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“Miniwatt" receiving valves

Series E

The “B” series of “Miniwatt” valves comprises a range of valves nearly
all of which are of small dimensions; the heaters consume only a very
small amount of power. They guarantee the best reception in A.C. receivers.
A.C/D.C. sets and car radio.

Low current consumption

One of the outstanding features of the Miniwatt valve is the extremely
small current consumption; in all of these valves, with the exception of
the “‘four-channel” octode, the consumption is only 1.26 W, which, in an
indirectly-heated valve of such power, is exceptionally low.

Improved cathode

The warming-up period is very much shorter than usual, being about
10 seconds. The thermal radiation is only slight, and the efficiency very
high. Modern methods of construction have resulted in a much improved
cathode insulation.

Small dimensions

The extremely low current consumption is an outcome of the reduced
length of the cathode. Moreover, the short cathode does not tend to buckle
and the other electrodes can be mounted more closely around it than was
formerly the case. The physical dimensions of the valve are accordingly
much smaller than usual.

Very slight background noise

The small dimensions have contributed towards robustness of structure
and high stability. Background noise, attributable formerly to mechanical
causes, has thus been eliminated. The interference level in Miniwatt E-type
valves is verv low in contrast with other types.

Reliability

When the valves in this series are used trouble-free and reliable pertormance
of the receiver is assured.

Short-wave reception

Miniwatt valves are particularly suitable for short-wave reception. The
triode-hexode and 4-channel octode are outstanding for their much reduced
frequency-drift and induction effect. The R.F. pentodes have high nput
and output damping values and only very slight retroaction from anode
to grid.

Compact chassis design

The low wattage of these valves necessitates only a small bulb and the
spacing of the valves on the chassis, or between them and other components
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normally susceptible to heat, can therefore be quite small; the reduced
dimensions of the valves may thus be employed to the best advantage.

The complete series

EAB 1 — Triple diode with common cathode serving
the three diodes
EB 4 — Double-diode with separate cathodes

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

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

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

ECH 3 — Triode-hexode for use as frequency-changer
in all-wave receivers; variable-mu, low cur-
rent consumption and small dimensions

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

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

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

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

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

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

EH 2 — Heptode for use as modulator valve in short-
wave receivers or as R.F. and LF. amplifier
EK 2 — Low-consumption octode for mixing stages

in receivers in which no control is applied
to the frequency-changer in the short-wave
range; also for car radio

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

EL 2 — Normal slope output pentode with low cur-

. rent consumption, especially for car radio

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

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

[21. 6 — Very steep slope 18 W pentode, to deliver

maximum output at the same signal input
as the EL 3
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ELL 1 — Double output pentode for balanced output

stages in car radio 2.8 W cathode
EM 1 — High-vacuum electronic indicator with built-
in amplifier triode 1.26 W cathode

C/EM 2 — High-vacuum electronic indicator combined

with amplifier triode which can also be used

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

triode amplifiers, providing two different

sensitivity values for accurate tuning on

strong and weak signals 1.26 W cathode
EZ 2 — Small indirectly-heated full-wave rectifying

valve for car radio 2.5 W cathode
EZ 4  — Indirectly-heated full-wave rectifying valve

for high-power receivers 5.7 W cathode

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

AZ 1 — Directly-heated full-wave rectifying valve for
receivers of medium power
AZ 4  — Directly-heated full-wave rectifying valve for

receivers with high current consumption

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

For A.C./D.C. receivers the following valves are available:

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

(200 V mains only) 6.3 V heater
EH 2 — Mixer heptode and R.F. or L.F. amplifier 6.3 V heater
EK 2 — Mixer octode 6.3 V heater
EM 1 — Electronic indicator 6.3 V heater
C/EM 2 — Electronic indicator 6.3 V heater
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EM 4 — Electronic indicator 6.3 V heater

CBL 1 — Double-diode output pentode 44 V heater
(K 3 — Four-channel octode 19 V heater
CL4 — 9 W output pentode (200 V mains only) 33 V heater
CL6 — 9 W output pentode (100 and 200 V) 35 V heater
CY 1 — Half-wave rectifying valve 80 mA 20 V heater
CY 2 — Half-wave rectifying valve and voltage-

doubler 30 V heater

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



New types of construction, resulting in fresh characteristics

For the latest developments in receiver design the E-type valves have
numerous improvements and new characteristics to ofler.

In some of the valves the electron-bunching principle has been adopted
to meet the problem of the demand for a low-noise R.F. valve and variable-
mu frequency-changer for short-wave reception. The octode EK 3 for
A.C. and the CK 3 for A.C./D.C. sets work on the 4-channel electron stream
principle and the sharp separation of the streams or channels for oscillation
and modulation purposes has eliminated mutual. interference of these
functions with all its drawbacks.

Another solution to the problem of frequency changing is provided by the
ECH 3, a triode-hexode with combined oscillator triode. This valve has
excellent characteristics for radio receivers which are required to give
really good reception on all wave-bands; it permits of control of the mutual
conductance, even on the short-wave range, without the disadvantage of
any frequency drift.

A further innovation is the self-adjusting or sliding screen voltage in the
R.F. and A.F. pentodes. Until recently pentodes worked on a fixed screen
voltage, in other words, on a fixed characteristic; any increase in the grid
bias, for the purpose of reducing the gain, resulted in a shifting of the work-
ing point along the Ia/Vg, curve, but with the sliding screen voltage every
value of grid bias introduces a different characteristic, thus providing
interesting new properties.

Amongst others, the R.F. pentode EF 9 and the LK. pentode combined
with two diodes, the EBF 2, are designed on this principle.

A very special type of valve is to be found in the secondary-emission
valve EEP 1, which functions on the electron-bunching principle; the intro-
duction of secondary emission provides in the anode and secondary-emission
circuits two alternating voltages of exactly opposite phase, and this valve
will drive a balanced-output circuit without the use of the usual driver
transformer.

Among electronic indicators the EM 4 with its dual sensitivity is worthy
of special mention. By means of this indicator it is possible to tune the
receiver with just the same degree of accuracy on weak as on strong signals.
The EFM 1 is another interesting development, being a combination of
AF. amplifier pentode and electronic indicator. The pentode section of
this valve is of the variable-mu type and also incorporates the sliding
screcn voltage; the voltage variations produced in the screen grid resistor
by changes in the grid bias are employed to operate the built-in electronic
indicator.

Tn conjunction with the double diode and L.F. pentode EBF 2, described
in these pages, the BFM 1 provides us with an excellent 4-valve superhet.
receiver embodying all the latest features including the electronic indicator,
negative feed-back, ecte.

The double diode EB 4 with its separated cathodes presents countless
opportunities in the design of special circuits. The triple diode EAB 1 was
specially designed for use m 3-diode circuits and its introduction has resulted
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in a considerable reduction of distortion in the diode stage of high-quality
recelvers.,

The EBL 1, a double-diode pentode with high mutual conductance permits
of the design of very simple superhet. receivers employing only three valves.
With a view to high-fidelity reproduction of music much attention has
been paid to the question of output valves, and various steep-slope types
are now available. The output valve EL 6, an 18 W pentode of unusually
high mutual conductance, requires roughly the same signal input for full
modulation as the 9 W pentode EL 3.

For car radio an output valve has been developed that consists of two
complete output-valve units in a common envelope; in a balanced circuit
the ELL 1, as it is designated, will deliver a maximum output of 4.5 W
with a very small current consumption.

A new valve for A.C./D.C. receivers is the EL 6, a steep-slope output pentode
for interchangeable mains operation, and a similar valve is to be designed
for a screen voltage of 100 V, to provide adequate output power on 110/127 ¥
mains. This latter valve will replace the earlier model, the CT. 2.



EAB 1

EABI Trip[e diode

VE |(Verr) 7ses The triple diode EAB 1
V=(V}{i’m-mﬂimg,,,g,-wrm»mlmrnm T = consists of three diodes
oVl i= ; arranged about a common,

horizontally mounted, ca-
thode, having been especi-
ally developed for 3-diode
circuits. The object of this
type of circuit is to elimi-

nate distortion and other 1‘,1("’8;5
unpleasant effects arising nimensions in .
from the use of delayed
automatic gain control and
it involves an arrangement
employing three diodes, one
of which serves as detector
and one for the A.G.C.,
whilst the third is used for
the delaying effect. With
a view to suppressing hum,
the detector diode, which
is shown as d, in the dia- £
gram of base connections, k m
Fig. 2, is mounted farthest

ot
[
{

B

!
I i
! O Vs ivopr)\0

I .
La ‘ from the heater. The diode
Fig. 3 nearest to the filament and
Direct voltage V" and direct voltage curve (4 1) marked d, in the diagram
hetween the terminals of the grid leak connected he 1 it
to one of the diodes of the EABI, as afunction 128 & very 0w capacitance 17804
- ofnlho l\lvnnll)(llllflﬂt(‘d }{lpt vulmg(ls. with respect to the detector
L.F. voltage VL between the terminals of the . 1.0 s , Iigr, 2
grid leak as a function of the R.F. voltage lede’ this ])elng less than Arrnnﬂmiﬁ;m of elee-

modulated to a depth of 30 %, (m = 30 9%). 0.08 /L,IlF. Since the A.G.CL trodes and base con-
These characteristies apply to grid leaks of . for C me e S nections

from 0.1 to 1 megohm. diode, for many reasons, 1s - o

usually connected to the
primary circuit of the preceding band-filter, the amount of capacitance between this
diode and the detector diode is extremely important. As the readeris doubtless aware,
this capacitance acts as a coupling between the two band-filter circuits and tends to
have an adverse effect on the selectivity. It is for this reason that diode d, is employved
for the A.(+.C. Diode d., located between d, and d, is then available for other purposes, in
2 1 3,151 purp

particular to provide the delaying effect for the A.G.C. as employed in this type of circuit.

Heater ratings .
Heating: indircet. A.C. or D.(\, series or parallel supply.

Heater voltage . . . . . . . . . . . .. ... ... ..... F=63V
Heater current . . . . . . . . . ... . ... ... 1 =0200 A
Capacitances

Diodes d, — d,. . . . e e e e . Cus < 0.65 pu¥
Diodes d, — dy. . .« . . . . . . . oo Cygs < 008 puul?
Diodes d, — dy. . . . . . . ... oo oo Cpgy < 04
Diode dy — cathode . . . . . . . .. . ... ... ... Cy =1b wF
Diode d, — cathode . . . . . . . . . . . . ... ... Cppr = 135 wF
Diode ¢, — cathode . O o . Cyae = 22 il
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EAB

Maximum ratings

Voltage on dy (peak value) . . . . . . . . . . . Vg = max. 200V
Voltage on d, (peak value) . . . . . . . . . . . Fgu = max, 200V
Voltage on d; (peak value) . . . . . . . . . .. Fgu = max. 200V
Direct current to dy . . . . . . . . . . . . . .. Iy = max. 0.8 mA
Direct current to d, . Ig; = max. 0.8 mA
Direct current to dy. . . . . . . . . . . . . . . I; = max. 0.8 mA
External resistance between filament and cathode Rpr = max. 20,000 ohms

Potential difference between filament and cathode
(D.C. voltage or effective value of alternating
voltage) e e v e oo oo Vo= max. 100V
; . o Ly = + 0.3 p0A) Vg,

Voltage on diode at diodz cur- ! (Las = + 0.3 1A) Vs (

b start = max. —1.3
rent start . . . . . . . . . (11 = + 0.3 uA) Vd.«‘



EB 4

EB 4 Double diode with separale cathodes

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

Heater ratings

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

Heater voltage . . . . . . . ... .. .... VF=63YV
Heater current. . . . . . . . . . . ... ... Iy =0200 A
Capacitances

Cuis << 0.2 puF

Coge = 1.2 uulF

Caaie = 1.2 yuF

v %/’ } (Vert)

v=(v)

sVt

100Gt

100

Fig. 3

— g modulated R.F. voltage.

o |
T 1} |
L

007 af 1 0 Yur (Vern?0

igee

32max

Fig. 1
Dimensgions in mm

o o2

50013

Fig. 2
Arrangement of
eleetrodes and
base connections.

Direct voltage V and direct voltage curve (4V) between
the terminals of the grid leak connected to one of
the diodes of the EB 4, as a function of the un-

1 A.T. voltage VI, between the terminals of the grid
i leak as a function of the R.T. voltage modulated to
l H a depth of 30%; (m= 309%,) These characteristics apply
L to grid leaks of from 0.1. to 1 megohm.



MAXIMUM RATINGS

Voltage on diode d, (peak value) .

Voltage on diode d, (peak value) .

Direct current to diode d,.

Direct current to diode d,.

External resistance between cathod«. ll and ﬁhment

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

Potential dlﬁerence betW een cathode Z, zmd ﬁhment
(D.C. voltage or effective value of A.C. voltage)

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

Voltage on diode at diode cur- (Ig = + 0.3 nA)
rent start . . . . . . . . . (L= +03pA)

th 1
Vaa
I d1

1(12

Bypy

Vi
Vits
Vl:xl:e

Va 1
Va 2

= max.

I

max. 75

max.

max.

max.
max.

max. 200 V.
max. 200 V.

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

V.

75 V.

150 V.

—1.3 V.
13 V.

EB



EBC 3

EBC 3 Double-diode triode

The double-diode triode EBC 3 comprises a triode in combination ’

with a double-diode unit, in a common envelope. These two systems
are served by a single cathode.

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

connections and the grid connection of the triode is at the top of

the valve.

HEATER RATINGS

Heating: indirect, by A.C. or D.C.;

Heater voltage
Heater current

CAPACITANCES
Cryn =19 uF
Crgy = 25  uuF
Cayds << 0.5 jul
Coqr << 0.005 ¥
Cotz << 0.005 puF
Cyr < 0.002 juF

OPERATING DATA
Triode section:

Anode voltage

Grid hias.

Anode current
Amplification factor .
Mutual conductance .
Internal resistance

MAXIMUM RATINGS

Triode section:

Vo (Ig = +03p4d) =
Ry (automatic)
Ry (fixed)

Ivf/a

Ry

1) Direcet voltage or ctfective value

24

max.
max.
T max,
max.
max.
max.
max.
max.
max.

Cug = 13 X
('ul.' -3 ;l,uF
(—Vlyk = 2.9 /1/_(F
Cldr+dayy < 0006 gp0
Clrtdya < 1 uuF
Vo 100 v 200 V
Fy —2.1V —43 V
](t 2 mA 4 mA
oo 30 30
S = 1.6 mA/V 2.0 mA/V
R; - 19.000 ohms 15,000 ohms
550 V
300 V
1.5 W
10 mA
—1.3V Diode section:

3 M ohms

1 M ohm
VY
20,000 ohms

series or parallel supply.

Tr= 63V
I = 0.200 A

Va (peak value)

In (D.C. value) =
) =
)

T 4. (peak value
;s (D.C. value

of alternating voltage.

d2max

Fig. 1
Dimensions in mr.

Tig. 2
Arrangement
electrodes
base connections.,

of
and

5V
5V
5 mA

2.0 mAV
15,000 ohms

2.0 V
0.8 mA
200 V
(0.8 mA

max.
max.
max.
max.



EBC 3

23840

0

ig. 3

Fig
Anode current as a function of the grid bias at
ditferent anode voltages

100

Lig.

different valures

s

at

Anode current as a function of the anode voltas

of arid bias.



EBC 3

The triode can also be employed as oscillator in conjunction with the variable-mu
frequency-changer heptode EH 2.
To avoid feedback from the triode to the diodes, these two units are screened from

each other, the screen being connected to the cathode. The metallizing is provided
with a separate contact in the valve base.

100001 f

-2 H—

<

N

v 5 Ra S 1]
Ry ¢ ,g‘
T &
25872

50 jooo,

Fig, 5
Definition of Vd and Id

Fig. 6
Circuit upon which the measurements given in
the table are based.

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



EBC 3
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EBF 2

EBF 2 Double-diode variable-mu pentode

This valve combines a pentode with two diodes, built round a
common cathode. The pentode section has variable characteristics,
sliding sereen voltage having been adopted with a view to the use
of the valve as an I.F amplifier; the anode current is accordingly
low and the mutual conductance relatively high, but, since the
cathode, which also serves the two diodes, is able to dissipate only
1.26 W, the slope is somewhat less than that of the EF 9. Without
control (at — 2 V bias), the mutual conductance of the EBF 2 is
1.8 mA/V, which provides ample I.F. amplification.
The diode scction is separated from the pentode by a very effective Fig. 1
system of screcning, to prevent any unwanted interaction between Dimensions in mm.
the two units. This combination of double diodes with an I.F.
amplifier is very useful in all cases where an A.F. valve without
diode is used. for example the EF 6, with or without feed-back.
The EBF 2 is particularly suitable for use in conjunction with the
AF. amplifier and electronic indicator EFM 1,
The latter arrangement permits of the design of a very simple
receiver in which two valves do the work of LF. amplifier and
detector, at the same time producing the control voltage for auto-
matic gain control. with A.F. amplification and electronic tuning
indication.
Nince both diodes arc supplied by the same cathode as the
pentode and, hecause the diode for the A.GLC, is delayed by the
cathode potential of this valve, the delay voltage is limited, with-
out the wuse of any special circuits, to the value of grid bias
required by the pentode
00000 in the uncontrolled con-
dition. By using special
circuits it is possible to
obtain a higher delay Fie 2
wooo  VOltage for the A.G.C., Armnl«;m_cm of
but this merely tends to  eleetrodes and
render the latter lesy ¢ conmecrions.
effective.

LR la@.{ﬂ

2778

=000

Fig. 3
Ia/Vy, characteristic of the EBTF 2, with Vg, as
VoV, ' parameter. The broken line shows the anode current
I 0 of the controlled valve with a screen series resistor

of 95000 ohms and a supply voltage of 250 V.
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S/Vyg, characteristic of the EBF 2, with Vg,

as parameter. The broken line gives the slope

of the controlled valve with a screen series

resistor of 956,000 ohms and a supply voltage
of 250 V.
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T

300

¥ig. 5

Anode current as a function of the anode voltage at different vehues of

erid bias and with a fixed screen potential of 100 V.

24



EBF 2

HEATER RATINGS

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

Heater voltage . Fr=63V
Heater current . Iy =0.200 A

CAPACITANCES

Cogr << 0002 uuF Clar+dngn << 0.001 puF Cling < 0.25 yuF
Cyy = 44 pul Carks = 3 upl Cayrana < 04 uuF
Cy = 86 unF Caote = 3 HuF g1t < 0.01 yuF
Cigr << 0.0005 puF Cards < 0.3 uF

Cysgr << 0.0005 yuF Cira < 0.3  uuF

OPERATING DATA: pentode section employed as LF. amplifier

250 V

Anode voltage . Ve = 250V

Screen-grid series 1estst0r (dL )oO V) . Ry, == 95,000 ohms
Cathode (bias) resistor . . - R = 300 ohms

Grid bias. Voyp= 27V —38 V)
Screen voltage Vgo = 100 V 250 V
Anode current I, = 5 mA —

Screen current .1y, = 1.6 mA —

Mutual conductance . S = 1800 pA/V 18 uA/V
Internal resistance R; = 1.3 M ohms > 10 M ohms
200V

Anode voltage e e . Ve = 200V

Screen-grid scries 1(s1st01 (at 200 V) . Ry, = 60,000 ohms
(&thode resistor . .. . R = 300 ohms

Grid bias. Vor= —2 V1 —32.5 V2
Screen voltage Voo = 100 V 200 V
Anode current . I, =5 mA —

Screen current . Iy = 1.6 mA —

Mutual conductance . .8 = 1800 uA/V 18 uA/V
Internal resistance £; =1 M ohm > 10 M ohms
100 Vv

Anode voltage. . . Fo = 100V

Screen-grid voltage Vye = 100 V

Cathode resistor .. .. . Rp = 300 ohms

Grid bias. Fgpo= —2 V1) —16.5 V3
Anode current I, =5 mA —

Screen current . Iy = 1.6 mA e

Mutual conductance . . 8 = 1800 nA/V 18 nA/V
Internal resistance . R; = 04 M ohm > 10 M ohms

1} valve not controlled.
%) Mutual conductance controlled to 1 :
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MAXIMUM RATINGS

a) Pentode section

Anode voltage in cold condition . . . . . . . . . Vg = max. 550 V
Anode voltage . . . . . . . . . ... .. ... ¥y = max. 300V
Anode dissipation . . . . . ce oo oo Wy = max. 15 W
Screen-grid voltage in cold condltlon o v v v o Vg = max. 550 V
Screen voltage at I, =5mA . . . . . .. ... Vp = max. 125V
Screen voltage at Ip <2mA . . . . . .. ... Fyp = max, 300V
Secreen-grid dissipation. . . . . . . . . . . . . . Wy = max. 0.3 W
(Cathode current . . . . . Ip = 10 mA

Grid voltage at grid current start (1 gn=+ 0. ‘3 /LA) Vg = max. —13 V
Resistance between grid and cathode . . . . . . . Ryp = max. 3 Mohms
Resistance between filament and cathode . . . . . By = max. 20,000 ohms

Voltage between filament and cathode (direct voltage
or cffective value of alternating voltage) . . . . Fp = max. 100 V

b) Diode section

Voltage on diode d, (peak value). . . . . . . . . T4 = max. 200V
Voltage on diode d, (peak value). . . . . .. . Vg = max. 200 V
Direct current to diode ;. . . . . . . . .. o Iy = max. 0.8 mA
Direct current to diode d, . . . . Igs = max. 0.8 mA

Voltage on diode at diode current start (1‘1l = 4 (. .3,LLA) Vg, = max. —1.3 V
Voltage on diode at diode current start (Iz, = + 0.3uA) Vyy = max. —13 V

APPLICATIONS Ig2ﬂ[m/4) 27786
v ;f;;jli, M ] _} IT -l- T

The EBF 2 is used mainly FHHAE 5 le; 1T H ir

in LF. stages with the two i SEREESESRES T I’ THTT 1 Va< 250V THAT]

diodes serving as detector : 44 &, 3‘\' _']“" ] =0V

and for automatic gain T "\LE,’L‘ {la

control. The data and  FHEEH I NHFHER AL }, qpave

characteristics apply both
to A.C. receivers operating
on mains of about 250 V
and A.C./D.C. sets on
mains of approximately
200 or 100 volts. At mains
voltages other than 250 or
200 V, the required scre>n
potential can be calculat-
ed from the screen current

{

TN
S

of 1.6 mA and the poten- Fig. 6
. . p Screen current as a function of t]?e screen voltage at different values
tial difference between the of grid bias. The curves apply roughly to all anode voltages between

supplv voltage and the 100 and 250 V. The diagram also includes the limit line for the
N - maximum continuous load on the sereen and the resistance line with
screen voltage of 100 V. respect to a series resistor iy, = 95,000 ohms, at 250 V supply voltage
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Vieri 'nA)
The characteristics in Figs 3, 4, 7 and 8 [ i
relating to I, and 8 will then be no longer e
fully applicable; at 100 V supply vol-
tage the sliding-screen-potential prin- i
ciple is not valid and the screen must 100 ==l
he maintained at 100 V. The modu- =
lation distortion curve is then certainly
less satisfactory, but the valve is none 10 2
. r . 7
the less quite effective as a normal A.F. "’"’fm
amplifier, following a diode detector. = mb=t% B
If a potential divider is used instead of TR
a series resistor, careful adjustment 0 i
of the resistance values will produce a ST S2f EB
more or less steep mutual conductance }
curve: the modulation distortion curve s 1 10? 0° 5@(‘( K]I
. .y 10 1
is then somewhat modified. W (v (T i
' i ; ' e V=250V |
The Dbias resistor should be decoupled Rg2= 9
with an electrolytic capacitor of about .3
25 uF; if this is not done, the rectification,
due to the curvature of the I,,/V,, charac- =20 N
T
-10 A\ :L;
Vi {mets) 27789 st ~\
EERTE N T 1m 0 -
I 1 [ 2 07 & /)m‘
1000= == IafuA): S @A)
sz St Tig. 7
i Upperdaugram. Bifective alternating grid voltase
as a function of the mutual conductanece, with
et =g 1% cross modulation, a screen-grid series resistor
+ of 95,000 ohms and a supply voltage of 250 V.
- ] Centre diagramn. Effective alternating grid
. voltage as a function of the mutual conductance,
1 4 00 1000 | S PA/V) with 1 9% modulation hum.
[ I AR Lower diggram. Mutual conductance S and
W’"V’b’olg | anodc current Jo ag a function of the grid hiax,
5 {mb 1%}
T ML teristic, produces an A.F. voltage which,
B e ESr e when the volume control is turned down.
i s i | would be applied to the grid of the A.F.
A Sl amplifier valve. This involves a residual
- 0 120 1000 llllLLLLL signal and makes it impossible to render
Y | T ICH 0 P &
ISR Vo= 200v 1e receiver mute.
=20 I Re2=6000001 Diode d, is preferably used for detcction
1N | ‘H_J and diode d, as rectifier for the A.G.C.
a0 i i In the ecircuit diagram of Fig. 10 the
~ A . . ©
o AN il A.G.C. diode receives its delay voltage
o Sl from the cathode potential of the EBF 2.
o : } HPSS NI To ensure optimum amplification in the
1 1019 s -‘00?1) 1000 ureontrolled condition this voltage should
A {uA) s S (1A always be kept as low as possible
Kig. 8 T L os . P
Upper  diagram. Tiective alternating  grid (according to the data it is about 2 V).
voltage as a function of the mutual conductance whereby the AF. ampliﬁcation should be
with 1 ¢ cross modulation, with a screen series N .
resistor of 60,000 oluns and a supply voltage such that the strength of the signal on
. of 200 V. ) . the A.G.C\. diode is below the threshold
Centre  diugram. Lifective alternating grid N - .
voltage as a function of the mutual conductance of the delay, with a fun." driven
with 1 95 modulation huni. output valve.
Lower diayram. Mutual conductance S and . . AT .
anode current Zu as a function of the grid bias. At the same time, a lower AT gam may
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Vi{mVatr) 27787
be desired, or it may be impossible to RIS ; LIT
obtain the high amplification referred to 1000 Egj
above, so that special steps have to he S

taken to provide a higher delay voltage
for the A.G.C. if the latter is not to be 100 =p= iz

operative on signals which are insufficient —=
to drive the output valve fully. For
the characteristics of the diode section, 10
reference should be made to the relative Wl”"‘;gg
curves for the EAB 1 and EB 4, which
apply also to these valves.
Tt
-20
B E——1 s ! s i
= e NS g
; Hl
_llo .4
o 0 11 o 0 W | D N S5ty
-5 i .\l ,I
T l ‘
B A 6| s g :
0
12 0 1000 2000

Da{pA). s [pA1Y)
Fig. 0
Upper  diagram.  Lffective  alternating  grid
voltage as a function of the mutual conductance
with 1 9 cross modulation, at Fa == 100 V;
Vy, = 100 V (fixed screen potential).

Centre diagram. Effective alternating  grid
voltage us a funetion of the mutual conductance

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

az 7 [

e
7 JUYULA,
E 0- 52= A’3=Q5L{ Ly = 10000uuF
p: 3

—

A Foamplifier

3001
'
R
™ma
of TINEL
X
B

Ric=
it
Ri=

Cg:&f,ur"-_}_ Rp-M12

Luto, guin control Eé
o
?

&
& 250

Tig. 10
Cireuit diacram showing the KBF 2 employed as IF. amplifier. Diode ., i<
used for detection and diode d; as rectifier for the A.G.C.

