversion conductance . . . . . . . Se = 500 uA/V 5 uA/v
Internal resistance . . . . . . . . . R; = 1.256 M Ohms > 10 M Ohms

b) at 120 V and with sliding screen grid voltage

Screen supply or anode voltage . . Vg = Vp = 120 V
Screen grid resistance . . . . . . R = 120,000 Ohms
Oscillator grid leak . . . . . . . . . Ryys = 35,000 Ohms
Oscillator anode grid resistance . . . Ry, = 25,000 Ohms
Current flow through grid leak of the .

oscillator during oscillation. . . . . Ip 11y = 200 puA

e — e ———

Grid bias. . . . . . ... ... Ve =0V —8 V?)
QOscillator anode voltage . . . . . . . Voe =60V —
Anode current . . . . . . . . . .. 1, = 1.5 mA —
Oscillator anode current . . . . . . . Iy, = 2.4 mA —
Screen grid current . . . . . . . . . Iy, = 0.25 mA —
Screen voltage . . . . . . . . . .. Vs =90V 120 V
Conversion conductance . . . . . . . Se = 500 pA/V 5 uA/v
Internal resistance . . . . . . . . . R; = 1.5 M Ohms > 10 M Ohms

1) Valve not controlled.
1) Conversion conductance controlled to 1/100.
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RATINGS AND OPERATING DATA FOR THE OSCILLATOR SECTION

Supply voltage . . . . . . . . . .. [ 43 = 90V 120 V
Oscillator anode resistance . . . . . . Ry, = 12,600 Ohms 25,000 Ohms
Oscillator anode voltage during oscil-

lation . . . . . .. .. ... .. Va = 60 V 60 V
Oscillator grid leak . . . . . . . .. Ry1a = 35,000 Ohms 35,000 Ohms

Current flow through grid leak of the
oscillator to give the required oscil-

lating voltage. . . . . . . . . .. I 4Iys = 200 A 200 uA
Oscillatoranode currentduringoscillation I, = 24 mA 2.4 mA
Oscillator anode current, quiescent

(Vose =0V; Vgg=060V). ... I, = — 3.1 mA
Mutual conductance at commencement of

oscillation (Voge =0V; Iy = 3.1mA) Sy = — 0.95 mA/V
Gain factor (Vose = 0V; Iy, = 3.1 mA) gy, = — 8.5
MAXIMUM RATINGS
Anode voltage . . . . . . . . . ... L. Vo = max.135V
Anode dissipation. . . . . . . . . . ... .. L. Wy = max. 03 W
Screen grid voltage . . . . . . . . . .. .. ... Vgs = max. 135 V
Screen grid dissipation. . . . . . . . . . . . . .. Wgs = max. 0.06 W
Oscillator anode voltage . . . . . . . . . ... .. Vge = max. 80 V
Oscillator anode dissipation . . . . . . . . . . .. Wy = max. 0.3 W
Cathode current. . . . . . . . . . . . . . .. .. Iy = max. 5 mA
Grid current commences at (I, = +0.3uA) . . . . Vy = max. +0.2 V
Max. external resistance between grid 4 and filament . . Rgy = max. 3 M Ohms

Max. external resistance between grid 1 4 3 and

filament . . . . . . . ... .. ... .. Ryy,sf = max. 0.1 M Ohm
Minimum limit for the filament voltage .11V
Maximum limit for the filament voltage max. 1.5 V

APPLICATIONS

The DK 21 was expressly designed for use as frequency-changer in battery super-
heterodyne receivers and more especially for sets in which the filament current is to
be as low as possible. The H.T.battery may be between 90 and 135 V and filament
voltage is taken from a dry battery, or an accumulator with resistance in series. This
valve will still work in conventional circuits when the H.T.voltage has dropped from
90 to 60 V and the filament voltage to 1.1 V, although, naturally, the conversion con-
ductance is then considerably less.

The external circuit of the DK 21 is extremely simple and Fig. 7 shows the arrangement
for use as frequency changer. It is advisable to couple the tuned oscillator circuit
to the first grid and to feed back by way of the oscillator anode, since this is the only
method of obtaining reliable oscillation when normal types of coil are used. To ensure
stable oscillation, the oscillator anode should be connected to the HT battery through
a series resistance and not direct to one of the battery tappings. Due to the construc-
tional details mentioned above, the inductance effect is negligibly small (max. induced
voltage about 0.4 V), and the consequent effect upon the conductance in normal
circuits is barely perceptible.

It is recommended that the positive side of the voltage be connected to pin No. 1 (see
Fig. 2), with which the suppressor grid is also in contact: this gives a higher conversion
conductance than in the opposite case. Finally, it should be noted that grid current
commences to flow only when the control grid carries a small positive potential, so
that no grid bias need be applied to this grid.
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Vac Vg5 = 90V
V92-60V
fg1.3= 350000

il

g1+1g3ipA)
382w

Fig. 9
Conversion conductance Sc, internal resistance
Ri, and alternating oscillator voltage Vose
(eftective) as a function of oscillator grid
current Ig, + Ig,, at Va = Vg, = 90 V.
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anode current 7a, screcn grid current Ig, and in-
ternal resistance Ri a8 afunction of grid bias.
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DL 21

DL 21 Output pentode

This is an output pentode for battery sets, operating on a filament

voltage of 1.4 V. The output power which this valve is capable of ﬁ'_
supplying is large, taking into consideration the fact that when 1
economical feeding from a dry battery is employed only a very small

amount of filament power is available. The sensitivity of the DL 21 9
is very good: on a filament current of only 50 mA and an anode

voltage of 90 V, the output power is 170 mW at an anode current —
of only 4 mA (10 % distortion). The efficiency (47 %) may thus

be regarded as excellent, especially when it is remembered that it is M ¥
much more difficult to attain satisfactory efficiency in low-current 34835
valves than with larger, mains-operated output valves. The output Fig. 1
power of 170 mW is naturally a compromise between the rating Dimensions inmm.
of the available batteries, their life and the desired volume of sound

and this compromise is admirably met by the particular construction a

of the valve. At a higher anode voltage the DL 21 will supply a ;
greater amount of power; at 120 V, on an anode current of 5 mA, the

output is 270 mW (10 %, distortion). The screen current is very low g2 93
and for practical purposes may be ignored; the efficiency, then, k g1
remains on the high side (40 %). The sensitivity (for W, = 50 mW) =

is 1.0—1.1 V. f of

An advantage of the low filament current of 50 mA is that it enables 34837

economical receivers to be designed, with the filaments of the valves
connected in series. The

nimA) current in the filament
4,  circuit is determined by 793
the valve taking the ,rl—ciy- S

most current (usually S

2 the output valve) and
50 mA circuits can 0 .
= therefore be employed 32836
0 with the DL 21, since Fig. 2.

the preceding valves can ~ Arrangement and
be selected from the “Z%ﬂiﬁﬁf;”
same series of 14 V

battery types, having

this same current of 50 mA or even less
(25 mA). The filament of the DL 21 may
be connected either in series or in paral-
lel with the other valves (for example in
AC/DC-battery sets). To avoid anode
ripple, the DL 21 should be connected
to the negative end of the filament
A2 circuit when series-coupled. With a view
‘ to heating the filament from a dry battery,
with consequent voltage-drop during the
life of the latter, the valve has been spec-
34841 ially constructed to be relatively insensi-
tive to under-heating.

-25 WIv)-20

Fig. 3
Anodc and screen current as a function of the
grid blas at Va = Vg, = 120 V.
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DL 21

‘)""W LoV -1y
- IR

e T

lg2-120v[it

Fig. 4

Anode current as a function
of the anode voltage at Vg,

=120 V, with Vg, as para-
meter.

0 50 /s3] 150

FILAMENT RATINGS

250

300 va(¥) 350

Heating: direot, with battery, rectified A.C., or direct current, series or parallel feed.

Filament voltage.
Filament current.

Capacity anode - control gnd

Vi =14 A
Iy = 0050 A

Cyy; = max. 0.5 pF

OPERATING DATA: valve employed as single output valve

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

Optimum value of matching remsta.nce

Output power

Total distortion. .
Required alternating gnd voltage
Sensitivity .

drot(%)
m .

Ve =90V 120 V
Vgs =90V 120 Vv
Vjp = -—30V —48YV
I, = 4 mA 5 mA
I;, = 0.7 mA 0.9 mA
S = 1.3 mA/V 1.4 mA/V
R; = 0.3M Ohm 0.36 M Ohm
R, = 22,500 Ohms 24,000 Ohms
W, = 166 mW 270 mW
die = 10% 10 %
. Vig =21V 32V
Vieg (Wo = 50 mW) = 1.1V 10V
Vi(Verr)

v _JA._

Fig. 5

Total distortion and required

|
T

alternating grid voltage as

function of output. power at
Va = Vg, = V.

1

I
ERBEEpEES
[

1o

o1

025 ‘Wo(W} 03
34843
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DL 21
1mA)

Anode and screen curreftf%sgmnction of grid bias at -
Ve = Vg, =90 V. - == . :

"8 VYoI(v) -6 -4 -2 0

34838

MAXIMUM RATINGS
Anode voltage . . . . . . .. ... ... ... .. Vs, — max. 135V
Anode dissipation . . . . .. ... ... ... .. Wy = max. 07 W
Screen grid voltage . . . . . . . . . .. .. ... Vgg = max. 135 V
Screen grid dissipation . . . . . . . . . . .. . . Wgs = max. 0.2 W
Cathode current . . . . . . . . . . . . . ... . . I; = max. 7 mA
Grid current commences at (Ig; = + 0.3 pA). . . . . Vg1 = max. —0.2 V
Max. external resistance between grid 1 and filament . By = max. 2 M Ohms
Minimum limit for filament voltage . . . . . . . . . Vi = min. 1.1 V
Maximum limit for filament voltage . . . . . . . . . Vi = max. 15V

Vi
+
6 l]' Fig. 7
1 N T 1"'#1;; 2 } 8 Anode current as a function
1;1’; I ‘H T of anode voltage at Vg, =$90
oL ST V, with Vg, as parameter.
0 0 100 150 200 250 Va() 300 9. 88 D



DL 21
1ot (%) Vi Ves,
APPLICATIONS T A T

The DL 21 is intended Yoz= 0% 3
as output valve for bat- Ra=235 k¥
tery receivers working
with a very low filament T
current and giving a g - f >
comparatively high out- HA TR
put. For receivers 1 ! r 1
which are required to ;
give higher output pow- dim - "IH’
er, the double pentode :
DLL 21 should be used. 4 i t + !
The value of the grid W= a6 i :
leak must not be in :
excess of 2 Megohms 9 oo o o G5 Wo (i)
and grid bias should for 55320
preference be supplied Tig. 8

by means of a resistance mota) qistortion and required alternating grid voltage as a function of
between the negative output power at Va = Vg, = 80V,

side of the filament vol-

tage and the negative terminal of the H.T.battery. In the case of a fixed bias, the
grid leak may not be greater than 1 Megohm. As explained at the commencement of
this section, the very low filament current of the valves in this D-series, as compared
with that of the K-type, is due to the use of an extremely thin filament wire, and
the reduction in the thickness in some cases necessitates special precautions against
possible damage to the filament: such precautions will now be explained in reference
to Fig. 9.

Before the anode and filament voltages are switched on, the potential between the
grid and filament of the output valve will be equal to Vg; in circuits in which grid
bias is obtained in a manner other than that indicated it is then zero, or, at any rate,
very small indeed. As soon as the voltage is switched on, a voltage surge, + V,, occurs
however at the grid of the output valve across R, and C. Usually R, is low as compared
with R,, so that, at the first moment, practically the whole anode voltage V4 occurs
at the grid. Condenser C then gradually charges across R, and ultimately absorbs
the whole voltage V4, with the result that the grid is restored to its initial potential ( V).
The curve in respect of this voltage at the grid of the output valve is shown in Fig, 10
as a function of the time, for the conditions where C = 5000 pF and R; = 1 Megohm.
Although the duration of the excess voltage is only quite short (of the order of 0.01
seconds), it is nevertheless sufficient to cause a flashover which is immediately followed
by an even greater discharge in the
anode circuit, and the very thin fila-
ment is, generally speaking, unable
to withstand such discharges. At
the same time, if the same voltage
be applied to the “‘cold” valve the
flashover will not occur. It may
be concluded that despite the war-
ming up period of about 0.01 seconds
the temperature of the filament is in-
creased very considerably in & very
Fig. 9 much shorter time. ) )
Cireuit diagram of the A.F. section of a battery receiver. 1his phenomenon can be avoided in
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several ways, the simplest method being to bridge the switch in the anode circuit with
a resistance of some Megohms: the anode voltage will then be already applied to the
valve when the filament current is switched on and, when the resistance is shorted
out by the closing of the switch, no further
voltage surges are possible.
Moreover, if for any reason a short circuit should
occur in the receiver when not in use, the resis-
tance across the switch will sufficiently limit
the anode current.
If, however, a potentiometer is fitted on the other
side of the switch, between the positive and nega-
ao? 202 003 qu.‘;,c tive anode leads, the method of protection de-
+769¢  geribed in the foregoing cannot be adopted, but
this will not often be the case, since battery
Yolt. th gégéflghe sutput valve as operated receivers to limit anode current do
a.(f)u;(‘:;ti:xf of zhga.rgingtlmeof Shegrid con- Dot usually include a potentiometer. Never-
denser C in Fig. 9. theless, if a potentiometer is provided, one
solution is to fit & double-pole switch, so arranged
that anode and filament voltage are not switched on simultaneously. Fig. 10 shows
that it is only necessary to close the switch for the anode voltage some hundredths of
a second before applying the filament voltage, in order to avoid surges.
Another method is to smooth the anode voltage of the penultimate valve by means
of a resistance and relatively large condenser, so that the surge occurring at R, takes
place very slowly when the set is switched on, and is reproduced only very weakly
by the condenser C. The time-constant of this smoothing circuit should therefore be-
high in comparison with that of R,—C, the method necessarily involving use of an
extra condenser and resistance.
Finally, it should be noted that the phenomenon in question can also take place in
other than output stages, in fact in every case where the valve is coupled capacitively
to the anode of the preceding valve, but as far as these other valves are concerned
the consequences are always less seriots, in view of the lower anode voltages involved.
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DLL 21 Double output pentode ’Im.ﬁ‘—»

In many instances the output stage of a battery receiver, especially
where a fairly large output is required, will consist of two triodes
or pentodes or, alternatively, a double triode or pentode in a push-
pull circuit: in order to keep the anode current as low as possible,
the circuit is then usually of the Class B type. I &
As far as the possible saving in current is concerned, it is imma- 34671
terial whether two triodes or two pentodes are employed, and it is Fig. 1

of no more importance whether two separate valves or two valve. Dimensionsinmm.
systems in a common envelope are used; the ultimate choice between a a

two individual pentodes or triodes, or two such valves in one, is
governed by the requirements laid down in respect of quality of
reproduction and filament current consumption, as well ag by consi- g3
derations affecting the layout of the receiver. 921’ == S?,'
If the advantages and disadvantages of individual or double triodes g g
or pentodes are weighed up, these may be summarised as follows:

.

Advantages of an output stage with two triodes or a double triode

la) When two triodes are used, or one double triode, it is usual to
select a type of valve that requires no grid bias in Class Bg&
circuits. The full battery voltage is then available for the
anode, and two triodes therefore give & slightly greater output.

&

9

f
f ’
2a) The absence of screen grid feed and grid bias tends to simplify | 0 2 _

construction of the receiver.

Fig. 2

. . . . t and
3a) A triode, or a double triode, is a simpler valve than a pentode A‘;ﬁgﬁﬁﬂ‘;"o{’“

or double pentode. contacts.

Fig. 3
a. Oscillogram showing the distortion occurring b. Osclllogram showing the distortion ocurring
in a Class B output stage of two triodes in which in an output stage of 2 pentodes without grid cur-
grid current is flowing. rent. It will be seen that the distortion is caused
almost exclusively by the third harmonic.
In both oscillograms the fundamental frequency has been flltered out.

Disadvantages of an output stage with two triodes or a double triode

1b) Since the anode voltage available in a battery set is on the low side, it is not
possible to obtain satisfactory efficiency when it is stipulated that the valve must
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it ad not run into grid current. When triodes
‘ are employed the valve must therefore
el b s v be modulated in the region of positive
H T .,r;’} : '“*"I: Hib— o, grid current, which, even when a driver
ey ya_ygz_,ss"z:/,,_a 2004 ﬁ - stage is included., generally leads to dis-
L 7‘?; za-zgg-gg‘; fx-gfggﬁ = tortion. The distortion in an output
T 4_“,‘:: ng: 90V - 1-0,100 A {H ;E stage comprising two triodes running
SRR susansSeabayy pumamn 20 into grid currcnt, as well as that of a
sHasaraREpREmanE *F'FH? HHHEA L stage consisting of two pentodes without
T -

T

1

1

L R

N

‘j:*& |

]F" e = 1,‘ grid current, may be ascertained from
o - the oscillograms shown in Figs. 3a and
snsBESe =it yaRusna g b. In both these oscillograms the fun-
il 1+ damental frequency has been filtered
out, in order to give a true picture of
0 the actual distortion. Whereas in the
H case of the two pentodes the distortion
is almost wholly due to the 3rd har-
monic, much higher harmonics occur in
the case of the two triodes with grid
current.
! ‘ 2b) With a double triode, driver stage
T T EEZ : ==, must be employed to supply the grid
=201 -15 -1 -5 [ current for the output stage and, since
the object of this stage is to provide
Fig. 4 power, it is usual to use a valve opera-
acction ‘of the DLL 31 sa s Tungbion of the ting on a relatively high filament
grid bias at Vf = 1.4 V, in respect of diff- current.
erent values of anode and screen voltage and 3b) The last stages must consist of two
filament current. .

valves, a driver and an output valve.

From these considerations the following conclusions may be drawn:
If the filament current of a receiver does not need to meet very stringent requirements,
as when supplied by an accumulator, the choice between triodes and pentodes is gov-
erned firstly by the re-
quired quality of repro-

duction.
Since quality is not such
an important factor in
the cheaper types of re-
ceiver, however, it will
often be preferable to
employ triodes for the
output stage, in order
to simplify construction.
On the other hand, if
high quality reproduc-
tion is demanded the
pentode is normally
given preference. The
K-series of valves, de-
gigned in the first place

for accumulator feeding,

Fig. 5
includes therefore Anode current of one of the sections of the DLL 21 as a function of the
doubl ; & anode voltage, at Vg, = 90 V, Vf = 1.4 V and If = 100 mA, with Vg,
ouble triode: there ag parameter.
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DLL 21

gletflV)
op (%)

would be room for a
double pentode for qua-
lity receivers, but since
in this class of receiver
it is not 8o necessary to
limit the number of
valves there isno reason
why two separate pen-
todes cannot be used.
When dry batteries are
used the situation is,
however, very different,
a8 a saving in-filament
current is then of the
first importance. The
wow) g3 1.4 V range of valves

“"?  has therefore been made

1 Jf=0,1004
T| Va=Vg2«90V
Wi<-575v

Fig. 6 .
Total anode current and screen current, total distortion and required alter-  t0 include & double pen-

nating grid voltage per grid as function of output power of the DLL 21 .
used 58 Class B amplifier at Vb — Va ~ Vs 90 V: Vi= 14 Vana tode for use in low-
If = 100 mA. priced sets, 8o that this

range offers both a single
and a double pentode, but no double triode. The double pentode is the DLL 21,
each half-section of which has two filaments, the arrangement of the contact pins
being such (see Fig. 2) that either one or both filaments can be employed, as demanded
by circumstances; it is thus possible to feed
the filament in the following different ways: A

A. feed voltage 1.4 V, current 100 mA, ; inn A3 HH T H
B. feed voltage 1.4 V, current 200 mA, -

C. feed voltage 2.8 V, current 100 mA. THH [

’: : 1 Vaalg2a13.

1 2 Vaalfg2
3.Vaalg2a 9

1

~adh

- =
]
]
—
—
i
i
Be SO
+
s o Bitw

\
<3

999
1888 HrH
+ BB

L
88
ST XN

The last mentioned method of wiring is r
of especial importance in connection with 1
the application of the valve in AC/DC- :
battery receivers. | = ]
When the filament is connected as in A) i
(100 mA, on 1.4 V), the valve delivers 300 HET
mW at an anode and screen voltage of 90 [ 8

V, the distortion in that case being 2.8 s

%. At an anode and screen voltage of
120 V the output is 600 mW at 3 % [T
distortion. The required alternating grid
voltage is extremely low, with consequent 71T
low distortion also in the preceding stage;  |+1 {1 BT
at 90 V the voltage in question is 4.8 V !

. Vaa

4.: 4 Ly
per grid and at 120 V only 6.8 V. = ] ‘HH H
With the filament connected as in B) or o e AT
C) (200 mA at 1.4 V and 100 mAat 2.8V [ A
respectively), the output power is 1.2 W -2 wi(j -5 -0
at an anode and screen voltage of 120 V, ¥ig. 7
or 1.5 W at 135 V. Anode and screen grid current of one pentode

section as function of grid biasat Va = Vg,
=90V,120Vand 135V, Vf = 2.8 Vand If =
100 mA.
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FILAMENT RATINGS

Heating: direct from a battery, rectified A.C. or direct current: series or parallel.

Filament
Filament

voltage (fe, gs, 95’/ f)

Filament
Filament

voltage (fc, g, 957/ f5 /)

Filament
Filament

................

current. . . . . . . . . 0 0 e e e e e e e e e e e

current. . . . . . . . . . Lo o e e e e e

OPERATING DATA: valve employed as Class B amplifier

Filament voltage. . . . . . . . . . .. Vy
Filament current. . . . . . . . . . .. Iy
Anode voltage . . . . . . . . . . ... Ve
Screen grid voltage. . . . . . . . . . . Vgs
Grid bias . . . . . .. . ... Vo
Standing anode current. . . . . . . . R P
Anode current at max. modulation 1g maz
Standing screen current. . . . . . . . . Iy,
Screen current at max. modulation . . . Iy, pmar
Optimum value of matching resistance .
(between anodes). . . . . . . . . .. Ry’
Output power at max. modul. . . . . . W,
Total distortion . . . . . . . . . . .. dtot
Required alternating grid voltage per grid V(ep)
Filament voltage. . . . . . . . . . . . Ve

Filament current. . . . . . . . . . . . Iy

Anode voltage . . . . . . . . . . . .. Va
Screen grid voltage. . . . . . . . . .. Voa
Grid bias . . . . . . ... ..., Vo
Standing anode current. . . . . . . . . 140
Anode current at max. modulation . . . I

Standing screen current. . . . . . . . . I

Screen current at max. modulation . . . Iy, mas
Optimum value of matching resistance
(between anodes). . . . . . . . . . . Rgo’
Output power at max. modulation. . . . W,
Total distortion . . . . . . . . . . .. deot
Required alternating grid voltage . . . . Vgyp)

110
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I

e

I

[ I

Vi =

Ve =

Capr
Ca'y’ < 0.6 pF

14 V
= 0.100 A

14 V
= 0.200 A

=28 V
= 0.100 A

< 0.6 pF

14V

0.100 A
90V 120V
0V 120 V
—5.7V —87V
2 X 1 mA 2 x 1 mA
2 X 3.0 mA 2 X 4.16 mA
2% 016 mA 2 X 0.16 mA
2x07mA 2X1l1mA
30,000 Ohms 30,000 Ohms
0.3 W 0.6 W
2.8 9% 39
48V 6.8V

14V

0.200 A
. et —_
120 V 135 V
120 V 136 V
—82V —94V
2 X 2 mA 2 X 2 mA
2x 76 mA 2X 88 mA
2% 036mA 2 X 0.36 mA
2 X 2 mA 2 X 2.3 mA
15,000 Ohms 156,000 Ohms
12 W 1.6 W
5% 3.8 9
7.0V 76V



DLL 21

Filament voltage . . . . . Ve = 28V

Filament current . . . . . Iy = 7 0.{90 A )

Anode voltage . . . . . . Va =90V 120 V 135 V
Screen voltage . . . . . . Vge =90V 120 V 135 V

Grid bias. . . . . . . . . Vo =—59V —81YV —95V
Standing anode current . . Ig, =2 X 1 mA 2x 16mA 2X 15mA
Anodecurrentat max.modul. Igmez =2 X 44mA 2 X 7.1mA 2 X 8.2mA
Standing screen current . . Igy =2X02mA 2Xx025mA 2X0.25mA

Screen currentat max.modul. ZIy;mgz = 2 X L3 mA 2 X 1.9mA 2 X 24 mA

Optimum value of matching
resistance (between anodes) R, = 20,000 Ohms 15,000 Ohms 15,000 Ohms

Output power at max. modul. W, =056 W 1.1 W 1.5 W
Total distortion. . . . . . deot =299% 2.8 % 3.6 %
Required alternating grid vol.

tage. . . . ... ... Vaetr =49V 64 V 74V

MAXIMUM RATINGS

Anode voltage . . . . . . . . . .. . Va = max. 135 V
Anode dissipation (per section). . . . . Wg = max. 0.5 W
Cathode current
(per section) . . . I at Eg _ %gg 2112: II;){ _ ;‘; ggz = max. 26 mA
at I;=100mA, V=14V = max. 12 mA
Screen grid voltage . . . . . . . . .. Vs = max. 136 V
Screen dissipation (per section). . . . . Wy (Vg =0V) = max. 0.1 W
(Wo = max.) = max. 04 W
Grid current commences at . . . . . . Vgr (Igy = + 0.3 uA) = max. —02 V
Max. external resistance between grid
and cathode . . . . . . . . . .. . Ry = max. 1 M Ohm
Minimum limit for filament voltage. . . Vy = min. 1.1 V
Maximum limit for filament voltage . . V; = max. 1.6 V
(mA,

251+

= T
T

A i r o F

0 50 100 150 200 250

Fig. 8
Anvde current of one pentode section as function of anode voltage at
Vg = 120 V, Vf = 1.4 V and If = 100 mA, with Vg, as parameter.
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Wlerr(V)
ot (%) ImA)
[ pereurppassnnpnassnanpanna: LEGARSNE S & REEE. R T sz Foa 0
: HWra14V [SEERERAREIEERasE: *
f201004 T at
Va < vg2. 120y T = T R H
vgr=-87v l4iH i HRTIH AR Ho
Raa'-300000 T Saepas: v
ot by t yir
b4t 1 Fal
PR LRt 1
> T i
Fig. 9 i a
Total anode current and screen HErr
current, total distortion and Gtot I
required alternating grid vol- i ,“é’,‘ :
tage per grid as function ofout- 098 LE 2
put power, at Vb = Va = : REaasbxasaqiligs
;;a, =120V, Vf = 1.4V and ! 4 measEases
= 100 mA, in push-pull |17 2a = DI jFaahie i us
circuit. Push-p ofa = e 174 1+ - i‘ 0
0 01 02 03 04 as as wolw) 07
41159
FLLH-AHV7=0V
1 -0s5v
HLE ) warev
10|/ 0.2004)
15V |2 120v
7
R R 2
-3vH
TITIT
3.5V HHH
12
-45V}
£=-5V B H
; =+ -55V
i of Ehbd e P -6V
e 353 LU0 650 Fig. 10
o 4_9; 11 7y O Anode current of one pentode
Tk S T -zSV; { section as function of anode
e T e - voltage, at Vg, = 120 V,
@ B T Vf=1.4 Vand If = 200mA,
0. w3 sassusNLE AR with Vg, as parameter.
0 50 100 150 200 50
Wletr(V)
dtot (%) ImA)
20 I T T T RRAREERES 1] s a0
1 8237 g
FliZita0200A LIS B
Vae 92120V ImERs
M rwte -82v han
- THiRaa'=15000Q T 1
e % i
T =
T

11

$‘:

1 N}
1y i
H I
T [
L
Fig. 11 H : -
Total anode current and

screen current, total distortion

and required alternating grid
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Fig. 12
Anode current of one pentode section as function of anode voltage at
Vg, =136 V, Vf=1.4 V and If = 200 mA, with Vg, as parameter.

APPLICATIONS

The DLL 2] was designed for Class B output stages, or, with the two sections connected
in parallel, for Class A operation, but in view of the comparatively high anode current
the latter arrangement will seldom be adopted. In Class B circuits grid bias should
be derived from a battery. If a resistance were included in the negative side of the
H.T.battery for automatic biaging purposes the voltage would increase too much on
strong signals and distortion become excessive.

When employed in conjunction with a dry battery for the filament feed, the valve will
usually be connected as in A) above (i.e. 1.4 V, 100 mA).
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Fig. 13

Total anode current and screen grid current, total distortion and re-
quired alternating grid voltage per grid, as function of the output power at
Vb=Va = Vg, =135V, Vf =14 V, If = 200 mA in Class B circuit.
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DLL 21

Fig. 14
Anode current of one pentode section as a function of anode voltage
at Vg, =90V, Vf =28V and If = 100 mA, with Vg, as parameter.

Arrangement B) (1.4 V, 200 mA) is adopted when the valve is to be. fed from an
accumulator through a resistance, whilst C) (2.8 V, 100 mA), as already stated, is
suitable for AC/DC-battery sets. When connected in this manner the DLL 21 delivers an
output, at an anode voltage of 1356 V, which approximates that of a mains driven
receiver. If the set is to be battery fed and the current accordingly limited as much
as possible, the set will be switched over very often to the 1.4 V, 100 mA (A) method
of wiring. It should be noted that not only the filament but also the loudspeaker should be
suitably matched in this-case if the receiver is to give its maximum performance.
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Total anode current and screen grid current, total distortion and required
alternating grid voltage per grid as function of the output power, at
VPb=Va=Vg,=90V, Vf =28 Vand If = 100mA, in Class B circuit.
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Fig. 16
Anode current of one pentode section as a function of anode voltage at
Vg, =120 V, ¥Vf = 2.8 V and If = 100 mA, with Vg, as parameter.
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Fig. 17
Total anode current and screen grid current, total distortion and required
alternating grid voltage per grid as function of output power, at Vb =
Va="Vgy, =120 V, Vf =28 V and If = 100 mA, in Class B circuit.
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Anode current of one pentode section as a function of anode voltage
at Vg, =135 V, Vf =28 V and If = 100 mA, with Vg, as parameter.
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Fig. 19
Total anode current and screen grid current, total distortion and required
alternating grid voltage per grid as function of output power at Vb =
Va= Vg, =135V, Vf =28V and If = 100 mA, in Class B circuit.
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DM 21 Electronic indicator

The electronic indicator is the ideal device for tuning a receiver 27-28
with the greatest possible accuracy and without the slightest time  f——
lag. In the past battery sets have been handicapped, compared

with mains receivers, in that no electronic tuning indicators were
available for battery operation, but the gap has now been filled by
the DM 21.

This tube gives a reliable indication at an anode voltage of 90—120
V, but the lower of these two values should be regarded as absolute X
minimum; the DM 21 is therefore not suitable for receivers operat- 35290
ing on 90 Volts battery. Fig. 1
Another advantage of the indicator is that it always shows that Dimensiong in mm.
the set is switched on. In view of the possibility of feeding from a a s

dry battery, it was necessary to take into account the fact that the

tube should also work satisfactorily on a considerably reduced

voltage and the lowest limit for the filament voltage is actually

1.1 V.,

73-78

FILAMENT RATINGS

Heating: direct, from a dry battery, rectified alternating current,
or D.C. Series or parallel supply

Filament voltage . . . e e V=14V
Filament current . . . . . . e e e oo I =0.025 A
OPERATING DATA
Battery voltage . . . . . . . . Vp = 120V 90 V
Anode series-resistance . . . . . BR; = 2 M Ohms 2 M Ohms
Screen current (V, =0V) . . . Is = 0.25 mA 0.15 mA Fig. 2
Grid bias (@ =60°) . . . . . . V;, =0V oV A":eniegiﬁgto?nd
Grid bias (@ = 5°. . . . ... V, = —4V —3V contacts.
pe IslmA)
“H B
mmadd T +
g
st
L
o
jas=n
204H 11
psales
- w - -4 - [

J5294

Fig. 3
Screen current I's and shadow angle (3, measured at the edge of the screen,
as function of grid bias at battery voltages of 120 V and 80 V.
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DM 21

MAXIMUM RATINGS

Anode voltage . . . . . . . . . ... .. ... .. Vs = max. 135 V
Maximum screen voltage . . . . . . . . . .. .. .. Vs = max. 135 V
Minimum screen voltage . . . . . . . . . . .. .. . Vs = min. 90 V

Grid current commences at . . . . . Ve Iy = + 03 uA) =0V

Max. external resistance in grid circuit . . . . . . . . R; = max. 3 M Ohms
Minimum limit for the filament voltage . . . . . . . . Vi = min. 1.1 V
Maximum limit for the filament voltage . . . . . . . V; = max. 1.6 V
APPLICATIONS

As already stated, the DM 21 gives a reliable indication at an anode and screen voltage
of 90—120 V. Since 90 V is the lowest permissible limit, this tube cannot be employed
in receivers working on a maximum battery voltage of 90 V.

In the case of series-parallel circuits, precautions must be taken as given on p. 82.
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DAH 50

DAH 50 Diode heptode with space-charge grid

As the type number indicates, the DAH 50 consists of a diode
and a heptode. In contrast with existing combination valves in
which the different electrode-systems are mounted one above the
other, the diode and heptode of the DAH 50 are assembled side by
side and separated from each other by a screen.

The heptode should be regarded as a pentode with two special
grids (see Fig. 3): between the filament (1) and the first grid (8) of
the pentode part there is an auxiliary electrode (2), consisting of two
rods (connected to the filament), between which electrons are
bunched and forced to travel along certain paths. The second grid (4)
is a space-charge grid. As the reader will be aware, the latter makes
it possible for the valve to operate on a very low anode voltage: this Fig. 1
grid is maintained at the same potential as the anode and draws
away electrons from the cathode, so that a virtual cathode (5) is
established immediately in front of the control grid of the pentode.
It has been found possible by thig means to operate the valve at an
anode voltage of at most 15 V, at which potential the mutual con-
ductance is 0.65 mA/V.

Taking these two electrodes into account, the valve may be looked
upon as a heptode. The diode and heptode systems each have their
own filaments, the two being connected in series; one end of each is
attached to one of the pins of the valve, and the other ends are
joined inside the valve, the centre point being likewise connected to
one of the pins.

The voltage per filament is 1.4 V and the current 25 mA; the
filaments can accordingly be employed in series or in ‘parallel,

a8 desired. In parallel the filament voltage is 1.4 V and the
current 50 mA, whilst in series the voltage is 2.8 V and the
current 25 mA: however, if only one section of the valve is used,
namely either the diode or the heptode, the filament voltage will

be 1.4 V and the current only 25 mA.

The very low voltages on which the DAH 50 operates make

it suitable for use in extremely small receivers; for example, a

15 V battery for the anode and a pencil battery of 1.4 V for Tig. 2.
the filament, or 4 pocket-torch batteries of 4.5 V for both filament  Arrangement and se-
and anode may be used. Naturally, the output is not suffi-  1"*°° of contacts.
ciently high to drive a loudspeaker.

The DAH 50 is quite suitable for short-wave reception, since the input impedance is
still very good at wavelengths down to 6 metres. The valve is equipped with the 8-pin
base, with centre pilot,

Fig. 8
Diagram showing the working of the DAH 50. 1) = filament, 2) = au{li-
liary clectrode for bunching the electrons 3, 4) = space-charge grid;
5) = virtual cathode, 6) = control grid, 7) = screen grid, 8) = sup-
pressor grid, 9) = anode of the heptode section, 10) = filament of the
diode section, 11) = electron stream in the diode, 12) = anode of diode.

19578
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FILAMENT RATINGS
Heating: direct, by means of a battery; series or parallel.

Heptode section pins 1 and 8 filament voltage . . . . Vp =14V
filament current . . . . . Iy = 0.025 A
Diode section  pins 1 and 7 filament voltage . Vi =14V
filament current . . . . . I = 0.025 A
Diode-heptode pins 1 and 7 4 8
(parallel) filament, voltage . . . . . Vy =14V
filament current . . . . . I = 0.050 A
pins 7 and 8
(series) filament voltage . . . . . Vy =28 V
filament current . . . . . Iy = 0.0256 A
{a (mA)
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function of output pow-
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'1.4 Wolr.] put valve

39227
CAPACITANCES
Cogzs < 0.04 DPF Caa < 0.05 pF
Ca = 9.8 pF Cpsd < 0.001 pF
Cys = 173 pF Cy = 41 pF
STATIC RATINGS
Anode voltage . . . . . e L
Space-charge grid volta.ge N T
Grid bias . . . e 7T A
Screen grid volta.ge e e e e e e s V=18V
Suppressor grid voltage e e e e o V=0V
Anode current . . . e e e v s oo Iy =08 mA
Current to the space- cha,rge gnd Iy, = 1.5 mA
Screen grid current. . I, = 0.2 mA
Mutual conductance S = 0.65 mA/V

Internal resistance . . . . . . . . . . ... ... ... R = 009 M Ohms

Gain factor . . . . . u = 60
OPERATING DATA for use as A.F. amplifier valve
Anode voltage . . . . . . . ... .. V, = 15V
Suppressor grid volta,ge B = ov
Anode series resistance . . . ... Rg = 0.05MOhm 0.1 M Ohm
Series resistance, space- cha,rge and .

secreen grids . . . . . . . . . ... Ryiygy = 4000 Ohms 6000 Ohms
Grid bias. . . . . . . . .. .. ... Vg =0V oV
Anode current . . . R = 0.13 mA 0.07 mA
Current to space- charge a.nd screen grlds . Iga4 499 = L1 mA 0.9 mA
Gain factor. . . . . . . .. ... .. VoV = 12 15
Total distortion. . . . . . . . . . .. ot =20% 2.6 %
Alternating output volta.ge N 2y =1V 1V
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DAH 50

OPERATING DATA for use as output valve

Anode voltage . . . . . . .. Va = 16 V
Space-charge and screen grid
voltage. . . . . . . . . .. Vige 4+ g9) = 15V
Suppressor grid voltage . . . . Vg = (%
Grid bias. . . . . . . . . .. Vys = oV
Anode current . . . . . . . . I, = 0.8 mA
Current to space-charge and
screen grids . . . . . . . . Ige 4900 = 1.5 mA
Optimum value of matching
resistance. . . . . . . . . . Rg = 20,000 Ohms
Output power . . . . . . . . Wo = 0.5 mW 1 mW 1.5 mW
Required alternating grid voltage V.5 =02V 04V 0.56 V
Total distortion. . . . . . . . dyot = 1.6 % 49 7%
MAXIMUM RATINGS
Heptode section: Diode section:
Va = max. 25 V Va = max. 50 V
Wa = max. 0.06 W I = max. 0.2 mA
Vga = max. 15 V Vi (Ig = +0.3 gA) = max. —1 V
Wya = max. 0.025 W
Vae = max. 26 V
Wya = max. 0.01 W
I = max. 2.5 mA
Vya (Igs = +0.3 pA) = max. —04 V
Ryy = max. 3 M Ohms

APPLICATIONS

The DAH 50 is especially useful in small portable receivers with headphones, in which
it can be employed in all stages. In connection with the various applications of this
valve the following will be of interest.

For reception by means of headphones in a quiet room an output of 1 mW may be
considered sufficient, this being at a resistance of 4000 Ohms (the resistance value of
standard headphones), the equivalent of an anode current of 0.5 mA. Used thus, the
DAH 50 gives best results with automatic grid bias, as distortion due to grid current,
which occurs at I; = 0.7 mA, is avoided.

When used as A.F. amplifier with an anode coupling resistance of 100,000 Ohms, the
valve gives a gain factor of 15 at the maximum supply voltage of 15 V.

For detection sensitivity of the diode unit the characteristics of other battery diodes
in the D-series may be consulted.

InR.F. and I.F.amplification stages it must be remembered that the internal resistance
of 0.1 M Ohm damps the tuned circuit; therefore, to ensure a satisfactory relation
between selectivity and amplification, the anode may be connected to a tapping in the
primary circuit of the I.F.bandfilter. Alternatively, the damping may be compensated
by a moderately strong reaction back in the I.F.circuits. For example, if the anode
is connected to a tapping half way down the anode coil, the I.F.circuit is damped to
the extent of 22 X 0.1 = 0.4 M Ohms, but this need not neccssarily affect the IL.F.
circuit too much, even if the impedance is, say, 0.3 M Ohms. When the bandfilter is
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thus tapped on the primary side a gain factor of 30 may be
obtained.

By means of slight reaction back, it is further possible to
increase the I.F.gain by a factor of 2 or 3.

If required, the DAH 50 can also be employed as frequency-
changer, mixing being achieved by inducing the auxiliary signal
in the cathode circuit. The second grid is used as anode for the
oscillator section. There is, however, a slight difficulty here, in
that the cathode is directly-heated and each of the filament
circuits must include a reaction coupling coil; these coilsshould be
bifilar-wound and coupled to the tuning coil of the oscillator
circuit. It is found that good results are obtained in this case
only when the anode voltage is increased to 24 V, the nominal
voltage of 15 V being insufficient. Employing rather tight
coupling, a voltage of about 1.5 V can be obtained in the
anode circuit.

As is the case when the valve is used as I.F.amplifier, it is advis-
able to have a tapping in the anode circuit of the mixer valve.
The conversion gainfactor is 15. The circuit diagram No. VIII
on p. 142 shows a practical application of this valve in a baby-
midget set employing two such valves.

DAH 50

31301

Fig. 4
Fhe electrode system
of the DAH 50; on
the left the heptode,
on the right the
diode unit.
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Applications of the 1.4 battery valves in universal receivers

for AC/DC-Baltery operation

Working principle and problems in connection with the circuits

Apart from battery receivers, the D-series of valves also finds application in universal
receivers operated from batteries, A.C. or D.C. (known in short as ABC sets). This
type of receiver has the following features:

1) It can be operated, without any auxiliary apparatus such as vibrator converters
or other complicated devices, not
only from a battery, but also from
the mains, either A.C. or D.C. A
receiver of this type can therefore
be made portable—if desired with
a built-in aerial—the circuit being
such that it is quite independent
of local sources of voltage; in
fact, it can be operated anywhere.
2) Since the current consumption,
even when working on the mains,
is extremely low, a receiver of this
type is a great asset in all cases
where electricity rates are high.

[e,

e

3910/ P rim:iple

Gireuit i < th F:z 1 tion of an AC/DC.Batt In view of the ripple that occurs
ireuit diagram of the supply section of an AG/DC-Battery  yhen the filaments are heated by

alternating current, these valves
cannot be fed direct from the mains. The A.C. is first rectified and the rectified
current is smoothed and supplied to the valves through resistances, which means
that the rectifier not only furnishes the anode and screen grid currents, but also the
filament current. For reasons of economy, of course, the valves are fed in series and
the total current to be supplied by the rectifier, in conjunction with the 1.4 V valves,
such as the DK 21, DF 22 (current consumption 50 mA), is 65 mA (50 mA filament
current and about 15 mA for the anodes and screen grids). For this purpose the
UY 1 (N) can be employed, the rectified current output of this valve being maximum
140 mA, which is also sufficient in the case where a DLL 21 is used in the output
stage (100 mA at 2.8 V). Fig. 1 shows the circuit details for use with the DL 21, DK 21,
DF 22, DBC 21 and rectifier UY 1.
Although series-connection is indicated for mains operation, parallel wiring will be
more suitable for battery operation, the battery being of the 1.4 V size.
Normally, a transfer from mains to battery operation would entail fairly complicated
switching arrangements, but this can be avoided by wiring the filaments in such a way
that a maximum of 100 mA is consumed, with the greatest possible economy when
working from a battery: in practice this is generally met by a series-parallel arrangement
of wiring.
Serves-parallel wiring
Asis generally known, series-parallel valve circuits, or a resistance in series with parallel-
coupled valves will in certain circumstances inwolve the risk of one or more valves

being very heavily overloaded. Take for instance the simple group of valves DF 21 -
DF 21 - DL 21. When the set is operated on mains the filament current will be supplied
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by the rectifier valve and, since the rectified voltage is 100 to 200 V, according to the
voltage of the mains, it is necessary to include a series-resistance of a very high value
as compared with the resistance of the filaments: this, then, mainly determines the
current in the filament circuit. Now, should the filament current of one of the 25 mA
valves be interrupted for any reason, such as the breaking of a filament, bad contact
in the valveholder, or the simple removal of one of the valves from the set for inspection
purposes, a current of about 50 mA will pass through the 25 mA valve connected in
parallel with it. Such overloads can easily be avoided by including a resistance in each
parallel branch (see Fig. 2).

When the set is to be used with a battery the points @ and b have to be connected,
which immediately entails a complication
when switching over from mains to battery
operation. If this device cannot be adopted
it is essential that the valveholders ensure
adequate and reliable contact with the valve
pins, whilst the valves must in no circum-
stances be removed from the set while work-
ing. In some instances the number of
valves exposed to the risk in question can be

-—
25mA

Rectified voltage a1030

Fig. 2

A 50 mA valve in series with two parallel-

connected 25 mA valves, operated from the

mains. To protect one of the latter from over-

foading caused by an open-circuit in the other,

a separate resistance is included in each cur-
rent branch.

limited by means of suitable connections in
the series-parallel circuit.