273867



EBL 1

EBLI Double-diode output pentode

The EBL 1 is a combination of double-diode and steep-slope, 9 W
output pentode, in one envelope and sharing a common cathode.
The characteristics of the pentode unit place this valve among the
high-mutual-conductance pentodes and it may be used in the con-
struction of very low-priced receivers, for instance of the super-
heterodyne type, having a limited number of valves and which,
without a stage of A.F. amplification, will nevertheless give a reason-
ably high output.

The two diodes are mounted below the pentode section opposite to
the cathode, in such a way that the two anodes, which are not com-
pletely semi-cylindrical, are located at the same height on the mount;
the diodes are therefore electrically identical. A screen separates
the diode section from the pentode unit and, to prevent the grid of
the latter from being affected in any way by the diodes, the grid
connection is brought out at the top of the envelope.

HEATER RATINGS

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

Heater voltage Ty=63YV
Heater current Ir =118 A
CAPACITANCES

Cypy << 0.8 pul? Cizgy < 0.08 puF

Carg < 0.2 puul® Cor = 3.5 uuF

Cisg << 0.2 uuF Cpnr = 3.5 uul

Cagr < 0.08 pplF Cagr << 0.25 @uF

OPERATING DATA

Anode voltage Ve =
Screen-grid voltage Fyo =
Cathode resistor R, =
Grid bias. Va =
Anode current I, =
Sereen current e e e e 1, =
Mutual conductance at the working point. S =
Internal resistance R; =
Load resistor . . . . . . . . R, =
Output with 10 %, distortion. e W, =
Alternating grid voltage for I, = 4.5 W . Vi =
Sensitivity (I, = 50 mW). F, =
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Fig. 1
Dimensions in mm

a

Fig. 2
Arrangement of
electrodes and
base connections,

250 V

250 V

150 ohms
—6 V

36 mA

4 mA

9 mA/V
50,000 ohms
7,000 ohms
4.5 W

4.2 Vg
0.35 Vg



MAXIMUM RATINGS

EBL 1

Pentode section:

‘a0 = max. 550 V Wye (F; =0) = max. 1.2 W

Ve = max. 250 V Wye (Iy = max.) = max. 2.5 W

W, = max. 9 W Voo gy = + 03 pd) = max. —1.3 V
I = max. 55 mA gk = max. 1 M ohm
Vyso = max. 550 V Ry, = max. 5,000 ohms
Vya = max. 260 V Vig = max. 50 V1)
Diode section: )

Voltage on diode (peak value) Vg = F;’ = max. 200 V

Diode current Iy =1/ = max. 0.8 mA

(direct current through the grid leak)

Voltage on diode at diode current start (I; = + 0,3 pA) ¥y = max. —1.3 V

Voltage on diode at diode current start (/" = -+ 0.3 pA) Vy = max. —1.3 V

1) Direct voltage or effective value of alternating voltage.

The curves relating to the increase m the direct voltage (A V) across the grid leak,

as a function of the unmodulated R.F.
voltage, as well as for the A.F. voltage
(Vir) across the grid leak as plotted
against the 30 %, modulated R.F. voltage
on one of the diodes (0.5 M ohm grid
leak) are the same as for the EB 4.
Grid bias must be obtained by means
of a cathode resistor only; semi-auto-
matic bias may be employed provided
that the cathode current is more than
50 25 of the total current passing through
the biasing resistor. Leads to the valve
connections should be as short as possible
and it is essential to include a resistor
of about 1000 ohms in the control-grid
lead.

A stage of audio-frequency amplification
between one of the diodes as detector
and the output valve may possibly give
rise to hum and oscillation, for which
reason the gain between that diode and
the pentode should not exceed afactor
of 15; this may be obtained by using the
EBC 3 as pre-amplifier with slight negative
feed-back.

The characteristics of the EL 3 relating
to output power, having regard to the

!
1 {l
-
Va2 20 100
I
! 80
- N ]
|} L .h
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¥ ' lil Ly
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T 1 fd
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! ;
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T : Jg‘[ T SEED
; s
3
muw sl
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Tig. 3

Anode current and screen-grid current as a function

of the grid bias at Ve = Vg, = 250 V.,

voltage drop across the output transformer, apply also to the EBL 1.



EBL 1

22278
175 TalA] ‘ T 1 i Litar R
pN ! 1 L nnand
150 T Vare 2507 11T 1T
125 T
00 i_i o
/ Tl T3
75 :
17 ];
unp RN I . O]
SoTiE ANSRSRERRREE I
il - 11 R ¢
Sanas Ty
H
= T 1N y——y 2Ty
C T i ik
o FIEEE : T TValv)

4] 50 100 150 200 250 300 350 400 450 500

PFig. +
Anode current as a function of the anode voltage at Vg, == 250 V and
at different values of grid bias,

o0t (75 v, (Very
: -
rans ]
Va » Vg2s 250V
t-1-14 fa » 36 mA
Rum 16 11
HHHH 22w 70000
ok
S
L |
Pt =11
v
2Lt
O.Z: Hmﬂ'ﬁﬁ;—?ﬁ
o i 2

Fig. 5
Alternating erid voltage (Vi) and total distortion dtet as a function of
the output power of the EBL1 used as a Class A output valve



ECH 3 Triode hexode

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

. - 94 1
Although the heater current of this valve is only small, very 3 703
high conversion amplification is possible; on 250 V anode and 97

100 V screen, it is 650 pA/V, without control, the internal resist-
ance being 1.3 M ohms.

The ECH 3 is eminently suitable for short-wave reception with
controlled mutual conductance, without too much frequency
drift; the drift is very slight when occasioned by mains voltage
fluctuations. If the tuned oscillator circuit is connected to the
anode, with the feedback coil in the grid circuit, the frequency
drift arising from mains fluctuations of 10 9, will be less than
1 ke/s at 15 m: at this wavelength, with a tuning capacitance of
50 puF in the oscillator circuit and full control applied to the
grid, the drift is less than 2 ke/s. The relatively low input and
output capacitances of this valve are also favourable features
from the aspect of short-wave work.

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

F1615

Fig. 3

ECH 3

max 39

1501

Fig. 1
Dimensions in mm.

ay ar

S

kK f f

J1499
Lg7
fr
K Q W > m
ari—® <Yay
g S
gr.g3 9294
30
J1500

Fig. 2
Arrangement of
clectrodes and
base connections.

however, has a certain capacitance
with respect to grid 1, so that on
very short waves (13 m)an alternat-
ing voltage of about 0.5 V exists
at the grid, although this has very
little effect on the conversion con-
ductance. Because of the high
mutual conductance of the hexode
£ unit and the rapid decrease in the
slope in respect of the first grid
when the negative voltage on grid
3 (see I'ig. 21) isincreased, it is pos-
sible to obtain very high conver-
sion conductance in the uncon-
trolled condition; moreover, the
alternating oscillator voltage neced
be only very small. The effective

Cross-section of the system of electrodes in the hexode unit. alternating oscillator VOltage for
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ECH 3

9/ 9293
. a

31514
iz, 4
Vertical eross-section through
the systen of eleetrodes of the
hexode (see A=B, Fig.3).

good results is only 8 V, which can be developed in the
triode section of the valve without any difficulty by
means of standard coils.

However, at lower oscillator voltages the conversion con
ductance is still quite high. being about 580 pA/V at
5 V (see Fig. 9). so that satisfactory conversion ampli-
fication is also possible on short waves. At very much
higher oscillator voltages than 8 V the conversion conduc-
tance deviates only slightly from the optimum value: the
conductance, and also the amplification, therefore, vary
only to a small degree as a result of wide Huctuations in
the oscillator voltage within the wave-range. The valuce
of 8 V (200 pA passing through the grid leak of 50,000
ohms) gives a satisfactory compromise between background
noise, whistles and the desired conversion conductance.
With a view to the control and prevention of cross-
modulation, the ECH 3 is designed for potential-divider
feeding of the screen grid. Although from the aspect of
cconomy a screen scries registor would take less cur-
rent, this involves one great disadvantage in that
the potential of the screen in that case increases to

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

Tan(uA} Lau(uhf
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Fie. 5 Fig. 6
Anode current of the hexode unit as a function Anode current of the hexode unit as a function
of the ¢grid bias, at ditferent sercen potentials of the ¢rid bias, at different sereen potentials,

with an anode voltage of 200 to 250 V,
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ECH 3

is greatly reduced. Consequently, when the controlis in operation the selectivity of
the band-pass filter in the anode circuit also suffers. A correct choice of resistances
for the potential-divider network will place a limit on the increase in sereen voltage
and thus avoid any alteration in the internal resistance of the valve; the control
on the amplification can also he made to operate more slowly or rapidly by a judicious
arrangement of the values of the resistances in this network.

Adjustment of the conversion conductance may be fairly rapid, and the characteristics
with regard to cross-modulation arc very good throughout the whole range of control
(see Iligs 15 to 20).

HEATER RATINGS

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

Heater voltage . . . . . . . . . . . . ... 1 mB3Y
Heater current . . . . . . . . . . . . . ... .. Ty 20200 A
CAPACITANCES
a) Hexode section b) triode section ¢} between hexode
and triode
Cpp = 49 puld ¢y = 8.8 uF Corgrr < 0.3 pul
Cy =90 pul Cy = 44 uul?
((,,,1 < 0.003 uu¥ Cog — 1.4 quF
Copy << 0.001 pped?
SeluAY) Sc{uAN
37 B i S T DO A W o T
e T
El — Va = 200-250v [
| Tar Fga - 5000012
] i 5“_ 11793 = 200uA
L I 15;R 3]
v bgiEgJ ! l
|3 o -
Wiad| Ra2 == 0uF
f R’é Va: 200V Vp o 2
T T} #1247
: o Ao
g b 250V
R1=240000)
22330004
Vb= 200V 7
R1a 19000027
- Fa = 540000244
|
i ?
: SAHAL
E 'lp ~f\(’) 4},[4§
WIRANR AN A TS
1 1
Ayt
v | 1
[ i ‘
l | ‘i‘ ' H

-40 -30 20 Q 40
lv) 21470 77
Fig. 7 Fig, 8
Conversion conductance Se as a funetion of the Conversion conduetance Se as a funetion of the
arid hias Vg at different sereen-grid voltages grid hias 'y, at ditferent sereen volfages and
and for an anode voltage of 200-250 Y, Jor an anode voltage of 100V,
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SclpANY)

1200

3

OPERATING DATA (hexode section
FIXED SCREEN VOLTAGE

Anode voltage

a)

employed as frequency-changer)

Vo 200 V 250 V
Screen-grid voltage

Vya,e 100 V 100 V
Cathode resistor

Ry, 215 ohms 215 ohms
Oscillator-grid leak

Ry, 50,000 ohms 50,000 ohms
Oscillator-grid current

1y, 200 pA 200 pA
Grid bias (grid 1) ] )

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

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

Tyy + Iyy = 3 mA — — 3 mA — -
Conversion conductance

Se = 650 AV 65 1.5 650 AV 6.5 1.5
Internal resistance

Ry = .9 > 5 > 5 1.3 > 5 > 6 M ohms

1y Without control
3) Extreme limit of control

RiiMR)
3
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11267
e, O
Conversion conductance Se, internal resistance
i and alternating oscillator voltage Fose
as a function of the oscillator grid current
Iy, at Va = 250 V, Rg; = 50,000 ohms and
with fixed sereen voltage of 100 V.
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?) Conversion conductance reduced to one-hundredth of uncontrolled value
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Fig. 10
Conversion conductance Se, internal resistance
Ri and alternating oscillator voltage Faose
as a function of the oscillator-grid current 7y,.
at Fa = 250 V, Ry, 50,000 ohms and with
screen fed from a potential divider of 24,000 +4-
33,000 ohms (normal operation).



ECH 3

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

Supply or anode voltage Vo = T
Resistance of potential divider

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

(see Tig. 28) R,

Cfathode resistor . . . . . . . . Rp
Oscillator grid leak . . . . . . . Ry

Grid bias (grid 1). . . . . . . Vi
Sereen-grid voltage . . . . . . . Ty,

Anode current . . . . . . . . . I,

Sereen-grid current . . . . . . [, + Iy

Conversion conductance . . . . . N,
Internal resistance. . . . . . . . [

= 250V
24,000 ohms

33,000 ohms
215 ohms
50,000 ohms

2 V1) —335VE —31V3)
100 V om 145 V
3 mA - —
3 mA e -
650 pA/V 6.5 uA/V 1.5 uA/V
1.3M ohms >- 3Mohms > 4 M ohms

1) Without control 2y (‘onversion conductance reduced to one-hundredth of uncontroiled v a,

%) Extreme limit of control

SeluAfv) RifMn)  ScludV) RiMNY,
s IR R : Gy
ks RERAE £ !
¥ I
E FHLE B
1000+ Hod e b s o001
Vb = Va <25 ;t,i'—i v 7
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R2 3300042 [T
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80011+ ! == : 4 800
!
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L
A
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¥ i +
” }
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a _ o 1y I ! 0 o
0 200 0 200 300 Igsud) <00
32769
Fig. 11 Fig. 12

Conversion conductance Se, internal resistance
Ri and alternating oscillator voltage 1ose
as a funetion of the oscillator-grid eurrent 7g.
at T« = 250 V., Ry; = 50,000 ohms and with
sereen fed from a potential divider of 47.000 -~
33,000 ohms (noise-free operation).

Conversion conductance Ne, internal resistance
Ri and alternating oscillator voltage Vose
as a function of the oscillator-grid current Ig,,
at Fa = 230 V, Ry, = 50,000 ochms and with
sereen fed from a potential divider of 22,000 +-
£4,000 ohms (optimum setting from the point
of view of freedom from cross-modulation).
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ECH 3

¢} ARRANGEMENT ¥OR LEAST POSSIBLE BACKGROUND NOISE; SCREEN

GRID FED FROM A POTENTIAL

potential divider itself: 2.1 mA).

DIVIDER (current passing through the

Supply or anode voltage

Fp = T,

il

250 V

Resistance of the potential divider

(see Fig. 28) R,

Resistance of the potential divider

(sce Fig. 28) R,

47,000 ohms

i

33,000 ohms

Cathode resistor Ry = 310 ohms
Oscillator-grid leak Ryy = 50,000 ohms
Oscillator-grid current . lyy == 2001 A

Grid bias (grid 1). Ty = —2 V1Y 19V _23V3
Sereen-grid voltage Vysg = 0V — 100 V
Anode current e = 1.5 mA — —
Screen current TR 1.6 mA — —
Conversion conductance S, = 450 uA/V 4.5 uA/V 15 pA/V
Internal resistance B = 2 M ohms > 5 M ohms > 6 M ohms

1) Without control
Extreme limit of control

ScluAN)
1200

R(MY  ScluAlv)

%) Conversion conductance reduced to one-hundredth of uncontrolled value.

3

1000

s

4004+ -

2004

Vs % i

R = 2100 —

Rr =190000 RS LonF

R2 =540000 - /

o3 = 5000002 P2 gy esclors] o Vose(Veri]
e ] 3,--‘:"“1'” “t2 40 so0fi 12w
o | A i
i B Vi S Y

K H5 30 6004+ 15 30

TTT I L

0 : i :
100 400 1 279 o) 400
0 lg3lud) o 00 < 3 Igs(uh)
11463 31461
Iig. 13 Fig. 14

Conversion conductance Se. internal resistance

It and alternating oscillator voltage Vose

its a function of the oscillator grid current Iy,.

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

screen fed from a potential divider of 19,000 =+

54,000 ohms (for receivers with switeh for A.C.
or D.()
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conversion conductance Se, internal resistance

Ri and alternating oscillator voltage Vose

as a function of the oscillator-grid current Iy,

at Ve = 100 V, Ry, = 50,000 ohms and with

screen fed from a potential divider of 19,000 -+

54,000 ohms (for receivers with switch for A, .
or D.CL).



ECH

d} OPTIMUM SETTING FROM THE POINT OF VIEW OF CROSS-MODULA-
TION; SCREEN GRID FED FROM A POTENTIAL DIVIDER (current
passing through the potential divider itself 1.5 mA).

Supply or anode voltage Jp = F, = 250 V
Resistance of the potential

divider (see Fig. 28) . . . R, = 22.000 ohms
Resistance  of the potential

divider (see Fig. 28) . . . R, = 84,00 ohms
(‘athode resistor . . . . . . Rp = 165 ohms
Oscillator-grid leak . . . . . Ry =: 350,000 ohms
Oscillator-grid current . . . . [,; - 200 A
Gridl bias (grid 1). . . . . . T, = —2 V1 —28.5 V3 —40 V ?)
Sereen-grid voltage . . . . . Ty, = 125 V — 200 V
Anode cureent . . . . . . . [, = 4.5 mA — -
Screen-grid current . . . . [y, - Ty - 4.3 mA — —
Conversion conductance . . . S, = 800 AV S AV 1.5 pA/V
Iuternal resistance . . . . . R; = 0.8Mohm < 0.8Mohm < 1.1Mohms

1) Without control 2y Clonversion conduetanee reduced to one-hundredth of uneontrolled valtue.
3) Extreme limit of eontrol
Vi [mVets)

3

Viimbess!

Lo B .
i

IR TTTTR

0001~

T

{

10000
TgaYSRgs
E)
Rz“g' Lons”
LA W
1000 10000 100 1000 10000
BfeR) lg2+ GafuA) - Sclud VY R0y =iud) gzt fgaiuAl s ScwA/V) RiiMa)
Fig. 15 Fig. 16
At V= 250 V and with fixed screen-grid At Ve = 250 V and with sercen fed from a
voltage of 100 V: potential divider of 24,000 4 33,000 ohms
Upper dicgram, Permissible R.F. voltage at 1 9;, (normal setting):
cross-modulation (A = 1 %) and permissible Upper diayram. Permissible R.¥. voltage at 1 %,
alternating voltage of the interfering signal on cross-modulation (A = 1 %) and permissible
the grid. with 1 95 modulation hum (mbd = 1 %), alternating voltage of the interfering signal on
ax a funetion of the conversion conductance. the grid at 1 % modulation hum (mbé = 1 %),
Lneer dingram. Anode current Ja, sereen-grid as a function of the eonversion conductance,
current Iy, + Ig,, con\'er;"ion conductance Se¢ Lower diagram. Anode current Ju, screen-grid
amd internal resistance I as a function of the current Iy, + Ig,, conversion conductance Se
bias on grid 1. and internal resistance R{ as a function of the

hias on grid 1.
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e)

FOR A.C./D.C. RECEIVERS; SCREEN GRID FED FROM A POTENTIAIL

DIVIDER (current passing through the potential divider itself: at ¥y = 200 V,

1.85 mA, at 7 =100 V, 1 mA).

Supply or anode voltage
Ty = Ty =

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

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

Cathode resistor

100 V

19,000 ohms

54,000 ohms

200 V
19,000 ohms

54,000 ohms

Ry, B 210 ohms 210 ohms
Oscillator-grid leak

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

Iy = 200 uA 200 pA
Bias on grid 1 o o )

Vo = —1.25 V1) —13.5 V¥) —16.5 V3) —2 V1) 235V —31V3)
Screen voltage

Fgou == 55V e 5V 100 V - 145 ¥
Anode current’

1, = 1 mA — — 3 mA — —
Screen current

ILyy + Iy —= 1.4 mA — — 3mA — —

Conversion conductance

S, = 450 pA/V 4.5 pA/V
Internal resistance
R = 1.3 > 4
M ohms M ohms

1y Without econtrol
3) Extreme limit of control

1.5 uA/V 650 uA/V 6.5 nA/V

1.5 uA/V

> 5 0.9 > 2 > 2.5
M ohms M ohms M ohms M ohms

*) Conversion conductance reduced to one-hundredth of uncontrolled value.

OPERATING DATA: Triode section employed as oscillator

Supply voltage . R
Anode load resistor . A . Ry =
Anode current under oscillation

(Ry = 50,000 ohms, I, = 200 pA). . I, =
Anode current at commencement of

oscillation (Ve == 0) g =
Mutual conductance at commencement

of oscillation (Vyee =0y . . . . . 8, =
Amplification factor (1) =0 V; Vo=

0o V). B T
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100 V 150 V 250 V
— — 45,000 ohms
3.3 mA 8 mA 3.3 mA
10 mA 18 mA 6.3 mA
2.8mA/V 38 mA/V 2.8 mA/V
24 24 24



ECH 3

MAXIMUM RATINGS for the hexode section

Anode voltage in cold condition . . . . . . . . . V4 = max. 550 V
Anode voltage . . . . . . . . ... ... ... ¥V, = max.300V
Anode d1ss1pat10n . e e e o Wy == max. 1.2 W
Screen voltage in cold COHdlthll « e e e e oo Fgue == max. 550 V
Screen voltage ([, =4.5mA) . . . . . . .. .. I'yy — max. 125V
Screen voltage (/, << 0.5mA) . . . . . .. . . Fy, = max. 200V
Screen dissipation. . . . . Wy = max. 0.6 W

Grid voltage at grid cunent start (Ij1 s + 0 ‘3,uA) Vg = max. —13 V
Grid voltage at grid current start (/g5 == + 0.3 uA) V), ~ max. —1.3 V

Cathode current . . . . . e v v v o o I = max., 15 mA
External resistance in c1rcu1t grld l -e e v o o Ry = max. 3 M ohms
External resistance in circuit, grid 3 . . . . . . . Ryye = max. 100,000 ohms
External resistance between heater and cathode . . Rp = max. 20,000 ohms
Voltage between heater and cathode (direct voltage

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

Vi{mVers] 31464 VilmVers}
S
1000+4+—

== 10001

joa

0
Vo =Va-250-
“\Rr = 470000 T
—|R2 2330000)
Rga = 5000042 -
lgs = 200 pA

= 500000
= 200uA

100 101 10000 100 1000 100
Ja(uA); fga+ e Sc(uAV)
a3 Sl A) M) a ¢ o A e ,?,‘f;m{
Tig. 17 Fig. 18
At Va = 250 V, with screen fed from a poten- At Ve = 250 V with screen fed from a potential
tial divider of 47,000 4 33,000 ohms (noise- divider of 22,000 + 84,000 ohms (for freedom
free setting). from appreciable eross-modulation).
Upper diagram. Permissible R.F. voltage with Upper diagram. Permissible R.F. voltage with
1 9% cross-modulation (K = 1 %) and permissi- 1 % cross-modulation (K = 1 9%) and permis-
ble alternating voltage of the interfering signal sible alternating voltage of the interfering signal
on the grid with 1 % modulation hum (md = on the grid with 1 %, modulation hum (mb =
1 9), as a function of the conversion conduct- 1 9,), as a function of the conversion conduet-
ance. ance.
Tuower diagram. Anode current I, screen current Lower dingram. Anode current T, screen cucrent
Igy + Iy,, conversion conductance Se and Ig. + Iy, conversion conductance Se and inter-
internal resistance Ri as a function of the nal resistance Il as a function of the bias on
bias on grid 1. arid 1.
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MAXIMUM RATINGS for the triode section

Anode voltage in cold condition . . . e e Vo, max. 950V
Anode voltage . . . . . . .. . .. .. ... . VT, = max. 150V
Anode dissipation . . . . . Lo Wy o= max. 1.5 W

Grid voltage at grid (uuent start ( g = + U 3pA) Ty, — max. —13 ¥V
External resistance in the grid circuit ..« . . Ry = max. 100,000 ohms

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

In order to limit possible frequency drift and “pulling” of the oscillator tuning by
the R.F. circuit, it is advisable to incorporate the tuned oscillator circuit in the anode
cireuit of the triode section. If the tuned circuit is connected to the grid circuit, the
frequency drift is about twice as much as in the former case. The alternating voltage
at the oscillator frequency occurring in the input circuit due to the capacitance Cyy,

Vi fmVers) 51462 Vi [mVers) F1460
IR AR -

1000

1000+~

100

104

!

0 1000 Sc(uAN] 10 1000 Sc{A/V]10000

Ve =Va =200V, ‘ >
Vgr (V)| = LR =19.0000) . L {
“IR: 2540000 _(1f| ol B 1000, it
1Rg3 = 5000002 93} SRod RSt ; 4 2 SRes
-0 l1s -200pA | f/g_t%m : i 7
R AT I i L Ck
==0fuF R2s ==01uF
V- 200V RIS w.toov
: Tl
g RIS
: -
: : 0 h t :
il 0 N + N T B 1 i 1 i
10000 10 100 1000 10600
La{uA] ; Iz +lg+{uh) i Sc(uAlV] Ta{uAf: lg2+lga(uA) s Se(uAlY)  RMOY
o1 1 10 100 RilMLy)
Fig. 19 Tig. 20
At Ve = 200V, with screen fed from a potential At Va = 100V, with screen fed from a potential
divider of 19,000 4+ 54,000 ohms (for receivers divider of 19,000 + 54,000 ohms (for receivers
with switch for A.C. or D.CY). with switch for A.C. of D.C.).
Upper dingram Permissible effective R. 1. voltage Upper diagram. Permissible R.¥. voltage at 1 %,
at 1 % cross modulation (K = 1 %) and permis-~ cross modulation (A = 1 9) and permissible
sible alternating voltage of the interfering alternating voltage of the interfering signal on
signal on the grid at 1 % modulation hum the grid at 1 9 modulation hum (mb = 1 9%)
(mb = 19%,), as a function of the conversion as a function of the conversion conductance.
conductance. Lower diagram. Anode current Ia, screen cur-
Lower diagraim. Anode current [a. screen voltage rent Ty, + Iy,, conversion conductance Ne aml
Iy, + Iy, conversion conductance Se, and internal resistance Ri, as a function of the
internal resistance R as a function of the bias bias on grid 1.

on grid 1
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Fig. 21

Grid-current slope Sy, as a funetion of the grid bhias.
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Sereen-grid current Iy, 4 Ig, as a function of the screen voltase

I.., at various values of grid bias 17y,
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augments or decreases the conversion conductance according as the oscillator frequency
is higher or lower than the input frequency, and it is therefore advisable, on the short
wave ranges, to employ a higher oscillator frequency than the input frequency. Fig. 28
shows the theoretical cireuit diagram of the ECH 3 employed as frequency-changer.
The oscillator circuit may be parallel-fed in the usual manner, in which case the
resistor in series with the anode should be about 30,000 ohms with a supply voltage
Vp = 250 V; the coupling capacitor should be between 50 and 500 uuF.

In order to keep the alternating oscillator voltage constant in the medium and long
wave ranges it is important to connect the reaction coil by means of a padding
capacitor; the oscillator-grid current on the medium and long waves will then be
200-300-200 A, whilst on short waves the oscillator voltage can be stabilized by a
resistor of 75 ohms in series with the reaction coil. This resistor, in conjunetion
with the input capacitance of the triode, has a damping effect which closely follows
any increase in the frequency.