Fig. 3 shows a circuit diagram of the
DK21—DF 21—DAC 21—DL21; the excess

voltage caused by an interruption in a
series-parallel circuit is usually greater in the case of battery operation.

Graphical illustration of the excess woltages that may occur

By means of the characteristics in Fig 4 it is possible to illustrate very simply the
excess voltage that may occur in different given circumstances. In this figure the
filament voltage is plotted as a function of the filament current for 25, 50 and 100 mA
valves. Taking the case of the three valves
DF 21—DF 21—DL 21 once more, a 25 mA
valve in series with a 50 mA valve working
from a battery will receive 2.8 V when the
filament of one of the 26 mA valves is
open-circuited, with no series-resistance, as
shown in Fig. 2. The voltage on each valve OF 21 DACZT
is then found at the point of intersection of ¢
the 25 mA curve with the 50 mA curve. Rectified voltage arses
From Fig. 5 it will then be seen that the
filament voltage of the 25 mA valve is 2.1 V.
The circuit diagram shown in Fig. 6 in respect
of the DK 21—DF 21—DAC 21—DL 21 represents a more complex example. Here, if
the filament circuit of one of the 26 mA valves is broken, two 50 mA valves are left in
series with one 25 mA valve. The battery voltage is 4.2 V and the voltage received by
the 25 mA valve can be read from the point of intersection of the curve for a 25 mA
valve with that in respect of two series-connected 50 mA valves.

The last mentioned curve is easily derived from the curve for a single 50 mA valve,
by doubling the voltage scale of Fig. 4.

oL

K21

S0mA

Fig. 8
Logical series-parallel circuit of 50 and 26 mA
valves.

Sequence of the valves

In series circuits it would be logical to connect the valve requiring the highest grid
bias to the positive end of the supply, thus utilising the potential drop across the
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If(mA)

filaments of the other valves. /’
In AC/DC receivers there is, how- 149 A
ever, an objection to this; the //
highest grid bias is usually re- 1y
quired by the output valve, which 720 L ,/100mA valve
i8 accordingly connected to the /
positive side. In this case the
anode current of the output valve 100
also passes through the filaments
of the preceding valves (Fig. 7).
The filaments of the first two &0 —
valves have also to carry the anode ,/ 7
current of the penultimate valve, / Ir ~
while the filament current of the 60—+ = 50mA valv
first valve is augmented by the )
anode current of the three fol-
lowing valves. 401 =
When the valves are battery-fed L%}v/
<
20 ]
] ~
Fig. 4
Filament voltage as a function of fllament
t of 26, 560 and 100 mA valves.
current o! an m valves 0’4 0,8 ,,2 1,6 2’0 2’4 Vf(V)z’e
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-—
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25mA
40
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20} - 1 ~ connected valves when the fila-
_“__-/ \ \\ ment of the other is open-cir-
01— Cid t .y cuited. DF 21—DF 21—DL 21,
1, ll i connected for feeding from a 2.8V
battery.
i 04 38 12 76 20 24%W) 28 y
c~asq
1¢ (MA)
80
70 —
60 ]
501~ 2Vaives with —= :
LE =50mA in series N~ ]
40 —_
Graph showing exoess %0 ]
raph showing excess voltage on one
of two 26 mA valves in parfllel, when 2p L—1"_ 25mA valve \\
the filament of the other is open-cir- — N]
cuited. DK 21—~DF 21—DAC 21—DL g 1 —
21 connected for feeding from a 4.2V !
battery. 0 II
126 05 ! 1,5 2 25 3 35w

S$2656



this i8 not so serious, since part of the anode current then flows through the filament
battery, but on mains the total anode current flows through the filaments of the
initial valves. To prevent this overloading a resistance would have to be connected
in parallel with the filaments of the valves in question, but as such resistances would
be of a different value for battery operation than for mains feeding this particular

arrangement of the valves is not suitable for universal receivers.

Another objection to this circuit is that
even if overloading is prevented by em-
ploying resistances in parallel, anode
current variations in the output valve
still set up filament variations in the
preceding valves. These in turn result in
unwanted coupling, which can be avoided
only by placing a large condenser in
parallel with the filaments.

Obviously, then, the arrangement where-
by the output valve is connected to
the positive end of the series entails
numerous difficulties, for which reason
the feeding of an ABC type of receiver is
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Fig. 7

Filaments connected in series, with the output
valve connected to the positive side of the supply
to provide grid bias. A disadvantage of this
arrangement is that the anode current of fol-
lowing valves also passes through the fillaments.

based on a different sequence of the

valves, with an alternative method of obtaining grid bias for the output valve. The
other valves do not present quite such a problem, as the voltage drop across the fila-
ments can be utilised for biasing, if required. The order of the other valves in Fig. 1
is such that the voltage drop across the filaments of the DK 21, DF 22, DBC 21
can be employed as delay voltage for the automatic gain control. Grid bias for the
DF 22 is provided by the voltage drop across the filament of the DK 21, which
itself it not given a fixed bias. The circuit shown in diagram VII (page 137) is
arranged in this manner.

Current-economy circuits for mains operation

For battery work low current consumption is of the first importance, but in some
cases it is desirable also when operating from the mains, and the circuit diagram shown
in Fig. 8 will ensure quite a considerable saving in current. Here, the filament of the
rectifier does not provide a separate path for the current but is connected in series
with the filaments of the receiving valves. Since no current flows in this circuit when
the cathode of the rectifier is cold, the circuit has first to be ‘“‘started up”, by closing
a switch, S,, across the rectifier, for a few moments. Actually, it must not be opened
again until the rectifier has reached the temperature necessary for rectification. It
will be seen that the short circuit is not applied directly across the rectifier; if this
were done the first smoothing condenser would be placed in direct contact with the
mains, which is not desirable on A.C. OnD.C., moreover, difficulties may arise if the
question of polarity is not taken into account. Whilst the rectifier is warming up
the filaments of the other valves are short-circuited to protect them from possible
damage due to the initial current surge. In Fig. 8 switch S, is coupled to S, for this
purpose.

The saving in current by this means is not inconsiderable; in the case of the DLL 21
employed as output valve, the filament current being 100 mA, this same current flows
through the filaments of the other valves and rectifier. If the total anode ourrent is,
say, 15 mA, the current taken from the mains will be 115 mA, whereas in a standard
receiver 115 mA would be required for the receiving valves and a further 100 mA for
the rectifier. When the DL 21 is used as output valve the current passing through
the amplifier valves is only 50 mA, and assuming once more that the anode current i8
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15 mA, the filaments have to be bridged ©
by a resistance to take up the remaining r_Lc
35 mA, in which case the total amount of
current taken from the mains is 100 mA, as | 7 Sz
against 165 mA in any other ordinary circuit. urt 'Sy
An objection to this economy circuit is of
course the fact that the receiver is not YU,
switched on in one operation, but in two Fig. 8 Josse
stagfﬂ- This ca-;l be overcome, however, by  Gurrent economy cireuit in which the rectifier
emplovi a i valve is switched by S, for a short time after
ploying relay to actuate ?he S‘Wlt?h as the receiver has beenlplaced under tension.
soon a8 the necessary current is established wnile the rectifier ls warming up, the filaments
at the first smoothing condenser. The relay of the receivingvalves are short- circuited by
. . switch S,.
can also take care of the switching arrange-

ments for the change-over from battery to mains operation.

Unsversal circuits

A universal circuit is understood to be one which will enable the receiver to be operated
from any source of voltage, without any switching operations on the part of the user.
When transferring from battery to mains the battery must always be disconnected,
to prevent it from being charged or discharged by the mains; a relay is therefore re-
quired to open the connection to the batteries as soon as the receiver is connected to the
mains. This relay can be used for other purposes as well, such as switching over the
filament circuit, for varying the circuit producing the grid bias or for shorting the
rectifier valve during the warming-up period, in the manner described above.
If the circuit be so arranged that the receiver is set for battery operation when the
relay is ‘“‘off”’, the receiver, when connected to the mains, will first be fed from the
batteries and switched to the mains only when the rectifier has warmed up, thus
giving an impression of a very short warming-up period.
Fig. 9 gives an example of a universal circuit. The main switches S, and 8, are mechani-
cally ganged. Switches 7, to 7, are operated by the relay, being shown in the “off”
position: if the set is not connected to the mains when switches .S, and S, are closed,
it will be fed normally, from the batteries. When the receiver is plugged into the
mains the rectifier valve warms up through the switches r, and 7,. The smoothing
circuit is not included in the filament pre-heating circuit, since the filament current
would then be limited too much by the choke coil when operating on mains, whilst
moreover, the condensers should not be normally connected direct to the mains.
As soon as the cathode reaches the required temperature a direct voltage develops
across the condenser
C, and the relay is
energised. Switch 7,
ensures that the rec-
tifier “heats itself”
as soon as the ca-
thode is hot enough,
whilst including the
filaments of the re-
et ceiving valves in the
L S > filament circuit
is done by 7,!). The
filament battery is

F then switched off by

ig. 9
Example of a universal circuit for the supply section of an AC/DC- battery . and the anode
recelver. S; and S, are the ganged main switches. Switches 7, to 7, are . .
operated by the relay r; these are depicted in the “‘off*’ position in the diagram. circuit  transferred
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from the battery to the rectifier by switch 7,.

Resistance R, ensures the correct value for the anode voltage and R, further reduces
this voltage to the value required for the filaments of the valves. R, takes up the
difference between the filament current of the UY 1 and the current required by the
receiver.- When the rectifier has warmed up, R, takes over the function of R,.
One drawback of the circuit in Fig. 8 is this, that in the case of incorrect polarity,
such as may occur with direct current mains, the relay does not switch over the set
from “battery” to “mains”. In that event the rectifier UY 1 is certainly heated up,
but the anode is then negative, so that no voltage is established across the smoothing
condenser C, and the set continues to work from the batteries, without the user being
aware of it. To prevent this waste of battery current a “tell-tale’” can be fitted to
indicate when the set is working from the batteries. In the above mentioned circuit
a lamp L is employed for this purpose and this lights up while the rectifier is heating,
but does not burn when the receiver is working normally.

If the designer prefers not to leave the matter to the attentiveness of the user, another
method can be employed, in which the relay—if necessary of the thermal type—is
energised direct from the mains, but this has the effect of extending the warming up
period. If the polarity is incorrect the relay operates, no voltage occurs at condenser
C, and the receiver cannot function.

1y If it can be assumed that the filaments during the heating up period are sufficiently shunted by the low
resistance of the battery, , may be dispensed with. The grid bias then has to be supplied by a battery,
since otherwise, when the required temperature is reached, alternating current flows through the resistance
R, serving to provide the bias.
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V. Four-valve Battery Receiver

Valves used: DK 21—DF 21—DAC 21—DL 21.

Description

This is an example of a simple super-heterodyne receiver for battery operation. The
sensitivity of a circuit of this type is not particularly high but is nevertheless quite
sufficient for all purposes where a minimum current consumption is required.

Waves ranges:

Long waves 940 —2040 m
Medium waves 197.5 — 572 m
Short waves 18.76— 654 m

Batterzies

This receiver requires a 90 V H.T.battery, with a 1.4 V filament battery. Grid bias
of the output valve is obtained automatically by means of a resistance. The anode
current is about 10 mA and the filament current 150 mA.

Coils
A complete coil unit is employed, comprising R.F. and oscillator coils with trimmers,
padding condensers and wave-range switch. This unit is indicated by the dotted-line

rectangles in the diagram in order to simplify the outline, but in effect this is a single
unit. The voltage gain factor of the aerial circuit is about 3 in all wave ranges.

Frequency-changer

The total current consumption of the mixer valve DK 21is only 3.8 mA approx., the
filament current being 50 mA. The oscillator voltage, as measured at the first grid,
should be about 10 Veq. Voltage for the fifth grid is obtained by means of a series-
resistance. In the medium and long waves the frequency-changer is included in the
automatic gain control system, but not on the short waves. This valve gives a conver-
sion gain factor of approx. 50.

1. F.circurts

The I.F.coils are wound on iron cores and are mounted in a ‘“Philite” box. They
comprise 2 X 155 turns of 24 X 0.04 mm Litz wire. The I.F.circuit capacitance is
provided by a 100 pF condenser.

The self-inductance of the I.F.coils is approx. 1 mH and the circuits are trimmed to the
I.F. (470 ke/s) by means of the iron cores.

I1.F.valve

The DF 21 is employed as I.F.amplifier, the filament current being only 25 mA and the
anode and screen grid currents roughly 1.5 mA. This valve is controlled by the
A.G.C. in all the wave ranges and the L.F. gain factor is approx. 50.

Detector and A.F.amplifier

The filament current of the DAC 21 is also 25 mA, whilst the anode current in this
particular circuit is about 0.4 mA. The diode is connected to a tapping on the secondary
side of the final I.F.transformer and also serves to provide the control voltage.
Output valve

The DL 21, employed as output valve, has an anode current of only 4 mA, with a screen
grid current of 0.7 mA, the filament current being 50 mA. Grid bias for this valve
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Fig. 1
Circuit diagram of 4-valve super-heterodyne battery receiver



is provided by a resistance R;, and a separate battery is therefore not required. The
DL 21 is capable of an output of 170 mW and, to provide the optimum matching
impedance of 22,000 Ohms, a relatively large output transformer should be used.
A transformer of this type, however, will as a rule be too costly for a small, low-
priced receiver, but at the same time the maximum available output power will be
correspondingly lower if a smaller transformer is used.

TECHNICAL DATA

Filament current DK 21 50 mA
DF 21 25 mA
DAC 21 25 mA
DL 21 50 mA

Total 150 mA

Anode current DK 21 3.8 mA
DF 21 1.5 mA
DAC 21 0.4 mA
DL 21 4.7 mA

Total 104 mA

Sensitivity (for an output of 50 mW)
at the detector diode 0.5 V
at the aerial 70 uV
LF. gain factor 50
conversion gain factor 50
voltage gain factor 3

Selectivity

Attenuation on a variation in tuning of +4.5 and —4.5 ke/s 1 : 10.
Attenuation on a variation in tuning of +8 and —8 ke/s 1 : 100.
Attenuation on a variation in tuning of +13 and —13 ke/s 1: 1000.

—~—
11,512

A
41093

Fig. 2
Sketch of the I.F. bandfilter coils. S,, S, S;; 8nd S, = 2 x 155 turns
Litz wire wound on iron cores and mounted in a “Philite’” box.
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VI. 5-Valve battery receiver

Valves used: DK 21—DF 21—DF 21—DAC 21—DL 21.

Description

The difference betwéen this and the circuit described in V lies in the I.F.stage: two
such stages are now employed, giving a relatively low current consumption coupled
with very high sensitivity (3 xV). Two DF 21 valves are used in the I.F. stages, the
first of these being incorporated in the A.G.C. system. The anode circuit of this valve
includes a single I. F. circuit damped by a resistance of 0.1 Megohm, this giving an
LF. gain factor of 25. Without this resistance the sensitivity would be so high that

higher tones would be insufficiently reproduced, and since the
circuit is quite selective enough with 4 I.F. circuits one of
these can be dispensed with by making the first aperiodic.
If a resistance of 0.1 Megohm is connected in the anode cir-
cuit the gain factor in respect of the first I.F. stage will be
7, giving a receiver sensitivity of about 10 x4V, which may
still be considered good.

A bandfilter is provided in the anode circuit of the second
LF. valve; the gain factor for this stage is 50. The use of an
extra L.F. stage has this advantage over an additional R.F.
stage that the amplification is then independent of the
wavelength and the sensitivity therefore constant in all
wave ranges. (As is known, R.F. stages amplify less on short
waves than on medium and long waves.)

The anode current of the receiver is approximately 12 mA
and the filament current 175 mA.

TECHNICAL DATA

Sensitivity (for an output of 50 mW)
at the detector diode 0.5 V
LF. amplification II 50
LF. amplification I 25
conversion amplification 50
voltage gain factor 3
at the aerial approx. 3 uV

Selectivity
Attenuation when set is detuned +3 and —3 ke/s: 1: 10.
Attenuation when set is detuned +6 and —6 ke/s: 1 : 100.

Attenuation when set is detuned +9 and —9 ke/s: 1 : 1000.

40

100

A
<2018

Fig. 1
Sketch of the LF. band-
filter coil unit. S,, Sy, Sis
and §;, (also S, in the
circuit diagram) =
2 x 155 turns of litz wire
24 x 0.04 mm wound on
iron cores and mounted
in a Philite box.
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Fig. 2
Circuit diagram of a 5-valve superheterodyne battery receiver



VII. 4-valve super-heterodyne receiver for 110/220 V AC/DC mains
and battery operation.

Valves used: DK 21—DF 22—DBC 21—DL 21—UY 1.

Wave-ranges:
Long waves  830—2090 m
Medium waves 200— 570 m
Short waves 17— 51'm

R.F. and Oscillator circuits

A standard set of coils is used, the R.F. and oscillator coils with trimmers and padding
condensers as well as the wave-range switch being assembled as a compact unit.
By this construction the oscillator coil is coupled capacitively and inductively to the
control grid of the frequency-changer and the resultant voltage may therefore be
relatively high, resulting in such effects as grid current, “pulling” of the frequency,
insufficient voltage gain, etc, so that it is advisable to screen off the short wave (and
possibly also the medium wave) circuits and to operate them by separate switches.
The gain factor in respect of the aerial circuit is approximately 3 in all wave-ranges.
If trouble is experienced due to whistles, these can generally be suppressed by means
of a filter circuit tuned to 470 kec/s interposed between aerial and earth.

The different wave ranges are selected by switching the coils, this being better, as
already stated (p. 58), than short-circuiting parts of the coils.

The R.F. circuits are coupled inductively to the aerial circuit and in the medium and
long wave ranges the self-inductance of the tuning coil is therefore corrected to the
desired value with short-circuited aerial coil. The increase in the self-inductance when
the short-circuit is removed is a measure of the coupling between aerial and tuning
coils required to produce the required voltage gain. The coils in this unit are designed
to give a gain factor of 3 in all wave ranges; when the short-circuit is removed from
the aerial coil the self-inductance of the medium wave tuning coil must therefore vary
3 9% and that of the long wave coil 8 %, If the coupling is made any tighter, naturally
more gain is obtained, but the effect of aerial capacitance is then also increased. A
variable condenser of 20—500 pF is taken as the basis of the R.F. circuits, the distri-
buted capacitance in the medium wave range being estimated at 45 pF and that on
long waves at 70 pF (trimmers, wiring etc.). The variation in the capacitance on
medium waves is thus 65 to 545 pF and on long waves 90 to 570 pF. With R.F. coils
of 170 uH the medium range is 200—570 m, whilst coils of 2150 uH give 830—2090 m
in the long wave range.

The oscillator circuit is coupled to the first grid of the DK 21, this conventional battery
circuit being selected in view of the limited mutual conductance of the oscillator unit
in the mixer valve. Condenser C,;, the grid condenser, is of 47 pF, as this is the most
suitable for satisfactory oscillation on long waves, combined with a minimum. of
frequency drift on the short waves. The padding condensers are of the fixed type,
with trimmers in parallel for accurate adjustment of the capacitance.

Frequency-changer

The oscillator voltage, as measured at the first grid of the DK 21 should be about
9 Veff (200 uA at R,). As already stated, the frequency-changer is controlled by the
A.G.C. in the medium and long wave ranges, but not on short waves. The conversion
gain factor is approximately 56.

1.F. circuits
The intermediate frequency is 470 ke/s. The LF. transformers are of the iron-cored
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type and self-inductance is approx. 1 mH. To
ensure that the R.F. circuit quality shall be
as high as possible, the condensers in the L.F.
circuit should be of the highest grade (Philips
“button” condensers); the value of these
is 100 pF. The LF. circuits are trimmed
to the required frequency by adjustment of
the self-inductance (iron cores).

1.F. valve

The L.F. valve is a DF 22 and this is in-
cluded in the automatic gain control in all
wave ranges. Without control applied to
the valve, the grid bias is provided by the
voltage drop between the filaments of the
DK 21 and DF 22, this being 1.4 V. The
LF. gain factor i8 approximately 50.

Detector, A.Q.C. and A.F. amplifier

7
Diode anode d, of the DBC 21 valve is =
employed for the detection, and d, for the , sg :J% s
automatic gain control. The delay voltage Q . ?
of —4.2 V for the latter is obtained from
the potential difference between the fila-
ments of the DK 21, DF 22 and DBC 21,
and chassis. (The A.G.C. diode is mounted
at the positive end of the filament of the
DBC 21.) Without control the grid bias
values of the DK 21 and DF 22 are 0 V and
—1.4 V respectively. The A.F. voltage is
tapped from the volume control R,, and is
applied to the grid of the DBC 21 across
condenser C,,. To avoid ripple when the set
is working from the mains, the anode vol- Fig. 2
tage is taken from a fllter, R ;—C,,. Colls used in the circuit shown in Fig. 1,

4

Gramophone pickup socket

Voltage from the gramophone pickup is applied to the volume control R,, across
condensers C,g and Cy,. The resistance R, is included in series with the volume control
to prevent the diode d, from being connected in parallel with the pickup.

Output stage

The output valve is a DL 21. Grid bias for this valve is obtained when operating on
mains by means of a resistance R, and when on batteries by R,, and R,,. The DL 21
is capable of giving an output of 170 mW.

Filament and anode feed

The four receiving valves are connected in a certain sequence, both for mains and
for battery operation, and this sequence is: —L.T. battery—DL 21—chassis—DK 21—
DF 22—DBC 21— +L.T. The differences in potential occurring between the different
filaments and the chassis due to this series connection is utilised as grid bias for the
DF 22 and DBC 21, the same circuit also supplying the delay voltage for the automatic
gain control. If, instead of the DF 22 and DBC 21, the parallel-coupled DF 21 and

139



TABLE OF COILS

- . Diam. of Wire
Coil No. of | Self-induc- | Type of | "¢ or” | thickness Wire
turns. tance. winding in mm in mm
S, 950 — wave 7 0.07 enamelled
S, 319 — wave 7 0.1 s
S, 23 — layer 14 0.1 .
S, 366 2150 uH wave 7 0.1 '
A 97 160 uH wave 7 15 x 0.04 litz
S 10 — layer 14 1 enamelled
S, 100 — wave 7 0.1 .
Sy 50 — wave 7 0.1 .
Sy 7 — layer 14 0.1 9
856 128 320 uH wave 7 0.1 -
1 60 75 uH wave 7 0.1 M
12 9 — layer 14 1 '
Sul 7
1 mm )
s * 2 x 155 1 mH wave iron core 24 x 0.04 litz
SIG ’

*) Spacing 8,;—8,¢
Sisiy } a0 mm

DAC 21 are employed, a certain amount of battery current can be saved, but the
circuit is rather more complicated and the filament battery s then of a non-standard
voltage. As already mentioned, grid bias for the DL 21 is obtained in a different manner,
namely by means of R, when an mains and R,y R,y on battery feed. If the output
valve were to be biased by the potential difference between filaments, special measures
would have to be taken to avoid interference such as motor-boating, whistles, etc.
Coupling between the output valve and the other valves should be limited as much
as possible, for which reason the chassis is not connected to the extreme negative end
of the filament circuit, but to the junction of the DK 21 and DL 21.