In A.C./D.C. receivers the circuit arrangement described above can be employed on
a 250 V supply, provided that the feed voltage of the valve is not too low (say not
less than 200 V). On a supply voltage of 100 V the anode potential is too low, in view
of the fact that the anode of the triode has to be fed through a 30,000 ohm resistor;
if & lower value were used for this purpose the oscillator circuit would be damped
too much and, moreover, the padding curve would be unsatisfactory (greater fluctua-
tions in the oscillator frequency, due to detuning of the oscillator circuit by the feed
resistor). Since, generally speaking, the requirements of A.C./D.C. receivers working
on lower voltage mains are not so stringent as otherwise, in such cases the oscillator
circuit can be included in the grid circuit. In receivers designed for switching over
cither to A.C. or to D.C. and which are suitable for both 220 and 110 V mains, it
is simpler to leave the tuned oscillator eircuit in the anode feed circuit and to use the
normal feed resistor for the parallel feed, also on low voltage. Naturally, there will
then be a considerably lower oscillator voltage on 110 V mains than on 220 V.
Different values of resistance in the potential divider for the screen feed of the hexode

Raeq (1)
400.10°
100. 105
10. 405
L L AL L 1.108
i EREEEE R A S5
i Va= 200V -
- Ig3=200uA L
w Rg3=50000.1 L
ey .10
i it 5
; ; i
ERRRRRARARN T
[ERERRNNARE!
| ‘ 001.105
Vg2, 4(V] 250 -200 0
3F2757

Tig. 23
Equivalent noise resistance Reg as a function of thesereen-grid voltage
¥Vgq,s at different values of grid hias Vg,.
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section have a very marked effect on the range of control, hesides giving rise to different
effects with respect to the signal-to-noise ratio, the control cut-off, cross-modulation
and so on. The valve data therefore include various values for this potential divider,
firstly for average operation, secondly to produce a good signal-to-noise ratio during
the time that the valve is under the effect of the control and, lastly, a combination that
will give an improved cross-modulation characteristic. Tor the use of the ECH 3 in
A.C./D.Creceivers the different values are such as to render the valve suitable for
the type of recciver that is fitted with a switch for the different mains voltages, the
screen-grid potential divider and cathode resistor thus being adapted to both high
and low voltage mains. On 110 V mains the grid bias in the uncontrolled condition is
certainly only — 1.25, which means that grid current may occur, hut since the demands
made of sets working on 110 V are not so high this may be regarded as acceptable.
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Ilig. 28
Theoretical circuit diagram showing the NCH 3 employed as a fre-
queney-changer. A value of 100 pl for capacitor € will usually
give a more constant oscillator voltage throughout the whole wave-
range.

Ifig. 23 shows the characteristics with respect to the equivalent noise resistance
plotted against screen voltage at different values of the grid bias. By means of Fig. 22,
which gives the screen current as a function of the screen voltage, itis possible to
derive the noise resistance curve for any given potential divider and this, again, in
conjunction with the dynamic characteristic of the A.G.C. of a receiver will give the
signal-to-noise ratio. Figs 24 to 26 reproduce the internal resistance curves as a
function of the screen-grid voltage; these, together with TFig. 22, will supply the
resistance as a function of the control voltage on grid 1.

The latter is often of great interest, since many potential dividers as employed for
feeding the screen will cause the screen voltage to rise too rapidly when the control
operates, thus reducing the resistance of the valve. In order to avoid parasitic oscilla-
tion a resistcr of about 30 chms may be included in the anode and control-grid
leads.
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EEP 1 (EE 1) Secondary—emission valve

The EEP 1 is an amplifier with secondary-emission cathode. Although
originally designed for wide-band amplification in television receivers,
it is now recommended for use exclusively as a driver valve for radio
receivers and amplifiers with a balanced output stage. The use of this
ralve not only saves the expense of the transformer normally
required to produce the two alternating voltages of opposite
phase, but it also provides a very high degree of amplification. In
amplifiers especially, this tends to reduce the total number of valves
required and also allows the use of negative feed-back, without
losing- too much of the gain.

max 124

JIIs56
Secondary emission and construction of the valve g, 1
Dimensions in nun.
When electrons strike a metal surface at a certain velocity a small
number of them are thrown back, whilst the majority of them pene-
trate the superficial layer and there liberate electrons from the local
atoms. Due to the impact of the primary clectrons on the metallic
surface, considerable velocity is imparted to the liberated electrons
and if their direction of movement is favourable they are able to
leave the surface. These clectrons liberated from the surface of the
metal by the primary electrons are known as sccondary electrons.
The capacity for emitting sccondary electrons is expressed by the
“secondary-emission factor” 3, which is the average number of
secondary electrons liberated by the primaries. The number of

secondary electrons and the path which they follow depend on the rr
a construction of the valve, on the 7, QQ (70 m
potential at the various electrodes k2l <3
and on the physical propertics of a9
the hombarded surface. A nickel
surface, for instance, gives a secon-
_Y Ia dary emission factor of only 0.94
\& B at a potential difference of 150 V, 28637
g —K2 50 the number of secondaries will Fig. 2
In not be greater than the number of &(rl(r:?ﬁ',:ﬂ':mm((;f
— ——t—g2 primaries; in other words there Dbase connections,
g1 —§—wo— — will be no multiplication of eclec-
trons. The latter can take place only when the
factor is greater than 1. Fig 3 shows the principle
of the secondary-emission valve, and its action
as applicable to the EEP 1 is briefly as follows.
Electrons are drawn away from a primary. in-
k1 32635 directly-heated cathode by a secondary-emission
Ig. 3

cathode at a positive potential (150 V). A screen

Diagram of the system employed in

the secondary-emission valve. Primary
vlectrons, leaving the cathode ki, are
detlected towards the secondary-emis-
sion cathode I, and the secondary
electrons liberated from the latter pass
to the anode. The direction followed by
the eleetrons is shown by means of
arrows and it is just the opposite to that
of the stream in an ordinary receiving
valve,

and grid are mounted between the cathode proper
and the secondary cathode and each electron
reaching the latter liberates a large number of secon-
dary electrons from it, these being attracted by the
anode which is at a high potential (250 V).

It will be clear that every variation in the current
flowing to the secondary-emission cathode, atten-

51



EEP 1 (EE 1)

dant upon changes of voltage on the grid
(1, must produce a much greater variation
. - : .
i in the current flowing from the secondary
i cathode to the anode, thus imparting
steep-slope characteristics to the secon-

—_——— e > . . dary emission, without necessitating an

k2 - i abnormally large cathode or an extremely

‘ /{-" \ small space between cathode and grid.
.

If a comparison be made between two
: valves having similar cathodes, control

™~ grids and anodes, one of these valves em-
3207, Ploying the secondary-emission principle

Tig. 4 whilst the other does not, it will be found

Cross-section through sccondary-emission valve, that the mutual conductance of the
showing the path of the primary electrons and also . .

that of the secondary electrons liberated from the former is very much the greater.

) cathode ;. For the same anode current, the mutual
k= primary cathode R

41 = control grid conductance of the secondary-emission

gs == screen grid (150 V) valve i 81k times greater than that of

s, = screen for protection of secondary cathode . N . . )
(0 ¥) from deposits caused by evaporation of ~ the ordinary valve, k being a factor

the cathode related to both the design of the valve
Sy deflector sereen (0V) .
& = sccondary-emission cathode (150 V) and the anode voltage. If the primary
« + g, = anode (250 V). cathode current is not too low the value
of the factor & will be constant at about
1.6, the mutual conductance in that case being 59-6 times greater. Suppose that § = 5,
then 808 will be 2.6.
If the primary cathode (indirectly-heated, with oxide layer) and the secondary-emis-
sion area were provided inside the valve without any precautions to avoid this, the
secondary emission area would in time become covered with a deposit of material
produced by evaporation of the cathode (e.g., barium and barium oxide) and
the stability of the secondary emission would thus be seriously affected; the
use of an electron-optical device, coupled with a careful arrangement of the paths
for the electron streams, however, prevents the deposition of any material on the-
secondary cathode. In the EEP 1 this difficulty, namely the tendency of the primary
cathode to produce deposits, is overcome by employing an electron deflector. It is
assumed that the molecules liberated from the primary cathode move virtually in a
straight line and an appropriate
g arrangement of the electrodes in
the valve makes the secondary-
emission cathode accessible to
electrons from the primary
cathode, but not to material
thrown off by this cathode. The
action of the secondary-emission
valve can best be explained in
relation to Fig. 41), which shows
a section through the system of
electrodes in the EEP 1. The

s1
26936 primary cathode %, (indirectly-
5 . Tig. 5 . ) heated oxide cathode), the
Equipotential areas in the secondary-cmission valve. For design- ol ari A it
ation of the clectrodes sec Fig. 4. control grid g, concentric with

*) The diagram shows the construction of the original model of the EEP 1, but in later models the
anode plate @ is omitted to ensure satisfactory operation of the valve as a pre-amplifier and phase-
nverter in balanced output stages, thus leaving only the anode-'‘grid” ¢y as virtual anode.
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the latter, and the screen grid g, (at a potential of about 150 V with respect
to k) together constitute the first three electrodes of a normal screen-grid
valve; k; is the secondary-emission cathode, which is usually also given a potential
of 150 V. Between the system of three electrodes already mentioned and the
secondary cathode a screen plate s; is provided to prevent the deposition of
material from the primary cathode upon the secondary; this screen is connected
internally to the cathode. A second screen s, is fitted about the electrode system, this
being also at cathode potential and suitably shaped for correct deflection of the
electrons. Finally, the valve contains an anode-grid g, stretched parallel to the emis-
sion cathode and conneeted to the anode plates «. The shape of the screen s, is such
that the field produced between the primary and secondary cathodes causes the clec-
trons to follow curved paths around the screen s, towards the secondary cathode k,
(see Fig. 4). Fig 5 shows the equipotential areas in onc half of the valve. Between
the screen grid g, and the secondary cathode the electrons travel through two concen-
trating fields, deflection taking place in the low-potential area formed by screen s,
and Fig. 5 clearly illustrates the so-called focusing arrangement. An electron arriving
at the secondary-emission cathode liberates a number of secondary electrons (sec.
emission factor § = 5) which are collected by the anode-grid ¢;, mounted at about
1.5 mm distance from it and operating at a voltage of some 100 V higher than that
of the secondary cathode.

It is worthy of note that the electrons released from the secondary cathode set up
a negative current to this cathode; whereas normally the external current tlows
towards the positive electrode, the current in
this case passes away from the secondary cathode
and follows a path through the source of vol-
tage to the primaryv cathode. Simultaneously,
however, the positive current flows to the
secondary cathode, so that the emission current
must be diminished by the value of this primary
current.

Tig. 6
o . Schematic arrangement showing the action
The secondary-emisston valve as pre-amplifier in of the secondary-emission valve employed as

driver valve. The arrows indicate the direc-
tion followed by the electrons. The normal
. current fow is in the opposite direetion to
When balanced output stages are driven by that of the arrows.

means of the sccondary-emission valve EEP 1.

use is made of the fact that the secondary-emission current (in a positive sense)
passes externally to the anode and is taken away at the secondary cathode. It must
then be remembered that the current from the latter cathode is reduced to the extent
of the primary electrons flowing in the opposite direction. The phases of the currents
passing to the two electrodes are therefore 180° opposed and, if these currents be
passed to or from the electrodes across resistors, voltages will be obtained which
will also be 180° out of phase (see also Fig. 6).

These two alternating voltages of opposite phase may be applied through coupling
capacitors with grid leaks to the grids of two output valves in a balanced circuit,
and the values of the resistors in both anode and secondary-cathode circuit should
naturally be such that the two opposed alternating voltages are exactly equal.
As already stated. the action of the valve depends upon the fact that for every clectron
reaching the secondary cathode § electrons arrive at the anode; the number of electrons
at the secondary cathode is therefore augmented hy (§—1) electrons passing through
R, ) to the secondary cathode, whilst § electrons leave the anode through R, in
respect of these.

balanced output stages without transformer.

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

(6—1) Ry =3 Ry or £y =01
In practice R, will have to be slightly less than this value, m view of the fact that
the alternating voltage at the secondary cathode also contributes to the anode current.
Fig. 16 shows the theoretical circuit diagram of the EEP 1 driving a balanced output
cireuit. Since the factor 8 is governed by the negative potential of the grid of the EEP 1,
a method of stabilizing the grid bias is employed; the cathode is given a potential of
about 23 V positive with respect to the earth line or negative H.T. line, whilst the
first grid and sereen grid are fed from a potential divider. In this way the first grid
receives a positive potential of about 20 V.
Negative feed-back may be included in the cathode circuit as shown in T ig. 17.
A potential divider, Ry, Ry, is connected across the loudspeaker; resistor Ry is simul-
taneously included in the cathode circuit of the EEP 1 and the speech voltage across
Ry therefore oceurs between the cathode and the grid of this valve. The sum of the
resistances of R, and R, should correspond to the value of the cathode resistor as
specificd for this valve (the value of R, in Fig. 16; scc also the following data).

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

Iy

Heater voltage . . . . . . e e I'p =063V
Heater current . . . . . . . . . . e e e =08 A
CAPACITANCES

Cagy < 0.006 pul Copker << 0.001 e I?
STATIC RATINGS
Anode voltage . . . . . . . . . . . . . . . . ... .. T 200 V
Screen-grid voltage . . . . . . . . . ... . .. .. .. Vys == 150 V
Secondary-cathode voltage . . . . . . . . . . . . .. . Vie == 150V
Grid blas. . . . . . .. ... Vpo = —25V
Anode current . . . . . . . . . . .. ... ... Iy = 8 mA
Screen-grid current . . . . . . . . . . ... ... ... lgy = 045 mA
Current to secondary cathode . . . . . . . . .. . ... ] ke = —6.5 mA
Mutual conductance . e o e ... 8 == 17 mA/V
Internal resistance . T .. . . . .. Ry = 50,000 ohms
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OPERATING DATA: EEP 1 employed as pre-amplifier and phase-inverter
in balanced ouput stages

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

(=]

Supply voltage . . . . . . . .. . ... Ty = 400 V 500 V
Resistor e e e oo oo o0 Ry == 26,000 ohms 26,000 ohms
Resistor . . . . . . . . . . . .. ... Ry == 208,000 ohms 208,000 ohms
Resistor . . e .. . . Ry == 29,000 ohms 29,000 ohms
Resistor . . . . . . . .. ... .... R = 85000 ohms 105,000 ohms
Resistor . . . . . . . .. .. .. ... R = 30,000 ohms 30,000 ohms
Resistor e e e oo oo Ry = 9,000 ohms 9,000 ohms
Cathode lesxstm R . R, = 6,900 ohms 6,000 ohms
Alternating output volmore pel ﬂnd in output

stage . . . ce e oo F, = 10 30 10 30 Vg
Alternating mput volta,ge Co . = 34 114 31 96 mV.y
(iain betwecn grid of EEP 1 and grld of output

stage . .. L0 0 oL L 0oL L0 T = 300 265 325 315
Total dlthItlon e e e ey = 14 4.6 0.9 329
MAXIMUM RATINGS
Anode voltage in cold eondition . . . . . . . . . I — max. 700 V
Anode voltage . . . . . . . . . . .. ... .. F, = max. 400 V
Anode dissipation . . . . oo oo o Ny = max. 2 W
Screen-grid voltage in cold condlblun o v o oo Ty == max. 400 V
Sereen-grid volbage e e e e oo Ty = max. 150 V
Secreen-grid dissipation. . . e oo Wy, = max. 01 W
Voltage on sce. emission cathodc in cold condition 1., = max. 400 V
Voltage on see. emission cathode. . . . . . . . . T4, = max. 200 V
Dissipation of sec. cathode e oo oo Wy = max, 2 W
Primary-cathode current. . . .. .. Ipy = max. 10 mA
Grid voltage at grid current start (I,,l == 0 3 Ay Iy, = max. —13 V
Resistance between grid and cathode . . . . . . . Ry = max. 0.7 M ohm
Resistance between filament and cathode . . . . . R = max. 20,000 ohms
Voltage between filament and cathode (direct voltage

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

In connection with the foregoing the following points should also be noted. The EEP 1
must be allowed to work only with automatic grid bias; normally the bias is obtained
from a resistor connected to the cathode and the value of this resistor should
be such that the potential difference corresponds exactly to the required bias. The
working point A will then lie just on the point of intersection of the line OA with the
characteristic (see Fig. 18). A slight displacement of the curve would, in the case of
normal valves, produce only a small increase or decrease in the anode current. In
the EEP 1, however, a very much greater variation in anode current results and, since
the normal cathode resistor is of a fairly low value and offers only a small degree
of compensation, specml precautions have to be taken. Better automatic control of
the cathode current is possible if the slope of the line OA in Fig. 18 is reduced and this
effect can be obtained by using a higher resistance, due to the fact that the slope of the
line in question is determined by the quotient of the cathode potential and the cathode
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Theoyotical cirenit diagram showing the £1P 1 used as driver valve without negative feed-back. The

values of resistors Ry to R; may be obtained from the operating data.
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The EEP 1 employed ax driver, with negative feed-back. The circuit is the same as that of Fiw. 16, with

the exception of R, and R of which the values depend on the required feedback;

Fig. 17
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of 1. and R, should correspond to the value of resistor £, in Iig. 16,

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

e

-18

-16
-4

Vo4 -3 2 1

60

O + +2 +3 4 +5 +6 7 48 +9 0 B
Va (V] 28057

Fig. 18
Simplified diagram show-
ing the effect of the
cathode resistor on the
constancy of the cathode
current. The automatic
control of the current is
better according as the
resistance line becomes
flatter.



EF 5 Variable MU R.F. pentode

The EF 5 is a variable-mu R. F. or L.F. pentode. Special care has
been devoted in the design of this valve to the greatest possible
reduction in cross-modulation and modulation hum. At a screen-
grid voltage of 100 V the anode current of the EF 5 is 8 mA, when
the mutual conductance is 1.7 mA/V, the control range being from
—3 to —46.5 V. The control range is capable of modification by
means of the screen voltage; at lower screen potentials, for the same
grid bias, the mutual conductance drops sharply, but the cross-
modulation conditions are then not so very good. With a screen
voltage of 85 V the control range extends from —2 to —39 V only.
Obviously, a lower screen potential will result in a lower screen
current as well as a lower anode current and it is thus possible to
reduce the bias at the working point from —3 to —2 V to increase
the slope; the working value of the mutual conductance is then
1.85 mA/V.

With 60 V screen potential the conductance is still further reduced, g2

to —2/—29 V.

The very greatly diminished modulation hum in this valve is of first
importance in A.C./D.C. receivers, where alternating voltages at
mains frequency can easily occur between heater and grid. The EF 5
is notable for its low inter-electrode capacitances and high internal
resistance; excellent results are obtained on the short-wave range.
Although on short waves the circuit magnification is usually only fair,
the excellent properties of the EF 5 make it possible to achieve
extremely good amplification in this range. On short waves, too, the
mutual conductance is the same ag on the other ranges (e.g. 200 m).
The high impedance of anode and grid with respect to earth in the
12 to 60 metre band, as compared with the impedance values of
practical tuned circuits, enables the EF 5 to produce in that range
amplification values equal to the product of mutual conductance and

21474 LimAJ
“

max 32

22258

Iig. 1

Dimensions in nun,

a

m-—

Iig. 2
Arrangement ot
clectrodes and

base connections.

EF 5

impedance. On the short-
wave bands the (feed-
back) impedanee, which
takes the place of the
anode-to-grid  capaci-
tance on the long waves,
is unusually high and
there is therefore no
risk of parasitic oscilla-
tion, even with the
maximum  permissible

A factor contributing in
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Fig. 3
Anode current and screen current as a function of the grid bias, for different
values of screen potential, at 250 V anode. The curves also apply asan
approximation to anode voltages of 100-250 V.

no small degree towards
the high properties of
this valve is the use of
side contacts (P-type
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HEATER RATINGS

Heating: indirect, A.C. or D.C.. scries or parallel supply

Heater voltage .
Heater current .

CAPACITANCES
Cayy < 0.003 puF
(,'gI = 54 puF
o = 6.9 uuF

OPERATING DATA: valve employed as

Anode voltage
Fa (V)
Sereen-grid voltage

‘rgz (V)

100

100

Suppressor-grid voltage

Vs (V)
(lathode resistor
Ry (ohms)
Cirid bias
g1 (V) -2.851)
Anode current
lq (A) 8
Ncreen current
Iz (mA) 2.6
Mutual conductance
S (uA/V) 1700
Amplification factor
I 500
Internal resistance
R; (M ohms) 0.3

Anode voltage
Fa (V)
Screen-grid voltage
Vy-: (V)

0
170

-342)

> 10

100

85

Suppressor-grid voltage

17’/3 (V)
Cathode resistor

Ry, (ohms)
Grid bias

Vp (V) <199
Anode current

14 (1nA) 7.5
NScreen current

L, (mA) 2.45
Mutual conductance

S (uA/V) 1850
Amplification factor

1 550

Internal resistance
R, (Mohms) 0.3

= 10

46.5%) -2.95Y)
- 8

- 2.6

2 1700

- 1600

0.95

303 -1.951)

— 7.5

2.45

[ 827

1850

— 1750

> 10 095

Iy =63V

R.F. or LF. amplifier

200
100
0
180
-4 46.5%) -3
— — 8
— — 2.6
17 2 1700
— - 2000
> 10 =10 12
200
83
0
195
B 1 O - 13!
— - 7.3
— — 245
I8 2 1550
— —— 2200
> 10 > 10 i.2

I = 0200 A
L)50

100

0

180
W34 -16.5%)
17 2
= 10 = 10
250

85

8]

20000

2202 308
18 2
40 > 10

EF 5



EF 5

Anode voltage

Vo (V) 100 oy 2Tt
Screen-grid voltage
Vys (V) 60 60 60
Supressor-grid voltage
Vs (V) 0 0 0
Cathode resistor
Ry (ohms) 360 370 380
Grid bias
Vo (V) -1.9Y)  -22%) .2¢3)  .2.951) -22%) -209) 221 .22%) 20%)
Anode current
Iy (mA) 4 — - 4 — R 4 — —
Screen-grid current
I, (mA) 1.3 — — 1.3 — — 1.3 — —
Mutual conductance
S (nA/V) 1400 14 2 1400 14 2 1400 14 2
Amplification factor
I3 1200 — — 1900 - - 2000 —— —
Internal resistance
R;(Mohms) 085 >10 =>10 135 >11 =10 14 >10 >10
1) Without control Vi(mberr) 28638
%) Mutual conductance reduced to onc-hundredth il R
of uncontrolled value. Il
3) Extreme limit of control. 1000 = e
1
MAXIMUM RATINGS ; ;
Vao ~= max. 550 V g =ssane S =il
Va - max. 250 V
W, - max. 2 W o
V20 - max. 400 V Vs (miverr) ’I 100 000 i A/
Vgs - max. 125 V 100 KL === :Lg
Wya - max. 0.4 W 2
1y - max. 15 mA
Vg (I - +0.3pA) = max. —1.3 V 10 3
Ry max. 2.5 M ohms
l‘)'ﬂ' max. 20,000 ohms . H " o
Vi max. 100 V1) WorlV, S 5
1}y Direct voltage or effective valie of alternating -40 —— S E
voltage. 5 S\
30 ' i :
- IR
Due to the curvature of the characteristic, 10 ‘! s Do N L
the uses of the EF 5 are restricted to R.F. 0 ' T i
) 10 100 1000

and I.F. amplification. It can be employed
as amplifier with either automatic or
manual control. It is preferable to feed
the screen through a potential divider;.
in many cases it would be found when
using a series resistor that the screen
voltage would become too high on fuill
control and that the amplification control
would be far too tardy.
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Tig. 5
At 100-250 V anode and 100 V sereen;
Upper diagram. Alternating grid voltage as a
function of the mutual conductance, with 1 9, cross
modulation.

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

Lower diagram. Mutual conductance 8, anode
current Ja and sereen current Iy, as a function of
the voltage on the first grid.
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sScreen-grid current as a function of the screen voltage, for different
values of grid Dias.
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EF 6 Pentode

This valve is particularly suitable for A.F. amplification and either  max 32
anode-bend or grid detection. The EF 6 works only on a fixed biasg
and therefore finds no application in practice as an R.F. or LI
amplifier. The degree of A.F. amplification, however, is very high
indeed, the ultimate signal voltage on the anode heing so great that
practically distortionless modulation is possible in any kind of output
stage. Used as a grid detector, this valve has many advantages when
good reception of local stations is required.

It is also & very useful valve in special circuits, for instance as an Sz5e
amplificr for the control voltage in an automatic gain control circuit Fig. 1

and so on. The EF 6 will also give very good results on the short- Dimensions in mmn.
wave ranges, where the mutual conductance is the same as in the
broadcast wave-hands.

As the R.F. impedance of anode and grid in the 12 to 60 m range,
with respect to the impedance of normal tuned circuits, is extremely
high, the gain obtainable from this valve is equal to the product
of mutual conductance and impedance. In the short-wave range,
the impedance, which replaces the anode-to-grid capacitance on long
waves {anode feed-back), is also very high, so that the maximum
permissible amplification may be obtained without risk of parasitic

oscillation.
SimAfY) Kma) Tn part, the excellent short-
S R I T 2 wave qualities of the EF 6
Hrd U 1 T are due to the use of the
o - P-type side-contact base
25 i -+ <P p and separate suppressor-
I : grid  connection. Cross-
! i modulation and modulation
: hum are both very slight Fig. 2
- t } s : Arangement of
HH 1 : e
2 i ! 8 1nde?d, especially at .thc cloctoodes and
i yase maximum pernnssﬂ)le base connections.
sereen-grid voltage and, for
CHH e this reason, the valve gives good results in
15 e 6 A.C./D.C.receivers;in view of the high alter-
H } a . «
ane A ' anE nating voltages occurring hetween the heater
- ¥ RRREREREF and earth, and induced on the grid, in
1] 1 + . . . . .
. A SR A | this type of receiver it is important that
; ank f modulation hum should be as low as possible.
{ ) 1
1] Ji Tt
B i
! I HEATER RATINGS
H : - ; 2 . . |
a5 - BB Rnaaren : T | Heating, indirect, A.C. or D.C., parallcl
ws o :l : faku supply. ) ,
R j Heater voltage . . . . . Tj7=6.3YV
0 ety —h— aayAnrctnigs "4t/ o  Heater current Ir =0.200 A
- - 6 -5 -4 -3 -2 -1 0
21463
Tig. 3 CAPACITANCES
Anode current, screen-grid current and mutual S
conductance as a function of the grid bias as ~ Cugr << 0-003 pu¥
Vg, = 100 V. The curves also apply as an ("’” = 5.2 uuF
approximation at all anode voltages from (,' 9 T
100 V upwards. @ = 6. i

EF ¢



75

21965
- L »;7 1.1 _i ; - -l Ai: ﬁz"aav'— EEEN ’7Hi;i" EFE "-J:TLJ
R e
T ERSEE
4 frmm Y
i j i -
T RS RASRRE
R e
aHEE : H
i T - HFRHH
hfages S rasasE
1T BARRRE B o
aE -2y
T T T EEESESZEasES
] Lo =25V H T
Ransls T HESRRdAnensuanunnt HEAaat
1] -3V
T TR AR e
pEm 0 G O B O b s -3V LT
bt i e v )
o 100 200 300 400 500
OPERATING DATA
Anode voltage . . . . . . . . . . Vu = 100 V
Screen-grid voltage. . . . . . . . Vg = 100 V
Suppressor-grid voltage . . . . . Vg ov
irid bias . . . . . . . ... .. Vg = —2V
Anode current . . . . . . . . . . Iy = 3mA
Sereen grid current . . . . . . . I, = 08mA
Amplification factor . . . . . . . p = 1800
Mutual conductance . . . . . . . S = 18mA/V
Internal resistance . . . . .. . R; = 1.0Mohm

MAXIMUM RATINGS

.
Vao -
Va

Voo Uy - - 0.3 )
Rglk (auto. grid bias)
Rglk (fixed bias)
Rf/.- P
I'jl;
1) Direct voltage or effective value of alternating voltage.
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Pig. 4

Anode current as a function
of the anode voltage at Vg. =
100 V, for different values of
grid bias.

200V 250 V
100 V 100V
ov oV
N v 9V
I mA 3 mA
0.8 mA 0.8 mA
3600 4500

= IMax.
max.
max.
© mMax.
max.
= max,
= mMax.
max.
max.
= max.
= max.
max.