Mains operation

A resistance to safeguard the UY 1 is not necessary, since the capacitance of the
electrolytic condenser C; immediately following the rectifier is only 16 uF. To obtain
the maximum permissible anode voltage (120 V) when the receiver is working on
220 V mains, the anode feed is tapped from the junction of R, and R,. When 110 V
mains are used a voltage drop occurs across R,, but as this is only roughly 5 V it is

not worth while fitting & special switch to interconnect with the junction of the choke
and R,.

Battery operation

The maximum permissible battery voltage is 120 V, but quite satisfactory results
are obtained on an anode voltage of 90 V. The maximum anode current of the receiver
is only 8 mA and the total filament current is 50 mA at 6 V.
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Switches in the feed section

In the feed section there are in all seven switches, of which A and B are the mains
on-off switches and C—D the battery on-off: switch E operates the change-over from
mains to battery and vice versa. To protect the battery it is advisable to arrange the
switching so that:

1) the mains cannot be applied when operating on batteries,

2) the battery cannot be connected when the set is working on the mains,

3) switch E is always at the correct setting for mains or battery operation.

It is quite practicable to arrange for automatic switching from battery to mains,
for instance by means of a relay.

Another fool-proof solution is to employ 8 sockets at the points numbered 1 to 7 in
the circuit diagram (see figure at the foot of the main circuit). The pins of a four-pin
plug are shorted in pairs and the plug is inserted in the upper 4 sockets for mains
operation, or the lower 4 sockets when the set is to work on batteries. In the first
instance points 1 and 2, 3 and 4 are short-circuited; in the second case points 6 and 7,
3 and 5.

Switches F and G serve to connect the receiver either for 110 V or 220 V mains and the
different resistance values indicated in the circuit diagram have been selected to give
optimum results on both of these mains voltages.
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VIII. 2-Valve battery receiver for use with headphones
Valves used: DAH 50, DAH 50.

Batteries: 15 V anode battery and 1.4 V filament battery. The total anode current
of the receiver is about 6 mA and the filament current 75 mA.

Wave range: 200—600 m.
Description

This is a two-valve, battery-operated receiver with 2 tuned circuits and reflex A.F.
circuit. Although the anode voltage is only 15 V, the sensitivity is high, viz. 30 uV.
This sensitivity is based on an input signal such that the output voltage is just sufficient
for satisfactory reception by means of headphones, and the appropriate A.F. voltage
on the grid of the output valve is only 0.025 V (approx.). The sensitivity referred to
enables the listener to receive a very large numer of broadcast stations, even when only
a few yards of wire are used as aerial. No filter circuits are incorporated, so that the
cost and dimensions of the receiver may be kept at a minimum.

Cotls

The aerial coupling is inductive and guarantees a constant voltage gain factor of
2 throughout the whole wave range. The self-inductance of the tuning coil is adjusted
to the correct value with shorted aerial coil and the increase in the self-inductance
is measured when this short-circuit is removed, thus giving an indication of whether
the coupling between the aerial and tuning coils is sufficient to ensure the specified

voltage gain. When the short-circuit is taken from the aerial coil, the self-inductance
of the tuning coil should show an increase of 3 %.

R.F. amplification

The inclusion of an R.F. amplification stage makes it possible for one valve to do the
work of two (reflex circuit). R.F. amplification in place of possible extra A.F. amplifi-
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Fig. 1
Circuit diagram of 2-valve battery receiver for a maximum anode feed of 15 V.
(Published without any guarantees in respect of patent rights.)

cation is, at the same time, essential to ensure the correct balance between sélectivity
and sensitivity, and for this purpose reaction is employed. ThisR.F.reaction is provided
by a fixed reaction coil consisting of 15 turns of wire, between the 4th grid of the first
DAH 50 and the 15 V anode voltage, and the coupling between this and the tuning
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coil is not variable. A potentiometer of 10,000 ohms between the 2nd grid and the
filament is employed to control the slope of the valve and, with it, the amount of reaction ;
the coupling between the coils is so adjusted that the receiver just commences to os-
cillate at the upper end of the wave-range (600 m), with 15 V on the second grid. The
starting point of the oscillation throughout the whole range may be regulated by reducing
this voltage, and the point where oscillation commences can thus be ensured from one
end of the scale to the other. The great advantage of this type of control through the
variations in mutual conductance is that any tendency towards parasitic oscillation
due to unwanted coupling arising from the anode-to-grid capacitance is suppressed.
Since reaction is applied in the first circuit, there is a possibility of radiation from the
aerial when the set oscillates, but the power involved is 5o small that it may be ignored.
The diode of the first DAH 50 is not used and the split filament serving the two units
in the valve effects a saving in filament current, in that the portion operating the diode
is not used either.

Detection
Detection takes place at the diode of the output valve.

A.F. amplification

The first DAH 50 is employed both as R.F. and A.F. amplifier; the R.F. signal, detected
by the diode in this reflex circuit, is applied through the R.F. filter R,-C, (with grid

Fig. 2
Drawing of a set with two DAH 50 valves.

leak R,) to the control grid of the first valve. If preferred, of course, a volume control
can be used in place of the fixed resistance E,, in which case the reaction can be adjusted
to give optimum selectivity in each case. To avoid short-circuiting of the A.F. signal
in the input circuit, a small blocking condenser C, is provided. An A.F. transformer is
placed in series with the anode circuit of the first valve (ratio 1 : 3). Condenser Cg
serves to prevent the primary winding of the A.F. transformer from forming an impe-
dance in the tuned circuit and to avoid R.F. voltages on the control grid of the output
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valve: this condenser naturally affects the tuning of the second circuit and, to ensure
proper alignment between the 1st and 2nd circuits, a condenser C, of 2000 pF is also
included in the former. Obviously condensers C, and C; must be of the same value.

The A.F. voltage on the secondary side of
the A.F. transformer is applied to the control
grid of the output valve through a con-
denser C, which, together with Ry, provides

2 - S¢ automatic bias for this valve in the event
3 of grid current flowing. Distortion is not
30210 fully eliminated in this manner, but grid

current distortion is replaced by the less
unpleasant distortion caused by curvature
in the characteristic.

Fig. 2 shows a method of construction that will keep the dimensions of the receiver at
a minimum. Sizes are given in millimetres.

Fig. 3
Sketches of the coils

TABLE OF COILS

diameter Wire
Coil 1:3;.11(:‘ 32;{) ;i.r? gf oit former t.,hickness Tb"v pierGOf
in mm in mm
S, 319 wave 7 0.1 enamelled
S, 97 wave 7 15 X 0.04 litz
S, 15 wave 7 0.1 enamelled
A 97 wave 7 15 X 0.04 litz
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100 mA valves for AC/DC receivers

The valves originally employed in AC/DC receivers (C and E types) consumed a heater
current of 200 mA and this represented a definite obstacle to the construction of the
cheaper type of low-consumption receiver. Towards the close of 1939, a range of
valves was therefore developed of which the heater current was only one half of the
former value in this class of “U-valve”, that is, only 100 mA.

The advantages of such a reduction in heater current have already been described in
the chapter on the AC/DC “all-glass” valves and it will now be sufficient to summarise
in brief the different types. The functions of these valves are based on the standard-
isation as described on page 8, and the range under review thus includes only 3
receiving valves, an electronic indicator and a rectifier.

T

Type Function Heater voltage
UBL 1 Double diode O.P. pentode 55 V
UCH 4 ‘ Triode heptode 20 V
UF 9 Variable mu R.F. pentode 126 V
UM 4 Electronic indicator 12.6 V
UY 1 (N) Half-wave rectifier 50 V

All these valves have the 8-pin base with pilot pin. Data and characteristics will
be found in the following pages, but since the different types in this series correspond
to those in the new U-type of “‘all-glass” valve, reference may be made to the description
of these (pp. 33 et seq.) for details of the construction and application.
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UBL 1

UBLI Double diode output pentode

The UBL 1 is a double diode output pentode of high mutual
conductance (at V, = 200 V, S = 8.5 mA/V). A common cathode
gerves both units of the valve, in which the diodes are mounted
below the pentode, both at the same level; the two diodes are
therefore equal in value and for practical purposes it is imma-
terial which of them is employed for detection. The connection
of the grid of the pentode is situated at the top of the valve to
avoid any possible interaction between the diode and the pentode
sections. With a view to possible hum, the A.F. sensitivity at
the detector diode should not be more than about 24 mV, with
the volume control at maximum strength. If negative feed-back is
employed the gain factor between the detector diode and the
grid of the output valve may if necessary exceed 15, but only
provided that negative feed-back is such that the sensitivity
value given above is not exceeded.

The screen grid voltage may be the same as the anode vol-
tage, with consequent simplification of the circuit; there is then
no screen grid resistance to be short-circuited in cases where a 220 V
receiver is to be switched over for 100 and 127 V mains. Special
care has been taken in connection with the optimum output to be
obtained from this valve on alow working voltage, this being about
1 W with 7 9, distortion, at an anode and screen grid voltage of
100 V.

max46

max128

59349

Fig. 1
Dimensions in mm

I(mA)
- T T L1_27-12745]
asaasaniiflinnn
: 175
i
HHE ) H 7 b=V =200V
a |/..=V£=IB5V = H/50
3. o=l = /001 S 7
— 4L Y
p I f
= e
H [ |
00 Fig. 2
HH Arrangement of elec-
trodes and contacts
H ] s
HEATER RATINGS
HE Heater feed: indirect by AC or DC:

: : e %0 series supply.

; = cndsstass Heater voltage Vi =55V
ﬂ;_, H Heater current Iy = 0100 A
[

Hi- g CAPACITIES

50 I 0 _36" 20 Pentode section: C,, < 0.8 pF

A Diode section: Cyr = 48 pF

Anode and grid cul Flgé a3 a function of the grid Cazke = 4.6 pF
screen gri rrent as

bias at Va — Vg, =200 V, 185 V and 100 V. Cihay < 0.08 pF
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UBL 1

Between diode and pentode Cgyq < 0.08 pF
Caza < 0.08 pF
Cargs < 0.05 pF
Casg: < 0.05 pF
Clar + ddgn < 0.1 pF
Clar + a2)a < 0.25 pF

OPERATING DATA FOR THE PENTODE SECTION when used as single
output valve

Anode voltage. . . . . . . Va = 100 185 200 200 A%
Screen grid voltage. . . . . Vg, = 100 185 200 200 \%
Cathode resistance . . . . . Ry = 145 140 240 175 Ohms
Grid bias . . . . . . . .. Vo = 5 —10 —13 —11.5 \%
Anode current. . . . . . . Ig = 285 59 45 55 mA
Screen grid current. . . . . Iy, = 525 113 9 11 mA
Mutual conductance . . . . 8 = 7 8.8 7.5 8.5 mA/V
Internal resistance . . . . . R; = 25,000 23,000 28,000 20,000 Ohms
Gain factor with respect
to screen grid . . . . . . Hg291 = 11 11 11 11

Optimum load resistance. . Ry = 3000 3000 4500 3500 Ohms
Output power. . . . . . . W, = 105 5 4 5.2 Watts
Total distortion . . . . . . ot = 6.8 10 10 10 %
Alternating grid voltage . . V; = 33 7 6.4 7 Veg
Sensitivity V; (W, = 50 mW) = 06 0.5 0.5 0.5 Veg

MAXIMUM RATINGS (Pentode section)

Vo Iy =0) = max. 550 V Wyy (Wo = max.) = max. 4.0 W

Va = max. 250 V I = max. 70 mA

W, ~ max. 11 W Vg (I = + 0.3 uA) = max. —1.3V

Vg2 (Ige = 0) = max. 550 V Ry = max. 1 MOhm

Vg = max. 250 V Ry = max. 20,000 Ohms
Wya (V5 =0) = max. 25 W Vi = max. 150 V

Diode section:

Vi, = Vaa = max. 200 V Var (Igg = + 0.3 yA) = max. —1.3V

Igy = 1Ig, = max. 0.8 mA Vis (Lge = + 0.3 uA) = max. —1.3V

Grid bias must be obtained by means of a cathode resistance only. So-called semi-
automatic bias may be employed only when the cathode current of this valve is in excess
of 50 % of the total current passing through the resistance producing this potential.
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UBL 1

LaimA)

Fig. 4
Anode current as a function

of anode voltage at Vg,
100 V, with Py, as parameter.
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UCH 4

UCH 4 Triode—heptode

such as:
1) mixer valve;

Fig. 1
Dimensions in mm,

HEATER RATINGS

Heater feed: indirect by AC or DC; series supply.

Heater voltage
Heater current

CAPACITIES
Heptode section:

Triode section:

Between heptode and triode:

Cng1H
Cigr+99)
OPERATING DATA FOR THE
valve
Third grid connected to triode grid,
Anode and supply voltage Vg= Vp
Screen grid resistance . . Rgs4gq)
Cathode resistance . . . R
Grid leak: third and triode

A

grids . .. ... .. R4 gs)
Current to third and triode

grids . . ... ... Liy7 4 ga)
Grid bias . . . . . . . Vo
Screen grid voltage . . . V(gaygy)
Anode current . . . . . I,
Screen grid current . . . I(gg4gq)

Conversion conductance . S,
Internal resistance . . . R;
Equivalent noise resistance Ry
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of which correspond almost entirely to those of the
UCH 21, and reference should be made to the des-
cription of that valve. In the UCH 4, too, the triode
grid and the third grid of the heptode are quite se-
parate, with individual outside connection, making
the valve systems suitable for various functions,

2) combined LF. and A.F. amplifier;
3) A.F. amplifier and phase inverter.
In the following pages the operating data and *
characteristics are given in reference to these three
types of application.

g

J9558

v N Fig. 2'1: .
....... T = 20V rrangement o
....... Iy =—0100 A “hremand
4.8 pF Corge < 0.2 pF
8.0 pF Cpa = 9.1 pF
0.002 pF Cyys < 0.0015 pF
5.9 pF Cak = 24 pF
5.2 pF Cuy = 2.1 pF
2.8 pF Cyt < 0.3 pF
0.1 pF CT+g9)rH < 0.25 pF
13.8 pF Clyr4-gs)aH < 0.1 pF

HEPTODE SECTION when used as mixer

sliding screen grid voltage

= 100 V 200 V
= 15,500 Ohms 15,600 Ohms
= 150 Ohms 150 Ohms
= 50,000 Ohms 50,000 Ohms
= 95 uA 190 pA

_ e T
= —1') —13.5%) —21) —26.5?) V
= 53 100 100 200 v
=15 — 3.0 — mA
= 3.0 — 6.5 — mA
= 600 6.0 7650 7.5 177:-A%
= 1.0 > 10 13 >10 M Ohm
= 40,000 — 55,000 — Ohms



UCH 4

OPERATING DATA FOR THE HEPTODE SECTION when used as L. F,
amplifier

Third grid not connected to triode grid; sliding screen grid voltage.

Anode and supply

voltage . . . . Vag=Vp = 100 V 200 V
Third grid voltage Vs = ov oV
Screen grid resis-

tance. . . . . Rgaige = 30,000 Ohms 30,000 Ohms

T ————— "« et ~_ .\ et ——

Grid bias . . . Vg = —1.0) —13?) —18%) —2.0') —278) —35%) V
Screengridvoltage Vigz1gs) = 50 — 98 94 — 200 \%
Anode current . I, = 26 — — 52 — — mA
Screengridcurrent I(gs g = 1.9 — — 3.5 — — mA

Mutual conduc-

tance. . . . . S = 2100 21 21 2200 22 22 uA/V
Internal resis-

tance. . . . . R; = 07 >10 >10 0.7 >10 >10 MOhm
Gain factor in res-

pectofthescreen ygz = 18 — — 18 — —

Equivalent noise
resistance. . . R

I

4900 — — 9000 — —  Ohms

1) Valve not controlled.
%) Mutual or conversion conductance controlled to 1/100.
%) Mutual or conversion conductance controlled to 1/1000.

TRIODE RATINGS

Anode voltage . . . . . . . . . ..o oo Ve = 100 V
Grid bias. . . . . . . . . oL e e e e e e Vg = 0V
Anode current . . . . . . . . . . L .. .. ... I, = 12 mA
Mutual conductance. . . . . . . . . . . ... ... S = 32 mA/V
Gain factor . . . . . .. 0o e e e e e e s = 22

OPERATING DATA FOR THE TRIODE SECTION when used as oscillator
valve

Supply voltage . . . . . . . . .. Vs = 100V 200 V
Anode resistance. . . . . . . . . . R, = 20,000 Ohms 20,000 Ohms
Anode voltage . . . . . . . . .. Va = 62V 116 V
Grid leak. . . . . . ... . ... R (¢r4+gs) = 50,000 Ohms 50,000 Ohms
Current passing through grid leak

during oscillation . . . . . . . . Igrign = 95 uA 190 uA
Anode current during oscillation . . I, = 1.9 mA 4.1 mA
Effective mutual conductance . . . Seg = 0.44 mA/V 0.45mA/V
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UCH 4

OPERATING DATA FOR THE TRIODE SECTION when used as A.F.

amplifier

Supply Anode ‘ Anode Grid Gain  |Alternating | Total
voltage Tesis- | current bias f;CtOt g glttg,uz du?tor
Vs ta;ce I, VV 7‘[}0 el v, 3% tion

} aQ ief dtat

(V) (MOhm) \ (mA) (V) — V) (%)

200 0.2 0.8 —2 10 7.5 2.8

100 i 0.2 0.37 —1 10 7.5 6.0

200 ( 0.1 ‘ 1.5 —2 10.5 7.5 2.8

100 0.1 0.68 —1 10.5 7.5 5.8

200 0.05 : 2.8 —2 | 11 7.5 2.2

100 0.05 ‘ 1.3 —1 | 11 7.5 54

OPERATING DATA: valve employed as phase inverter for modulation of
a push-pull output stage

(With feedback, see Fig. 16).

Supply voltage . . . . . . Ve
Anode resistance; heptode

section. . . . . . . . . R,
Anode resistance; triode

section. . . . . . . .. R,p
Screen grid resistance . . . B (g 4 gq)
Total anode current: triode

and heptode . . . . . . Iog 4 Iap
Screen grid current . . . . I (g3 + gg)
Cathode resistance . . . . Ry

: Vo el

Voltage gain . . . . . . . Vieg

Alternating output voltage V,.g
Alternating input voltage . V; g
Total distortion. . . . . . deot

MAXIMUM RATINGS FOR THE HEPTODE SECTION

Anode voltage
Anode voltage

Anode dissipation
Screen grid voltage, cold

in cold condition . . . . . . .

200V 200V
0.2 0.1
0.1 0.1
0.18 0.1
2.1 2.7
0.8 1.3
700 500
75 70
10 10
0.13 0.14
2.5 2.3

Vao

Va

W,

V (g3 + gao

Screen grid voltage, valve uncontrolled (I;=3mA) V (55 4 g4)
Screen grid voltage, valve controlled (I, < 1mA) V (45 4 g

Screen grid dissipation
Cathode current

Grid current commences at (I = +0.3 uA). .

Grid current commences at (Igg = +0.3 uA).

Max. external resistance between grid 1 and .
cathode. . . . . . . . . . .. ... ...
Max. external resistance between grid 3 and .

Max. voltage between filament and cathode .

(D.C. or effective value of A.C.)
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(g2 + g4)

Vo

Vo

I

I [

I

I

I

I

I

100 V
0.2

0.1
0.18

1.1
0.4
700
65
10

0.155
3.1

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

max.
max.
max.

maXx.

100 V
0.1 MOhm

0.1 MOhm
0.1 MOhm

1.3 mA
0.65 mA
500 Ohms

55

10V
018 V
2.4 %

550 V

250 V

156 W

550 V

100 V

250 V

1w

15 mA
—13V
—13V

3 MOhm
3 MOhm
20,000 Ohms

150 V
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Upper diagram; Maximum permissible effective
value of R.F. alternating voltage at 1 % cross
modulation (K = 1 %) and also for 1 % modulation
hum (mb = 19%), both in respect of the inter-
fering signal at the grid, as a function of conver-
sion conductance. Screen grid fed through a resis-
tance of 15,500 ohms from the 100 V line.

Lower diagram, Conversion conductance Sc¢, anode
current Ia, screen grid current I (g, + g,), internal
resistance Ri and equijvalent noise resistance Raegq
as a function of grid bias.

MAXIMUM RATINGS FOR THE
TRIODE SECTION

Anode voltage

in cold condition V4, = max. 550 V
Anode voltage . V; = max. 100V
Anode dissipation W; = max. 0.5 W
Grid current com-

mences at

(Ig = +0.3 pA) V; = max.—1.3V
Maximum exter-

nal resistance in

grid circuit . . Ry = max. 3 MOhm

Fig. 4
Conversion conductance as a function of the grid
bias at Va = 100 — 200 V, R(gT + g,) = 60,000
Ohms, I (9T + g,) = 190LA, with V (95 + 4o
as parameter.
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V (9x + g.) a8 parameter. parameter.
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Fig. 11
Anode current as a function of anode voltage at ¥V (g, + g,) = 100 V
and Vg, = 0 V, with grid bias as parameter.
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APPLICATIONS

When the valve is employed as mixer
the following points should be observed.
(I) The heptode can be connected in the
usual way, the screen grids being fed
through a resistance of 15,500 ohms from
the source of anode voltage.

(II) In receivers which are to be operated
on 220 V, 127 V or 110 V mains the
most suitable bias resistance is 150 ohms,
which serves both the high and the low
supply voltages, as also does the screen
grid resistance; none of the resistances
need therefore be changed when the receiv-
er is transferred from one mains vol-
tage to another.

(IIT) On a supply voltage of 100 V and
with the 150 ohm cathode resistance, the
grid bias is 1 V and there is a possibility
of running into grid current, but the
demands to be met by a receiver are
usually not so high when working on 110
V mains a8 on 220 V, so this tendency
will be accepted as inevitable, but not
very serious since.the voltage produced
by the automatic gain control will to a
certain extent counteract thisgrid current.
The oscillator voltage is obtained in the

UCH 4
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Anode current and mutual conductance of the
triode part as functions of the negative grid

blas at VaT = 100 V

normal manner, but it is advisable, in order to suppress frequency drift and “‘pulling”
of the oscillator tuning by the R.F. circuit, to connect the tuned oscillator circuit to the
anode and the reaction coupling coil to the grid of the triode in the manner shown in Fig.
17. The triode anode is fed through a 20,000 ohms resistance, the tuned circuit being
coupled to that anode through a condenser of 100 to 150 pF, i.e. by parallel feed.
The grid leak is 50,000 ohms and the grid condenser 50 pF, these being the best
values for average conditions, whilst excluding the possibility of over-oscillation.

At a supply voltage of 100 V, parallel feed can be employed only when the reaction
coupling is extremely tight, and the best practical results are obtained with an anode
resistance of 20,000 ohms. As a rule, however, series-feed will be given preference

—lay DOI[JF
07HII% ?VOeﬂ’
1mn amn% Voers
O01ufy 1t §
0 " ey
™M i
M0 Ra
Ofﬁf Rlg2+q4) i
W -—
1(g2+g4/
B4
21718
Fig. 16

Circuit diagram showing the UCH 4 employed as phase inverter

with negative.feedback.

(see Fig. 18). A resistance
of 28,500 ohms is then used
for the triode anode and
this method of feed can be
maintainedfor 200 Vsupply
voltage as well. It is re-
commended that the reac-
tion coupling should be
tighter for series than for
parallel feed, especially on
100 V supply voltage and
for reception on long waves.

Tighter coupling can also
be obtained by means of a
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combination of inductive and capacitive coupling through the padding condenser.
Fig. 18 shows a condenser Cp employed as decoupling capacitance for the series

UCH 4 Loy
<+—Jar
=21 ! C3=50yuf C4-I§ﬁ;¢lf
iy LI
R3= ; '
g% |peg Loleswer) Tov
! FC2=01u
3 To
i, h .
ALR =
CVA. Ry=15500.00 2500
Ave .

Jgo4

Fig. 17
Circuit diagram for employing the UCH 4 as mixer in AC/DC sets for a8 working
voltage of 200 V.

registanoe R,. A blocking condenser C, of about 0.1 uF is also included, to prevent
developement of a voltage at the rotor of the variable condenser, and the resistance

UCH4 - lay
- Iar
=z C3=50puf C47I Ofuf MO
= L] /
Cy _!
—3 b
¢f |Cv R:g __"1(93*97) Cp
S TeaomF i
i
ALR. s 73 R,=285000
CVA ? Ri=155000
Ave. Horved 3

J9603

Fig. 18
Clrcuit diagram showing the UCH 4 used as mixer in AC/DC receivers
to work on 100 V and 200 V mains supply voltage.

of 1 megohm further prevents the tuning condenser C, from being under a poten-
tial produced by the currents through C,. The circuit in which the tuned oscillator
circuit is coupled to the grid of the triode is undoubtedly & much simpler proposition,
but in that case the frequency drift will be considerably greater.
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UF 9 R.F. LF. and AF. pentode

This is a variable-mu R.F. or L.F. pentode for AC or DC receivers
having series-connected 100 mA heater circuits. It can also be
employed as R—C coupled A.F. amplifier, with or without control
(A.G.C. system including A.F. stage). The UF. 9 is designed to work
on a sgliding screen grid voltage, giving a lower anode current with
higher mutual conductance than a valve of which the screen grid vol-
tageis fixed and which, as far as cross-modulation is concerned in the
uncontrolled condition, has the same characteristics. When the valve
is used on a supply voltage of 200 V, the screen grid is fed through a
resistance of 60,000 Ohms, in which case the cathode resistance is 325
Ohms and the mutual conductance in the uncontrolled condition
2.2 mA/V. On 100 V supply voltage the resistance in series with the
screen grid can with advantage be short-circuited, since the grid bias in
the uncontrolled state then readjusts itself to —2.5 V, with the mutual
conductance once more at 2.2 mA/V. If this resistance is not shorted,

the resultant lower screen grid voltage, combined with the smaller g2

anode and screen grid current, will result in a reduction of both mutual
conductance and bias; the cross-modulation curve is then not so satis-
factory and there is a possibility that grid current will flow when no
control is applied. The very slight degree of mains hum produced by
the UF9 when used as A.F.amplifieris an advantage. Very great care
has been taken in the designing to reduce hum to a minimum, more
especially with a view to the use of this valve in AC/DC receivers
where its heater, counting from the chassis, comes second in the
heater circuit and carries high alternating voltages.

The UF 9 excels by reasons of its exceptionally low inter-electrode
capacitances, the anode-to-grid capacitance being less than 0.002
pF. It is therefore very suitable for short-wave reception.

HEATER RATINGS
Heater feed: indirect by AC or DC; series supply.

UF 9

soezs
F

ig. 1
Dimensions in. mm.

]

Fig. 2.

Heater voltage . . . . . . . . .. ... ... Vi = 12.6 V  Arrangement of elec-

Heater current . . . . . . . . . . ... ... I; = 0.100 A trodes and. contacts.

CAPACITANCES

Anode-grid . . . . . . . . ..o 00000 Cagn < 0.002 pF.

Grid-all other electrodes . . . . . . . . . . .. .. .. .. Cyp = 49 pF.

Anode-all other electrodes . . . . . . . . .. ... L. C, =16 pF.

Gridfilament . . . . . . . . . . .. ..o o000 Cyy < 0.005 pF.

OPERATING DATA: valve employed as R.F. or L.F. amplifier

a). With fixed screen grid voltage.

Anode voltage . . . V, = 100 V 200 V

Suppressor grid voltage Vg, = (V" oV

Screen grid voltage. . Vg, = 100 V 100 V

Cathode resistance. . Ry = 325 Ohms 325 Ohms
T a— e . et I ——————

Grid bias. . . . . . Vg = —2.5!) —16.02) —19.5%) —2.5') —16.02) —19.5%) V

Anode current I, =6 — — 6 — — mA

Screen grid current. . I, = 1.7 — — 1.7 — — mA

Mutual conductance . § = 2200 22 7 2200 22 7 uA/vV

Internal resistance. . R; = 0.4 >10 >10 12 >10 >10 MObhms

1) Without control. *) Mutual cond. controlled to 1/100. #) Mutual conductance controlled to limit of range.
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b) With sliding screen gri
Anode voltage . . Vg,
Suppressor grid vol-
tage
Screen grid resist-
ance

Screen grid voltage Vg,
Anode current . . I,
Screen grid current I,
Mutual conductance 8
Internal resistance R;
Gainfactor (with res-
pecttoscreen grid) pgeg,
1) Without control.

I 1 I T

d

50
3.2
0.85
2000
1

18

voltage.

100 V

ov

60 000 Ohms
325 Ohms

20

> 10

?) Valve controlled to 1/100.

T T ct—
—1.31) —16.5%) —20°)

100

5
>

10

200 V
(VI
60,000 Ohms
325 Ohms
R . —
—2.51) —32%) —39)V
. 100 — 200 V
) — — mA
1.7 — — mA
2200 22 55 uA/V
1.2 > 10 > 10 MOhms
18 — —

i

*) Limit of control range.

OPERATING DATA: valve used as resistance-capacitance coupled A.F.
amplifier with gain control on the control grid

© -1 g g @
$ & g £ 8 | B o
_*_.; ‘ g. =] E 2 3 .*..; Required altema.tmg grid voltage
g8 | bg k| = ) and total distortion foran output
> 818§ -§ & g 3" voltage of:
B Bzl i f | 2 26 | =
2|58 88 < |51 & |85 &

Voeg =3V|Voeg =5V Voeg=8V
Vo | By | Rga| I | Ijs | Ry |—Vpr Vo eg | Vi ef | dtot | Vieg ot | Vi eff ‘dtot
(V) (MQ)(MQ)(mA) (mA) (ohms) (V) | Vieg | (V) | (%)| (V) (%) (V) |%
200 | 0.2 { 0.8 10.65(0.17| 2500 | O 88 10.034 |0.75|0.057 | 1.2 0.091 |2.0
200 | 0.2 | 0.8 |0.52{0.13| 2500 | 5 32 10.095|1.3 |0.160 | 2.2 - 0.255 |3.5
200 | 0.2 | 0.8 {0.42|0.10/ 2500 | 10 17 10.172 |1.6 [0.288 | 2.8 - 0.460 (4.3
200| 0.2 - 0.8 [0.33]0.07| 2500 | 15 12 |0.260 1.8 |0.430 | 3.0 0.690 4.8
200 | 0.2 | 0.8 |0.25]0.05| 2500 | 20 8 [0.382 2.2 |0.640 | 3.7 1 1.020 |5.9
100 | 0.2 | 0.8 {0.33/0.08| 2500 | 0 82 |(0.037 | 0.83
100 | 0.2 | 0.8 |0.25/0.06| 2500 | 2.6 | 31 |0.090 2.6
100 0.2 | 0.8 |{0.200.04| 2500 | 5 16 }0.190 |3.9
100 | 0.2 | 0.8 |0.15/0.03| 2500 | 7.6 10 [0.300 (4.2
100 | 0.2 | 0.8 10.1210.02| 2500 | 10 7 10.450 (5.1 ‘
200 0.1 (0.4 11.22/0.35/ 1300 O 78 10.039 [0.75/0.064 | 1.3 | 0.103 | 2.0
200 | 0.1 | 0.4 /10.91/0.26| 1300 | 5 29 10.100 (1.3 10.170 : 2.2 {0.276 | 3.5
200 | 0.1 | 0.4 {0.70|0.19| 1300 | 10 16 [0.190 |1.9 :0.310 { 3.1 | 0.500 |5.0
200 | 0.1 | 0.4 |0.510.13| 1300 | 15 9 10.320 (2.1 |0.540 | 3.5 | 0.860 |5.6
200 0.1 | 0.4 {0.360.09| 1300 | 20 6 |0.500 3.4 |0.840 | 5.6 | 1.340 |9.0
100 0.1 | 0.4 |{0.61]0.16{ 1300 | O 72 10.042 |0.83
100 0.1 | 0.4 |0.44/0.12} 1300 | 2.6 | 29 |0.1043.8
100: 0.1 | 0.4 '0.33/0.09| 1300 | b 16 |0.206 | 3.8
100 | 0.1 | 0.4 0.240.06| 1300 | 7.5 8 10.380 |5
100| 0.1 | 0.4 0.17(0.04| 1300 | 10 6 |0.580 6.2




MAXIMUM RATINGS

Anode voltage in cold condition. . . . . . . . .
Anode voltage . . . . . . . . . . . ...
Anode dissipation . . . e
Screen grid voltage in cold condmon e e
Screen grid voltage at I, = 6 mA . . . . . . .
Screen grid voltage at I, < 3 mA . . . . .
Screen grid dissipation . . . . . . . .. ..
Cathode current . . . . . e

Grid current commences at (Ig1 = 4+ 0. 3 ,uA)

Max. external resistance between grid and oa.thode .

UF 9

Vao = max. 550 V

Vs = max. 250 V

Wy = max.2 W
Vgo = max. 550 V

Vga = max. 125 V

Vgs = max. 250 V
. Wy = max. 0.3 W
. Iy = max. 10 mA
Vsjg = max. —13 V

RBpx = max. 3MQ

Max. external resistance between filament and cathode Rj; = max. 20,000 Ohms

Max. voltage between filament and cathode (D.C. or
effective value of A.C.). . . . . . .

Vi = max. 150 v
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Anode current as a function of grid bias at Mutual conductance as a function of grid bias,
Va = 100—200 V and Vg, = 0V, with screen with screen grid voltage as parameter. The
grid voltage as parameter. The broken lines broken lines show the course of the slope with
show the anode current of the controlled control on the valve and the screen grid fed
valve, with screen grid fed through a 60,000 through a 80,000 Ohm registance from the 200 V

ohm resistance from the 200 V or 100 V
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and 100 V supply.
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At Vb = 200 V, Rg, = 60,000 Ohms (screen
grid fed through a resistance) and Vg, = 0 V:
Upper diagram; Maximum permissible effective
value of alternating grid voltage with 1 9,
cross modulation and 1 % modulation hum,
as & function of mutual conductance.
Lower diagram; Mutual conductance, anode
current, screen grid current andinternalresis-
tance as a function of grid bias.

Fig. 6

At Vb = 100 V, Rg, = 60,000 ohms (resistance
in series with the screen grid) and Vg, = 0 V:
Upper diagram; Maximum permissible effective
value of alternating grid voltage with 1 %
cross-modulation and 1 % modulation hum

as a function of mutual conductance.
Lower diagram; Mutual conductance, anode
current, screen grid current and internal re-

sistance as a function of grid bias.

Ia(mA)
JI L ‘_I[L T L WY Xra
1 EREN 2= 100V !
I I
15 r A\
T

12v 1
300 w vl 5o
41746

Anode current as a function of anode voltage with a fixed screen grid
voltage of 100 V: grid bias as parameter.
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UM 4

UM 4 Dual sensitivity electronic indicator

The UM 4, like the EM 4, is a dual-sensitivity tuningindicator on the 27-28
screen of which two distinct fluorescent zones are formed. The distri-

bution of light on the screen is such, however, that the variations R
in the dark sectors spring into view rather more than the fluorescing BN
sectors themselves. During tuning, the variations in the widths of é

the two dark sectors are not uniform; in fact the sensitivity of one

section is very much greater than the other, the angular variation ‘ |
in one being more rapid than in the other. x!
This effect is obtained by means of two triode sections of different 9515
amplification factors, these triodes being mounted one under the Fig. 1

other around the cathode. A single grid serves the two units, but Dimensions in mm
the pitch differs between the one system and the other. The two
anodes are electrically separated; the upper and smaller one serves the
low-gain triode, and the lower and larger anode the high-gain triode.
Each anode is connected to a deflector-electrode, as well as to the
external contacts.

The anodes of the indicator are both connected to the positive line
in the receiver, in series with a 1 Megohm resistance (see also Circuit
diagram IV), this potential being applied also to the fluorescent screen.
Both the triodes are controlled simultaneously by the negative D.C.
voltage on the grid (e.g. the control voltage from a detector diode)
and actuated by a certain variation in this grid vol-
tage, the high-gain triode producing a wider variation in
the shadow angle behind the deflector electrode than the
low-gain unit.

The UM 4 is so designed
that the shadow angles with
respect to the two deflec-
tors will be 90° at zero grid
voltages withsupply voltages
of 100 or 200 V. At a nega- and ©s
tive grid voltage of —4.2 V
(Vg = 200 V), the shadow
angle on the high-gain side
is 5°, whereas on the other
side this angle is reached
only at —12.5 V: an easily
visible indication ‘is thus
obtained on weak as well
as strong aerial signals.
Figs 4 and 5 show the Fie. 2
characteristics of both sec- Arrangement %f electrodes and
tions of the indicator when contacts.

working on supply voltages

of 200 and 100 V respectively, and these clearly
illustrate the performance of the tube. The bulb of
this indicator, like the EM 4, has been given a re-
entrant extremity which, with the lacquered ridge of
51302  the glass, presents a dark background behind the

Fig. 3 . o . ..
Internal construction of the UM 4.  aperture through which it is observed. This increases
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the contrast between the fluorescent light and the background and facilitates obser-

vation of variations in the pattern.

HEATER RATINGS

Heater feed: Indirect by AC or DC; series supply

Heater voltage. . . . . . . . . .
Heater current.

fl

126 V
0.100 A

Vy
Iy

It

OPERATING DATA FOR THE TUBE WHEN EMPLOYED AS TUNING

INDICATOR

Voltage supply to screen and anode series
resistances. . . . . . . . .

Anode coupling resistance, high- ga.m sxde

Anode coupling resistance, low-gain side

Screen current at V, = 0 V.. .

Grid voltage for a shadow angle of 90"
in the high-gain section .

Grid voltage for a shadow angle of 90°
in the low-gain section . . .

Grid voltage for a shadow angle of 0°
in the high-gain section . . . . . .

Grid voltage for a shadow angle of 0°
in the low-gain section . . . . . . .

Grid voltage for a shadow angle of 5°
in the high-gain section ..

Grid voltage for a shadow ungle of 5°
in the low-gain section . . . NN

Vy (Oz =
Vg (®1 =

Vy (O, =

Vy = 100 V 200 V
= 1M ohm 1 M ohm
= 1 M ohm 1 M ohm
= 0.2 mA 0.55 mA

=90°) =0V (U

=90°) =0V oV

= 0% = —25YV —

= 0° = —8YV —

= 5 = — —42V

5% = — —125V

®), = shadow angle of the deflector electrode D,, measured at the edge of the acreen.
(®, = shadow angle of the deflector electrode D,, measured at the edge of the screen.
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Tig.
Shadow angles 4@, and
3, measured at the edge
of the screen, and screen
current Is as a function
of grid voltageat a supply
potential of 200 V.
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MAXIMUM RATINGS

a2

Vso max. 550 V

Vo = max. 550 V
Vs = max. 250 V
a20 = Max. 550 V
= max. 250 V

Vs

Vo ly; = + 0.3 nA)
Rgx

Ry Rgk

Vix

W n

1) D.O. voltage or effective value of alternating voltage.

APPLICATIONS

max

max.

. 260 V

—13V

max. 3 M Ohms

. 20,000 Ohms
. 160 V)

The UM 4 was designed especially for use in AC/DC receivers. It is recommended
that the indicator be connected to the grid leak of the detector diode, since connection
to the A.G.C. diode in cases where delayed control is applied incurs the disadvantage
that the indicator then gives no indication on weak signals, below the level of the
delay voltage. As the more sensitive side of the indicator was expressly provided to
react on weak signals, including those below the normal delay level (for short wave
reception), it is, as stated, better to couple the grid of the UM 4 with the detector

diode.

In many cases the signals on the detector diode will however be too strong and it will
be found desirable to reduce the direct voltage on the grid leak by means of a potenti-
ometer. Care must be taken at the same time to ensure that the A.C. resistance of

the diode circuit is not reduced too much, since otherwise the ratio

Ry
— becomes un-

R

g
favourable and the maximum modulation depth at which distortionless detection
is possible ‘is also reduced: high-resistance potentiometers should therefore be used

(see also Circuit IV).

If the UM 4 is to be employed in an AC/DC receiver operating on low mains voltages,
a sufficiently high voltage for the fluorescent screen must nevertheless be ensured, or
the brightness of the light-pattern will fall short of requirements. At a supply voltage
of 100 V it will be noticed, moreover, that the working of the high-sensitivity side of
the indicator is not so effective as usual, for which reason it is better, in the case of
receivers intended for use mainly on a 100 V supply, to interconnect the two anodes
of the triodes and feed these through a common resistance of 1 M Ohm. Figs 6 and 7
show the characteristic curves thus obtained in respect of V5 = 100 V and 200 V.
The variations in the shadow angle can then be clearly observed, even at lower values
of the control voltage on the grid.

Fig. 5
Shadow angles (); and (9,
measured at the edge of the
screen, and screen current Is
as a function of grid voltage
on a supply voltage of 100 V.
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Fig. 6
Shadow angle () of the two sectors, and screen current Is as a function
of grid voltage, with the two anodes of the triodes fed in parallel through
al M Ohm recsistance, on a supply of 100 V.
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Fig. 7
Shadow angle (3 of the two sectors,and screen current Is as a function
of grid voltage, with the two anodes of the triodes fed in parallel through
a 1 M Ohm resistance, on a supply of 200 V.
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UY 1 (N)
UY 1 (N) Half-wave rectifier valve

The UY 1 (N) is an indirectly heated half-wave rectifier for use in
AC/DC receivers with 100 mA series heater circuit. The internal re- max3]
sistance of this valve is very low and voltage losses are therefore only o
slight, this being a very great advantage when the receiver is to
operate on 100 V mains. This rectifier is a new version of the UY 1
and differs from the UY 21 only in the base.

HEATER RATINGS
Heater feed: indirect by AC or DC; series supply. ar7s

i

Heater voltage.. . . . . . . . .. ... ... Vi =50V Fig. 1
Heater current . . . . . . . . . . . . . . .. I/’ = 0.100 A Djmemjoﬁs in mm
MAXIMUM RATINGS

Alternating anode voltage . . . . . . . Vi = max. 250 Vg

DC.output . . . . . . ... .. .. I, = max. 140 mA

Voltage between filament and cathode . Vy=max. 500 V(peak)
Capacitance across input of smoothing
filter. . . . . . ... ... . « C = max. 60 uF?)

1) A resistance of which the minimum value is given in the following table must be
included in the anode circuit to safeguard the valve.

Mai ) Capacitance of Resistance to Amrangonont of

ains voltage smoothing condenser | safeguard the valve electrodes and
contacts.

max. 250 V 60 uF min. 175 Ohms

max. 250 V 32 uF min. 125 Ohms

max. 250 V 16 uF min. 75 Ohms

max. 250 V 8 uF min. 0 Ohms

max. 170 V 60 uF min. 100 Ohms

max. 170 V 32 uF min. 75 Ohms

max. 170 V 186 uF min. 30 Ohms

max. 127 V 60 uF 0 Ohms
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UY 1 (N)
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Fig. 4
Current as a function of applied direct voltage.

Fig. 8
Load lines for the rectifier UY 1 (N).
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IX. 4-Valve superheterodyne receiver for 220 V AC/DC Mains
Valves used: UCH 4, UF 9, UF 9, UBL 1, UM 4, UY 1 (N).

Wave ranges:
Long waves 830—2090 m
Medium waves 195— 570 m
Short waves 17— 51 m

R.F., I.F. and oscillator circuits

These are exactly the same as in Circuit I; for details of the coils see p. 62. The
screen grids of the mixer and I.F. valves are fed by means of resistances to obtain a
sliding screen grid voltage and the characteristics from the point of view of cross-
modulation are therefore good.

The suppressor grid is employed as third diode in a 3-diode circuit. Grid bias is obtained
from the voltage drop across resistances Rg and R,, this being tapped from a potentio-
meter comprising resistances R;, R,, R,; and R,;. The gain factor is 120.

Diodes for detection and automatic gain control

The UBL 1 has two diodes, of which d, is used in the usual manner for detection and d,
for the automatic gain control, the latter being connected to the primary side of the
final LF. transformer. No delay voltage is applied to this diode, in order that distortion
may be avoided; the A.G.C. is delayed by means of the suppressor grid of the L.F. valve
UF 9. As long as this grid is at a positive potential (across R,,), grid current flows and
no control is applied to the R.F. and L.F. valves, but immediately the anode d, becomes
sufficiently negative to check the grid current the A.G.C. comes into operation. Diode

d, is connected to a tapping on the I.F. coil to reduce the damping effect of this diode
on the LF. circuit.

A.F. amplifier

The A.F. voltage is taken from the volume control R,;, by way of a condenser C,,,
to the grid of the A.F. valve UF 9. To prevent the possibility of hum, arising from

D.C. mains which include considerable ripple, the anode voltage is smoothed by means
of a filter Ry;—Cl,.

Tone conirol
Tone control is obtained by means of the potentiometer R,,, in series with condenser Cs;.
Gramophone pickup connection

The output from a gramophone pickup is applied through condensers C,; and Cy,
to the volume control R,,. A resistance R,, is connected in series with the volume
control, as otherwise diode d, would be in parallel with the pickup.