1.8 mA/V 1.8 mA/V

2.0 M ohms 2.5 M ohms

1.5 M ohms
1 M ohm
20,000 ohms
75 V1Y)
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25

(F8_8) -8,
I 1

1 domAl S The valve is metallized and no additional
mann! ] screening is necessary, but the separate
] base contact to which the metallizing is
|  connected internally must be effectively
20 connected to the chassis. If in special
circuits the cathode is negative with
respect to the chassis, the metallizing
should be connected to the cathode. The
45 suppressor grid also has its own separate
base contact for direct connection to

/ earth.
Care must be taken when using the ET 6
y as detector or A.F. amplifier in A.C./D.C%.
receivers, however, to see that the heater
of the valve, in the heater circuit, is
i connected as closely as possible to the

T
1
}‘
;

L

I
e

- f: TF ] - chassis end, in order to avoid hum,
H Fi +H1H° 1) GRID DETECTOR WITH
my RESISTANCE COUPLING
. LT For grid detection it is advisable to feed
ilv) ; ; HH, the screen from a resistor and not

-75 -5 -25 G from a potential divider, since in that

Fie 5 49935 case the grid swing will increase with

TF 6 eruployed as triode. Anode current as a function  Signal strength. In A.C./D.C. reccivers
of the grid bias for Vu = 150 V. for use on 110 V mains the EF 6 is not
generally satisfactory, as the output

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

2) AF. AMPLIFIER WITH RESISTANCE COUPLING

The EF 6 is eminently suitable for A. ¥. amplitication since 1t provides considerable
gain with only very

moderate distortion ; the 22235
sereen should preferably — [BMA EET A aE
- B T o
be fed through a resistor, i Jre AL
for which a suitable P13 ol iR
value is indicated in ‘ i /H_ ! j~/’5rf
tables I and IIL RS SnEREEY ARy SR/ an/ins e
The A.F. signal applied i /: 7 Sy, I a
i : R imw AR D ARy AR ! AT
to the grid must not be iy ] (S AW P I
a ! muyme T f
too strong, as this tends /AR _4_ -+ /;I ‘",\\_'..\{) N
. 4
towards microphony il/% BanyARymar, I f ! Lﬁﬂ’
] ¥
when the loudspeaker A /- A
used is f a sensitive iy imy, W rawd :
. 5 1 h 4 I T
type. This valve can be y ST + t 7 yasy i T
N . . . 7 7 1 / w4 . |
used only in circuits iy Ampany Su'AN 4ay &7 v 1/

X ‘ y :
having not more than R ADARD R AR Ay saran Ay darard ]
one stage of A.F. ampli- L A A AL A A 7 ] RRRp v
- - 1 i s
fication and must there- 94 e =

. g 100 200 300 400 S06
fore in every case be
followed immediately by ) . Fig. 8 .
] tput valve EF 6 employed as triode. Anode current as a function of the anode
the output valve. voltage, for different values of grid bias.
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Generally speaking, the AF. sensitivity

WV, (Verr) -] . s, U
T at the grid of the EIF 6 should not be
10400" less than 5 mV.

il
77}-- -~ Va=250V
- =2V
Vge= OV
T

Fig 7

Curre A: liffective alternating grid veltage as
function of the screen-grid voltage of the EF 6, with
6 95 cross-modulation (3 9 increase in modulation
depth 4 2.25 . % modulation distortion, m =
modulation depth). 6 9% cross-modulation corres-
ponds to 0.5 9% third harmonie.

Curve I. Effective value of the alternating grid

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

0000yuF

1

07
&

Rglx
UL

g ——

a. 8
Circuit driagram of the Bl 6 employed as grid detector with
resistance coupling.

73

Fig. 9
Circuit diagram of the EF gemployed as A. I'. aniplifier
with resistance coupling.
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EF 8 Low-noise variable MU R.F. amplifier

pent()([e

The EF 8 is a variable-mu R.T. amplifier the chief feature of which
is its very low noise factor. As the noise produced in sereen-grid
aud pentode valves is caused mainly by the distribution of the
current between the screen and the anode — from which point of
view a low screen current is advantageous — efforts have been made
in the design of this valve to keep this current as low as possible.
In principle, the construction of the EF 8 is similar to the conven-
tional pentode, embodying control, screen and suppressor grids, but
between the control grid and screen of this valve an additional grid
has been introduced, wound with exactly the same pitch as the screen
and normally connected to the cathode. The turns of this extra grid
are situated exactly opposite those of the screen grid and this auxiliary
electrode repels and bunches the electrons on their way towards
the anode, the bunches thus passing just between the turns of the
screen grid. In this way, the number of electrons actually arriving
on the screen is very much smaller than when the auxiliary grid is
not used. Fig. 3 illustrates the paths of the electrons through the
different grids.
The purpose of
grid 3 is to draw
from the cathode
a sufficient num-
ber of electrons
through the two
grids (grids 1 and
2) with their low
potential and this
: can take place
R ) only if the con-
: ductance of ¢,
through g, is high
. enough,  which
g0 means a wide
) ) pitch for grids 2
and 3. For the
same reason it is
necessary to in-
crease the screen

Control grid Cathode
Screen grid B T
Additional grid .
intercepling grid « .

Anode

pr e s ey

max 32

Tig. 1
Dimensions in mm

27769

26

27770

Tig. 2
Arrangement of
eleetrodes and
base connections,

39378

Tig. 3

Paths of the electrons from the cathode to the space between

screen grid and anode. The second grid together with the

third form a focusing device the actual focus of which lies

roughly in front of grid 2. In this way the clectrons are

passed through the meshes of the third grid, resulting in a
very low current to this grid.

74

voltage, which in the EF 8 is
250 V instead of the usual 100 V.
One drawback of this arrangement
is that the dimensions of the
various grids must be such as to
permit the anode to exert sufficient
attraction through the grids g,.
¢ and g,.

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



EF 8

a pentode such as the BIY 5 or EF 9, being

GAKER =SaR R ancels max. 0.007 yuF, as against 0.003 yul in
FE A ST HRA A A the case of the EF 5. The impedance is
“ i : therefore also lower, viz. 0.45 megohm.
i 1] However, as the EF 8 finds practical

applivation only as an R.F. amplifier.
that is. as the input valve in a receiver,

the higher (' and lower impedance do

not in themselves form an objection. In

the short-wave range the cireuit impe-

dances are in any case on the low side.
whilst in the normal broadecast bands the

opportunitics for amplification by means

7eeE of this valve would, usually, not be fully

utilized, since the signal input to the

frequency-changer would then be too

great.
0 Amplification is greatest behind the input

Lesoy
1T
Ay
o .7/ 4
-S =
w4

alve of the receiver, but it is much
less in the following stages and the

latter therefore contribute in a very much

e

|

smaller degree towards the general back-
, ground noise. Usually the input valve

-8 -6 —40

0
wrlV)
Fig. 4

Anode current as a function of the grid voltage,

% ) is a frequency-changer and, as is generally
27772 known, this tyvpe of valve is fairly noisy,
for which reason, in high-performance

for different values of the bias on grid 2. receivers where many different precau-

tions are taken to suppress interference,

including background noises, an R.F. pre-amplifier is employed.

The use of the EF 8 as R.I. amplificr ensures excellent characteristics from the point
of view of the suppression of cross-modulation. The valve is generally provided
with automatic gain control and its high performance should therefore he maintained

especially on very strong
signals, that is, with the
full control applied to
the valve. A very satis-
factory cross-modulation
curve is obtained on an
anode current of 8 mA
in the uncontrolled con-
dition and the special
design of the valve en-
sures that background
noise, for which this
high anode current
would otherwisc be an
adverse factor, is kept
at an extremely low
level.

In connection with these
features, the screen cur-
rent hag been effectively
reduced  to 0.2 mA,

; T R O T ey
pRuRS TE Y b 2000 5 T T
FH eV i FH R
s - e annay +- .
101+
T
i

T
7
11

N

==
[ 00 200 300 100 va(vy 500

Fig. &
Anode current, as a funetion of the anode voltage, for various values
of the bias on grid 1; grid 2 is connected to the cathode.
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b:(mf) 27774
o £F8 22-¥-38
Vau250V
04 V240V
03 - 7
i
rces
L /4 L1 ~-4yi1]
02 aw Ay
Ty ,(} N
RN iwg g -6V 11
(AT
4 -aviH
(1] AV A AT
o1 g -1ov
/;;/( Y _/! 12V 1+
v avds =14y H
stk
7 A7 A-18v
pulzater 50 e o 1
{4 1]
1) ol RN
o 100 200 300 vy
Fig. ¢

Screen-grid current as a function of the screen
voltage, for different values of grid bias; grid 2
connected to cathode.

2% 000
EE 8, of |/22V00
13,000

At the low-frequency end of the short-
wave range, say at 50 m, the impedance
of the circuit is usually much lower, being
of the order of 3,000 ochms, and here the
advantages of the EF 8 come more to the
fore, since the total noise resistance, using
that valve, hecomes 6,000 ohms, as against
18,000 ohms in the case of the EF 5. Thisg
vields an improvement factor, with respect
/18,000
6,000

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

In order to avoid an cxcessive signal

76

1.4 times.

to freedom from noise, of 1.73

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

27775
05 — T ez
| !
1 !
Va=250 i
Vgau OV [T
o1 -
02
02
T T
CELIT i 1
yayd b yaunr S
T / AwaWA Y
H
AT
or vy y M
T S -0y 1
A LA L L
AL e
x:;// o A .
; ey
R |
0 100 200 300 valv)
Fig. 7

Sereen-grid current as a function of the sereen
voltage, for different values of grid bias; grid 2
connected to the bias of grid 1.
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22778
voltage being applied to the frequency- y— T — RIS
. . e I

changer of a receiver employing R.F. 4Ly e
amplification, the latter should not be too ;

high, a factor of about 10 being quite

sufficient. When “‘noisy” valves are used 10041 T R
successive amplification should be sup- == it
pressed somewhat to limit the noise, and

this can be effected by taking a tapping 0

from the second R.F. circuit. Conversely, V'!”":ng

if the valve is not noisy the amplification
preceding the valve may be reduced so
that also the R.F. valve will have weaker
signals to handle, this being better from
the point of view of reducing cross-
modulation and modulation distortion.
The signal on the R.F. valve is reduced  yu
by connecting the grid to a tapping in -
the circuit and this has the effect of
considerably lessening the background

noise. -20
The noise resistance of the EF 8 increases —10 LS
| e it
777y 0 ! t 1]
£ mbett) I T 117 e 37 ° 100 1000 10000
i Lofud): StpAIV)
1000 = = Fig. 8
FAY Upper diagram. Effective alternating grid vol-
tage as a function of the mutual conductance,
with 1 9% cross-modulation, Grid 2 connected
- to cathode.
Vau Va2, 250V Centre diugram. Effective alternating grid vol-
Ypex OV A
t ot tage as a function of the mutual conductance,
! ¥ P4 79,9 with 1 9% modulation hum.
0 | A Lower diagram. Mutual conductance S and
N I anode current fa as a function of the grid bias.
vilmberr)
1w = according as the grid becomes more nega-
: j tive, but as a higher control voltage from
i | the A.G.C. corresponds to a stronger
X 2 . . . . .
0% : :;;J%J;Z-U v signal the ratio of signal to noise is never-
4 = »
Yoz o 1 theless improved.
) mbat%. On short waves the impedance values of
’ I the EF 8 are very good and ensure satis-
‘blg‘g ' V"‘u=V%J;250V factory amplification in this range: as the
Sanss VZ;:K;’ H.F. resistance between anode and grid,
-x Sl to earth, as compared with that of the
ordinary practical circuit is quite high,
-10 AN 7 amplification values can be obtained from
f i > ] the EF 8 in the short-wave range equal
0 Tt I f . o
; 0 P 000 000 to the product of anode impedance and
Bd) . SEAN) mutual conductance.
Fig. 9 Grid 2 may be either connected direct to

Upper diagrain. Effective alternating grid voltage the cathode or it may be included with
as & function of the mutual conductance, with 1 % . . . . ol
cross-modulation; grid 2 connected to control vol- grld 1 in the automatic gain contro
tage on grid 1. circuit. In the latter case the control is
Centre diagram. Effective alternating grid voltage h 1
as a function of the mutual conductance, with 1 % more pronounced, but the cross-modula-

. modulation hum. tion curve is then not so good as when
Lower diagram. Mutual conductance S and anode . . s
current 7a as & function of the grid bias vrid 1 is connected to the cathode: it is

[oted
il



-1 SimAN)
S.3uAY)
Raeg RilMMQ)
2107 ,
75 6 3 - 15 075
50 4 Lo 050
52 15 025
L I ERRE RN I R ;
0 0 _ : ! it o0 0
3
240 280 o YalV) 00
27779
Fig. 10
Characteristics relating to various data as a function of the anode
and screen-grid voltages; grid 2 connected to cathode. Left-hand side
of the vertical line: at Vg, = -2 V; right-hand side: at J¢ = 8 mA.
laimAy
W) smay) )
P S
aeq IR | 1 RiML
13 |1 Hpe=0¥ s
75 6 3 15 075
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2 2 Tt 825
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] Fl
0 0 0. ! 1 f o o
200 220 249 260 280 taalgav) 309
25778
Fig 11.

Characteristics relating to various data as a function of the anode

nda screen voltages. (irid 2 connected to controt voltage on grid 1.

Left-hand side of vertical line: ¥y, = Fyg, = -2 V. Right-hand side:
Iz = 8mA
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Raeclll}
) i i B thus possible by means of the BI' § to
S . - * . . . .
design A.G.C. circuits giving more, or
. Iess, control as required.
0’ HEATER RATINGS
— A {1 - 11O &l - b i, T
TR =5 Heating: indirect, A.C. or D.(.; scries
T 1¥geakpza OV or parallel supply.
bt 5;“;‘."’7""’0‘/ Heater voltage . . . . 17 63V
=v5a .
10V 08 Heater current . . . . I, - 0.200 A
P o CAPACITANCES
N Cugy << 0.007 ppF
. Cyp = 46 pul
— o 10° Co - T8 udd
I RNAN Py oo
3
L
A
\Y
3 10
;‘{\ Fig, 12
—H ] Tquivalent noise resistanee as a function of the
; N - garid bias. The broken line refers to the case
i where grid 2 is connected to the control voltage
} on ¢grid 1; the full line is Tor the grid connected
0 to eathode.

g -0 =25 20 15 -0 -Swem 0
OPERATING DATA: EF 8 employed as R.F. amplifier
(8. and g, connected to cathode).

Anode voltage 1 250V

Voltage on grid 2. e Voo 0V

Sereen-grid voltage . . . . . . . . .. .. .. Ty, 250 V

Voltage on grid 4. B P V'

Cathode resistor . . . . . . . . . . . .. ... Rr - 305 ohms

Giid bias. . . . . . ey s =23 V) 3V - 50V
Anode current . . . . . . . . . ], = 8 mA — —
Sereen-grid current . . . . . . . e 0,2 mA — -
Mutual conductance . . . . . . . S = LSOOuA/V IS pA/V 1 pAY
Internal resistance . . . . . . . R; -= 043 = 10 2 10 M ohmis
Equivalent noise resistance. . . . Ryg = 3200 ohmms  — -—

OPERATING DATA: EF 8 employed as R.F. amplifier

(gs connected to control voltage on grid 1; g, connected to cathode).

Anode voltage . . . . . . . . ... ... ... TV, =250V

Sereen-grid voltage . . . . . . . . . ... ... Ty o= 250V

Voltage on grid ¢. . . . . . . ... ... ... ¥, =0V

Cathode resistor . . . . . . . . . . . .. ... Ry -: 265 ohms

Grid bias (grids 1 and 2) 1, = T,y = —22V1H 22V 2§ V3
Anode current . . . . . . . .. I, = 8 mA — _—
Screen-grid current . . . . . . . I, = 0.2 mA — -

Mutunal conductance . o o8 = 1800 pA/V I8 1Y 25 pAGV
Internal resistance. . . . . . . . Ry = 045 > 10 >~ 10 M ohms
Equivalent noise resistance. . . . Ry -~ 3,200 ohms — -

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



EF 8

MAXIMUM RATINGS

Anode voltage in cold condition

Anode voltage

Anode dissipation . .

Screen voltage in cold condltlon .

Screen voltage

Screen dissipmtion .

Cathode current .
Grid voltage at grid cuxrent stalt (I,~1 =

Vew -~ max, 330 V
I'w = max. 300 V
We = max. 25 W
Fgao = max. 550 V
Fys = max. 300 V
Vg3 = max. 0.08 W
Ir = max. 12 mA

+ 03 pA) ¥y = max. —13 V

Grid volba,ge at grid current start (Iy, = + 0.3 pA) ¥y, = max. —13 V

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

Voltage between filament and cathode (direct voltage

or cffective value of alternating voltage)

O0wF 0 [I222
A
S
X
$q
[e?
’;’7 'LI AVC.
+250V 27760
Fig. 13

Cirenit diagram of the EF 8 used as R.F. amplifier in a superhet

receiver with A.(L.C. on grid 1 only.

100[UIF 20
—

125 M1

Fig, 14

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

80

27767

Rjp = max. 3 M ohms
Ry = max. 3 M ohms
R — max. 20,000 ohms

173 max. 100 V

APPLICATIONS

The application of this valve
is restricted to the first R.F.
stage of a receiver. With respect
to background noise it has
outstanding properties in the
short-wave range, as well as
on medium and long waves.
The very good cross-modulation
characteristic, inter alia, is of
considerable importance. Grid
3 may be connected direct or,
better still, via a resistor of
low value with decoupling
capacitor, to the H.T. line. At
voltages higher than 250 V it
is necessary to increase the
grid bias in order to avoid over-
stepping the scheduled maxi-
mum anode dissipation; this
has the effect of reducing
slightly the mutual conduct-
ance. Figs 10 and 11 give some
useful data for this valve, at
different values of anode and
screen grid voltages.



EF 9 VariableMU R.F. pentode

This is an R.F. or LI, variable-mu pentode that can also be used
as a resistance-coupled A.F. amplifier, with or without control of
the amount of gain (A.G.C. operating also on the A.F. stage). The
design of this valve differs from that of the EF 5 in that in place
of a fixed screen potential the latter is made to vary on an increasing
bias. Instead of taking the screen voltage from a potential divider
the screen may be fed via a resistor. Without control the screen
potential is adjusted, by means of the voltage drop across this resistor.
to about 100 V. Due to the application of gain control the screen
current drops and therefore also the potential difference across

Fig. 8
Ia/ Vg, characteristics using Vg, as parameter.
The broken line shows the anode current with
control applied to the valve, with the screen
fed through a resistance of 90,000 ohms from
a supply voltage of 250 V.

1
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2780

the resistor; the screen

R T ) 100000 voltage thus rises again

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

g2

27808

Fig. 1
Dimensions in mnw.

m_{

Kkt of

25
27807

Mg, 2
Arrangement of
electrodes and

base connections.

EF 9

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

conductance 1.7 mA/V.

When the screen voltage rises the [4/ 1,
characteristic is displaced to the left and, if the curve has a short “tail” when the
valve is in the uncontrolled condition, this will steadily increase in size as the screen
voltage rises: the logarithmic I,/V,, characteristics with respect to different screen
potentials shown in Fig. 3 will confirm this fact. Arising from these circumstances
it may be said that, although the I,/V,, characteristic for the uncontrolled valve has
only a short tail, the cross-modulation properties during the time that control is
applied are considerably better than if the screen voltage were constant.

On a supply voltage of 250 V the screen-grid series resistor must be 90,000 ohms in order
to obtain 100 V on the screen without control. As there is a different sereen voltage for

8

1
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TOIOTESE STuAlY, 00000

-.
3
o
4
q

every value of the grid hias, the anode
. current plotted against grid bias is shown
T by a broken line. An alternating grid
voltage does not affect the screen voltage,
=000 since the screen is decoupled with a
= capacitor and in this case the anode
current varies in accordance with the
lu/Vy1 characteristic relating to the
Lipoo “Ppropriate grid bias.
According to Fig. 3, the screen voltage
at 12.5 V bias is 175 V, so that at this
bias value the 1,/V, characteristic
refers to ¥, = 175 V.
On other supply voltages the screen-grnd
resistor must be adjusted accordingly
and the control curve is thereby slightly
- modified: for instance on a 200 V supply
10 tas in A.C./D.C.. sets) 60,000 ohms will
be required to produce 110 V screen
voltage without control. The anode voltage
will then fall rather more rapidly. On a
supply of 100 V, however, the sliding

H

0 screen voltage no longer functions and

2>am the valve has therefore to be used with

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

Mutual conductance as a function of the grid - . SN 7 7
biag, with Fy, as parameter. The broken line ]ll'/l g1 .char'acteustm .fOI‘ 1!7‘2 = 100 _‘
represents the mutual conductance of the valve shown in Flg. 3 npphes. If a potentml
when under control, with a screen-grid series R S . s :
resistor of 90,000 ohms and o suppi\' voltage thIdCI. is used fO.I‘ feedlng t’h(? screen it
of 250 V. is possible to obtain a more rapid control-

ling effect than with fixed screen potential
by a judicious arrangement of the resistance values in the network, but it should
be borne in mind that the cross-modulation characteristic is then not quite so good.
By means of the I,/ T, curves in Fig. 10 the various values can be determined for
each particular case in advance.
A suitable choice of control curve will also guarantee excellent modulation-hum
characteristics, this being of especial importance when dealing with A.C./D.(!. mains
receivers.
A special feature of the EF 9 is the very low interelectrode capacitance; the anode-to-
grid capacitance is less than 0.002 4uF and the valve therefore gives very good results

g

|
U
fk
Nj
1)

T

- AVC \
Va 27 75¢€

Tig. 5
Theoretical circuit diagram of an I.F‘Lj valve employing the principle of the
“sliding” screen voltage.
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Fig, 7
Upper diagram. Effective alternating grid vol-

Fig. 6
Upper diagrain. Effective alternating grid vol-

tage as a funetion of the mutual conductance,
with 1 9 cross-modulation; screen fed via

tage as a function of the mutual conductance
with 1 9% cross-modulation; sereen grid fed

a resistor of 90,000 ohms from 250 V supply. via a resistor of 60,000 ohms from a 200 V
Centre diagrum. Effective alternating grid vol- supply.
tage as a function of the mutual conductance, Centre diagram. Bifective alternating ¢rid vol-

with 1 % modulation hum.
Lower diagram. Mutual conduetance S and
anode current Ju as a funetion of the grid bias.

tage as a function of the mutual conductance,
with 1 % modulation hum.
Lower diugram. Mutual conduetance S and

anode current Ja as a funetion of the grid bias.

in the short-wave range. Although in this range the magnification of the circuits
is usually only fair, the EF 9 will ensure a high degree of amplification.

As already mentioned, the EF 9 can also be employed as a resistance-coupled A.F.
amplifier; by applying a control voltage to the grid the amplifier may he so regulated
that the performance of the A.G.C. of the receiver is enhanced by the A.I'. stage.

The relevant data will be found in the table on page 276.

HEATER RATINGS

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

CAPACITANCES
0.002 uuF
5.5 uulF
(g =172 uuF

-

series or parallel supply.

C =63V
;= 0200 A
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V;(mléf[) | EF) 4-3738
Fig. 3 1000
Upper diagram. Effective alternating grid vol- e
tage as a function of the mutual conductance E 7
with 195 cross-modulation, at Ve = 100 V, anl [Ty — T/
Iy, = 100 V (fxed). 100 =T_|
Centre diagram. Effcective alternating grid vol- =t £
tage as a function of the mutual conductance
with 1 9% modulation hum.
Lower diagram. Mutual conductance S and
anode current Ja as a function of the grid bias. 10 £~
Vitmlesr) i
100 4= = L
)

=10 g = N

e Rq i G R et}
OPERATING DATA: EF 9 used  -5{— i : ;
as R.F. or LF. amplifier o it |

0 100 1000 10000

Anode voltage . . . e e e e e e Ve =250V
Suppressor grld voltave e e e i e e i V=0V
Screen-grid series resistor . . . . . . . . . . . . Rgp = 90,000 ohms
Cathode resistor . . . . . . . . . . . . . . .. By = 325 ohms
Grid bias. . . . . . . ... . ... Vyg=—25V?YH —39V? 49V?3)
Sereen voltage . . . . . . . . . . . Fg =10V — 250 V
Anode current . . . . . . . . .. . I, = 6 mA — —
Sereen current . . . . . . . . . . . Ip = LT mA — —
Mutual conductance. . . . . . . . . 8 = 2200 22 4.5 uA/vV
Internal resistance . . . . . . . . . Ry =125 > 10 > 10 M ohms
Anode voltage . . . e e e e e e e e s s Py =200V
Suppressor grid voltage N S
Screen-grid series resistor . . . . . . . . . . . . Ry = 60,000 ohms
Cathode resistor . . . . . . . . . . . .. R = 325 ohms
Grid bias. . . . . . . . .. .. .. V= —" 5 Vi —32V?) —39V?3)
Screen voltage . . . . . . . . . . . Fg =100V — 200 V
Anode current . . . . . . . . .. . I, = 6mA — —
Screen current . . . . . . . . .. . Ip = LT mA — —
Mutual conductance . e oo 8 = 2200 22 5.5 uA/v
Internal resistance . . . . . . . . . Ry =09 > 10 > 10 M ohms
Anode voltage . . . e e e e e e e eV, =100V
Suppressor- gud volt‘we e e e e Vgg =0V
Screen-grid voltage . . . . . . . . . ... ... Fp =10V
Cathode resistor . . . . . . . . . . . .. .. R = 325 ohms
Grid bias. . . . . . . . ... ... Fg = —25VH —16V?3) —19V?
Anode current . . . . . . . . . .. I, = 6mA — —
Screen current . . . . . . . . . . . J5p = 1TmA — —
Mutual conductance. . . . . . . . . 8§ = 2200 22 7 nA/V
Internal resistance . . . ... R =04 > 10 > 10 M ohms

1) Without control. ?) Mutual conductance reduced to one-hundredth of uncontrolled value. *) Extreme
limit of control range.
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himA) 27814
1. 9 IEE TR
Anode current as a function T i T
of the anode voltage at differ- 'u'/a ='] w L‘ﬁg‘:"UUy
ent values of the grid bias, 5 A\
with a fixed screen voltage of !
100 V., K u 1OV
10 g, o nd 4 4
fiupat N
] L] = ——2{’
s = —25
5. hq‘":; £ : :——'—.31/
Fer T i
- 1V
e r !
e : Spnuman]
SRR et e et i
EgsunE { EERSEN )
0 — T T T T ',4”
4 0 200 300 00 Wy 500
MAXIMUM RATINGS
Anode voltage in cold condition . . oo o oo T = max. 550 V
g ao
Anode voltage . . . . . . . .. .. ... ... ¥, = max. 300 V
Anode dissipation. . . . . W, = max. 2 W
P

Screen voltage in cold condition . . . . . . . . . I’y = max. 550 V
Screen voltage at I, = 6 mA ’ max. 125 V
Screen voltage at [, == 3 mA max. 300 V

Screen-grid dissipation. e max. 0.3 W
Cathode current . . . . . . . . . . . . . ... I} = max. 10 mA
Grid voltage at grid current start ([, — + 0.3 pA) Fy, = max. —1.3 V
Resistance between grid and cathode. . . . . . . By = max. 3 M ohms
Resistance between filament and cathode . . . . . Rp = max. 20,000 ohms
Voltage between filament and cathode (direct voltage
or effective value of alternating voltage) . . . . ¥ = max. 100 V
27815
Py mEE H .| T For data referring to
IR B N 1 H the use of the valve as
6 Ho2= 03 W OV -2 el __a resistance-coupled
7] 7z - 6V A.F. amplifier see
i 5 > Table on p. (272).
=250 \ o
Vg3 OV 0 7
H= AW % 4% The EF 9 is used as
M 4 - 7 amplifier valve with ma-
. i N v 4 ’ J-ov nually or automatically
J ; ; <7 ’ T controlled amplification.
- Rg,_gboog£ L L rErrd-ev The heating-up time is
2 W ] SN hin shorter than usual and
S=4NN DA ITTEA-15v the cathode insulation is
L < ZauEN I 200 rated to carry 100 V
i o e e e PP S e T sy direct voltage or effec-
o e = S==Co == = =90 tive value of the altern-
0 50 1o 50 w00 Wy 250 ating voltage; this value
Fig. 10

Sereen current as a function of the screen voltage at different values should not be exceeded.

of the grid bias. These curves also apply as an approximation to anode
voltages between 100 and 250 V. 85



EFM 1

FFM 1 AF. Amplifier and electronic indicator

The EFM 1 combines a variable-mu A.F. amplifier pentode with an Wax 37,
electronic indicator, the former being the lower of the two assemblies N E
in the envelope; a conical fluorescent screen, of the type used in m

the EM 1, is mounted above the pentode unit, so as to be visible

max83

at the top of the envelope. The cathode extends into the space

formed by the fluorescent screen and is screened off, so that the light !

emitted by the cathode will not be visible; this screen is supported l

on two rods, arranged in such a manner that they are invisible from !
L4

the outside. Between the cathode and the screen, a grid and two ——
deflectors are mounted; the grid is wound without backbones and Fig. 1

is supported only at the ends. A space charge thus occurs in front Dimensions in mm
of the grid and this promotes a more uniform flow of electrons to the
fluorescent screen. Further, on very weak signals, when the
fluorescing areas are only small, the electron stream is thus eonfined
to a relatively small working area of the screen. The two deflector
rods are connected to the screen grid of the pentode unit and two
fluorescent spots appear on the scrcen.

The pentode section is designed on the sliding screen-voltage prin-
ciple, the screen, therefore, being fed through a resistor. When the £ f
A.G.C. voltage is applied to the grid the screen current drops and kg3g,
the voltage on the screen, and therefore also on the deflectors,
increases. The fluorescent screen being connected directly to the (¢85 8@ 7a
supply voltage, the difference between the potential of the deflector

clectrodes and that of the Auorcscent screen decreases, as also the gf 92,0
deflecting effect of the two electrodes, in consequence of which the
S(uAY) talud) Fig. 2
104 04 Arrangement, of
[CENEES - 3 A electrodes and
B o ! . W base connections.
] i ! LAY
<150V, :
1 i "l 1 74 // fluorescent areas are in-
EESS creased and the dark
/"’ sections decreased in
/’ ! size. As the screen grid
AT - .
I / 1y is decoupled by a ca-
JiCusa=saasE; £ S pacitor, it is possible
s A ﬁ_ﬁ Rt simultaneously to apply
IR ABSRRRRAR) § SV AF. voltages to the
At “*,&’Z@_‘q § grid, without affecting

1
2
_‘:

the size of the luminous
sectors. The anode cir-
cuit may be resistance-
coupled to the next valve

L

'

=
!
T

i }_"ﬁ i

60 =50 -40

0 -5 -4 -30 -20 -1 0 ; !
[ Vor(¥) 29028 for further amplification
Tig. 3 of the A.F. signal.
Right-hund diagram. Anode current as a function of the grid bias, with i
screen voltage as parameter. These curves relate to an anode voltage of TO -pro.duce the desired
150 V. The broken line represents the dynamic characteristic at Vb = indication of the cor-
250 V, Ry, = 0.35 M Ohm and Re = 0.13 M Ohm. rect receiver tuning,

Left-hund diggram. Mutual conductance as a function of the grid bias, .
wWith scrcen voltage as parameter. These curves are in respect of an anode ~ the direct voltage from
voltage of 150 V. The broken line refers to the mutual conductance as & 3 .
function of the grid bias, using a screen-grid resistor of .35 M Ohm the det‘eCt‘OI‘ dmde, or

and an anode resistor of 0.13 M Ohm, both on a 250 V supply. the A.G.C. control vol-

86



Lot

EFM 1

& = RaSAR=ataRa tage is applied to
8 oy = O 150V the grid. When a
& = strong signal arrives
& ! A6 at the diode the grid
. ‘ - e ARaE of the EFM 1 is ren-
ammnp 7 - dered strongly nega-
f > tive and the ampli-
P / £ tication is reduced,
/ which  means, of
» ] ) course, that the A.F,
. .l v .
. = T amplification  stage
< ’ ~r—.—1v‘]7fl is included in the
207 A.G.C.
92 0.35M1 7. T ey 1o This combination of
T PR 5 =1 etV io indi
a £ m clectronie indicator
50 00 w0 200 mear 20y ¥ and AF. pentode
) Fig. 4 . . thus virtually auto-
Screen-grid current as a function of the screen voltage, with grid ically f . .,
bias as parameter: resistance-line for Ry, = 350,000 ohms. matically furnishes a

variable-mu AP

amplifier, and a pentode of this type must necessarily mect the requirement that
distortion shall remain low throughout the whole range of control. The pentode
part of the EFM 1 is designed to give an amplification factor of about 60 with an
anode resistor of 130,000 ohms and a screen series resistor of 350,000 obhms, with
—2 V grid bias. By increasing the bias from —2 to —20 V the amplification is
reduced from 60 to roughly 13, giving a control of 1: 4.5, and this extra amount of
control can be put to good use where effective automatic gain control is required.

The above variation in grid bias just corresponds to the full deflection of the fluorescent
bands and the construction of the screen grid is such as to ensure a constant anode
current over the whole of the range. The amount of distortion is therefore also
fairly constant and, at the same time, well within the ordinary practical limits.
In order to suppress distortion, a fairly high control voltage is needed for the
amplifier section of the valve, so that per degree of deflection in the indicator a

greater voltage variation
must be established on
the grid of the EFM 1
than is the case with,
say, the tuning indica-
tor EM 1.

The use of the combined
amplifier — indicator
makes it possible to
reduce the total number
of valves required for
many different types of
radio receiver, without
dispensing with electro-
nic indication, or reduc-
ing the sensitivity. As
this valve is necessarily
a compromise, however,
it must not be expected
that it will give results
in every way comparable

FM T 11394 T
-;@ a(%)l a®
60 Drs g
| Vp =250V v 5
I T Ra =0 aMe
Ry2=035MD, /
N
40 » 2loo
1T (8t I/l)=ﬂV,fz- e Zupa
i
20 Gt (Yo =5 Vope) LT LTI T 2150
T L i ] L1’
- ! I ~ f—//f = [
- Aot (o =3rel| -1 11 |- LT LU Il
T ]
T
- VLT H 1
a s AN S 17 Olp
=25 Yy} 20 -5 0 pr 5
Fig. 5

Distortion as a function of the grid bias, with alternating output
voltage as parameter, at Rg, = 350,000 ohms, Ra = 130,000 ohms
and Vb = 250V; also shadow angle ¢ as a function of the grid bias.
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,;1: + rig. 6

RaE3 Circuit dngram illustratir:
aeC—J Op1uF the symbols used in the reio-

Rao vant data.
I
=
0,01uf Py
1

Rk? TSU[IF J
Ayc = °
CAV = Fluaféscent Supporting rod
ALR. setor T\ ' Cathoge-light

with those of an A.F. amplifier with sepa-
rate indicator.

The EFM 1 has no diodes for detection and
will therefore be frequently used in conjunc-
tion with the double-diode I.F. pentode EBI
2; it can also be employed successfully with
a separate diode such as the EAB 1 or B 4.

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

HEATER RATINGS

Heating: indirect, A.C. or D.C., series or parallel supply.
Heater voltage . . . . . . . . . . . .. ... ... ... =863V

Heater current . . . . . . . . . . . .. .. ... ... I; =0200 A

OPERATING DATA

Supply and fluorescent sercen voltage. . . . . . Fp=V;= 250 V
Anode resistor . . . . D (g4 =: 130,000 ohms
Screen-grid series us1st01 e == 350,000 ohms
Cathode resistor . . . . . . . . . . . . .. Ry = 980 ohms
Grid bias in uncontrolled condition. . . . . . F, == 2V =
Grid bias with full control. . . . . . . . . . . Vy 2 — —20V
Anode current . . . . . . . . . . ..y = 0.8 mA 0.5 mA
Screen-grid current . . . . . . . . . . . . . .y = 0.6 mA 0.2 mA
Current on fluor. sereen . . . . . . . . . . . . I = 0.65 mA 0.8 mA
Screen-grid voltage . . . . . . . . . . . . .. Vg =40V 180 V
Anode voltage . . . . . . . . .. .. . ... T =146 V 18V
Voltage gain . . . B Y 13
Distortion at 5V (et‘f) A L anode . diot = 29, 1.7 9,
Shadow angle of single sector, measured at ed(re

ofsereen. . . . . . . ... L. > 70° < 5°

MAXIMUM RATINGS

Anode voltage in cold condition . . . . . . . . . Ty = max. 550 V
Anode voltage . . . . . . . . .. . .. .... Vg = max.300 V
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EFM 1

Anode dissipation . Wq =+ max. 04 W

Screen-grid voltage in cold condition . . . . . . . Fgyp = max. 550 V
Screen-grid voltage . . . . . . . . . . . . . .. Vg :: max. 300 V
Sereen-grid dissipation. . . . . . . . . . . . . . Wy == max. 04 W
Voltage on fluorescent screen in cold condition . . 17, == max. 550 V
Voltage on fluorescent sereen . . . . . . . . . . ¥, - max. 300V
Voltage on fluorescent sereen . . . . . . . . . . T, -: min. 200 V
Cathode current . . . . . . . . .. ... ... I - max. 5 mA
Grid voltage at grid current start (I; = -+ 0.3 xA) Vg, = max. —1.3 V
Screen-grid current. under same conditions - Jg2 == min. 0.53 mA
Resistance between grid and cathode . . . . . . . Ry -- max. 3 Mohms
Registance between filament and cathode . . . . . Ry - max. 20,000 ohms
Voltage between filament and cathode (direct voltage

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

APPLICATIONS
The EFM 1 can be used only as

an A.F. amplifier combined with .
an clectronic indicator, and Fig. 8
shows the theoretical circuit of |’—|
the valve in conjunction with

A

a preceding, detector, valve. The 4

R.F. signal from the diode resistor | QSr

R, is fed through a capacitor ZZ;T pal ==t,,i,§.—
to the grid of the EFM 1 and the = 4+

negative D.C. voltage across the )
grld le.ak is fed from 4 by way Circuit diagram showing ]Eﬁi\lsl used as variable A. F,
of resistors R, and R, also to amplifier and electronic indicator, following a diode-detector
this grid. Resistor R, and capa- stage.

citor ('; make up a smoothing filter for the A.F. voltage occurring across the diode
resistor, to ensure that only direct voltage reaches the grid of the EFM 1 along
this path. R, is the grid leak.

The negative D.C. voltage for the control of the EFM 1 is usually taken from the
detector diode; it can be derived also from the A.G.C. diode, but in the case of delayed
automatic gain control the cathode-ray indication, on signals of the strength less
than that of the delay voltage, will then not function.

In view of possible microphony, the A. . sensitivity at the grid of the EFM 1 should
not be too great and care should be taken when mounting the valve itsclf that no
trouble can occur through acoustic vibration. If a steep-slope output valve such as
the EL 3 is used in the next stage, it is advisable to reduce the sensitivity by applying
sufficient negative feed-back. To prevent hum, the direct voltage applied to the anode
coupling resistor must in every case be smoothed by an R.C. filter, but no allowance
has been made for this filter in the data and characteristics, since these will depend
on each individual case and will also differ according to the supply voltage employed.
Practical applications of the EFM 1 are confined to two possibilities. One is the
improvement of the A.G.C. of a receiver, by virtue of the fact that the control voltage
applied to the grid is also operative on the EFM 1. As already stated, the A.I'. gain in
the case of a high-mutual-conductance output valve may be reduced by means of
negative feed-back; if the cathode capacitor of the EL 3 be omitted, the negative
feed-back factor will be about 21/,, but this does not represent a suflicient reduction
in the sensitivity and the only alternatives are to use a higher value of cathode resistor
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for the output valve, or to reduce the gain of the EIFM I in the uncontrolled
condition. To ensure the proper amount of grid bias the grid of the TTL 3 should.
in the first instance, be connected to a tapping on the cathode resistor; a valuc of
500 ohms for the latter gives a feed-back factor of about 41/, and will ensure sufficient
reduction in the sensitivity. Naturally, however, this amount of feed-back is obtained
at the expense of the optimum output power; with a resistor of Iz = 500 ohms,
the maximum obtainable output is not more than about 3.3 W and for this reason
preference is usually given to a reduction in the amplification of the EFM 1. This can
also be achieved by using a higher value for the cathode resistor, hut it will result
in a smaller variation in the shadow angle of the indicator (see also Fig. 5). A cathode
resistor of, say, 2,000 ohms provides a bias of about —4 V; the corresponding
amplifieation factor is then 40 instead of 60 and the range of deflection of the indicator
is thereby reduced from 5--75° to 5--65°.

Another method consists in the use of a lower anode coupling resistor than the
value of 130,000 ohms suggested; a smoothing resistor is then connected in series
with it to bring the value up to 130,000 ohms, or the appropriate higher value in the
case of higher supply voltages.

One result of the limited feed-back when using high-mutual-conductance output
valves (EL 5 or EL 6) is that the A.F. sensitivity is still quite high. As the reader will be
aware, the strength of the I.F. signal to be applied to the detector diode and, therefore,
also the delay voltage for the A.G.C. is determined by the amount of A.F. gain. When
the A.F. sensitivity is high it is not necessary to have a large signal strength at the
detector and this leaves only small voltages available for controlling the EFM 1:
this means, in effect, that the dark sectors will be reduced only on very weak signals,
or that the electronic indicator will be relatively insensitive.

A still greater reduction in the A.F. sensitivity than by means of simple feed-back in
a steep-slope output valve may be obtained by means of a valve having low AT,
sensitivity, such as the triode AD 1, in which case the sensitivity of the indicator
will be greatly improved.

Notwithstanding the higher alternating output voltage of the EFM 1 necessary to
load fully the AD 1, the distortion is extremely slight; on an average, the distortion
from the combination of EFM 1 + AD 1 is less than in the AD 1 alone, this being
due to the compensation of the second harmonics.

The second course open in the application of the EFM 1 consists in shifting the point
of equilibrium of the sensitivity of the indicator unit in such a way that it will contribute
less towards the A.GLC. In this case a higher D.C. voltage is required at the detector
and therefore also a stronger LF. signal, with less A.F. amplification; the latter may
be reduced by means of strong negative feed-back. Since negative feed-back produced
by the omission of the cathode capacitor from the output valve results in a consider-
able loss of cutput power, it is necessary to feed back from the loudspeaker to the
grid of the EFM 1. Voltage feed-back to the EFM 1 has the advantage that the A.T.
gain can be reduced at will by increasing the amount of coupling, whilst, further, the
internal resistance of the output stage is reduced instead of increased. as in the case
of current-coupling by omission of the cathode capacitor. In this way it is possible
to include in the feed-back circuit components which are dependent on the frequency,
80 as to improve the frequency characteristic.

The object of this voltage feed-back, then, is to stabilize the amount of gain, but a
great part of the A.F. gain control is thereby lost. On a strong carrier wave the XFM 1
can be fully controlled, in which case the amplification is lower and the negatwe feed-
back weaker; there is also less distortion.
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COMBINATION OF EFM 1 and EBF 2

When the EFM 1 is used as L.F. amplifier the EBF 2 will often be selected to serve
as I.F. amplifier and detector, and this arrangement opens two possibilities:
1) EFM 1 as A.F. amplifier with weak negative feed-back on the output valve; the
electronic indicator is then more or less insensitive.
2) ETM 1 as A.T. amplifier with strong feed-back from the londspeaker to this valve.
It has already been mentioned that the A.F. gain must be on the low side if a good
tuning indication is to be obtained; in this case the delay voltage should be somewhat
higher (5 to 6 V). The
most suitable circuit is
shown in the diagram of
3 f Fig. 9; the cathode vol-
It tage of the EBF 2 is
5—6 V and the cathode
of the EFM 1 is connect-

ks ed to that of the EBF 2
R4l Rever through a resistor R,

se
feed-back the voltage drop of

which supplies the grid
L, |208m bias for the EFM I.
R T This resistor is not capa-
citively decoupled and

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

When the EFM 1 is employed with negative feed-back the delay voltage from the
A.G.C. must be higher than the normal cathode voltage of the EBF 2 (2 V), firstly
in order to load fully the output valve and secondly so as not to limit the operation
of the clectronic indicator on weak signals. For, if the A.G.C. comes into operation
before the output valve is fully loaded the direct voltage on the detector, for the same
signal, is restricted and the sensitivity of the indicator reduced. A delay of 5 to 6 V
is in most cases sufficient.

One complication to be taken into account is as follows. If efforts are directed towards
less A.F. amplification, not by means of negative feed-back, but by using an output
stage of lower sensitivity (e.g., the AD 1), the increased control on the EFM 1 will
mean that the total A.F. gain on increasing signal strengths will again be reduced.
In consequence, a very much stronger signal is needed at the detector to load fully
the output valve on strong incoming signals than would be the case if the A.F. control
were compensated by the negative feed-back, ie., the delay voltage of the A.G.C.
should be higher than the value suggested, and this in turn introduces still greater
obstacles in the control of the EBF 2. It will therefore be appreciated that the use of
negative feed-back is much to be preferred in reducing the A.F. gain subsequent
to the detector stage.
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EH 2 Hepl‘ode

This pentagrid valve can be employed very successfully on very  max32

short wavelengths as a controlled modulator in conjunction with a —
separate oscillator, and also as R.F. or L.F. amplifier with limited ‘
control range. ol
The action of this valve is similar to that of a hexode in that, when s
used as modulator, the input signal is applied to the first grid and &
the oscillator signal to the third. The 2nd and 4th grids are screen S S
grids having their own scparate contacts on the base of the valve. o
e

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

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

tor has many advantages; a triode such as the EBC 3 has an initial m—l/ g5
mutual conductance (at Vg = 0, 8 = 3.0 mA/V) that will gnarantec g4 g3
stability of oscillation also in the short-wave range. A variable-mu g2 gt
modulator valve should meet the following requirements:
1) Conversion conductance should be sufficiently high.
2) Required oscillator voltage should be as low as possible. vy f
3) Currents due to transit-time must not occur.
s I oo
SefuArvi RiMA) g5k m
1500 —
g3% ]
99 g2
1250 Va2 2507 5 26 |
¥Ra100V Tz o
Wra -3V Armn‘igr.n;nt of
Aea=05MN electrodes and
1000 ‘ hase connections,

4) Parallel input 1mpedance
750 32 should remain as high as pos-
sible, down to the very shortest
wavelengths.
fostu) I 5) A satisfactory compromise
hetween the least possible back-
ground noise. narrow range of
bias for full control of the
= valve and also least possible
/ 5 ! cross-modulation.
EReany SENEEn 6) Negligible frequency drift
T3 arising from the automatic gain
1 0 control or from mains voltage
9 5 0 zase 15 Waller 20 rariations.
Fig. 3 7) Least possible coupling be-
Conversion conductance, internal resistance and oscillator-erid tween input and oscillator

current as a function of the oscillator voltage on grid 3, at 250 V . . . .
anode, 100 V screen and -3 V hias on grid 1. circuits (inductive effect).

N
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Scfe Ay} Ri{MAY
6
1500 cadnuid 1) In the EH 2 the required con-
version conductance is ensured by
the high conductance of the lst
grid with respect to the anode
1250 Vau 2507 > " pee :
e 80V current (when using this valve as
Vg1 -2V astraight amplifier and at Vyy = 0).
- 0.5 M This conductance is 1.8 mA/V.
1000 1 2) With regard to the required
oscillator voltage, the characteris-
tic of the conductance of the first
: grid in relation to the anode cur-
730 s 3 rent, as a function of the voltage
= on the 3rd grid, is the deciding
factor. The more steeply this
gdud) e R
D 500 B, characteristic drops when the bias
i on the 3rd grid (V) is increased,
3 3 Sc ] the lower the peak oscillator vol-
o tage on the grid. Due to the parti-
25 25014 1 cular construction of the first grid,
; 7 » 5 this conductance is so high that
=) when grids 2 and 4 are given a
+ 1 N .
7 T ! potential of 100 V the oscillator
0 0. il | 1 1 o .
3 : e 5 Wi 20 \oltage.neccssary for t!le norm:}l
conversion conductance is approxi-
Fig. 4 m g which can 1
Conversion conductance, internal resistance atel.b 14 V"” ? . oG . )e
and oscillator current as a function of the os- supplied by any ordinary oscilla-
cillator voltage on grid 3, with 250 V anode, or. Fi 4 3 e 1
80 V screen and —2 V bias on grid 2. tor rlgs 3 and roproduc the
VilVerr) 22163
. ~ . . 3 T T3
conversion conductance as a function of ) 1L
the oscillator voltage and these figures 2 TN i
show that the values at very much lower - Th ,’;"g,‘z
oscillator voltages are still quite reason- P SN / D w2.25m%
is is i . NN A i d1.05%
able. This is important for short-wave I T
reception. 0 L L
s . s 0 00 1000 Sc(uALY,
3) The question of transit time current utery I [”u
has also been satisfactorily dealt with. 03 i i
The electrons encounter a certain amount T | T Mpes
of delay in the field between grids 2 and 02— TN I M dowt% 1]
: ; AT ;
3, but at very high frequencies some of o1 Pa N R
them, as a result of the alternating field ' NS palll
produced by the oscillator voltage on o /] !
grid 3, acquire so much kinetic energy i) 10 100 1000 ‘S:(;:A/V
. . . . GV~
that, despite the negative bias on grid 1, 71 T4 : ]
s Va « 250 250v
Lo Tl N Vg2n e =80V 100V ||
Fie 5 N HTING TN Wosellgs)=10%er 14Vatr
Fig. 5 ~J o2 =05ML  0SMA]]
Upper diagram. BH 2 used as a frequency changer. -20 N 4 P 92 =05 o
Alternating input voltage as a function of the ™ [ %a N l
conversion conductance as controlled by the bias N N N
on grid 1, with 6 % cross-modulation. -10 iy SO
Centre diagram. Alternating input voltage as a il ity
funetion of the conversion conductance as controlied o ] ot W\\\
by the bias on grid 1, with 4 % modulation hum. H s w0 — 10000

Lower diagram. Conversion conductance and anode 1000 .
current as a function of the bias on grid 1 ScluAN); latuA)
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Villers) 221568
i they return in the direction of this grid:
5 )4 \ this will take place when the period of
10 / be A the alternating field corresponds in order
10 N, R sl s .
N LIATIN of size to that of the transit time required
o5 » A w6 \\\\ y by the electron between these grids.
v g:gz/;m% o= ’“ This transit time is 1'f3duced by making
0 ds =05 56 | A, the space between grids 3 and 2 small,
n Z .
VilVers) Lk 10 U but normally this procedure has an ad-
02 ] verse effect on other properties of a
RN heptode and in this respect the EH 2
or mui - s . ‘e
PTIlIRN - represents the be.st posglble compromise.
0 da=1% NS 4) The parallel input impedance in the
00 000 | SAN) short-wave range shows a considerable
Il 111 improvement over other types, by reason
Vas 250V 250V of the very small spacing of ¢, — % and
3 ™ ng.g«:nov_ sovil 92— ;. At 15 metres and on a signal
N f . K7 3= .
. I \\m {iamasiz frequency of 500 ke/s above the oscillator
= < [ frequency (fose = fi 4 500 kefs) the
-10 L ) following values of input impedance and
IS capacitance were obtained by actual
-5 R :\\ § measurement:
; Y TR Rinpus = 30,000 ohms
o , ; : ;s Cinput = 6.3 uuF
0 10 000 10000 input = ©.0 up
S(uAN); biuA) 5) In the development of the EH 2
Fig. ¢ every effort has been made to keep the
EH 2 used as an R.F. or L.F. amplifier. . 5 . P
Upper diagram. Alternating input voltage as noise factor as low as possible, whether
function of the mutual conductance when con- the valve be used as frequencv-cha.nger
trolled by a similar bias on grids 1 and 3, with . | e
6 % eross-modulation. or ag R.F. amplifier. As will be seen
Centre dingram. Alternating input voltage as a from Figs 5 and 6. the alternating input
function of the mutual conductance when con- . ar .2
trolled by the bias on grids 1 and 8, with 4 %, voltage with 6 °( cross-modulation, when
. modulation hum. under the effect of control, is in either
Lower diugram. Mutual conductance and anode
current as a function of the bias on grids 1 case less than 0.3 Veﬂ-
and 3. 6) When used with a separate oscillator

valve, the valve has a frequency drift due
to mains voltage flectuations that may be regarded as extremely slight. The
drift arising from variations in the mutual conductance is also very small, since this is
caused by differences in
the capacitance of grid 3 ja{;"ﬂ)
which in themselves are ]
negligible. i
7) The heptode EH 2 5 I
will not produce any x Yoz Vp4m
electrical coupling effects Y3
between oscillator and is
input grids, because grid
3 in no way influences / 2
the clectrons in the
neighbourhood of grid 1: /]
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Fig. 7 A

Anode current as afunction of

the voltage on grid 1. EH 2 = i

used as a frequency-chnnger. o
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Fig. 38

1 Anode and screen-grid enrrent
as a function of the voltage
on grids 1 and 3 when using
the EH 2 as R.F. or LF.
a 175 amplifier.
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there is therefore no

5 negative capacitance be-
tween grids 1 and 3.

The normal capacitance

- e 8OV, He|_ exists between the elec-

R 2% trodes mutually, this

7 being about 0.2 ppul,

e which on very short

ae =Ed = " p waves does result in

-3 Kw-’beV) -20 ~15 -1 —5 28w 0 retroaction from the

oscillator voltage to the

input circuit, although if the oscillator frequency is taken higher than the input

frequency this will not affect the performance of the valve.

=
8
__.)‘.:ll“ 3
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HEATER RATINGS
Heating: indirect, A.('. or D.C., series or parallel supply.