Output stage

The output valve is a high slope 11 W double-diode pentode, UBL 1. Low value
registances are included in the control and screen grid circuits to suppress parasitic
oscillation.

As the use of a bias resistance on the cathode would result in a delay voltage on both
diodes, the cathode is earthed (chassis). Grid bias is obtained from R; and R, and is
applied to the control grid across R,,. Since these resistances are in the negative line
and all the currents in the receiver pass through them, efficient smoothing (C,q and Cy,)
is essential.
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Negative feedback

A portion of the voltage on the voice coil is returned across the potentiometers R,,,
Ry, Ry and Ry, together with resistance R,,, to the control grid of the UF 9. Ry,
and Ry, are shunted by condensers the value of which is such that the feedback is
attenuated on the higher and lower tones, thus giving uniform reproduction throughout
the whole of the A.F. range. A resistance R,, is also included on the other side of the
grid of the UF 9, to check the tendency of the tone control to smooth out the feedback
voltage too much; the resultant loss in the A.F. gain is 50 %.

Tuning sndicator

““Magic eye” tuning indication is provided by the UM 4, the dual-sensitivity electronic
indicator, which enables weak signals to be tuned in with just as much ease asthe
stronger ones. The negative detector-diode voltage is applied through a filter circuit
R5—C;, to the grid of the UM 4. If the latter is connected to the A.G.C. diode it
will not register weak signals, because of the delay voltage. The filter R;s—Cj4 checks
the passage of any A.F. voltages to the grid of the indicator. R,; must be of a high
value to ensure that there will not be too much reduction in the A.C. resistance of the
diode.

Heater and pilot lamp circuits

The heaters of the valve are all connected in series, together with a resistance Kj;,
and the pilot lamp, type 8073 (6 V, 0.1 A), with a further resistance R, in parallel
with the latter. The initial current surge when the set is switched on has to be taken
into account, and resistance R;; absorbs part of it, thus preventing the pilot lamp from
burning out: as soon as the normal heater current starts flowing through the valves
it will pass through' the pilot lamp, as well as through Rg; and, to ensure that the former
receives sufficient current, the anode of the rectifier is connected between R;, and R,
to allow extra current to pass to the pilot lamp when the valves have warmed up.
The value of R,; should be so selected that the lamp is not overloaded on A.C. and
slightly under voltage when on D.C. mains, taking as basis the effective value of the
rectified current, which on A.C. is about twice as much a8 on D.C. feed. The sequence
of the valve heaters is arranged to give the least possible amount of hum, this being
the reason for connecting the UBL 1 at the chassis end (earth). Condenser C,, smooths
out the heater voltage for the A.F. valves UF 9 and UBL 1 and prevents the passage
of any high-frequency hum.

Amnode feed

The rectifier is a UY 1 (N). As one side of the mains voltage is applied direct to the
chassis, condensers are included in the aerial, earth and gramophone pickup circuits;
the chassis itself, therefore, must not be earthed. Two electrolytic condensers of 32 uF
each, with an 8-henry choke, take care of the smoothing. The total output of current
is about 60 mA.

ELECTRICAL DATA

Sensitivity (for an output of 50 mW, with neg. feedback).

At the diode 06V .

At the LF. valve 5 mV |\ éf gan fact9r:f]20. 1
At the mixer valve 30 uV ( Conversion gain factor: 163.

At the aerial 10 uV Voltage gain factor: 3.
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Selectivity

Attenuation due to detuning + 4 and — 4 ke/s: 1: 10.
Attenuation due to detuning + 7 and — 7 ke/s: 1: 100.
Attenuation due to detuning +12 and —12 ke/s: 1 : 1000.
A.G.C. characteristic

1 X normal input voltage corresponds to 1 X normal output voltage

5 x ” ” 1 ” ”»” 5 x " " iR

10 % . ' ' " , 8 X " - "
100 X ' . ' - » 20 X v ” .
1000 x ' v . ' 22 X " " "
10000 X iR} i3] i3] " ” 24 x » ” "

176






Two valves for A.C. operation

ECH 4 and EL 50



ECH 4

ECH 4 Triode—heptode

The ECH 4 is a triode-heptode of which the electrical characteristics
are similar to those of the ‘“all-glass” valve ECH 21. The triode and
heptode units both have their own separate external connections and
can therefore be used for individual purposes.

For details of the various applications of this valve reference may
be made to the particulars of the ECH 21 on p. 15. The electrical
data are summarised below for easy reference and the characteristics
are the same as those of the ECH 21.

HEATER RATINGS

Fig. 1
Heater feed: indirect, by A.C.; parallel feed.
Heater voltage. . . . . . . . . . ... .... Ve =
Heater current. . . . . . . . . . .. ... .. I; =
CAPACITANCES
a) heptode section:
Cy = 6.6 pF Cpgs < 02 pF
Cq = 9.2 pF Ces{ = 89 pF
Oagl < 0.002 pF Oy;f < 0.00" pF
b) triode section:
Cy = 6.0 pF Cak =25 pF
' = 54 pF Cog =21 pF
Cyp =30 pF Cos < 03 pF
¢} between heptode and triode and both combined: e 2
ig.
CvaxH < 0.1 pF C(gT+ga)ng < 0.25 pF Arrangement of
electrod d
Cyr+9s = 14 pF Cyr+gnar < 0.1 pF ecc;:t::t:.m

OPERATING DATA: HEPTODE SECTION EMPLOYED AS MIXER VALVE
(3rd grid connected to triode grid)

Anode and supply voltage. . . . . . . . Vo = Vo = 250 V
Screen grid resistance . . . . . . . .. Rigargy = 24,000 Ohms
Cathode resistance . . . . . . . . . .. Ry = 150 Ohms
Grid leak: 3rd grid and triode grid . . . Rsygm) = 50,000 Ohms
Current to 3rd grid and triode grid . . . Igysigry = 190 pA
Grid bias . . . . . .. ... L Vo = —2) —24.5%) V
Screen grid voltage. . . . . . . . .. “ o Vigetg) = 100 250 V
Anode current , . . . . . . . . . . .. 1 =3 — mA
Screen grid current. . . . . . . . . .. Tgo4g9s) = 6.2 — mA
Internal resistance . . . . . . . . . . . R; = 14 > 3 M ohms
Conversion conductance. . . . . . . . . Se = 750 7.5 AV
Equivalent noise resistance . . . . . . . By = 55,000 — Ohms.

1) Valve not controlled.
1) Mutual conductance controlled to 1/100.
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OPERATING DATA: HEPTODE SECTION EMPLOYED AS I.F. AMPLIFIER
(3rd grid not connected to triode grid)

Anode and supply voltage . . . . . Ve = Vp = 250 V
Voltage on 3rd grid. . . . . . . . Vs = oV
Screen grid resistance . . . . . . . Rgatgsy = 45,000 Ohms
Grid bias. . . . . . . ... .. Va = —21) —36%) -—448)V
Screen grid voltage . . . . . . . . Vigatgy = 90 — 250 V
Anode current . . . . . . . . . . I, = 53 — — mA
Screen grid current . . . . . . . . Lga+gyy = 3.6 — — mA
Mutual conductance. . . . . . . . S = 2200 22 2.2 uA/V
Internal resistance. . . . . . . . . R; =09 >10 >10 M ohms
Gain factor, in respect of screen-

control grid . . . . . . . ... Pgag1 = 18 — —
Equivalent noise resistance. . . . . Ry = 7500 — — Ohms

1) Valve not controlled.
*) Mutual conductance controlled to 1/100.
3) Mutual conductance contralled to 1/1000 (limit of control).

STATIC RATINGS FOR THE TRIODE SECTION

Anode voltage . . . . . ... ..o L Ve = 100 V
Grid bias. . . . . . . ..o Vo= 0V
Anode current . . . . . . . . .. .o oo I, = 12 mA
Mutual conductance. . . . . . . . . ... ..o .. 8 = 32 mA/V
Gain factor. . . . . . . . ... oo u = 22

OPERATING DATA: TRIODE SECTION EMPLOYED AS OSCILLATOR
VALVE (triode grid connected to third grid of heptode)

Supply voltage . . . . . . . . . . . ... ... Vs = 250V
Anode resistance . . . . . . . . ... ... R, = 20,000 Ohms
Grid leak. . . . . .. ..o o000 Ryp gy = 50,000 Ohms
Current through grid leak to be adjusted to . . . . I (grigs) = 190 pA
Anode current . . . . . .. ..o L. a = 4.5 mA

%WH

BOD
=<~
Sxy

Q1719

Fig. 8
Circuit diagram showing the' ECH 4 employed as mixer valve.
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ECH 4

OPERATING DATA: TRIODE SECTION EMPLOYED AS A.F. AMPLIFIER
VALVE, Resistance-Capacitance coupled (triode grid not connected to third
grid of heptode)

Supply voltage . . . V, = 250 250 250 V
Anode resistance. . . R, = 0.2 0.1 0.05 M Ohms
Grid bias. . . . . . v, =-—=2 4 —2 4 —2 4V
Anode current . . . I, =1 0.9 2 1.7 3.5 3 mA
Alternating  output

voltage. . . . . . Voeg = 1.5 7.5 7.6 7.5 7.5 75 V
Total distortion. . . dy; = 2.5 2.0 2.1 1.6 2.1 1.5 9%
Voltage gain . . . . Yoer _ 15 12 14 13 14 13

Vores

OPERATING DATA FOR THE ECH 4 EMPLOYED AS PHASE INVERTER
for the modulation of a push-pull output stage

(with negative feed-back; see fig. 4. Triode grid not connected to third grid of heptode)

Supply voltage . . . . . . 143 = ....20V
Anode resistance, heptode.. Rgm = ... . 02MOhms
Anode resistance, triode. . R =....01M Ohms
Screen grid resistance . . . R(aygy) = . . . .0.25 M Ohms
Cathode resistance . . . . Ry = . . . . 650 Ohms
Neg. control voltage on grid
of heptode . . . . . . . Vr =0 —b —10 —15 —20V
Combined anode current:
heptode and triode . . . I,gylar 2.6 2.45 2.35 225 2.15 mA

Screen grid current . . . . Iggtgy = 0.75 058 043 032 0.24 mA
Alternating input voltage . Vg =010 033 0.66 1.0 16 V
Voltage gain . . . . . . . II;" 7 =100 30 15 10 6
91ef
Alternating output voltage. Voeg = 10 10 10 10 100 V
Total distortion. . . . . . drot = 0.80 3.70 4.50 620 7.50 %
~—flay Qﬂ:}’i
p Q?ﬂﬂé Voerr
~—lar
1mn amn% Ve
0onsy . Jroer
W "
mn% oo
Kat! %R
R,/.% g I R(gz’g-ﬁwe :b'
-V¥R T v ._1!92‘94) .
«any

ig. 4
Circuit diagram showing the ECH 4 employed as phase inverter with
negative feed-back, to {llustrate the above description and symbols.
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MAXIMUM RATINGS FOR THE HEPTODE SECTION

ECH 4

Anode voltage in cold condition . . . . . . Vao = max. 550 V
Anode voltage . . . . . . . . . . . . .. Va = max. 300 V
Anode dissipation. . . . . . . . . . . .. W, = max. 1.5 W
Screen grid voltage in cold condition. . . . V(g4g40 = max. 550 V
Screen grid voltage, valveuncontrolled (I;=3mA) V(5,144 = max. 100 V
Screen grid voltage, valve controlled (I,<<1 mA) V(gy+g, = max. 300 V
Screen grid dissipation. . . . . . . . . .. Wgat+gsy = max. 1 W
Cathode current. . . . . . . . . . . . .. Ip = max. 15 mA
Grid current commences at (I;; = + 0.3 uA) ¥V = max. —1.3 V
Grid current commences at (Ij3 = + 0.3 uA) Vg = max. —1.3 V

Max. external resistance between grid 1 and
cathode . . . . . . . . . .. ... .. Rk
Max. external resistance between filament and

I

max. 3 M Ohms

cathode . . . . . . . . . ... ... Ry = max. 20,000 Ohms

Max. external resistance between grid 3 and

cathode . . . . . . . . .. ... ... Rysic = max. 3 M Ohms

Max. voltage between filament and cathode
(D.C. voltage or effective value of alternating

voltage) . . . . . . . . ..o oL Vi = max. 50 V

Anode voltage in cold condition . . . . . . . . . .. Ve = max. 550 V
Anode voltage . . . . . . . . . .. ... Vo = max. 100 V
Anode dissipation. . . . . . . . ... 0000 W, = max. 0.5 W
Grid current commences at (I; = + 0.3 uA). . . . . Vg = max. —13V
Max. external resistance in grid circuit . . . ... . . . R;x = max. 3 M Ohms
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EL 50 Amplifier for push—pu]l output stages

max51 The EL 50 is a pentode with & maximum anode
dissipation of 18 W, having been designed
especially for balanced output stages. Two of
these valves in Class A/B at a maximum anode
voltage of 800 V will provide an output of 84 W
and this high anode voltage can be employed
without the necessity for any special precautions
in view of the fact that the anode connection
is situated at the top of the bulb.
The form of the dynamic characteristic, more-
over, is such as to render the valve relatively
so;- insensitive to electrical discrepancies between
the two valves used in the stage. Like the
Dimensicrs 1n mm. 4654, the EL 50 can also be employed on a
supply voltage of 425 V (V, =400 V, Vy, =
425 V), in which case the maximum output power of the two
valves, on a fixed grid bias, is 50 W. w0em2
The ratings and operating data for this valve are given below. Fig. 2

Arrangement of elec-
trodes and contacts.

QmA)
T T as #7 HEATER RATINGS
: = Bus/idaann .
T ,' iR Heater feed: indirect, A.C. parallel feed.
H R THT Heater voltage . . . . Vy =63 V
i Srigseor 4 T ! H t I =135 A
: zvlu‘”’ s i / "I 200 eater current . . . . I = 1.
- HH CAPACITANCES
T asay Anode-control grid capacitance
] T‘ SERRns 150 Cog1 <0.8 pF
100
1
1] 1 —'—’—1> - 4+ A= 4
T /
} 50
[ o / / Sieets
T TeN T3 .
j azen 11 Fig. 3
N 1 ;/f T 40 V'ﬁ%ﬁav‘: Anode and screen voltage as a function of grid
AL A T AT W T bias at Va = 400 V, Vg, = 426 V and Va =
T =TT Ve T H1lg 800 V, Vg, =400 V.
W1v) -0 -0 -20 0
450
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STATIC RATINGS

EL 50

Anode voltage . . . Vo = 400 V 800 V
Screen grid voltage. . . . . . Vgo = 425 V 400 V
Suppressor grid veltage. . . . . Voo =0V oV
Anode current . .. . I, = 45 mA 22.5 mA
Screen grid current. . I;3 = 5.5 mA 2.5 mA
Grid bias . . Vjo = —33V —37V
Mutual conductance ... .. 8 =6mA/NV 4 mA/V
Internal resistance . . . R; = 30,000 Ohms 50,000 Ohms
VQ1=GY —W & 714 -%v
ma P PR T I L T e
s/ s eanza S T A s
150 3 ann =17 p= OV
[ T T
t T 3= =-22v
T — -24
/ Jiy = na|
= 1T .
1/ S
100 HHE o H et
] JL TEm4T28V
] T T11
‘ : ot H-sov
N l L4+ T 117
J F e 22
11 P T
501 A CE - 34
Fig. 4 I 2 ---—_—JGV
Anode current as a function -J8v
of anode voltage at Vg, = I == 3
425 V, with Vg, as parameter -+ by
(400 V operation). 0 T oV
0 200 400 600 800 Vaf¥) N00
Iza35
e P TP o e
at Eassenaamsadfsaseesssecaasadbue
g 400vHia =t s
; res UV‘[iL:;rE‘ 1 - r‘ ; s :
gged I8N " T
| e
1 T ! T 1 IT i T
T T ; t T -
b > 1 aus: a 17 T
PR oy T
o e gV I
o g" T 1”} InRg! 26V
= 1 =+ ]L t T
ans ! Ly H-28v
AnS C. T il l_’,_ “JOV
a8 32y
=34V Fig. 5
BRI S —rH-J6v Anode current as a func-
= L -38V tion of anode voltage at
sk : 0/ 4oy Voa = 400 V, with Vg,
e e d4Y gy as  parameter (800 V.
600 800 1000 1200 ValV) 40O operation).

I7433
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EL 50

DYNAMIC DATA for two EL 50 valves in class AB adjustment with auto-
matic negative grid bias

Anode voltage . . . . . . . . . . ... ... Vg =400 V
Screen grid voltage. . . . . . . . . . . . . . Vg = 425 V
Intercepting grid voltage . . . . . . . . . . . Vg =0V
Cathode resistance . . . . . . . . . . . . . . R = 315 Ohms
Anode rest current. . . . . oo oo Igo (Vg = 0) = 2X45 mA
Anode current at max. modulatlon e oo o Ig(Wy =max) = 2x52.5 mA
Screen grid rest current . . . v o e Tge (Vgreg = 0) = 2X5.5 mA
Screen grid current at max. modula.tlon .o o Iy (Wo = max) = 2X19 mA
Optimum matching resistance between the two .

anodes . . . . . . . v v v oo Ry = 9000 Ohms
Max.output. . . . . . . . ... ... ... Woma =30 W
Total distortion . . . R 1 = 10 %
Grid a.c. voltage requxred B 211 =25V

DYNAMIC DATA for two EL 50 valves in class AB adjustment with fixed
negative grid bias

Anode voltage A 2 =400 V 800 V
Screen grid voltage . . . . . . Vg, =425V 400 V
Intercepting grid voltage . . . Vg =0V oV
Negative grid bias ooV = 35V —375 V
Anode rest current . . . Igo (Vgreg =0) = 2x25 mA 2x15 mA

Anode current at max. modulatlon I, (W, = max) 2% 95 mA 2% 70 mA
Screen grid rest current . . . . Igy (Vg = 0) = 2X2.5 mA 2x1.25 mA
Screen grid current at max.

modulation . . . . I (W = max) = 2X22 mA 2x20 mA
Optimum matching resmt.a.nce
between the two anodes. . . Rg.' = 5000 Ohms 16,000 Ohms
Max. output . . . . . . . . . Woma = 50 W 84 W
Total distortion. . . . ... dior =349 6.6 9
Grid a.c. voltage requu'ed .. Vaep =25V 23 V
b - .
(mA) 8
~2 7 T H T 2 T30~ 23-D-40] 4(79‘
SEsSitEE } e AT
100 P i i THT T g
P i e T
ajugas Saac asaudgaana:
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1 HiH :
58S [2)52esstEctas )
= £ T
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S88 ‘Ié P :
i e
11
T 1 T
T __+ 117
T § : 1 4 i._l
filggt, ociesstsziecce
HH A2 i’
asnnally/ppsensnunasnpgas: Fig. 6
dy—r Anode current Ia, screen
- / euEas: ! grid current Ig,;, and dis-
N H— 2 tortion ¢ as a function
A1 ! agadd of output power W, of
3 ¥ ) two EL 50 valves in push-
h e s TR pull circuit, with auto-
% HiHH matic grid bias at Va =
25 30 35 Woik, 400 V, Vg, = 425 V and
37435 Raa’ = 9000 ohms.



EL 50

dlat{%)
8

Fig. 7

Anode current Ia, screen grid
current Ig, and distortion d as
function of output power Wo
of two EL 50 valvesin push-
pull circuit with fixed grid

bias, at Va = 400 V, Vg, =
425V, Vg, = — 35 VandRaa’
= 5000 Ohms.

Fig. 8
Maximum output o as a
function of load resis-

tance Haa’ of two EL Oe(%) |7
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APPLICATIONS

Since this valve is employed almost exclusively in push-pull output stages, only the
results obtained in this type of circuit will now be discussed.

In this, distinction is made between circuits with fixed grid bias supplied by a separate
rectifier and circuits having automatic grid bias. In the latter category no separate
rectifier need be employed, but against this there is the disadvantage that the maximum
obtainable output power is usually lower than when fixed bias is applied, this drawback
becoming all the more manifest according as the anode voltage is increased. If a very
high power output is required, of 50 or even 80 W, automatic grid bias-will not therefore
be used, the explanation of this being as follows.
The highest possible efficiency, that is,the greatest obtainable output power, is furnished
by Class A/B, or to a still greater extent, by Class B circuits. In both types of
circuit the valves work at the lower bend of the dynamic characteristic which means
that the average anode current varies in accordance with the magnitude of the signal.
In the case of automatic bias by means of a cathode resistance, the grid bias then
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EL 50

also varies; to avoid exceeding the value of bias relative to the maximum output
power, it therefore would be necessary to start from a lower grid bias setting on zero
signal. It would then be found, however, that the resultant standing current, whose
value depends on the size of the cathode resistance, would become intolerably high,
having regard to the maximum anode dissipation. .On the other hand, if a start be
made from the permissible operating conditions at zero signal strength, the grid bias
increases so rapidly with the signal strength that the anode current is interrupted
before the valve is even fully modulated.

The maximum power to be delivered is then limited not by the occurrence of grid
current, but by distortion of anode current, which becomes the more marked according
as the original operating point is taken lower, with the application of a higher anode
voltage. Consequently, automatic grid bias is not practicable at-anode voltages of
more than 400 V.

When automatic bias is incorporated in a push-pull circuit the starting point for zero
signal strength must be such that the maximum anode dissipation can be realised.
At 400 V anode, the two valves are made to operate at a level where the total anode
current will be 90 mA, when they can be modulated to a depth that will not cause
the bias to exceed the permissible limit.

Anode current amplitudes are very much smaller than in the case of a fixed bias,
permitting of a higher impedance in the anode circuit without thereby reducing the
anode voltage too much and, in this way, the delivered output power is not curtailed
so much as would otherwise be the case. The slope of the dynamic characteristio
is,. however, reduced in consequence of the high resistance in the anode circuit, so that,
when automatic bias is employed, practically the whole of the grid swing is required
for maximum modulation.

At 400 V anode voltage, with fixed bias and an anode load of 5000 Ohms, an output
of 50 W is obtained, whereas with automatic bias and a load of 9000 Ohms, the output
is only 30 W. In both instances the required alternating grid voltage is about 25 V.,

Automatic grid bias

Provided the anode voltage does not exceed 400 V, the screen grid voltage can be
taken directly from the feed circuit, the maximum screen potential being 425 V.
Allowing for a voltage drop of 25 Vin the speaker transformer!), the rectifier circuit
should therefore be capable of delivering 425 V.