Heater voltage . . . e e e e e s =63 Y
Heater current . . . e e e oo . Iy =10.200 A,
CAPACITANCES

Cagr << 0.0015 gl

Cogp =B uuF

'y = 11 wul

Cpge == 0.2 jony

OPERATING DATA: EH 2 used as frequency-changer

Anode volbage . . . . . . ... ¥V, = 250 250 V
Screen-grid voltage . . . . . . Ty = 100 80V
Grid leak, oscillator . . . . . . . Ry, = 0.5 0.5 M ohm
Oscillator voltage, grid 8 . . . . Fup = 14 10 Vg
Cathode resistor . . P (o 530 380 ohms

—_ e
Grid bias. . . . .. ... ...V, = — —25 —2 —20 V
Anode current . . . . . . .1, - 1.85 e 1.8 — mA
Secreen current . . . . . . I,,q + Ly — 3.8 — 3.3 - mA
Conversion conductance . . . . S == 400 < 10 400 -7 10 uA/V
Internal resistance . . . . . . . R; = 2 > 10 2 > 10 M ohms

Anode voltage . . . . . . . . .V, = 250 250 V
Screen-grid voltage . . . . T = Fy = 100 80V
Cathode resistor . . . . . . . . B = -BO 310 ohms

— - ——— [— —
Crid bias. . . . . . . . . Fy=TFpu = 3 o5 —2 — 20V
Anode current . . . . . . . . . I, = 4.2 — 4 — mA
Sereen current . . . . . . I A1, = 28 — 2.5 — mA
Mutual conductance. . . . . . . 8 = 1400 <2 1400 < 2 pA/V
Internal resistance . . . . . . . B = 1 > 10 1 ~ 10 M ohms
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MAXIMUM RATINGS

"0 : max. 550 V Vou Iy = 0.3 pA) = max. —1.3 ¥

T -+ maxX. 250 V Voa (Uys = -+ 0.3 pA) = max., —1.3 V
W, = max. 1.b W Ry = Ryy == max. 2.5 M ohnz
Vo = Fygw = max. 400 V 1 = max. 10 mA

Voo = Vyy  -= max. 125 V By == maxX. 5,000 ohm=
Wy = Wy = max. 0.5 W Vir = max. 100 V1;
APPLICATIONS

A) R.F. OR LF. AMPLIFIER WITH VARIABLE SLOPE
A potential divider should be given preference for feeding the screen grids (grids =
and 4) and the slope is best controlled by applying the same control voltage to botk.
grids 1 and 3; if the latter
grid is controlled by an
attenuator (potential divi-
der) giving a lower voltage, f===) ssv
the control range is increas- === ? >
cd, but as the cross-modu- -L
lation characteristic is iden- = +3v
tical in both instances this ' o

§§ OtuF

. e T T

The metallizing of the enve. l
lope is connected to a sepa- b

arrangement offers no ad-
1M
— N A—e 2
rate contact on the base AVC Diode

—~—— 4,2mA

—

vantages.

of the valve and, generally
speaking, this should be
carthed. The usual care
must be taken with respect +290y
to the screening of the leads 2160
and the arrangement Of.the Circuit diagram of the BH 2 u]s:.:fl‘ 1121 an LF. amplifier, with the same
wiring, and the supply lines control voltage applied to grids 1 and 3.

should be decoupled by

means of filters. Fig. 9 shows the cireuit diagram of this valve employed as a variable-
mu 1.F. amplifier.

]
Q
s
S
-
§
R

B) VARIABLE-MU MODULATOR

Fig. 10 shows the circuit of the EH 2 used as a modulator, with the EBC 3 as oscillator.
although the EF 6, connected as a triode, can also be cmployed for this purpose.
This circuit will give satisfactory results at wavelengths of 5 m; it is preferable to
couple the tuned oscillator circuit to the anode of the oscillator valve. The oscillator
is coupled to grid 3 of the heptode EH 2 through a capasitor of 20 to 50 uuF, the
latter being the best value for ‘““all-wave” reception.

For wavelengths of 5 to 12 metres the oscillator coil may be made from about 41,
turns of wire on an inside diameter of approximately 10 mm, not too closely wound
and without an iron core. Tinned copper wire must not be used for this purpose
and the leads from the coils to the tuning capacitor should be as short as
possible. The coupling coil may also consist of 41/, turns of silk-covered wire about
0.1 mm in diameter, wound directly on the anode-circuit coil. A resistor of 40 ohms in
series with the grid of the oscillator will prevent over-oscillation at the lower end of
the wave-range.

) direet voltage or effective value of the alternating voltage.
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When the EF 6 is used as oscillator the oscillator voltage will be somewhat higher and,
in the short-wave range, in contrast with octodes such as the EK 2, the oscillator
frequency should be higher than the input frequency, as is usual on the mediam and
long waves. The other coupling, established by the capacitance between g, and g,,
then provides a voltage across the input circuit of the same frequency as the oscillator,
and the phase of this voltage is such that it tends to augment the conversion ampli-
fication. In the uncontrolled condition the bias on grid 1 should be —2 V with 80 V
on screens 2 and 4, or —3 V with 100 V on the screens. The control voltage from
the A.G.C. is in this case applied only to the first grid. The two screens (2 and +)
should be fed from a generously proportioned potential divider.

EBCI

S0upF son S0uuF
L
= 4
S g CV
?UJ F
T Ij

l 0.5uF
300000 u
10ov 200004

— L UL—» ave +250v 22854

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

0sMA
WJUU LA

25000 1
“UUyw

2000011
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EK 2 Octode

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

1) The electronic coupling effect met with especially on short waves
is for the greater part counteracted by a capacitor between the first
and fourth grids, the object of this capacitor being to compensate,
with a positive capacitance, the apparent negative capacitance pro-
duced by electronic coupling.

2) Small dimensions and narrow spacing of the electrodes practically
climinates transit-time effects in the range of very short waves.
3) The parallel input resistance between control grid and cathode
is very high, even on the very short waves, and its effect on the
amplification may therefore be ignored.

4) Background mnoise, which is proportional to the root of the m_4

anode current divided by the mutual conductance, is only very
slight.

5) The performance of the valve from the point of view of absence
of whistles is extremely good.

6) Interference due to cross-modulation
or modulation-distortion when control is
applied to the valve is a minimum.

7) The internal resistance is more than

degree of gain.
8) Microphony is so slight that it may
be ignored in the design of a receiver.

HEATER RATINGS

Heater voltage .
Heater current -

CAPACITANCES
Fie 3 Cags < 0.07 puF Cpo =
i, ki .
Construction of the new octode Cy = 10 pupF C"gzw -~
BIC 2. The capacitor for the C{/l = 6.0 uul 05/4 =

compensation of inductive (
elfect is shown at 12. -

98

1.1 pulF

Di

1 megohm and permits the use of very kg6
good quality . F. circuits, giving a high g2

maxJc

!
i

Lbnﬁg,.l
22117
Fig, 1
mensions in num.

a

max 90

gz
92
k f Z1783
g8
fr
- M
a
] g3,g5
26
Fig. 2

Arrangement o1

electrodes and

hase connections.

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

Vi=63V

If = 0200 A



OPERATING DATA (for medium- and long-wave operation)
Anode voltage

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

Vs = 50V 50V
Oscillator-anode voltage

Ve = 100 V 200 V
Oscillator grid leak

Ry, = 50,000 ohms 30,000 ohms
Oscillator voltage, grid 1

Vose = 9 \Yc‘/] 15 ‘76”
Oscillator grid current

Iy == 200 pA 300 1A
Cathode resistor

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

Vys = —2V1H —15V? —20V3 —2VYH —153V3H —20V3
Anode current

I, = 1 ma -— e 1 mA — —
Screen-grid current

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

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

S = 350 5.5 2 350 5.5 2 nAv
Internal resistance

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

Sgige = 0.3 mA/V — —_ 0.4 mA/V —_ —
Direct current. oscillator anode at commencement of oscillation (¥, = 0)

Iy, = 3.2 mA — — 5.5 mA — —

1) Without contro!
) Conductance reduced to one-hundredth of uncontrolled viut
") Extreme limit of eontrol

EK 2
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OPERATING DATA (for reception on all wavelengths) %)

Anode voltage

200250 V

80V

200V

50,000 ohms

9 Ve
200 pA

525 ohms

T = 100 V
Sereen-grid voltage

Vs == 80V
Oscillator-anode voltage

Vye = 100 V
Oscillator grid leak

Ry = 16,000 ohms
Oscillator voltage, grid 1

Vam' = 6 V,‘!f
Oscillator grid current

I, = 300 ndA
Cathode resistor

Ry, == 395 ohms
Bias, grid 4 - B -

¥4 = —3V1 —26V3H —40V3 4V
Anode current

1, = 2.5 mA —_ — 1.7 mA
Sereen-grid current

Lyg + Iys = 2.8mA — — 1.3 mA
Oscillator-anode current

1y = 2.3mA — — 4 mA
Conversion conductance

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

R; = 0.65 > 10 > 10 1.2
Conductance grid 1 with respect to grid 2 (Vosc = 0)

Sy1ge = 0.35 — — 0.9

26V 40V
5.5 1 pA/V
> 10 > 10 M ohms

— mA/V

Direct current, oscillator anode at commencement of oscillation (Ve = 0
bl 0sC

Iy, = 4 mA

1) Without control
of control
short-wave range.

MAXIMUM RATINGS

V@ = max. 550 V
Ve = max. 250 V
We = max. L0 W
Vyss0 = max. 550 V
Vyss == max. 125 V
Wyss = max. 0.3 W
Vgeo = max. 550 V
Vye = max. 225 V

9 mA

2} Conductance reduced to one-hundredth of uncontrolled value
¢) In view of the possibility of frequency drift, the valve should not be controlled in the

Wy

I

Vs (Igg = + 0.3 pA)
gak

Ry1k

By,

Vix

1) Direct voltage or effective value of alternating voltage.

100

3) Extreme limit

13 W

. 12 mA

. —13V

. 2.6 M ohms
. 100,000 ochms
. 5,000 ohms

. 100 V)

[
g8 B
o e
oW

1

I
<3
D
I3

l
=
®
e
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Fig. 4
) Conversion conductance Se, internal resistance 77
,' and oscillator-grid current Iy, as a function of the
A . oscillator voltage, with ¥g, = 200V aud V.,
o p =50V
[« E 0 15 VosclVers]
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lorudy
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Fig. 5
Conversion conductance Se¢, internal resistance f
Ri and oscillator-grid current Ig, as a function 7
of the oscillator voltage, with Ty, = 200 V
and Vyg;,s = 80 V. 02 2
0 5 19 15 VoorlVorr!
23950
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EK 2

Seludlv) RilMA
’000 K2 25-8438| 2"5
800 TazVoz 100V 20
lhas= 60V
Vge= =3V
o1 16000 11
600 15
Se
bripd)
800 400 vi 10
i
i L] Rt
1
400 2001+ 05
L)
Fig. ¢
fi C‘onversion conductance Se, internal resistance I3/
! and oscillator-grid current Iy, as a function of the
Lt oscillator voltage, with Ty, = 100 V and Vyg;,; =
o 0 0 80V,
0 5 0 15 osclVerr)
26929
lgr(ud)
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800 A 20
Wps= 50V
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Ry1= 5000041
t
600 15
—
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400 10
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Conversion conductance Se, internal resistance ,l
Rt and oscillator-grid current fg, as a function 1
of the oscillator voltage, with J'y, = 100 V and [ AEEE
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! 5 100 000 Sc (uAV)
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Rat= 50000/ 500000
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0 b I
! [ 100 000 10000
ScluAv: bludi
TFig. 8

Upper diagram. Alternating input voltage as a

function of the conversion conductance con-

trolled by the bias on grid 4, with 19 cross-
modulation.

Centre diagram. Alternating input voltage as a

function of the conversion conductance con-

trolled by the bias on grid 4, with 1 % modu-
lation hum.

Lower diagram. Anode current and conversion

conductance as a function of the bias on grid 4.

The supply for the various electrodes
should be derived preferably from a high-
value potential-divider network, although,
naturally, it is also possible to apply

the voltages through series resistors of

sufficiently high value. As the oscillator
unit functions just as easily without bias
(ie. Vg = 0), the grid leak of the EK 2
can be connected directly to the cathode.
A value of 15 Veg for the oscillator
voltage guarantees efficient working with
very little back-ground noise and, in the
medium- and long-wave ranges, this
value can usually be attained without
any difficulty. It is possible, however,
that the reaction at 600 metres may need
to be so tight that at 200 metres the
oscillator voltage would be twice as much
and this may tend to cause periodieal
interruption of the oscillation (squegging).

Vilmbpss)| T

EK 2

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

10

Ryt 500001
T

e

100 1000 10000
SeludV):; B(uA)
Fig. 9
Upper dingram. Alternating input voltage as a
function of the conversion conductance controlled
by the bias on grid 4, with 1 %, cross-modulation.
Centre diagram. Alternating input voltage as a
function of the conversion conductance with 1 95
modulation hum.
Lower diugram. Anode current and conversion
conductance as a function of the bias on grid 4.
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EXK 2

Another remedy is to employ lower values of grid capacitor and leak for the oscillator
section of the valve and this gives excellent results in the short-wave range; satisfactory
values are about 50 uuF for the grid capacitor and 50,000 ohms for the leak. Since
50 puT is really too low for good long-wave reception (a value of about 200 to 1000 puF is
usually preferred), the value of the grid leak may be reduced in all-wave receivers,
instead of using a smaller capacitor, e.g., 10,000 or 16,000 ohms (see also data relevant
to the latter value).
At the same time this resistor must not be in parallel with the oscillator circuit,
ag this damps the latter too much; Ilig. 11 illustrates the proper arrangement, whilst
Fig. 12 shows a circuit in which a lower value of grid leak is employed with the
padding capacitor serving also as grid capacitor; this again results in less damping
of the oscillator circuit. If the value of the padding capacitor Cy is too low, however,
damping will still occur and in “all-wave” receivers the circuit depicted in Fig, 13
is recommended,
Here a grid leak of 50,000 ohms is used for the broadeast range and 10.000 ohms
for the short waves. It a padding capacitor € is also to be included on short waves
o L this will generally
= 1mA be of a high value,
: to provide ade-
quate earthing of
x(;» the circuit.
In the short-wave
range it is not
so simple to ob-
tain a sufficiently
high  oscillator
=(o- voltage, and the

e

UTI00 -
QJ)
5180060 J1

B ¥ R following values
N are  recommen-
R4-20000 ded:
= :

oV P, =200V

€= 10000, F ,
" Visy = 803

+250v .
This  generally
23167 . .
Fig. 10 provides an oscil-
Circuit diagram showing the application of the EK 2. lator voltage of 5

t0 6 Vegr, but if the
magnification of the cireuits is very good this potential will be higher. It is not good
practice to aim at producing extra high voltages for short-wave reception, as the
tuned input circuit of the octode will then tend to oscillate; an oscillator voltage of
5 to 6 Ve is quite good and the valve can best be made to operate on this value.
Frequency drift is especially troub-
lesome in the short-wave range;
whilst theoretically almost negligi-
ble in the broadcast bands, this
factor must certainly be taken into
account in short-wave operation.
Drift due to mains voltage fluctua-
tions is so slight as to make no 3
difference on short-waves; at a .
wavelength of 13 metresitis only 5 /s A@' T 22525
ke/s. On the other hand, frequency Fig. 11
drift in the 13—50 m band caused Circuit employing a low value of grid leak (10,000 chms).

. s . . The method of measuring the amplitude of the oscillator
by variations in the bias on the voltage by means of the grid current is also shown.
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fourth grid is so great that control
must not be applied in that range.
If, despite this fact, control is to
be employed, it is essential to use
a separate triode as oscillator,
although it is much better to omit
the control from the mixing valve
and precede the octode by a . §§
variable-mu R.F. amplifier pen T p ;g

o

tode, applying the control to that 42327
valve. Without this R.F. amplifier Fig, 12 .

ie s . Circuit for low value of grid leak, with padding capacitor
the sensitivity in the short-wave in series with the coil.

range i not very high and it is
therefore sufficient to control the
LF. valve only.

Since suppression of the image-
frequency in short-wave reception
(due to the lower magnification
of the R.F. circuits in that range)
is more difficult than in the broad-

Q
1
The

7

C

5000040

cast wave-bands, it is advisable in ] 9
receivers for short-wave reception 2=Cp § |
Q 22528

to employ a high intermediate é
frequency (450—475 ke/s), which is, ¥ig. 13 . . enle. and

. : Diagram of ogcillator circuit with low-value grid leak, an
moreover, a.dvantageous - Sup-  |oyevalue padding capacitor for medium and long-wave

pressing electronic coupling. At reception.

lower intermediate frequencies it

is good practice, in order to simplify balancing of the circuits, to detune the input
stage by about 500 ke/s at the lower end of the wave-range, i.e., to increase the
difference between the oscillator and input frequencies by 500 ke/s. This has prac-
tically no effect on the sensitivity, but it does facilitate the trimming. In the broadecast
range the oscillator frequency should be higher than that of the input, or it will not
he found possible to cover the whole of the range, but on short waves, in view of
electronic coupling, the situation should be reversed.

The inclusion of a small compensating capacitor definitely reduces the inductive
cffect but does not entirely eliminate it, since too much
compensation causes the input circuit to oscillate. In

the 13—50 m band the padding capacitor is often g
omitted, the difference in frequency being obtained from £
differences in the self-inductance and trimming capa-
citor; the oscillator frequency can therefore be lower Sz
than the input frequency also in this range. 21540
The tuned oscillator circuit must be coupled to the first . Tig. 14

. . . . Oscillator coil for use on very
grid and the reaction coil to the second (oscillator anode). short waves (6 to 8 metres).
The EK 2 may also be used successfully as a self-oscillat- Sy =5 turns of 2 mm bare
. . - . copper wire (not tinned). S, =
ing mixer valve in the 5—13 m wave-band, but this 5 turng of 0.1-0.% mm enam-

range cannot be fully covered without the wuse of elled copper wire.
switches. The oscillator can be naintained in oscillation

only over a small part of this range, for instance from 6 to 8 metres, but for that
matter it would be difficult to include the whole range of from 5 to 15 m on a single
scale. Fig. 14 shows the construction of a coil suitable for use between 6 and 8§ metres
and, for the rest, extreme accuracy and simplicity of controls are essential featurces.



EK 3

EK % Octode

The EK 3 is an octode frequency-changer the characteristics of which
show a considerable improvement over those of the EK 2; certain
forms of interfercnce are here reduced to a minimum by means of
electronic bunching.

This valve gives an equally high conversion amplification in the
short-wave band and in the ordinary broadcast ranges. In comparison
with other frequency-changers the EK 3 offers many advantages.
The principle of electronic bunching makes it possible to separate
the oscillator unit from the mixing section as completely as though
two separate valves were involved. Four electron bunches are formed,
two for generating the oscillation and two for the mixing, and the
two functions are to such an extent independent of each other that
interaction is practically impossible. Fig. 3 shows a cross-section
through the system of electrodes, together with the different electron
streams. The advantages of this 4-channel system are as follows:
1) Frequency drift caused by mains voltage fluctuations, or variation
of the bias on grid 4, is extremely slight.

2) Constant oscillator slope on very short wavelengths.

The almost perfect screening of the oscillator section of the EK 3
means that electrons returned to the 4th grid as a result of the con-
trol have no
effect what-
ever on the
space charge
and slope of

the oscillator k,gG/\q
a unit; frequen- QQ g
cy drift aris- g2\ & < |a
ing from con- ZZy
. g7 qug
35

27765
Fig. 1
Dimensions in mm.

¢/
f £

\ trol on the 395
valve is thus !
avoided and D 27764
the EK 3 can Tiz.

therefore be  Arrangement of

included in

electrodes and
base connections.

25237

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

even on the

short-wave range.

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

a) the space charge between
grid 1 and the cathode, and
between grids 2 and 1, does not
vary when the bias on grid 4
is altered.

b) The mutual conductance of
grid 1 with respect to grid 2
is not affected by the bias on
grid 4.



EK 3

¢) The mutual conduc-
tance of grid 4 with
respect to grid 2 may
be entirely ignored. In-
terference due to un-
desired  coupling hbe-
tween the input circuit
and the oscillator is
thus avoided; coupling
of this kind will often
set up an oscillation in
the input circuit of the
valve as well as relaxa-
tion oscillations cansed
by frequency drift.
The oscillator anode con-
sists of two V-shaped
plates and the electron
streams  directed  to- o Pig. 4
wards these are held b_\' Details of coustruction of the 4-channel octode.
them. variations in the
direct voltage on grid ¢, being prevented from influencing the oscillator unit in any way.
The short path of the electrons from the cathode to the auxiliary anode plates ensures
very short transit-times in the oscillator section; this effect is so pronounced that
the oscillator conductance corresponds to the statically measured slope, even at
very short wavelengths.
The static conductance of grid 1 with respect to grid 2 is extremely high, being 4 mA/V
at the threshold of oscillation, for which reason the coupling of the components in
the oscillatory circuit may be fairly loose; the valve capacitances then only play
a very small part in the detuning of the oscillator frequency. Measures have been
taken in the design of the valve to reduce the inductive effect (clectronic coupling
between grids 1 and 4) and the amount of interference met with under this head is
extremely small. A
géi‘ (#4Y) capacitor in  series
04 with a resistor is

25956

07 B0 6 e N md 31
SnEh - va =250V connected between
; ngﬁjz',sfvmoy ¥ %t grids 1 and 4, the
B%g o function of the re-

sistor being to make
the phase angle of
noann O L the alternating volt-
RERRERAT age, as applied to
CEEEE S : - REERE grid 4 through the
RORRRANEEDANNY 1T capacitor,  exactly
bt H H A T H AT y P equal to that of the
: R ERERIE==EERNEaEE ==L4 induced voltage aris-
g SEEREZd=S=ShER ing from the transit
Hit time of the electrons
i ! , passing from grid 1
Wi -2 -20 -15 ) ~5 [3} to grid 4; the con-

IRt

AVI

sotaz version amplification

Fig. 5
Conversion of the 4th grid as & funetion of the direct voltage at the_ lower end of
on grid 1 the different wave-
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EK 3

Lus) P
SeluAiv] ‘ s'm ranges is hardly influenced at all by the
T HHH Hi effect in question.
] . . .o s
T Y7 The input 1mped:mf3e of the EI& 3 in the
V92=Vw.5-|;a7" short-wave bands is very high in com-
%"g’,: 555500 1 parison with the impedance of the normal
800 4 receiver circuit, and its effect on the
amplification may therefore be ignored.
N At a wavelength of 14 metres the impe-
P 5 dance is about 60,000 ohms. The input
600 ¢ 3 capacitance is different for every value of
] B control voltage applied to the grid,
f hecause variations are produced in the
7 density of the space charge in front of
I LR ., the grid and these variations tend to
400 B I detune the circuit coupled to the grid
and reduce the sensitivity of the receiver.
/ ITAT T ] Furthermore, the R.F. signal in this case
g
8% ! does not occur at the centre of the reson-
It A
2001 FHH T
Vilmibrs er802
TR LLEEER! K Va 250V
s TN Vg2 = gas= 100V,
0 o 1000 = S gt - R Verf
1] 5 10 15 Voscl) R A L%
22807 i )
Fig. 6 001 | ™~
Jnternal resistance, conversion conductance 0= 53__
and oscillator-grid current as a function of : T
the oscillator voltage when a grid leak of I I
50,000 ohms is used. T SeluA
0 1 100 0 |Sclp V)I
Vi{mVerr] I
. . 100 kb bt
ance curve and the amplification of the == Rl : H
sidebands is not uniform; the resultant _— T N Va - 250V
asymmetry tends to cause considerable © N 2;’ ,gl;/:f;’ooy
distortion in the detector. == et . 1%
In the EK 3 such capacitive variations I -HHf
are very small, namely only 0.2 uuF, and s 100 1000 _|ScluAN)
the consequent detuning effect is only v f f T
. . eils . N e Yaatt 1 Va = 250V
slight, in any case within the limits for -4 SIS Vg = Vas: 100V
he normal broadcast bands. TSN Vgr < 12Verr
th ) . - -30 —— Ryt = 5000011
If a better cross-modulation characteristic | < -
: . . T
is required it should be noted that the -2 5 i i‘ ;
conductance of the EK 3 drops less Y : = I
sharply when a control voltage is applied e _L_\‘_‘{S\ﬂ i‘“i
\ i = " outl 1 il ] i
to the.4th grid. . 0, P w0 0 10000
The high conductance of the oscillator laluA; ScluAN?
unit and increased conversion conductance Fie =

necessitate a high power cathode and the
heater current is accordingly well above
200 mA, heing actually 0.6 A; this valve
cannot therefore be wused in A.('/D.C.
receivers, for which purpose a special
valve with a 200 mA filament for series
operation has been developed.
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Upper diggram. Alternating input voltage as

a {unction of the conversion conductance con-

trolled by the bias on grid 4, with 1 % cross-
modulation.

Centre diagram. Alternating input voltage as a

function of the conversion conductance con-

trolled by the bias on grid 4, with 1 % modu-
lation hum.

Lower diggram. Anode current and conversion

conductance as a function of the bias on grid 4.



EK

HEATER RATINGS
Heating: indirect, A.C., parallel supph

Heater voltage . . . . e L L Y
Heater current . . . . . . . . . .. .. ... Ay =06 A
CAPACITANCES

Cyga << 0.07 uuF Cpys = L1 pul®

¢, = 16.5 uuF Cypp = 86 puF

Cy = 14 puuF Cyy = 152 yulF

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

Anode voltage . . . . . . . ... ... T, =250V
Screen-grid voltage . . . . . . . . . . . . . Vyas == 100 V
Oscillator-anode voltage . . . . . . . . . . . .. V, =100V

Oscillator grid leak . . . . . . . . . . . . . . R, = 350,000 ohms
Oscillatory voltage, grid 1. . . . . . . . . . .. Vose = 12 Vg
Oscillator-grid current . . . . . . . . . . . . . -] g 7 300 pA

Cathode resistor . . . . . . . . . . .. . . . RBr =- 190 ohms

Bias, grid ¢ . . . . .. .00 T, = 25V 38V 42 Vy
Anode current . . . . . . . . .. . .1, =25mA — —
Screen-grid current . . . . . . . . . . ],. =55mA — -—
Oscillator-anode current . . . . . . . .1, =5mA — —
Conversion conductance . . . . . . . . & =650 6.5 3 uAjV
Internal resistance . . . Ry =2 > 10 > 10 M ohmnis

Mutual conductance, grid l w1th 1espect

to grid 2 (Voee = 0) .. . . . . 0 L Sy - 4mAN — e
Direct current, oscillator anode at thleshold

of oscillation (Ve =0). . . . . . . I, = 18mA — -—
!} Without control

#) Conversion conductance reduced to onc-hundredth of uncontrolled value
3) Extreme limit of control

MAXIMUM RATINGS

Anode voltage in cold condition . . . N = max. 350 V
Anode voltage . . . . . . . . . . . .. T = max. 300 V
Anode dlss1pa.t10n R B | =~ max. 1 W

Screen voltage in cold (Oll(htl()l’l N L = max. 530 V
Screen voltage . . . . ... .00 P = max. 150 V
Screen dissipation. . . . N | = max. 1 W

Oscill. anode voltage in cold condltlon N L oomax. HH0 V
Oscill. anode voltage . . . . . . . . . . . . Ve 2+omax. 150V
Oscill. anode dissipation . . . . . . . . . . . ¥, == max. 1 W
Cathode current. . . . . .. 1 = max. 23 mA
Grid voltage at grid current start ™ [~ 03,uA) Voo = max, —1.3 V
Resistance in circuit of grid 4 . . . . . . . . Ry -= max. 3 M ohms
Resistance in eircuit of grid 1. . . . . . . . By = max. 100,000 ohms
Resistance between filament and cathode . . . Ry, =: max. 20,000 ohms

Voltage between filament and cathode (direct
voltage or effective value of alternating voltage) Ve max. 50 V

(o8]



EX 3

Because of the steep slope of the oscillator section it 1s nov a difficult matter vo
establish and maintain the oscillation: the grid leak can therefore be connected to
the cathode. The triode unit also oscillates readily and the reaction may with advantage
be fairly loose; over-oscillation or squegging will then not occur. A grid leak of
50,000 ohms with a grid capacitor of 50 puF is recommended and will serve for
all wavelengths.
In the EK 3 the inductive effect is counteracted by a form of compensation between
grids 1 and 4, to which end it is necessary for the oscillator voltage at the lower end
of the short-wave range to be 12 V (effective), (300 pA grid current passes through
the 50,000 ohm grid leak). On other wavelengths the oscillator voltage will, of course,
be different and the compensation not quite so complete, but outside the short-wave
range the inductive effect is so slight that it may otherwise be ignored.
The principle of electron bunching ensures that frequency drift is kept as low as
possible; only the potential of the 3rd grid has any effect on the capacitance of the
first, but this is to be expected, as the former surrounds the latter. If frequency drift
is to be minimized the voltage
on the screen (F,;,;) must be
stahilized by means of a poten-
tial divider passing a fairly con-
10£qu i siderable current; for practical
[ purposes, however, there is a
limit to this stabilization of the
screen voltage. A useful method
2 Ly IECy of eliminating any residual
frequency drift consists in
coupling the oscillator circuit
to the anode circuit of the
triode. Capacitive variations in

§L’ the Ist grid then have less

. g? effect upon the tuning, provided
+ooy - +250¥  that the reaction is not too
Fig. & i tight, since the grid capacitance

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

tor-anode circuit of the BK3, with the anode fed through : : S 3 o

a resistor of 30,000 ohms.’Thc oscillator circuit is not 01r€:u1t by way of this coil.
accessible to the direct voltage. This demonstrates clearly the

importance of the high mutual
conductance of this valve, since the coupling may be made extremely loose.
The circuit to be recommended from the point of view of frequency drift is that
shown in Fig. 8, in which the oscillator circuit is not coupled directly to the anode circuit.
but by means of a capacitor of 100 uuF. In this way the direct voltage of 100 V
does not reach the plates of the tuning capacitor. The circuit is a simple one, but
it has the drawback that it is damped by the feed resistor of 30,000 ohms, whereas
damping of this circuit is the very thing to be avoided, since:
1) the coupling in the short-wave range should preferably be as loose as possible to
avoid frequency drift;
2) on long waves extra damping is often provided in series with the padding capacitor
on medium waves, expressly to prevent parasitic oscillation. In the great majority
of cases the circuit depicted in Fig. 8 will present no difficulties.
If a padding capacitor () is connected in series with the oscillator coil (on the medium
and long wave ranges), this should actually be bye-passed by a high value resistor,
to prevent a direct voltage from occurring across the tuning capacitor C,.
Another method of feeding the oscillator anode is shown in Fig. 9, where the voltage
is applied through the oscillator coil; the padding capacitor then serves simultane-
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EK

ously to block the voltage from the variable capacitor C,. This circuit also has a
disadvantage, in that extra contacts are required on the wave-change switch for
connection to the padding capacitor Cy; on the other hand, the damping of the
oscillator circuit is not so heavy as in the circuit in Fig. 8. The latter, in which 5
turns of wire are used for the reaction coil, grids 3 and 5 being fed through a resistor,
has given an actual measured frequency-drift value of only 4.5 ke/s at 15 m, this
measurement being taken with control applied to the 4th grid, of from —2 to —20 V,
in other words, under extremely adverse conditions. When the voltage for the screen
Vysos is taken from a potential divider the frequency drift is even less.

1
== 1 ' é
== S0upF Cp
Sam
(3
5 § c
8 Ly Ly v
o,mFT Ry 4
OfuF
# LT nrenir
+100v +250V

25987
Fig. 9
Clircuit diagram of oscillatory circnit in the oscillator-anode
circuit, this anode being fed through the coil. The padding
capacitor also serves to isolate the variable capacitor C,
from the direct voltage.



EL 2

EL 2 0utput pentode

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

HEATER RATINGS
Heating: Indirect by battery current; series or parallel supply-.

Heater voltage . . . . . . . ... ... ... Vy=63V
Heater current . . . . . . . ... ... 0. I =02A
CAPACITANCES
Anode to grid 1. . . . . . . . . . . .. Oy < 0.6 uuF
22360 .
(K2 26607 I(MA h
{
]_.__.;la 00
IS /7] /i
80
J]
} |
I
J
JH-+60
J
.
fi
/ €
s le= 2500 LELF
Va = Vg2= 200 ;
ri
20
NEAg ”::7;(' e ]
- (V)1 e T 0
~80 -60 —40 =20 0

Fig, 3
Anode and screen current as fnnetions of the grid
bias for equal anode and sereen voltages of 200V
and 250 V.
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max37

max85

22236
Fig. 1
Dimensions in mui.

kBRI

i
Og -~

Trig. 2
Arrangement ot
clectrodes and
buse connections.



OPERATING DATA: EL 2 used as Class A output valve (single valve)
=200 V

Anode voltage
Nereen-grid voltage
(‘athode resistor
Grid bias.

Anode current
Screen-grid current
Mutual conductance .
Internal resistance
Load resistor .

Output with 10 % dlstoxmon.
Alternating grid voltage with 10

tion .

Alternating gnd voltavc for o() mVV out;put .

dist;or-

i

il

I

I

I

200 V

480 ohms
14V

25 mA

4 mA

3 mA/V
70,000 ohms
8,000 ohms
23 W

8.5 V(x[f
1 Veg

250 V

250 V

485 ohms
—18 Vv

32 mA

5 mA

2.8 maA/V
70,000 ohms
8,000 ohms
3.6 W

10 \7(\”
0.9 \7«311"

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

Anode voltage

Va

Screen-grid voltage gp =
Common cathode resistor By, =
Anode current (without signal) . 140 =
Anode current at full modulation. Lymar =
Screen current (without signal) . 120 =
Screen current at full modulation Lyomae =
Load resistor hetween the two anodes Ry =
Qutput power Womar =
Total distortion at full modula,tlon it =
Alternating grid voltage at full modulation . ¥7; =
b(ﬂm} 22280
80 TTS 7 % H JI L3 26347
= ?'L'_, u -6V
L &y
o Vi
V’ et _9
60--1f ]
FH N 12
g nis
40 o 5 i
2 18
1 11
- T
= T
21Vt
T
20 5 Rald
ERR=2 .
0 =30V
b7 11 33V.L L
oH s e enaBIAU
g 100 200 300 100 500 600

200 V 250 V

200 V 250 V

320 ohms 305 ohms

2 X 21mA 2 x 27.5 mA

2 X 245 mA2 X 32.5 mA
5 mA 2 X 4.5 mA

2 X 6 mA
9,000 ohms
5 W

2 % 8 mA
8,000 ohms
8 W

1.5 9 1.49
14 Vg 17 Ve
Fig. 4

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

as parameter, at Vg, =

250V,
113
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KL 2 used as triode. Anode current ag a funetion
of the grid bias at Va = 200 and 250 V.
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Fig. 7

Various data as function of anode and screen voltage of the EL 2.

BL 2 used as triode. Anode current as a function of
the anode voltage for different values of grid bias.



OPERATING DATA: EL 2 used as triode (grid 2 connected to anode)

Anode and screen-grid voltage .

Grid bias.

Anode current
Mutual conductance .
Internal resistance
Amplification factor .

MAXIMUM RATINGS

Anode voltage in cold condition .

Anode voltage
Anode dissipation .

Screen-grid voltage in cold condltlon .

Screen- gnd voltage
Screen-grid dissipation
(Cathode current

Grid voltage at grid current s.alt (IJl = 4+ 0 3ud) Ty

Resistance between grid and cathode with automatic

bias .

To =250V 250 V
Fgo = —27V —20 V
I, = 15 mA 30 mA
S = L7 mA/V 2.6 mA/V
R; = 4,100 ohms 3.100 ohms
u =T 8
Fao = max. 550 V
Vi, = max. 250 V
W, = max. 8 W
Vyeo = max. 550 V
Vye = max. 250 V
Wy = max. 1.6 W
Iy = max. 45 mA
= max. —1.3 V
Ryp = max. 1 Mohm
= max. 0.6 M ohm

Resistance between grld and (,athode w1th fixed bias Ry

Resistance between filament and cathode . Ry
¢ i
Voltage between filament and cathode (direct voltage
(=) (=)
or effective value of alternating voltage) Vir
35 >y Vi (Verd
1ot ) | 2
o A Va « Vg2 250V
R fs = 22mA 15
30 P " Ru o485 11
Z I—;, %:ra Ra 2 800000
i %S T g
=5 T u e T = T
> ¥ 1
HTH Va V2 ]
201 ma v 0
¥ -
Fans I : ‘
1541 —i f
5 i }
=
0 “J"e‘ T - . ’ 1] ’
H j-’-/- =T 17 .
5 L :: o i L -
/ LA - et
&
o CrE 2 oW1 g
0 ! 2 3 a 5
JQREZ
Fig.

Alternating grid voltage and total distortion as a flmcrlou of t]u
vutput power. EL 2 used as ~mf'le output valve, with V'a = }y,

230

,000 ohm

= max, 5

50V

= Mmax.

This valve can be used
in a single or balanced
output stage in car radio
sets. For 12 V batteries
the heaters of two of
these  valves can be
connected in series, or,
alternatively, one EL 2
may be placed in series
with another valve in
the same series, for
example the EBC 3 or
EF 6. The cathode must
be decoupled with re-
spect to the carth line
through a capacitor of
at least 2 u¥f, but an
even higher capacitor of
25 or 50 uF is better.
When used in balanced
output circuits (two

(9153

EL 2



» 75 .
dror (6] Vo o Vazn 250V IIa(mA] valves), the bias
. l; } g—l la0 o 2 X275mA lglmA) should preferably be
& 5 g2 R - 3050 TB0 60 automatic and the
o - 80000 T EBC 3 or EL 2,
5 2 0 connected as triode,
B may be employed as
. ax 2 w00 40 driver. Bearing in
H mind the cost of the
. s 3p driver  transformer
s and the required
] reproduction of low

2 ! 50 20 dio jes.t]
I ] andiofrequencies.the
—— Ceeridot designer will find a
- T 25 10 transformation ratio

] - .
! o of 1:(2+ 2) quite
i FweMiio o suitable, but if the

3 2] P ; .

2 5 6 7 g 9 ,Mf EL 2 is used, connec-

Fig. 9

Anode current, screen current and total distortion as a function of
the output power for two KL 2 valves in a balanced circuit, with
automatic grid bias, with Vu = Fy, = 250 V.

ted astriode, theratio
may be somewhat
higher.

Tables I and II fur-

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

fosses should be deducted.

n7 n:l
13 " } 13 o
< @ @
Ig2 & o l Sy o2
o r Va b}
Ver !
Rg2 Vi
la
Ja ! vo n ?
s 5 1
/?kg "['
N
A
Yig. 10 Fig. 11

Circuit diagram of the EL 2 as employed for the
measurements the results of which are given in
Table I. Loading resistance
La == Rprim -+ nRsec + n*Rl = Rtr 4 #°RI.

Output power
ia® (Rprim -+ n®Rsec + n*Rl)
ia® (Rtr + n*RI) = {¢*Ra.
Direct voltage on the anode = Va = Vb-Ta Bprim.
Power loss in output transformer ==

1.
ia® Rtr = o o
Iin

Wo

[}

i (Rprim -+ n* Rsec) =

116

Circuit diagram of the EL 2 as used for the

measurements the results of which are given

in Table II. For the symbols and formulae
employed see text, Fig. 10

R
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EL 3

EL 3 Output pentode

This is a high-mutual-conductance, indirectly-heated 9 W output
pentode which, owing to its accuracy of construction, is capable
of delivering 4.5 W with 109, distortion (i.e., efficiency 50 °/).
The mutual conductance is 9 mA/V and the valve lends itself well
to reception incorporating A.F. feed-back; the grid input signal for
full modulation is 4.2 V. In balanced output stages it is possible
to obtain an output of 8.2 W at ¥y = ¥V, = 250 V, in which case
the distortion is 3.1 %, whilst the input signal need only be 6.7 V
(per half of the secondary winding of the driver transformer). At
a screen potential of 265 V, with 250 V applied to the anode and
allowing for a voltage drop of 15 V in the output transformer, an
output power of 9 W is developed, with 6.8 9, distortion, on a grid
input of 5.6 V (effective). The special construction of the cathode
imparts to this valve its very high mutual conductance with a
comparatively low heater power; at the heater voltage of 6.3 V
the current is only 0.9 A.

HEATER RATINGS

Heating: indirect. A.C. or D.(\
Heater voltage . .
Heater current

I

pamllel supply.

It

CAPACITANCES

Anode-to-grid . Coypn = < 0.8 uuF¥

OPERATING DATA: EL 3 employed as single output valve

Anode voltage Ve ==
Screen-grid voltage Vo =
Grid bias. Vo =
(Cathode resistor Ry =
Anode current 1, ==
Screen-grid current Lyo ==
Mutual conductance . S ==
Internal resistance R; =
Load resistor . . R, =
Output power with 10 %% dlstortxon .o W, =
Alternating grid volt'we at Wo =45 W . Vi =
Sensitivity (W(, = 50 mW). e e e e e Vi =
Amplification factor; grid 2 with respect to grid 1. . pyep =

118

so0i0
F¥ig. 1
Dimensions in mm

20005

2

Fig.
Arangement of
electrodes and

base connections.

250 V

250 V
—6V

150 ohms
36 mA

4 mA

9 mA/V
50,000 ohms
7,000 ohms
4.5 W

4.2 Vo
0.33 Vop
23



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

(automatic grid bias)

Anode voltage

Screen-grid voltage

Cathode resistor .

Anode current (without mgna,l)
Anode current at max. modulation .
Screen current (without signal) .
Secreen current at max. modulation .
Load resistor between anodes
Output power

Distortion .
Alternating input voltage (per grld)

1) separate cathode resistor per valve.

V.
Vo

Ry,
1go
Ia max
1!120
]gz max
Raq
W,
diot

Vi

=250 V 250 V
=250 V 250 V

= 140 ohms 190 ohms 1)

=2 X 24mA 2 x 31 mA

= 2 X 28.5 mA 2 X 34 mA

=2 %X 28mA 2 X 3.6 mA
=2 46 mA 2 X 5.8mA
== 10,000 ohms 10,000 ohms
= 82 W 9 W

== 3.1 9, 6.8 9,

= 6.7 Veg 5.6 Vg

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

Anode voltage

Grid bias.

Cathode resistor

Anode current .
Amplification factor .

Mutual conductance .

Internal resistance

Load resistor . e
Output power with 5 » distortion .
Alternating grid voltage .
Sensitivity (Wy = 50 mW).

MAXIMUM RATINGS

Anode voltage in cold condition .
Anode voltage
Anode dissipation .

Screen-grid voltage in cold cond.ltlon .

Screen voltage .
Sereen dxssq)atlon (Vi = 0)
Screen dissipation (W, = max.)
Cathode current

Grid voltage at grid current star(: Ly = 5 0.3 pA)
External resistance between grid and cathode .

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

or effective value of alternating voltage)

Ty = 250V
Vopo= —85V
% = 425 ohms
fy = 20 mA
n o= 20

R; = 3,000 ohms
Req = 7,000 ohms

o =11 W

7y o= 5.9 Vg

i = L1 Vag

Vo = max. 350 V
Ve = max. 250 V
Wy == max. 9 W
I'(/::u = max. 550 V
Fgs = max. 275 V
W, = max. 1.2 W
W, = max. 25 W
{; = max. 55 mA
71 7= Mmax. —1 3V

Ry == max. 1 M ohm
Ry = max. 5,000 ohms

Vg = max. 50 V

EL 3
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30015
laﬁmﬂ)HH i 7 RSN EETED
I
sof W e W
‘" b—i—1
\ ;
Vg2 = 250V 11
100 Ra= 700011, -1
I
A e -4V
50 = LLLE
|
& s
[T L4 o]
I I s
i ] ;
[i3n = i T O A O A T
0 100 200 00 400  vatvy 500
Fig, 3

Anode current as a function of the anode voltage at ditferent values
of urid bias, at Vg, = 250 V

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

the screen voltage within a range of 250—275 V and these curves furnish the main
operating data with respect to any voltage drop of from 0 to 25 V in the output

transformer.

Fig. 8 supplies additional data as a function of the screen voltage for the case where
the receiver supply is less than 250 V and the anode potential is less than the screen
voltage by 15 V (equal to the voltage drop across the output transformer).

Grid bias may be of the automatic type only (cathode resistor); semi-automatie
bias is permissible provided that the cathode current of the EL 3 exceeds 50 o, of
the total current flowing through the biasing resistor. The maximum value for
the grid leak, as shown in the maximum ratings, should then be reduced in accordance
with the formula: (cathode current of output valve/total current in the resistance)
% Ryyp. Furthermore, the fact must be taken into account that the current of any
valves controlled by A.G.C. will affect the bias on the output valve, so that, if A.G.C.
is to be employed, the bias may be too low and the anode current therefore too high.
In the design of a receiver it is essential to take the high mutual conductance into
consideration, as it may otherwise give rise to feed-back and parasitic oscillation. Leads
to the valve holders must be as short as possible and a resistor of 1,000 ohms in

the control-grid lead is in many cases necessary.

When this valve is to be used in balanced output circuits the following should also
be borne in mind. If the standing anode current is more than 25 mA a separate
resistor must be used for each valve; differences in the anode currents might be the cause
of overloading, due to the fact that one valve carrying a high current would receive
too little bias from another with too low a current. It is advisable to watch this point
in all eases where the removal of one of the valves would cause damage to another.
The data supplied in respect of this valve when used as a triode give a clear idea of
its performance as a pre-amplifier in balanced output circuits.

To prevent oscillation it is advisable not to connect the sereen directly to the anode
but to interpose a resistor of 100 ohms, without any decoupling; for the rest, the
same precautions must be taken as for a pentode, such as short leads, ete. The EL 3
coupled as a triode will also give good results when employed as a driver valve in

halanced output stages operating with grid current.
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12!
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100

R

50

25

ot Vorl)

~20 =15 -0

Fig. ¢

Anode and screen-grid current as a function of
the grid bias at Va = Vy,

= 250 V.
Iz [mA)
ELY 29-9-38
75
soHHA%
2
/!
2% y.
/] P
%
A
0.
00

Fig. 5
Anode and screen-grid current as a function of the anode voltage,
with Vg as parameter. EL 3 used as a triode.
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Fig. 6
‘Total distortion, 2nd and 3rd harmonic distortion and alternatinge
grid voltage as a function of the output power. EL 3 used as singlh
output valve with automatic bias (Va = Vg, = 250 V).
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T
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Fig. 7
Qutput power e T :
with 10 9 distortion. . . Wo (10 %) ‘s‘jre‘m’“’r‘f;“‘,’é‘"jﬁe%‘;
Alternating grid voltage . . ¥i(10 %) & g
s e the range 250-275V),
Sensitivity . . . . . . . . Vi(50 mW) at  constant anodo
Cathode resistor . RE o ey
Anode current. . . . . . . fu voltage (Va = 250'V)
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Fig, 9
Anode current fa, screen current Ig,, total distortion, 2nd and 3rd har-
nwnic distortion and alternating grid voltage V< as functions of
the output power Wo, for 2 EL 3 valves in a balanced circuit, with
Va = Vg, = 250 V.
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EL 5 Output Pentode

a The EL 5 is a steep-slope, 18 W output pentode.
y Using this valve it is possible to obtain greater
output power than with two 9 W pentodes in a
balanced circuit. Linear and non-linear distortion
are considerably reduced by applying A. F. feed-
back.
Two of these 18 W pentodes in a balanced circuit
will deliver an effective output of 20 W, in which
case contrast expansion can be successfully em-
ployed. The particular form and dimensions of
the 3rd grid ensure a very satisfactory upper bend
in the dynamic characteristic. At full excitation
it is possible for the anode voltage to drop to very Fig. 1
low values, with the result that the distortion at Dimensions in mm.
9 W output is extremely low, being 10 %, when
35__1 automatic bias is employed; at lower output powers the amount
—_— of 3rd harmonic distortion is very slight indeed. All the advantages
Arrangement of Of a triode are thus obtained, without its disadvantages, viz. that
. clectrodes and  the output power with a given amount of distortion drops sharply
ase connections. . . . :
when a loading resistance higher than the normal is used.
As the valve may be used with a screen voltage of 275 V this, in
conjunction with an anode voltage of
250 V, will allow for a drop of about 25 V
in the output transformer. 22128 1 (mA}

T - AEETIeET 250
O Y %
- ~——-Ig2 - /
3 200
HEATER RATINGS s fi;:f it an
Heating: indirect by A.('., parallel supply. - - - '_‘
Heater voltage . . . . . Vy=63V T @
Heater current . . . . . I; =13 A ; ;/wL‘-— 150
REEE ST
A
NN S
0
’
\'0
- - Vi 100
CAPACITANCES N /) BN
Anode-grid Cyyy < 0.8 uF 7
/ -
s
Vgrﬁf 0
0

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



Yig, 4
Anode current as a function
of the anode voltage at
Vg, = 2756 V¥, for different
values of grid bias.

EL 5
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OPERATING DATA: El 5 used as normal output valve (single valve)

Anode voltage
Screen-grid voltage
Cathode resistor
Grid bias.

Anode current
Secreen current
Mutual conductance .
Internal resistance
Load resistor .

Output power (dggt == 10 ,(,) ..
Alternating input voltage with 10 ”(, (lxs,t
Sensitivity (1, = 50 mW) .

l'a -
Vo —
Ry —

Vg =

I’y =

250 V
‘)70 v
75 ohms

— 8.5 mA/V

22,0600 ohms

- 3,500 ohms

S8 W
< 9.1 Ve
0.) Veit

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

Anode voltage
Screen-grid voltage
Cathode resistor

Anode current (without s1gna.1)

Anode current at max. modulation .

Screen current (without signal) .

Screen current at max.

modulation .

Load resistor between anodes
Output power (I, = 4 0.3 pd) .

Total distortion ({, = + 0.3 y»\) B
=+ 0.3 [J.A)

Alternating input voltage (7,

MAXIMUM RATINGS

Vo == max. 550 V
Vo = max. 250 V
W, = max. 18 W
ngo = maX. 550 V
Vgs = max. 275 V
Wy == max. 3 W

'y

Voo Uyy = + 0.3 pA) =

R!Ilk (auto. bhias)
Ry
Vi

Ve —~ 250 ¥V
Vs - 275 V
Ry == 120 ohms
Ly == 2 X 58 mA
Ty max = 2 %X 65 mA
1y =2 2 X 6.25 mA
11/2 nax - 232 10.5 mA
Ry, 4.500 ohms
”"vn 19.5 W
dtot = 519
i = 12,5 Vg
== max. 90 mA
max. —1.3 V
= max. 0.7 M ohm
- max. 5,000 ohms
max. 50 V



EL 5

A. Single output Amplifier

22128

T 1] T : Generally speaking. it
» ‘@(‘fﬁff) H - is not advisable to cou-

tad =
t r s ple the BL 5 directly to
o1 EREE a diode. Figures 5 and 6
Zt;?’ ot u indicate the alternating
san T El.s. grid input and distortion
i, M| At Ve = 250 V.V, -
feanan v 275 V and R, = 175
Vor <275V 275 V ¢ i 7
Re 1750 ohms, corresponding to
a Ra  «350001 o
857 Cu . SOuf an anode current of 72
I samw= 051 Vef mA, as a function of the
Eunst output power; Fig. 5
2 IRENN e relates to a loading
H 111’ RuESE resistance of 3,500 ohms
ol : H Wl)|  and Fig. 6 to 2,500 0hms.
0 6 8 0 2 From these curves it is
Tig. 5 evident that when a
Alternating grid voltage, total distortion and distortion constituents. ~ :
as functionshof the output power; EL 5 used normal output valve load of 2,500 ohms }S
with appropriate anode voltage, 3,500 ohms load resistor and used the 3rd harmonic

decoupled biag resistor. componentis muchsmal-

ler than in the case of
the 3,500 ohms load, so that in all instances where this would be an important factor
the smaller load deserves preference.
The suggested pre-amplifier for use with the EL 5 is the EL 6 or EBC 3. When the
EL 6 is employed in conjunction with the EL 5 the distortion curve is almost iden-
tical to that of the 1L 5 alone. With the combination EBC 3 4+ EL 5 the distortion
curve, at a lower output than three-quarters of the maximum, is about 10 %, lower,
this low distortion figure being due to partial compensation of the 2nd harmonic
in the EL 5 by that of the EBC 3. Owing to its high mutual conductance, the EL 5
is eminently suited to the application of negative A.F. feed-back for rednction of
distortion. When feed-
back is applied, using 22125

a factor of about 10, T
the result is as shown
in Fig. 7, in which the o
EF 6 is represented as ke i
pre-amplifier, with the - u
feed-back applied to : P
both valves. fiasss ;:7'20, ] jtich
B aap R o754 (i
B. Balanced output 671 LT o ;i_g?g_ﬂ
Stages (2 Valves) HH T H Wisomw=057 Vet 1
4 32gs genas : =
If greater output, or less AT pupzaaifh ang
distortion, is desired, 2 ! FEEF
two EL 5 valves can i i i ,4,{}‘ s SO HH waw)
with advantage be cou- 0 2 4 6 8 0 L
pled in a balanced ¥ig. 6
circuit. With an anode Relation between alternating grid voltage, total distortion, distortion
components and output power of the EL 5, with normal anode vol-
voltage of 250 V and tage, 2,500 ohms load resistor and decoupled bias resistor.
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screen voltage of 275 V, the common cathode resistor should be 120 ohms and
distortion ean be kept down by decoupling this resistor with a high capacitor
(25 or 50 uF). The full line in Fig. 8 represents the distortion obtained with this
arrangement, with a load resistor of 4,500 chms (between anodes), as a funetion
of the output power. The distortion is due to 3rd harmonic only.

269
161

Glterr) | Hif BEmRE
14 14 ANBEY R
12 121 =] I 48 "&—”»fﬁj
S : ) J T, B B Fig. 7
T 1 250V 2881 Y T A = i RRelation between alternating
10 10 L <275V . . N
4 Faran CTTT I Hllee -mwsa [ arid voltage Vi, total distor-
} CoIT R asoon T tion dtof and output power;
Ck o 50uF [ EL 5 with pre-nmplifier EF 6
EF6 SRRAN and negative feedback applied
Ve <250V |17 to the latter.
Rgz 08MN {‘
Rk =40000) L +
Ra  =032M{: 111
{-Visgmy=30miber -
T

22152
pum i
L
!
Fig. 8
2xELS Anode current and total dis-
Va <250V tortion as a function of the
V; 275V output power; two KL 5 valves
R 1200 in balanced output stage with-
= out grid current, employing
R T normal anode voltage and
= 45000 load resistor of 8,000 ohms
ARR or 4,500 ohimy between anodes,
, !
2 2 BRR=CZ s T
L H s
0 plEE=E (W wlw)
o 5 a0 25




EL 6

EL 6 Output Pentode

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

The valve can also figure in balanced output stages, although the
output obtainable is then not so high as in the case of two EL 5
type valves. On the other hand, the EL 6 has the advantage of a
higher mutual conductance. The optimum output power is 14.5 W
with 2.2 9/ distortion at an alternating grid voltage of 7.3 Vi)
per grid. Taking into account an average voltage drop of 15 V across
the output transformer, the output at ¥, = 250 V with Vg, = 265 V
is somewhat higher, viz. 16 W, with 1.4 %, distortion with a grid
input of 8.5 V(). The maximum distortion is roughly 3 %9, which
oceurs at approximately 10 W output.

The very high mutual conductance is due to the special construction
of the cathode, with its relatively low heater power: at 6.3 V the
current consuned is 1.2 A,

max 122

27818
Fig. 1
Dimensions in min.

r f
> S T~
T TR “~”"-"3//Q\\) vp
228 1“.9 I '3
| |
200 P o2
] Lo»
Va = Vo= 250V ] 75 . 27817
A ig. 2
Arrangement of
/150 clectrodes and
I base connections.
I}
f 125
Ji
4 100
/ 75
50
W) LA % JI } 0
-35 =30 =25 =20 ~15 -0 -5 [/
2

Tig. 3
Anode and sercen current as a function of the
grid bias, at Fa == Vg, = 250 V.
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Anode current as a function of the anode voltage at Fy, = 250 V

with Vg, as paramecter.