The distortion, anode current and screen grid current as a function of output power
in respect of these values are shown in Fig. 6. Apart from the total distortion, the
individual harmonic distortion values have also been measured. For the output power,
the actual output of the valve itself has been taken and in practice, therefore, this
value must be reduced to the extent of the losses in the output transformer. From the
curves it will be seen that the distortion remains only slight up to an output of 27 W
(deor = 2.6 %), but increases appreciably above that figure, up to about 10 % at 30 W.
As already mentioned, the grid bias sets a limit to the power delivered. Fig. 6
shows that for an output of 30 W the average anode current totals 105 mA with a
screen current of 38 mA.

A cathode resistance of 315 Ohms will produce a voltage of 45 V which is sufficient
to quench the anode current; at still greater modulation depths both valves would
then cease to pass anode current and the speech current would be correspondingly
interrupted. The marked increase in 5th harmonic in Fig. 6 already points in this

1) This approximation is arrived at in the following manner. The matching resistance of the primary side
of the speaker transformer is usually in the neighbourhood of 10,000 Ohms. Assuming the losses in the
winding to be 10 % of the output power, the total loss-resistance will be about 1000 Ohms. As a rule this
resistance is distributed gradually throughout both primary and secondary windings, so that the loss in the
primary alone is about 500 Ohm , corresponding to at least one half of the winding, seeing that the current
alternates between the two halves of the transformer. Now, if the carrent of the one valve averages 50 mA,
there will be a voltage drop of 25 V across the transformer winding.
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direction. This type of distortion is very troublesome and limits the maximum obtain-
able output power just as much as the effect of grid current.

Fized grid bias

A fixed grid bias will commence to show an advantage only at an anode voltage of at
least 400 V: whereas Fig. 6, shows that an output power of 30 W is obtainable with
automatic bias this becomes 50 W at that anode voltage.

Operating details for the EL 50 in a Class A/B circuit with fixed grid bias are given
on page 184.

Fig. 7 shows the anode and screen voltage curves as well as the distortion at ¥V, = 400V,
as function of the output power. The most satisfactory value for the grid biasis —35 V,
in which case the best matching resistance between the two anodes is 5000 Ohms.
At maximum modulation, the output is 50 W with a total distortion of 3.4%, at which
level the screen grid current runs to a value that is just within the permissible limits.
The relation between optimum output and the most satisfactory matching resistance
for a given setting of the valve is given in Fig. 8.

For values of the anode voltage other than 400 V, details are given in Fig. 11. At
voltages above 400 V, the screen grid voltage must be dropped to the maximum rated
value by means of a potentiometer; owing to the increase in screen grid current when the
valves are modulated, the supply voltage will be reduced by the resistance of the
potentiometer itself, this limiting the maximum available output power. This limiting
effect becomes the more marked as the anode voltage is raised and at higher voltages
it is therefore desirable to stabilise the screen voltage as much as possible, as borne
out by the figures given for an anode potential of 800 V.

When the output valves are modulated to the point where grid current flows, an out-
put of 84 W can be attained, provided the screen grid voltage is kept constant at 400 V,
with —37.5 V bias and B = 16000 Ohms. The curves relative to these operating
conditions are shown in Fig. 9; the total distortion is 6.6 %.

If the screen grids are fed from a potentiometer which itself absorbs 40 mA, the screen

drot(%) dalmA T TS T = TR I Voflv)  Raln))
T O R I ] a1
L4 . 1T il
20 5 0 4-80 20000
wo(w) vg2(v)
15 60 150H- 3 ?""'jﬁ' % 22160 600 15000
10 40 100~ e e LR T 40 400 10000
520 20 200 5000
Tl ‘
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Fig. 11
Maximum anode current Igmgv standing current Igo, screen voltage
Vg, grid bias Vg,, output power W,, total distortion dgoz and optimum
output impedance R, as a function of available anode voltage Vg of
two EL 50 valves in a push-pull circuit with fixed grid bias.
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Fig. 12
The same curves as in Fig. 9,
but with respect to the case

where the screen voltage is
taken from the 800 V supply
line across a resistance of 8000
Ohms, being maintained at a
constant value by 4 stabiliser
tubes type 13201,

grid voltage falls to such an extent under modulation conditions that the maximum out-
put obtainable is only 50 W, due to the displacement of the dynamic characteristic, and
this output can also be obtained on an anode voltage of 400 V. It is therefore very
necessary to stabilise the screen grid voltage and this may be done by tapping the voltage
from the 800 V supply across a resistance of 8000 Ohms and placing four series-con-
nected stabiliser tubes, Type 13201, in parallel with the screen grids. This will keep the
voltage sufficiently constant at 380 V and ensure an output of 80 W at maximum
modulation. The relative curves are shown in Fig. 12 and it will be seen that they are
not very different from these in Fig. 9. Fig. 10 illustrates the relation between the
maximum output and the load resistance.

Feeding the amplifier

A push-pull output stage with automatio grid bias will generally not give rise to so many
difficulties as the same circuit with fixed bias. The screen grids are then fed directly
from the power section and the average anode current is practically independent of
the power delivered; the rectifier need not therefore conform to any special require-
ments. At 400 V anode, the output stage, on maximum modulation, consumes 105 +- 40
= 145 mA which can be supplied by a Type AX 50 rectifier valve, this having a D.C.
output of 250 mA which is sufficient for the preceding amplifier valves as well.
For stages with fixed bias in which the average anode current varies considerably
with the amplitude of the signal, it is preferable to employ a rectifier circuit having
the lowest possible internal resistance, more especially when applicable to 400/425 V
operation, in view of the fact that the screen grid voltage is then not stabilised and both
anode and screen grid voltages decrease on a rising amplitude. The feed voltage must
not be increased in advance, as the maximum screen grid potential would then be ex-
ceeded on weak signals.

The gas-filled valve AX 50 is very suitable for the power supply, by reason of its very
low internal resistance, provided the smoothing filter does not include a reservoir
condenser. The. total internal resistance is then equal to that of the choke coil plus
the resistance of half the transformer winding: assuming that this is not more than
200 Ohms, an increase of 200 mA in the total current will produce a voltage drop of
40 V. Fig. 11 shows that in this case the optimum output power will be 36 W instead
of 50 W, 8o efforts should be made to reduce the internal resistance still further. On
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800 V anode, with stable screen grid voltage, the internal resistance causes a drop of
30 V, yielding an output of 82 W, instead of 8¢ W.

The AX 50 is inadequate for these operating conditions and the output stage should
then be fed from 2 types DCG 2/500 rectifiers of which details are as follows:

Heater voltage Vy = 2.0V
Heater current Iy = 4.5 A.

Full-wave rectification, on an
alternating anode voltage of
1050 V. gives a maximum
D.C. output of 950 V at a
maximum of 300 mA.
The method of obtaining screen
grid voltage in thisinstance has
already been given: four stabi-
liser tubes 13201 connected in
series are placed in parallel with
«224 the screen grids. This combina-
Fig. 13 tion of 4 tubes ensures a cons-
Circuit employed to obtaisa%:g %rid ;l[i)t.ls for two push-pull output tant working volta.ge of 380 V
over a relatively wide current
range. The voltage drop across
the series resistance is then 420 V and, if a resistance of 8000 Ohms is used, the
screen grids and stabilisers together must take a current of 52 mA.
In the absence of an input signal the total screen grid current will be about 2 mA4, in
which case the stabilisers dispose of the remaining 50 mA.. At maximum modulation,
the screen grids pass a current of 38 mA, leaving 14 mA for the stabilisers, which is just
sufficient for efficient stabilisation.
For the grid bias, the arrangement shown in Fig. 13 is recommended, for which purpose
the mains transformer should have a separate winding to provide a voltage of

Az1 A9F

=

Ry

v L . . .
Ve = L."gg: The AZ 1 is suitable as rectifier, the filament being connected in series

with a resistance R, and in parallel with the heaters of the other valves. In practice
this circuit will give rise to no difficulties whatsoever.
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X. Universal 26 W amplifier

Valves used: CF 50, EBF 2, ECH 4, 4699, 4699, AX 1.

The amplifier based on this circuit will deliver an output of 26 W at only 3.59, distortion
and can be employed in practically every case where sound amplification is required.
Provision is made for the simultaneous or separate connection of the following, to 4 sets
of input terminals:

A) microphone

B) output of a radio receiver

C) a telephone line

D) an electric gramophone pickup.

The input channels are so arranged that every possible combination of the above can
be employed at one time; for instance, microphone announcements can be made during
radio or gramophone programmes without interrupting the latter, each input channel
having its own separate volume control.

A main volume control is also provided, for adjustment of the combined output without
affecting the proportions of the different sources of sound. Two variable tone controls
are fitted, to regulate the overall relationship of high to low tones from the different
channels, whilst the microphone input has a separate tone filter, operated by a switch.
The system of negative feed-back, together with the tone controls just mentioned,
ensures an excellent response curve (see Fig. 2, curve 1).

To avoid the possibility of overloading in the event of a sudden increase in the input
signal (extra loud passages in the speech or music), a continuously variable automatic
compression circuit is included.

The input sensitivity of the different channels is as follows:

A) microphone 0.85 mV

B) radio 1.2 A%

C) telephone 300 mV

D) gramophone 150 mV

Description of the circuit
Output stage

The output stage consists of two amplifier pentodes type 4699 in a push-pull circuit,
automatic grid bias being provided by a common cathode resistance R,,. Damping
resistances ( Rs,, R;, and R;;, R,;) are included in the control and screen grid circuits;
the screen grid voltage is 425 V. At maximum modulation, these valves are capable
of an output of 26 W, with 3.5 % harmonics.

In some instances, hum may prave a troublesome factor and this can be overcome by
earthing one end of the heater winding (c-c) of the power transformer, instead of the
centre tap. In that case a ripple voltage is produced between the cathode and control
grid of the output valves, in counter-phase with the ripple occurring in the amplifier
itself.

The two input voltages for the output stage are provided by the triode-heptode ECH 4.

Phase inversion

The heptode section of the ECH 4 is employed to provide the control voltage for one
of the output valves, whilst the triode unit, with unity gain, acts as phase-inverter in
supplying the control voltage for the other. Due to the strong negative feed-back
across R, which also serves to prevent distortion in the phase-inversion stage, the
amplification factor in this stage is constant at unity, apart from any valve tolerances.
The use of the ECH 4 as phase-inverter dispenses with the usually costly driver transfor-
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mer. The high D.C. voltage available in the amplifier makes it possible for the ECH 4
to deliver the alternating voltage of 12.5 V required for maximum modulation of
the output stage, without any additional distortion. The gain of this stage is about

100 which means that an alternating voltage of 12 0(5) X 3 = 0.375 Visrequired at the

ECH 4 (the negative feed-back factor being of the order of 3, see p. 195).

Pre-amplification stage

All the input channels are pre-amplified by the double diode pentode EBF 2 in the
pre-amplifier stage: one of the diodes of this valve is employed for the contrast compres-
sion as described later. )

In the anode circuit there are three tone controls, in parallel with the anode-coupling
resistance R,,, serving for any required adjustment of the response curve. The first
of these comprises the condensers C,, C,, C,, and C,, (Fig. 1): these are for attenuation
of the lower frequencies and are operated by means of a 4-way switch. The second
tone control is not variable and serves to enhance the high note response, consisting
of a resistance R,, with condenser Cy,. The third filter, R;,/C, is continuously variable
and is used for attenuation of the higher frequencies.

The main volume control is also in parallel with the anode-coupling resistance Ry,
and, as stated, controls the amplification of all input signals without altering their
relative proportions. Due to the presence of the volume control in parallel with the
anode resistance, the amplification factor is reduced somewhat, this being 12.5. The
01255 0.03 V. The cathode of the EBF 2
carries a positive potential of 27 V with respect to earth, this having the effect of
delaying the contrast compression.

alternating input voltage is therefore

Input channels
The different input channels are designated in the circuit diagram as 4, B, C and D.

A) The microphone channel is suitable for various types of microphone, including

the less sensitive varieties such as the ribbon, crystal and condenser. This is
made possible by using the pentode CF 50 with its low hum and noise levels
combined with variable amplification, the latter being controlled by potentiometer
R; which renders the control grid more, or less negative, with respect to the
cathode.
Grid bias is obtained by commecting the cathode to a positive potential (junction of
Ry;, Ry) and special measures are taken in smoothing the bias: resistances R,
and R, in combination with condensers Cy and C,, form a double smoothing filter,
apart from which an electrolytic condenser of 150 uF (C;) is placed across the
whole of the cathode voltage. To avoid any tendency towards hum introduced
by long microphone cables, an electrolytic condenser of 25 uF is employed for C,,
this offering & low impedance with respect to earth. The maximum amplification
of the CF 50 is so high that only a part of it can be utilised and the anode resistance
R,, is therefore of a relatively low value (56,000 Ohms). Resistance R,, is
included to prevent the anode circuit of the CF 50 and the radio, telephone and
gramophone channels from affecting each other and causing interference. Conden-
ser (5 can be bypassed by a switch to suppress the lower tones of the microphone
signal if necessary (Fig. 3).

B) The radio input channel is a low resistance circuit, permitting the secondary side
of the output transformer of a receiver to be connected to terminals B. Many
receivers work with inverse A.F. feed-back tapped from the transformer winding
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Reststances

Rl = 0.82 M Ohms
R2 = 0.22 ’

R3 = 047 ,,

R4 = 1,200 Ohms
R5 =10,000 »

R6 = 39 .

R7T = 39 '

R8 =33,000 ’

R9 =50,000 v
R10 = 330 »
R1l1 = 330 »
R12 =10,000 .

RI3 =50,000 "
Rl4 = 0.56 M Ohms
R15 =33,000 Ohms
R16 = 3s300 13}
R17 = 4,700 .
RI18 = 1 MOhms
R19 = 022 -,
R20 = 0.22 ,,

R21 = 015 ,,
R22 = 56,000 Ohms
R23 = 0.68 M Ohms
R24 = 0.56 ,,
R25 = 1,200 Ohms
R26 = 0.33 M Ohms
R27 = 01
R28 = 0.12 "
R29 = 0.2 '
R30 = 0.1 .
R31 = 3,300 Ohms
R32 = 3,300 .
R33 = 1 M Ohms
R34 = 0.5 '
R35 = 047 .
R36 = 0.47 '
R37 = 0.47 '
R38 = 039
R39 = 0.47 v
R40 = 100 Ohms
R4l = 0.1 M Ohms
R42 = 470 Ohms
R43 = 1 M Obhms
R44 = 1 '
R45 = 1 .
R46 = 0.33 M Ohms
R47 = 22,000 Ohms
R48 = 0.1 M Ohms
R49 = 22,000 Ohms
R50 = 82 .
R51 = 0.68 M Ohms
R52 = 180 Ohms

R53 = 0.68M Ohms
R54 = 82 Ohms
R55 = 82
R56 = 82
R57 = 8,200
R58 = 10,000 ,,
Condensers

Cl1 = 0.1 uF
c2 = 25 »
3 = 01
Cs = 0.37 ,,
C5 = 0.27 ,,
Cé6 = 0.27 ,,
C1 = 0.2
8 = 150 .,
c = 16 »
Cl10 = 0.1 »
ci= o1
Cl12 = 0.1 .
C13 = 3,300 uuF
Cl4 = 01 uF
Cl5 = 16 »
Cl6 = 2 ’
C17 = 50 ’
Cl8 = 01
Cl19 = 470 uuF
C20 = 680 '
C21 = 2,200 »
C22 = 1,2000 »
C23 = 0.2 uF
C24 = 270 uuF
C25 = 0.1 uF
C26 = 470 uuF
C27 = 16 uF
Cc28 = 05
C29 = 60,000 uuF
C30 = 0.1 uF
C31 = 16 '
C32 = 01
033 = 50 ’
C34 = 10,000 upuF
C35 = 20,000 ’
C36 = 0.1 uF
C37 = 10,000 puF
C38 = 10,000 »
C39 = 0.1 uF
040 = m ”»
C4l1 = 16 »
42 = 68  uuF
C44 = 16  uF
C48 = 16 »



in question and, to avoid short-circuiting any D.C. voltages between this winding
and earth when connecting the receiver to the amplificr, condensers C; and Cg
are included in the circuit.

C) Two resistances R,, and R,; are connected across the telephone input terminals,
the junction of these being earthed: this prevents one side of the telephone line
from being directly earthed.

D) The gramophone input channel consists of a potentiometer E,,.

Input terminals B, C and D are taken directly to the control grid of the EBF 2 without
any switches, in order to avoid the possibility of crackle during change - overs or-mixing
of the programmes, as switches would doubtless introduce this. As each of the different
channels has its own separate volume control, they might show a tendency—according
to the settings of these controls—towards interaction, and a resistance is therefore
shown in series between each of the channels and the control grid of the EBF 2 (R,
Ry, Ry). Needless to say, these resistances reduce the sensitivity, the attenuation
factor in respect of gramophone reproduction being about 5, but this is taken into
account in the overall amplification. The series-resistance R,g, in the radio input,
is of a higher value than that of R,, and R, in the telephone and gramophone channels,
since sensitivity in this instance does not enter into the question and there is then
'less likelihood of the radio side interfering with any of the other channels.

Negative feed-back

A small separate coil is incorporated in the output transformer, from which the potential
for the negative feed-back is tapped, for passing by way of the frequency-dependent
circuit Ry;, R, C, and resistances R;, and R,;, to the control grid of the ECH 4.
This separate feed-back coil is indispensable, since the impedance of the secondary
winding of the output transformer is not constant, but varies with the load. The
purpose of Ry, is to prevent the setting of the potentiometer for the main -volume
control R,y and the tone control R,, from counteracting the negative feed-back. The
values of Ry and Rg, are also such that the feed-back will not be affected by them.
It should be noted that the negative feed-back potential cannot be returned to the
cathode of the ECH 4, since this would produce both positive and negative feed-back.

Automatic contrast compression

Contrast compression is provided to check distortion arising from any sudden variations
in sound. To this end a potentiometer of 10,000 Ohms is connected across the secondary
coil of the output transformer, thus returning a larger or smaller portion of the output
voltage, through C,,, to one of the diodes of the EBF 2. The rectifying action of this
diode produces a D.C. voltage across R,, which is applied across Ry, R;s and Ry
to the control grid of the ECH 4. The potential of the cathode of the EBF 2 in respect
of earth is the same as that of the CF 50 and the contrast compression diode thus
receives a negative bias which functions as delay voltage. If however the kink in the
compression curve is too high up, the resultant reproduction may be unpleasant, and
this must be avoided: in effect, normal contrasts would then be produced on weak
signals whereas strong signals would be rendered without contrast. The delay voltage
is about 35 V which means that the compression commences to operate at an output
of about 5W and, due to this compression circuit, the input voltage is able to rise to
a strength of about 4 times higher at maximum modulation, without any appreciable
increase in the distortion (see table).
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Without compression With compression
Output ‘
power Input Distortion Input Distortion
w voltage \ voltage
mV,g % v mV.g %
26 150 3.6 690 5
20 120 2.1 430 3.9
15 100 1.5 \ 274 3.7
10 76 1 ‘ 155 33
5 52 0.6 } 64 2.2

Tone control

The anode circuit of the EBF 2 includes two variable tone controls and, further, a con-
denser with switch is fitted in the anode circuit of the CF 50 for suppression of the lower
tones of microphone reproduction. When the high-tone filter Ry,-Cy4 is fully operative,
that is, with the sliding contact of the potentiometer at the junction of this resistance
and condenser, the attenuation at a frequency of 5000 ¢/sisabout 75 9% and at 400 c/s
only about 20 9,. The filter for suppression of the lower tones consists of the condensers
Cos Cyg, Cyy and C,y and the effect of this tone control upon the response curve is shown
in Fig. 2. In Fig. 3 the frequency chararacteristics for microphone reproduction, with
and without condenser C}, in circuit, are shown.

Volume control

The resistance of the main volume control R,, must not exceed 0.2 M ohms; if it is
any higher, the grid impedance of the ECH 4 is subjected to too wide a variation.
This in turn affects the negative feed-back and tone control and produces irregularities
in the frequency characteristic.

Supply

Owing to the push-pull circuit in the output stage, the anodes of the two output valves
can be fed from the first electrolytic condenser in the smoothing circuit, the advantage
of this being that the choke need not be very large, since the direct current forthe
pre-amplifier is relatively low. Electrolytic condensers C,4 and Cy, are of 16 uF each,
with 450 V breakdown voltage. It may appear strange that two condensers in parallel
are employed instead of a single 32 uF condenser of the same breakdown: voltage, but
when the direct current is applied, the voltage surges for a moment beyond 450 V
and a single condenser might possibly sustain damage. The use of two condensers in
parallel ensures a higher leak current which temporarily replaces the normal load and
prevents injurious overloads.

The primary and secondary windings of the power transformer are screened from each
other for the purpose of blocking the path of any R.F. interference in the A.C. mains
from penetrating to the amplifier and producing distortion.

The internal resistance of the gas-filled rectifier is extremely low, this being a great
advantage in fairly high-powered amplifiers. With a view to preventing any possible
trouble due to ripple, it is advisable to mount the power transformer as far as possible
from the different input circuits: the field which extends from the transformer over
the chassis is otherwise very liable to cause hum, especially if the layout of the latter
is at all compact.
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Frcquency characteristic of the

amplifier.

Curee 1; Tone controls for the
high and low tones inoperative
(Cgy in circuit).

Curee 2. Tone control for the high
tones (R,,-C,) oOperative.

Curve 3. Tone control for high
tones inoperative, C,, in circuit.

Curve 4. Tone control for the high
tones inoperative, C,, in circuit.

Curve 5. Tone control for the high
tones inoperative, C,, in circuit.

By means of the condensers C,,,

Cy and Cythe lower frequencles

are thus suppressed as required.

Finally, it may be said that the leads to the control grids of the CF 50 and EBF 2
valves should be screened and the screening effectively earthed. Faulty positioning
of the control grid lead on the CF 60 will result in hum and it is therefore advisable to
mount this insuch a way that it can if necessary be readjusted later. Any tendency
towards microphony in the CF 50 should be avoided by mounting this valve in an

efficient anti-vibration valveholder.

TECHNICAL DATA

Sensitivity (measured at 500 c/s)
Signal input for full modulation of the output valves:

at the output stage . . . . . . . . . 125 V
atthe ECH4. . . ... . ... .. 0315V
atthe EBF 2. . . ... ... ... 003V
at the input for the gramophone pickup 150 mV
at the input for the telephone line . . 300 mV
at the input for the radio . . . . . . 12 V
at the microphone input . . . . . . . 0.85 mV
15
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Frequency characteristic of the p
amplifier, with condenser Cy;in- Y}/
operative (curve a) and operative
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Philips signal generator GM 2307

Philips Signal Generator GM
2307 delivers a very constant
alternating voltage of variable
amplitude. It can be employed
for every type of practical
measurement within the fre.
quency range of 30 to 16,000
cfs.

The test frequency is produced
by mixing the signals from two
R.F. oscillators, the resultant
beat frequenoy which is equal
to the difference between the
frequencies of the two R.F.
voltages being subsequently
amplified.

TECHNICAL DATA
Frequency range

The frequency control on the right hand side of the panel covers a range of 0 to 1000 c/s
and the left hand control 0 to 15,000 c/s; the readings of both scales are additive and
when both are at their maximum settings the frequency is 16,000 ofs.

Frequency curve during warming-up period

Ten minules after switching on the generator, and for the next three hours, the frequency
drift is less than 20 c/s; after this period the variation is negligible.

Calibration and accuracy of the scales

With both scales set to 0, the beat frequency is adjusted to zero with the aid of the
electronic indicator and the subsequent accuracy of the scales, between 200 and
16,000 c/s i8 4+ 1 %, with a maximum deviation of 2 c/s between 30 and 200 ofs.
Frequency characteristic of 33968
the A.F. generator

As will be seen from the o
accompanying curve, the o
characteristic is straight to
within less than 2!/, %, be-
tween 30 and 16,000 c/s;
this applies at all settings |
of the matching switch. 0 2 W 200 500 1000 2000 500 10000 15000
Matching

The output stage of the instrument can be matched with the following loads by means
of the switch provided:

1) attenuator in circuit ?)

2) output resistance 1000 Ohms ?)

3) output resistance 500 Ohms ?)

4) output resistance 2560 Ohms ?)

5) output resistance . 5 Ohms )

6) maximum normal voltage: approx. 50 V; output resistance about 100,000 Okms 2).

1) By means of a switch, the output voltage can be adjusted for symmetry or asymmetry with reapect to
the earth terminal.

) The lower terminal can be earthed as desired by means of a switch. . .

8) At this setting, the lower terminal must always be earthed by means of the appropriate switch.
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Attenuator

The attenuator incorporated in this instrument operates in 9 stages and the total
attenuation factor of the output voltage is 10,000. Individually, the stages are as
follows: 3 x 10-1, 10-%, 3 X 10-2, 10-2, 3 x 10-3, 10-3, 3 X 10—, and 10—* times
the input voltage, equivalent approximately to 10 dB per stage. Normally, the input
voltage is 0—15 V, as measured at the terminals at the left hand side of the unit by
means of a valve-voltmeter, for example Philips R.F. triode voltmeter GM 4151, or
Philips thermionic voltmeter GM 4132.

The output voltage is taken from the terminals on the right hand side and the load
between these terminals should be at least 25,000 Ohms. A switch is provided to
render the output voltage symmetrical with respect to earth, or not, as required, and
in both cases the potential between the output terminals is the same, any differences
being less than 2 9%,. When the switch is turned to “asymmetrical”, the lower terminal
is simultaneously earthed.

Accuracy of the atienuator

With the input voltage correctly adjusted, the attenuated voltage in the different
stages does not vary more than 1 9%, from the nominal.

Mazximum output power, distortion

When the load is correctly matched, the maximum output power at settings 2 to 5
of the matching switch is normally approximately 200 mW. For special purposes,
the maximum power of the instrument may be increased, however, to 1 W, or reduced
to 100 mW, by adjusting a set-screw at the rear of the instrument. The distortion then
varies in accordance with the following values:

, Distortion at
Frequency l—
[ 100 mW 225 mW 1W
30— 200 /s 05 % 1 9% 25 %
200—16,000 c/s 0.25 % 0.5 % 15 %

With the voltage control set to maximum, the ripple for an output voltage of 15 V
is less than 0.5—1 9.

Calibration of the wvoltage control

The voltage available at the left hand terminals, with the matching switch in positions
1 and 2 may be read direct from the scale on the control knob. The maximum voltage
of all these instruments is adjusted to 15 V .4, but can be readjusted between about
10 and 32 V by means of a set screw at the rear of the generator. This voltage is
independent of fluctuations in the temperature or mains voltage supply. For very
accurate work, the voltage is measured at the left hand terminals.

Supply

A voltage tapping switch is provided at the back of the unit, by means of which the
transformer can be adjusted for 110, 125, 145, 200, 220 or 245 V, 40—100 c/s. The
consumption is approx. 40 W.

Effect of mains voltage fluctuations

Variations in the output voltage, due to 109, fluctuations in the mains supply are less
than 2 9.
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Use with vibratory converter

In conjunction with the “Vibraphil” type 7710 vibratory converter the instrument
can be operated on D.C. mains of 7110—I145 V, or with the “Vibraphil” type 7711 on
220—245 V. D.C.

Valves:

Triode-hexode . . . . . . . . . ECH 3
Pentode. . . . . . . . . ... EF 6
A.F. Pentode-electronic indicator EFM 1
Pentode. . . . . . . . .. .. EL 3
Rectifier . . . . . . . . . .. EZ 2
Neon stabiliser tube . . . . . . 150 A 1.

Weight and dimensions:

Weight: approx. 12 kg

Width: ' 34 cm

Height: w 255 cm

Depth: . 20 cm (incl. knobs).
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Philips Service Oscillator GM 2882

By reason of its very special features, the Philips Service Oscillator Type GM 2882
is an extremely handy instrument. A direct reading of the frequency in ke/s or Mc/s
is obtained from the scale. The attenuator furnishes an indication of the output voltage
and this oscillator is therefore eminently suitable for the calibration of station dials,
the tuning of receivers and checking of sensitivity, automatic volume controls and
silent tuning devices.

The overall scope of the unit is 100 kc/s to 60 Mc/s, this being divided into 6 ranges.
Between IuV and 100 mV the output voltage is continuously variable and the con-
necting cable for use in selectivity testing is equipped with an attenuator calibrated
in stages of 1 : 10. A built-in modulator is included, by means of which the output
voltage can be modulated with 400 ¢/s to a depth of 30 9, whilst it is also possible
to apply a modulation voltage from an external source to a total depth of 80 % of the
signal. The oscillator is equipped with a dummy aerial,- and numerous measures have
been taken in the construction to ensure the highest possible stability of the frequency.
Oscillator coils and associated switches have been so designed as to render the leads
in each wave-range as short as possible, the coils being mounted on a rotary disc,
adjustable tosix different positions by means of a knob and each time placing a different
coil in circuit. Each coil thus has the same short connections to the tuning condenser
and oscillator valve, ensuring high frequency stability, both mechanically and electri-
cally. The oscillator coils themselves are constructed so as to have a negative tempera--
ture coefficient, to compensate the positive coefficient of the tuning condenser. A very
high degree of independence of the oscillator circuit can therefore be claimed with
respect to the effects of temperature.

Owing moreover, to the use of the high mutual conductance pentode EF 50, which was
specially designed for very high frequencies, the oscillator frequency is practically
unaffected by mains voltage variations. In order that the oscillator valve may be
isolated from the attenuator, a separate valve is used; the frequency cannot therefore
be affected by the setting of the attenuator. Frequency modulation is avoided by the
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use of a special circuit which ensures that the modulation remains practically un-
distorted, even at very high frequencies. The degree of accuracy of the scale readings
is approximately 1 9, and this is usually ample for the trimming of radio receiver
circuits. An ingenious potentiometer circuit makes it possible to operate the attenuator
by means of a single control knob, there being only 4 controls on the entire unit, viz.:
1) Wavelength switch.

2) Tuning control.

3) Attenuator.

4) Mains switch, combined with internal modulation control.

Scale

The scale is calibrated in kec/s and Mc/s to a tolerance of I 9, and ensures great accuracy
in reading.

Constancy of the frequency

It is of the greatest importance that the frequency remains as constant as possible in
all circumstances. With mains voltage variations of 10 9%, the frequency is constant
to within 0.02 9 and on an increase in temperature up to 10° C, within 0.1 9, in other
words, the reliability of the frequency is even greater than the accuracy of the scale.

TECHNICAL DATA
Frequency ranges

1) 100— 300 kefs 4) 3—10 Mc/s
2) 300—1000 ke/s 5) 10—30 Mc/s
3)  1—3 Mc/s 8) 30—60 Mc/s
R.F. voltage

The maximum R.F. voltage delivered is 100 mV.

Attenuator

By means of the attenuator, the signal can be gradually reduced to less than I pnV,
the connecting cable being further coupled to an attenuator with switch, calibrated
to a ratio of 1: 10.

Modulation
The signal may be modulated with 400 ¢/s to a depth of 30 %, with the built-in oscillator,
or with a separate oscillator to 80 %, at frequencies up to 10,000 c/s.

A.F. voltage
The A.F. voltage for internal modulation may be tapped from the external modulation
terminals; this voltage is 1.5 V and the frequency is 400 c¢/s.

Valves

Oscillator EF 50 Rectifier EZ 2
Modulator valve EF 50 Pilot lamps 8092 D-07.
AF. oscillator EF 6

Mains supply

The unit is suitable for operation on all mains voltages, viz. 110, 125, 145, 200, 220
and 245 V, -+ 10 %, 50—100 c/s. The instrument is fully mains driven.

Consumption

18 W.

Dimensions: Weight:
Width 33.3 em 8.5 kg
Height 22 cm

Depth 16.5 cm
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Philips thermionic voltmeter GM 4132

This is a high resistance voltmeter having a
very wide range of measurement. The high
parallel resistance of 1.2 M ohm and the extended
range of ImV to 300 V gives this unit a very
wide field of application, such as measurements
in sound amplifiers, small transformers, telephone
lines, etc. The circuit consists of an attenuator
of 1.2 M ohm across the input, in conjunction
with a 2-stage amplifier; the output voltage of
this amplifier is rectified and passed to a moving-
coil meter. As the voltage on the instrument
is automatically limited by the amplifier, the
voltmeter is impervious to heavy overloads,
even in the event of its being connected to 300 V
while switched for 10 mV. The meter itself is a
robust precision instrumient, of which the coil is
pivoted on sapphire bearings. The magnet is
made from a new type of steel which guaran-
tees a very intense field.

A knife-edge pointer and mirror scale are pro-
vided for parallax-free reading, whilst the high
degree of damping produces a dead-beat indica-
tion for quick reading. The scale calibration is
practically linear from gero to the maximum
deflection, giving the greatest possible accuracy of measurement; the length of the
scale is 11.5 cm and the instrument may be used either vertically or horizontally.

TECHNICAL DATA
Range of measurement

The meter is suitable for A.C. measurements of I mV to 300 V ,5 in 10 stages, each
of which overlaps. If a D.C. component is present, this should be filtered out by
means of a condenser.

Accuracy

The scale is calibrated for a pure, sinusoidal voltage; between 25 and 10,000 c/s, at
full deflection of the needle, the error is less than 2 %, between 10,000 and 15,000 c/s

less than 3 %. Frequency range

From 25 to 15,000 c/s. The

3586 accompanying curve shows
L ] the meter characteristic
T
|
]
|

within this range and the
deviation at frequencies
above 15,000 c/s.

& Parallel resistance

70 ‘ This is constant at 1.2 M ohm
T which, in the 300 V range
2 s 100 200 s0 7000 2000 soo0 10000 30000 corresponds — with 4000
FREQ Ohms/V and in the 10 mV

Frequency characteristic of the instrument. range to 120 M ohms/ V.
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Effects of distorted voltages

Although calibrated for sinusoidal voltages, the instrument will also measure voltages
of which the form is not sinusoidal, without appreciable error. With 10 %, harmonics,
the error is less than 2 9.

Zero adjustment
Mechanical

Calibration check
The voltage required for checking the calibration is supplied by the instrument itself,
Mains fluctuations

‘The variation due to a 5 9% fluctuation in the mains supply is I %. The calibration
should, if possible, be checked at the nominal voltage, since calibration may deviate
1/, % on a mains voltage variation of § %.

Mains supply

A mains adapter is provided at the rear of the unit, by means of which the
transformer can be strapped as required for 110, 125, 145, 200, 220 or 245 Volts, A.C.
Consumption

Approx. 20 W.

Use with vibratory converter

When operated in conjunction with a vibratory converter, the unit can be used on
D.C. mains. For 110—145 V mains the Vibraphil Type 7710 should be used, or for
220—245 V the Vibraphil Type 7711. The voltmeter can also be fed from a 6 V car
battery by means of the Vibraphil type GM 4226.

Valves

R.F. Pentode AF 7
Output triode AC 2
Full-wave rectifier EZ 4
Stabiliser tube 1918.

Dimensions
Height 28 cm

Width 22 cm
Depth 12.5 cm.

Weight
Approx. 6 kg.
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Philips stabilised voltage D.C. Supply unit type GM 4560

The need often arises for a
variable source of D.C. voltage
to a maximum of about 300 V
which will remain constant on
changing loads and fluctuating
mains supply, whilst delivering
a reasonable amount of power.
Until recently this has been
met almost exclusively by
accumulators which otherwise
entail many disadvantages,
such as their great weight, large
dimensions and constant main-
tenance.

Philips stabilised voltage D.C.
supply unit GM 4560 for mains
operation deliversa continuously
variable voltage of approxima-
tely 145 V to 310 V which re-

51304

mains extremely constant. Variations in the D.C. output between no-load and full-load
operation are less than 0.1 V, or 0.03 %. It is very economical in use and is,
moreover, always immediately ready for use, requiring no attention whatsoever.

As such, it is indispensable for use in laboratories, for telegraph and telephone services,
for feeding D.C. amplifiers, beat frequency oscillators, standard signal generators and

for plotting the characteristics of electronic tubes.

Features

The details in the following table clearly illustrate the advantages of this unit in contrast
with accumulator batteries of the same rating.

Philvps GM 4560

1) Unusually constant voltage (D.C.),
even on fluctuating loads and over
long periods of time.

Almost complete independence of mains
voltage variations and, notwithstanding
the A.C. mains feed, very low ripple
voltage.
2) Continuously wvariable D.C. voltage
from approx. 145 V to 310 V.

3) Very low internal resistance, viz.
< 1 Ohm.
4) Shorted current automatically limited

to 400 mA.

Accumulator battery

The voltage depends on the discharge
characteristics in accordance with the
duration of use: due to the higher internal
resistance, the voltage is very much more
dependent on variations in the load.

The D.C. voltage can be adjusted only in
stages of 2 V, or multiples thereof.

The internal resistance is considerably
higher than that of the GM 4560, being
about 10 Ohms.

No automatic limitation of the current.
Short circuits very detrimental to the
battery.
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5) Simple in operation, no maintenance, | Maintenance involves regular checking,
mains feed and therefore low running | topping up with acid, cleaning, recharging
costs; no ancillary equipment needed. | and transport if necessary. Working costs

are accordingly higher.

6) Dimensions 400 X 230 X 310 mm.| Large dimensions, great weight (approx.
The weight is only 19 kg. The unit is| 720 kg). Dimensions of rectifier: 210 X
conveniently portable. 240 X 260 mm. Weight of rectifier about

13 kg. The complete equipment is not

easy to move about.

7) It is a robust, portable instrument.| Consists of glass elements, involving risk
of breakage during transport.

OPERATION

The instrument contains the usual power section, of which the mains transformer can
be adjusted to suit all mains voltages by means of an adapter; a dry H.T. battery
which takes no load at all, for the grid bias; and a set of regulator valves.

The battery voltage is backed-off with a portion of the D.C. voltage, the difference
being employed to operate the regulator valves; in this way the D.C. voltage is rendered
almost completely constant and independent of the usual fluctuations in the mains

supply.

TECHNICAL DATA

Output current

The maximum current available is 7100 mA; it is possible to obtain from the unit a
current of which the wave-form is rectangular.

Short-circust current

Automatically limited to 400 mA.

Ripple voltage

Dependent upon the output current, the ripple voltage is approx. 2.6 mV at 300 V,
or 1.5 mV at150 V.,

Internal resistance

This is very low, being less than 1 Oh:z,

Mains variations

For a mains voltage variation of, say, 5 %, the variation in the stabilised D.C. voltage
of 300 V is only 0.012 V, or 0.004 %.

Supply

The unit is suitable only for use on A.C. mains. A red signal lamp lights when the unit
is switched on. The voltage adapter enables the unit to be used on 6 different mains
voltages, namely: 110, 125, 145, 200, 220 ot 245 V - 10 %, 40—100 ¢/s. The consump-
tion at maximum load (100 mA) is about 150 W,

Control range

The D.C. voltage is variable between approximately 145 V and 310 V, in 10 stages of
15 V each, a vernier with a range of 30 V being provided so that the stages may be
adequately overlapped.
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Rectifier section

This comprises a mains transformer, full-wave rectifier and smoothing choke with

4 Philips ‘“Microlyte” condensers.

Valves
There are in all 6 valves, viz.
EF 6 pentode

EL 6 regulator pentode
EL 6 regulator pentode

7476 stabiliser tube (voltage)

C9 stabiliser tube (current)

AZ 4 full-wave rectifier

8045 D-00 signal lamp.

Weight

Complete and ready for service: approx. 19 kg.
Dimensions

Width 23 cm

Height 31 cm
Depth 40 cm (incl. knobs 43 cm).
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Philips 5000 V Sapply unit GM 4198 and Projection
adapter GM 4199

For use with the Philips Ca-
thode Ray Oscilloscope GM
3156 and the Pressure Indi-
cator GM 3154 it is some-
times desirable to have a
means of increasing the in-
tensity of the image on the
screen, for instance, to pro-
ject the oscillogram for de-
monstration purposes, or to
make photographic records
of transitory, isolated phe-
nomena.

In order to obtain such high e
intensities of light, the in- R
tensity of the cathode ray
itself is increased by means
of Philips 5000 V Supply Unit GM 4198 in conjunction with a special acceleration
tube (DN 9—35) which, apart from the
normal electrodes found in the cathode
ray tube, is fitted with a post-deflexion
acceleration electrode just behind the
fluorescent screen, carrying a potential
of from 2 to § kV with respect to
the cathode, or 7 to 4 kV with respect
to earth. The negative electrons are
accelerated by this high positive po-
tential and, striking the screen with
a much higher velocity than usual,
51305 prodiuce a more intense light.

S130F

Fig. 1
Philips 5000 V Supply Unit, GM 4198.

Fig. 2 Projection
The projection adapter mounted on a Tvpe GM 3156 R o .
prol pOscﬂloscope. th The Philips Projection Adapter GM

4199 is particularly suitable for the
projection of oscillograms. It. is easily affixed to the Oscilloscope GM 3156 or the
Pressure Indicator GM 3154
and is provided with a fo-
cusing device for obtaining
a sharply defined image on
the projection screen.

Recording

For photographic recording
purposes, Philips collapsible
stand, Type GM 4193 may

be used, this being mounted

. . 51307
in front of the oscilloscope

i 4] Fig. 3

m t.'he .sa'me manner as the Stand, GM 4193, mounted on the Cathode Ray Oscilloscope GM
projection adapter. 3156 and supporting a ‘“‘Rolleicord’”’ camera.
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TECHNICAL DATA
Hsgh tension device

The high tension voltage may be adjusted to 1, 2, 3, 4 or 5 kV by means of a switch;
the maximum current delivered is 0.1 m A, this being sufficient to feed two oscilloscopes
whilst, if required, the unit can be provided with two cables for this purpose. The short
circuit carrent is 3 m4 and the unit is able to withstand this current for some time
without any injurious effects.

Mains supply

A voltage adapter will be found at the rear of the instrument, by means of which
the transformer is adjusted as required for 110, 125, 145, 200, 220 or 245 V mains.
The consumption is approximately 20 W.

Vibratory converter

The supply unit can also be employed on D.C. mains, in conjunction with the “Vibra-
phil” Converter Type 7710 for 110—145 V or “Vibraphil” Type 7711 for 220—245 V
mains.
Valves

Rectifier valve 1877.
Signal lamp 8045.

Construction of the 5000 V Supply Unit, GM 4198

The high tension (5000 V) required for post-deflexion acceleration is applied to the
oscilloscope by means of a cable. A control knob in the front panel operates a double
pole mains switch and simultaneously controls the voltage in 5 stages from I to § kV.
A red signal lamp lights immediately the unit is switched on: the latter is fully mains
driven and can be quickly adapted for any mains supply voltage of from 100 to
245 V, 40—100 c/s. Tt is impossible to touch any parts that are at high voltage to
earth. The metal case is finished in a dull black lacquer and is fitted with leather
carrying handle.

Dimensions

GM 4198 GM 4199

Height 18 cm Length 18 cm
Width 29 cm Overall diameter 10.5 cm.
Depth 17 cm (incl. controls)

Weight

GM 4198 approx. 9 kg
GM 4199 approx. 1.8 kg.

Projection adapter GM 4199

The lens, of which the focal length of 150 mm, has a cross section of 62.5 mm and the
projection screen may be placed at a distance of from I to § metres from the unit.
At § m the magnification is about 30 X and at I m approx. 6 X, so that an image of
2.5 ¢m is reproduced in a size of 15 to 75 cm. The unit can be focussed by rotating the
objective holder.
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Philips "Vi})raphil” vibratory converter type GM 4226

51308

Philips “Vibraphil” converter GM 4226 has been designed for the feeding of low-
current apparatus from 6 V car batteries.

The converter consists of a vibrator, transformer, tuned filter and a matching switch.
The direct current from the battery is converted to alternating current by the vibrator
and transformer working on the well-known principle of polarity reversal or commuta-
tion and the harmonics thus produced are eliminated by a filter, tuned to the frequency
of the vibrator, in conjunction with a choke and condensers.

The alternating output voltage of 220 V can be taken either direct from the vibrator
or from the filter, but the former voltage contains a relatively large number of harmonics;
the maximum output power is then 30 W. The form of the filtered, smoothed voltage,
being more or less free from harmonics, closely approximates the sinusoidal; the output
power in the case of the smoothed voltage is 18 W. The output which is to a certain
extent dependent on the load, is variable up to 220 V, in stages of approx. 6 V.

Applications

This unit can be employed as ancillary to the beat frequency wavemeter GM 3110, the
“Philiscop” Bridge GM 4140 and the 1000 c¢/s Generator GM 4260. For the first of these
it is not necessary to use the filtered voltage, but in the case of the Bridge GM 4140
where the test voltage is taken direct from the transformer, the filter is indispensable:
the necessary voltage is then taken from the sockets mounted just behind the filter.
When the GM 4260 is used in conjunction with GM 4140, the raw voltage may be used.

TECHNICAL DATA
Output power

The maximum amount of power supplied by the vibrator unit is 30 W when the voltage
is taken direct from the vibrator and 718 W when drawn from the filter.
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Current consumption

The amount of current taken from the battery is dependent upon the load; at full load
itis6 4 at 6 V.

Connections

For connection to the 6 ¥V battery, the unit is equipped with a rubber-covered cable
carrying two battery clips; it is not necessary to take polarity into account. The
alternating current is taken from two pairs of sockets, one of which is for the filtered
current and one for the unfiltered.

Dimensions
13 X 10.5 x 11.5 cm.

Weight
Approx. 3 kg.
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