HEATER RATINGS
Heating: indirect by A.C., pa,rallel supph

Heater voltage . . . . . .. . . oo e Fp=63 0
Heater current . . . . . . . . . . . . . o - oo Ly =12 A
CAPACITANCES

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

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

Anode voltage . . . . . .. ... ... .. ... F, =20V
Screen-grid voltage . . . . . . . . . . .. . ... Fyo=250V
Grid bias. . . . . . . . . ... ... 00000 Vg =T
Cathode resistor e e e o . o . .. Rr = 9 ohms
Anode current . . . . . . . . . . . . . . ... .. 1, =172mA
Sereen-grid cwrrent . . . . . . . . . . . ... ... I,y = 80mA
Mutual conductance. . . . . . . . ... . ... 8 =145 mA/V
Internal resistance e . ... .. Ry = 20,000 ohms
Load resistor . . . e e e e . . . . . R, = 3,500 ohms
Output power with 10 % dlstortlon C e W, =8 W
Alternating input voltage for W, S VV oo oo Fy o= 48 Vuyr
Sensitivity (W, = 50 mW) . .o Fr =03 Ve

Amplification factor, screen with respect to grld l .o ltgey = 20
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OPERATING DATA: EL 6 used as an output valve in balanced circuits
(two valves) with automatic grid bias.

Anode voltage . . . . . . . ... ... F, = 250 V 250 V
Screen-grid voltage . . . . . . . . . . . Fp == 250 V 265 V
(‘athode resistor. . . . .. . . .. Rp = 90 ohms 97 ohms
Anode current (without sngna,l) Y = 2 X 45 2 X 45 mA
Anode current at max. modulation. . . . . lipax = 2 X 53 2 X 54 mA
Screen current (without signal). . . . . . . [y, = 2 X 5.1 2 X 5.1 mA
Screen current at max. modulation. . . . . Jymax = 2 X 8.5 2 X 9.9 mA
Load resistor between anodes . . . . . . . Ry == 5,000 ohms 5,000 ohms
Output power . . . . . . . . . . ... W, = 145 W 16 W
Distortion . . . o deot = 229 1.7 9,
Alternating grid volt‘lge per grld R == 1.3 Vet 8.2 Vg

MAXIMUM RATINGS

Anode voltage in cold condition . . . . . . .. V4 = max. 550 V
Anode voltage . . . . . . . . . .. .. Fg = max. 250 V
Anode dissipation . . . . ... . .. ... Wy = max. 18 W
Sereen voltage in cold condxtlon e o oo oo oo Ve = max. 550 V
Screen voltage . . . . e e .. Fyp = max. 275 V
Screen dissipation (V; =- 0) e e oo oo Wy — max. 2 W
Screen dissipation (W, - max.). . . . . . . . .. Wy = max. 3 W
(‘athode current . . . I = max. 90 mA
Grid voltage at grid current start (Ig1 = + 0. 3 ,uA) ¥y = max. —1.3 V
External resistance between grid and cathode . . . Ry = max. 0.7 M ohm
EExternal resistance between heater and cathode . . Ry = max. 5,000 ohms
Voltage between heater and cathode (D.C. voltage

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

Irig. 6 gives a number of useful data plotted against the screen voltage in the range
250—275 V. With an anode voltage of 250 V by means of these characteristics any
voltage drop in the output transformer from 0 to 25 V can be taken into account
in investigating the operation of the valve. Dynamic characteristics of the EL 6 as
a funetion of the screen voltage, in the case of receivers in which the available anode
voltage is less than 250 V and whereby the anode voltage is less than that of the screen
by 15 V, are given in Fig. 8. Allowance is made for an average voltage drop of 15 V
across the output transformer.

In the case of Class A and A/B amplification the grid bias must be automatic (cathode
resistor); semi-automatic bias may be employed so long as the cathode current
of the EL 6 is in excess of 50 % of the total current flowing through the biasing
resistor. The maximum value of the grid leak, as indicated in the Maximum Ratings
should then be reduced in accordance with the following:

(‘athode current of the output valve ]
LT 7 Ry

Total current passmg through the resistor producing the voltage drop

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

digt(d) o Vilterr)
HHEHH Vo = vgz= 250 [
REnEdpnEndie bez2ma  CTOTY
15 j EEE] Rus 900 i 6
” - Ra= 35000 |+
: TITT] Gl S0pF [
T
. {
1 /f/ -

R =
=

t ¢

THES +H o
2 q 6 3w 10
27821

Fig. 5
‘Total distortion, and 2nd and 3rd harmonic distortion; L 6 used as
normal output pentode with auto. bias and decoupling capacitor in
the cathode circuit (Fa = Vg, = 250 V).
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EL 6

Vi (Vers) Rin)
Wo(WE T T IafmA)
i
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+H Vigsomiv,

(vert)

75 075
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25 035

R
-1 Vga(y) 0 1]

Fig. 6

Output power

with 10 % distortion.
Alternating grid voltage af

10 9%, distortion .
Sensitivity ..
Cathode resistor. . . . . . Rk
Anode current. . . . . . . [e

Vi (10 %)

. B t B
250 260 270 280

Wo (10 93)

Fi (50 mW)

27824

as functions of the
screen voltage (in the
range 250-275 V) with
a constant anode vol-
tage (Va = 250 V).

dege(%)
Vi(err) Ta 1o
(g3
R ) e
Va:l{q2‘=250|/
75 : Ta=2x45mA 50 75
' Vi fk=900
Ra=50001
Cke 50uF
Ia
50 100 52
[\
[t=tmpt o
- ! -
25 % = o 0 2
4 2 tot)
pd g I a3
‘A s ; LEE Ig2
P A S o o t i
e [T
ot SfEai=es @iy o
0 5 0 15 20 25
27822
Fig. 7

Total anode current Ia, total screen current Ig,, total distortion dtot,
3rd harmonic distortion and alternating grid voltage per grid Vi,
as functions of the output power Wo when using two EL 6 valves in
a balanced circuit with Va = Fg, = 250 V.
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Vi (Very) Rufn,
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Fig. &
Output power as functions of the
with 10 9 distortion. . . Wo (10 % sereen-grid voltage (in
Alternating grid voltage the range 200-265 V)
with 10 °/ distortion. . . 17 (10 %) where the voltage of
Sensitivity Vi (50 mW) the anode is 15 V
Cathode resistor . pies lower than that of
Anode current, Ja the screen.
lsimAl
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Fix. 9
Qutput power at max. modulation . . . Wemax e s
Total distortion . . .. Ldtot( Il'nmux)’ ;;Nflrl:f;:g’:zltof t(}}ﬁ
Anode current at max. modulation .. . Jamax }11(3 r'mm""50—"('5 )
Screen current (without signal) . . . . . [y.0 at Loﬁsbt'.;nt ~1lm0d(,‘
Screen current at max. modulation . . . Iy.max \ voltage (¥a = 250 V)

Cathode resistor (fao = 45 mA per \”nl\v) Rk
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ELL 1 Double Output Pentode

This valve was specially designed for car radio receivers and consists
of two output pentode units enclosed in a single envelope, each
unit having an anode dissipation of 4.5 W. Irom the point of view
of its operation from the car battery, both the heater and the
anode current have been kept as low as possible; in consequence,
the mutual conduetance of each unit invidually is not so very high,
viz. 1.7 mA/V. The two valve units have been housed in a common
hulb for use in balanced circuits, in order that the power supplied
to the anode shall be utilized to the best possible advantage; with [
3.5 9, distortion, the output power is 4.5 W. t7as9

The two cathodes, sereen grids and suppressors are inter-connected bi Fig. 1
. . - ) HICNSIONS 1IN M.
within the valve. o

max 100

fim4i
T T AT
I —
00
papnEan
IO O A 6 AL
H R , 28
u I N 37
1a7‘
R 0 T O
. +4 44 L4/
T A AT B e
I T T e T T 117
l 50
LTI AN
:‘ ‘T [.I 27858
I LI A A
EEpEERN Fig. 2
B L1 Arrangement of
electrodes and
25 base connections.
i
T2 o213
A B4l
il
1 4+ 11
= o
WiV -60 -40 -20 0
27840

Fig. 3

Anode and screen-grid currents of a single pentode

unit, of the ELL 1 as a function of the grid bias,
at Ve = Vy, = 250 Y.

HEATER RATINGS

Heating: indirect by hattery current, rectified A.C. or D.C.; parallel supply.

Heater voltage . . . . . . . .. ... ..... ..... =63V
Heater current . . . . . . . . .. ... ... ... I =045 A
CAPACITANCES

Anode-grid system 1 . . . . ., . . e o Oy < 13 puF
Anode-grid system 2 . . . . . . 00 000000 LGy < L3 pul
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ELL 1

STATIC RATINGS (PER SYSTEM)

Anode voltage . . . . . . . . . .. . . . Vo = 250 V
Screen-grid voltage . . . . . . . . . . . . .. Voo =250V

Grid bias. . . . . ... 00 Vyo == —195 V
Anode current . . . . . . . . . . . .. R = 15 mA
Screen-grid current . . . . . . . . . . . . . 1, == 2.5 mA
Mutual eonductance. . . . . . . . . . . & = 1.7 mA/V
Internal resistance . . . . . . . . . . . . . .. R; = 110,000 ohms

OPERATING DATA FOR BALANCED CIRCUIT

Anode voltage . . . . . . . . . . . . . R 250 V
Screen-grid voltage . . . . . . . . . . . . . .. Vs = 250 V
Common cathode resistor . . . . . . . . .. . Ry = 560 ohms
Grid blas. . . . . ... Vo = —19.5 V
Anode current (without signal). . e Igo = 2 % 15 mA
Anode current at max. modulation. . . . - o dgmax = 23 17 mA
Screen current (without signal). . . . . . . . . | Lya0 = 2 % 25 mA
Screen current at max. modulation. . . . . . - Jppmax = 2 X 5 mA
Load resistor between anodes . . . . . . e Ry = 16,000 ohms
Output power . . . . . . . ... . . Wo o 4.8 W
Total distortion. . . . . . . . . . . . . . . diog == 3.59
Alternating input voltage per grid . . . . . ... T; 19 Veg

MAXIMUM RATINGS

Anode voltage in cold condition . . . . . . . -« Vo - max. 550 V
Anode voltage . . . . . .. . . ... . . Ve = max, 250 V
Anode dissipation (per system). . . . . . . . - Wy -: max. 45 W
Screen-grid voltage in cold condition . . . . . . . Vyo = max. 550 V
Screen-grid voltage . . . . . . . . . . . . | Py = max. 275 V
Screen dissipation per system (Tei==0) . . . ... Wgs == max. 0.7 W
Sereen-grid dissipation per system (17, = max.) . . W, - max. 1.5 W
Cathode current per system . . . . . . . . . . . I -+ max. 30 mA
Grid voltage at grid current start Iy = 4+ 0.3 1A) Vyy = max. —1.3 V
External resistance between heater and cathode . . B -~ max. 5,000 ohms
Voltage between heater and cathode . . . oo Fgoo max. 50V

The data and characteristics given with respect to this valve refer only to a resistance-
free source of voltage; in general, car radios are driven by the car battery by means
of a vibrator and the latter, together with the transformer and anti-statio circuit,
have a fairly high resistance which will somewhat reduce the maximum obtainahble
output power; the internal resistance, therefore, should be as low as possible, In
the case of an internal resistance in the supply unit of, say, 1,600 ohms, with the
pre-amplifier valves taking 20 mA, the following values will furnish an output of
4.75 W, with 39, distortion:

Internal resistance of the anode-feed source . Y /1 -= 1,600 ohms
Current consumption of amplifving valves. . . . . 1, == 20 mA
Anode voltage . . . . . . . . ., . . . ... Vy == 250 V
Screen voltage . . . . . . . . . . ... . . Voo =2 230V
Cathode resistor . . . . . . . ., . . . . . . . Ry == 600 ohms
Anode current (without signal). . . . . . . . ., Lo == 2 X 15 mA
Anode current at max. modulation . . . . . « o« Jymax = 2 3 16.5 mA

135



ELL 1

Screen current (without signal). . . . . . . . . . Ly 2 < 25 mA
Screen current at max. modulation . . . . . . . . Ijomax = 2 X 4.7 mA
Load resistor between anodes . . . . . . . . . . R4 = 16.000 ohms
Output power. . . . . . . . . . . . ... W = 4,75 W
Distortion . . . . . . . . . . o o . . diot = 3%
Alternating input voltage, per grid . . . . . . . T; = 18 Vg
%’gl‘/ ¢r64>  The output obtainable
- : ; RRs: IHI‘“"",“"” in respect of other values
i \—7"% may be estimated from
o the above figures.
i The maximum anode
S voltage is 250 V, which
R on an average car bat-

.
1
i

; -2V
+ -28VH
G IEnEn AN ARSAEI 307 [l
300 400 S00  walv) §00
Tigz. 4

Anode current of one pentode unit of the ELL 1 as a function of the
anode voltage for ditferent values of grid bias, at Vy, = 230 V.

tery voltage of 6.3 V
must definitely not be
exceeded; actually the
use of car batteries may
give rise to considerably
greater overloads than
are usually met with in
the case of mains opera-
tion, since, when the
battery is charging, vol-
tages of 8 to 9 V may
occur, with consequent
detriment to the life of

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

necessity for a reduction in anode voltage.

ot %
g » hfma)
7 T I Laimd)
! Vilvert)
T Ia IEENE
Va = 2= 250V 730
Ri= 60010
Ra=1600002
fg=2x15mA
Cie= S0uF
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Fig. 5

Potal distortion dtot, alternating grid voltage 174, total anode current
fa and total screen current Ig,, as functions of the output power
of the BELL 1 when used in a balanced output stage with automatic

arid bias.
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EM 1 Electronic indicator

The electronic indicator EM 1 is designed on the lines of a high
vacuum tube and is thus able to react without the slightest lag.
It consists essentially of the virtual indicator itself, comprising a
cathode, anode (screen or target) and four deflection plates. The
anode is conical in shape and is coated on the inside with a fluorescent
substance, the glow of this fluorescent screen, caused by the electrons
striking it, being visible from the end of the valve. Between the
cathode and this screen there are four deflection plates, mounted
radially, which, as their name implies, exert a deflecting effect upon
the electrons passing to the screen. In this way the screen, which
is connected directly to the positive high-tension line of the receiver,
gives rise to four bands of shadow of variable width.

In a normal receiver circuit the tuning to the desired transmitting
station is set to give maximum width of the lighted sectors.

The lower part of the electronic indicator consists of a triode which
amplifies the variable control voltage from the automatic gain control
circuit, and the anode of this triode is connected internally to the
deflection plates and externally, through a resistor of 2 megohms,
to the positive side of the H.T. supply.

The variable control voltage on the grid produces variations in
potential at the anode and therefore also on the deflector plates,
thus varying the width of the sectors of light.

The EM 1 can be used equally well in 6.3 V A.C. receivers, car-radio
gets and A.C./D.C. models with their heaters fed in series. Since
the direct voltage on the fluorescent screen must not drop below
200 V, however, the use of this tube in A.C./D.C. sets is limited to
those working on 220 V D.C. without voltage doubling, A.C. 220 V
mains, and 110 V A.C. mains with voltage doubling.

HEATER RATINGS

Heating: indirect by A.C. or D.C., series or parallel supply.
Heater voltage . . . . . oo . Vr=63YV
Heater current . . . . . . . . . . . . ... ]f = 0.200 A

OPERATING DATA

EM 1

1
r—a |

3=7¢

f—

Fig. 1
Dimensions in mm.

al

Fig. 2
Arrangement of
electrodes and
base connections.

Supply voltage e e e e e e sy =200V 250 V
Anode series resistor . . . ... . Ry = 2Mohms 2M ohms
Grid bias for smallest angle of hgh’o sectm e V=0V 0oV

Arid bias for largest angle of hght sector. . . . . Fp = —4V —5 V
Anode current at V, =0 V. . . e oo Iy = T8 pA 95 pA
Anode current at V, = —4 V or —5 V oo oo g o= 20 pA 21 A
Sereen current at ¥V, =0 V. . . . .o« .1 =013mA 013 mA
Screen current at Vy, = —4 V or —5 V ... ..l = 014 mA 0.14 mA
Angle of light at the edge of the screen, measured

abt Vy=0V. .. ... o= 20° 16°
Angle of light at ’ohe edge of the screen, measured

at Vy=—4and —5 V. . ... ... ... .p = 90° 90°
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2. Width of light sectors Anode current of the triode section, Za, current on fluorescent screen
on the .itl;lol‘(if‘c‘llllti_ 1y, and light angle [ measured at the edge of the screenm, as
screen with a high biag . : i T o "
on the grid of the functions of the grid bias, at ¥b = 200 V.
triode section.
L. The same on a low
grid bias.
Yalve holder Support tor MAXIMUM RATINGS
cathode-light screaen

TFig. 5

Vee = max. 550 V
Cathode-light Vo max. 250 V

i

screen Vlo = max. 550 V
Fi = max. 250 V1)
By = max. 5,000 ohms
Fluorescent screen Ry = max. 2.5 M ohms
#2251 Vo = max. 100 V?2)

Top view of the indicat orin the holder. The support 1} Allowing for 10 % over-voltage of the mains.
for the cathode-light screen indicates the position ) Direct voltage or effective value of alternating

of the cross.

Fig. ¢
Anode current of the triode
section JI¢, current on fluo-
rescent screen Iy, and light
angle (3 measured at the edge
of the screen as functions of
the grid bias, at Vb = 250 V.
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C/EM

C/EM 2 FElectronic indicator

The Philips C/EM 2 is an indicator for accurately tuning the recciver
to the required station. It works on the same principle as the EM 1,
being a high-vacuum valve, with conical screen which is viewed from
above. Two fan-shaped fluorescent patterns are formed on the screen
and the width of these sectors varies with the tuning.

The difference between this tube and the EM 1 is that instead of
four deflector plates only two are provided, whilst there is an
extra grid between the anode and the fluorescent sereen. As in the
EM 1. moreover. the indicator comprises two sections, combined = Fig. 1

in a single envelope. The lower part of the tube is a triode with a Dimensions in mun.
high amplification factor and serves to amplify the direct voltages

obtained from the automatic gain control circuit. In the upper

portion of the valve a grid is mounted between the conical fluorescent

screen and the cathode, by means of two rods. The supporting rods =01

of the triode-anode protrude into the virtual indicator section and

lic in the same plane as the grid supports; there are therefore two

ways in which electrons from the cathode to the anode (fluorescent 7 = g

screen) can be controlled, viz.
1) by utilizing the deflecting effect of the two triode-anode sup- kr o f
ports, which serve the same purpose as the four deflector plates in
the EM 1 and react upon the width of the light sectors; simultane-
ously an intensity variation occurs when the voltage on the triode
anode falls;

2) the light strength of the fluorescence is controlled by the applica- f\w

tion of different potentials to the grid of the indicator; in other words, %3342

this eontrols the brilliance, which can ultimately be made to disappear giss — 8<iaw
altogether. At the same time, due to the deflecting action of the grid \Oi 7?
supports, the angles of the sectors can be varied; this means that g

the indication can be obtained in various ways:

a) The tuning can be rendered visible by coupling the grid of the Wi 2 =
triode section to the A.G.C. circuit; the anode supports, projecting clectrodes and
into the indicator, then receive a higher or lower voltage due to base connections.
the variable voltage drop across a series resistor as in the case

of the EM 1; the electrons on their way to the anode arve thus detlected to a
greater or lesser degree.

b) Alternatively, the voltage on the grid of the indicator itsclf may be varied, for
instance by connecting it to the screen-grid circuit of a controlled R.F. or LI valve,
leaving the triode section available for other purposes, such as the suppression of
interference duc to crackle, or the amplification of the A.G.C. voltage.

¢) Tuning can he made visible by means of a combination of the two above-mentioned
arrangements. It is possible to obtain an effect whereby the light sectors on the
Huorescent screen are very small and of low intensity when the receiver is not tuned
to a station. As the tuning approaches the carrier-wave frequency the intensity
increases until the area of the light sectors, and their intensity, are at a maximum
(the screen is then saturated), after which, on a strong carrier wave, a maximum
width of about 150° may be reached.

Tuning is thus facilitated by the variations in the intensity as well as by the changes
in the width of the light sectors, especially on weak signals.

As in the EM 1, the cathode is provided with a screen cap to avoid unpicasant
effects caused by the light emitted by the cathode.

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

|
I

F RESCENEE et
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Tig. 8
Triode section of the C/EM 2. Anode current
as o funetion of the grid bias at Ve = 200V
and 250 V.
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Tig. 4
Triode section of the (YEM 2. Anode current as a function of the
anode voltage for various values of grid bias, reproduced on a large
anode-current scale.
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Fig. 5
Triode section of the C/EM 2. Anode current as a function of the

anode voltage for various values of grid bias, reproduced on a small
anode-current, scale.
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Light sector angle 3 of the fluorescent screen as V
a function of the anode voltage Va of thetriode
section, with the grid bias Vg of the indicator
section as parameter. The broken lines on the
curve indicate the range in which the light
sectors decrease in size. Voltage V1 on the
screen constant af, 250 V. 00 00 200 300 LW,
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Fig, 7
Light angle 3 of the fluorescent screen us
function of the voltage Va on the triode anode
and deflector rods, with the voltage V¢  on
the grid of the indicator section us parameter.
i The broken lines in the curves indicate the
5 e range in which the intensity of the light de-
100 P4 RE creases. Voltage FI on the screen constant at
/L 1 200 V.
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Light angle 3 of the fluorescent screen as a Light angle $ of the fluorescent screen as a
function of the voltage V¢’ on the grid of the function of the voltage p” on the grid of the
indicator section, with the voltage Va on the indicator section. with the voltage Ve on the
anode of the triode as parameter. Voltage VI anode of the triode as parameter. Voltage V1
on the fluorescent screen constant at 200 V.

on the fluorescent sereen constant at 250 V.
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C/EM 2

HEATER RATINGS

Heating: indireet by A.C. or D.C., series or parallel supply.

Heater voltage . . . . . . . . . . . ... ... ... .. .. Tr =63V
Heatercurrent‘.......................]f::U.QUOA

OPERATING DATA: Triode section

Anode voltage . . . . . . . . . .. . . .. ¥, =20V 250 'V

Grid volbage . . . . . . .. .. ... ... T, =—25 3.5V
Anode carrent . . . . . . . . . . . ... .. 1, =3 mA 3 mA
Mutual conductance. . . . . . . . . .. ... 8 =2mA/N 2 mA/V
Amplification factor . e .ou =50 50

Internal resistance . e . Ry =2 25,000 ohms 25,000 ohmas

OPERATING DATA: Indicator section

Voltage on fluorescent screen . . F; — 250 V

I. Indicator grid voltage ¥," variable.
Angle of fluorescent sector . . £ == 5° 150° 160~
Voltage on anode of triode. . V, — 250 250 250 V
Voltage on grid of indicator . V,” - —6 0 43V

2. Voltage on anode of triode T, variable.
Angle of fluorescent sector . . 3 - 957 1507
Voltage on indicator grid . . 17,/ - 0 oV
Voltage on triode anode . . . 17, = 0 250 V

Voltage on fluorescent screen . . F; =: 200 V

1. Indicator grid voltage ¥, variable.
Angle of fluorescent sector . . == 37 150° 1607
Voltage on anode of triode. . T, == 200 200 200 V
Voltage on grid of indicator . ¥,/ = —+4.5 0 +3

2. Voltage on anode of triode ', variable 3
Angle of fluorescent sector . . § - 90°  150° 8!
Voltage on indicator grid . . V, - 0 (VR A
Voltage on triode anode . . . T, - 0 200V 2

MAXIMUM RATINGS

Fao -oomax. 850V

7 = max. 300V 5

W, = max. 1.5 W g/ 22
Vio - max. 550 V fj’\ )
1] == max. 250 V S 7.
15 -: min. 150 V -
1 = max. 1 mA °
I - max. 12 mA Without screening
¥ I, = +0.3 ud = max. —1.3 V Fig. 10

g J ' ¢ Definition of the
il f . 109 _ - 1V

s Iy = + 0.3 pA) — max. -1 ¥ light angle 8. Top
Ry = maXx. 2.5 M ohms view of electronic
Ry = max. 2.5 M ohms indjeator,

- _ o, a. with cathode
Ry = max. 20,000 ohms light screened.
o — ax. 125 V1! h. with cathode
Vrir max. 125 V1) HThe ot
') Direct voltage or effective value of alternating voltace. sereened.
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EM 4

EM 4 Dua]-sensitivity electronic indicator

The EM 4 is a dual-sensitivity electronic indicator valve which enables max 28

weak and strong signals to be tuned in with equal ease and ac-

curacy. It is hardly possible to distinguish this tube from the EM 1

as regards appearance; it works on the same principle and also has

the conical Huorescent screen, upon which shadow sectors are

produced by deflection of the electron streams, these sectors being

variable in width. Here, too, the screen is observed from the top of

the valve. Instead of 4 fluorescent sectors, this tube gives only two and,

therefore, also two shadow zones; in the case of the EM 4 tuning

is effected by means of the shadow sectors rather than by the light. =~ Tig. 1

The shadow sectors do not vary in size to an equal extent when Dimensions in xm.

the set is being tuned; one sector is very much more sensitive than

the other, that is to say, the angular variation takes place more a2.02

rapidly. athf} 1

The development of this tube was prompted by the following

considerations: in circuits employing the EM 1 it was often found

difficult to obtain a satisfactory indication on weak signals as well 9

as on strong ones, so that, if a sensitive indication is essential on

weak signals as well, there is no alternative but to feed the grid of kgt T

the EM 1 directly with the direct voltage from the load resistor of the

receiving diode or, at any rate, to reduce this voltage only slightly

by means of a potential divider. On strong signals, however, such

a high voltage occurs on the grid of the indicator that the fluorescent

sectors cover the whole of the screen long before the centre of the

resonance curve is reached.

On the other hand, if preference is given to a good, clearly
visible indication on

73—78___,‘

s~ —~Window
/

o R strong transmitters, a
athode-light __ ~"" » . -
screen K’—\\‘ _laccaqauhe’:g suitable tapping being

provided on the poten-

Flyorescent
= scrée

Deflection rod Al reen tial divider for this
with high sen-—-] " .
Fivity 7723 1 _ pefiecton rog  PUrpose, there will be

ith fow senfi- C e
with fow sk hardly any indication
- - -Cathode-light

screensupport @b all on  the weaker
Andeof e Stations;  the  direct
T irodewitt hoh voltage variations ab
the grid during tuning

Space-charge
grid -

Anode of the
triode part with™ 1~
low gan factor

Control grid of
the two friode
systems

Fig. 2
are so small that the Armng%mem of

movement at the edges | electrodes and

| — Cathode

Fitament ~ — — 4 &
of the fluorescent zones ~°° CmRections:
is barely visible.

In view of the above,
a satisfactory indication on both weak
and strong signals can virtually be
obtained only by using two indicators, one
being connected direct and the other
across a potential divider, to the load
resistor of the receiving diode, but
a better solution consists in connecting
Construction of Philips Electronic Indicator EM 4. the two indicators to the load resistor
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EM 4

a in the same manner, e.g. one of the
indicators being very sensitive and the
other of low sensitivity.

(—Shedow sector By qongitivity, in the case of an electronic
e Fh/arescent B v

Deflection rod
Suypporting rod
Deflection rod—;

indicator, is meant the angular variation
in the tfluorescent and shadow sectors for
one volt variation in grid voltage. The
use of two valves for indicating purposes,

E 0

Cathode l/g/rt

— due to the high cost and extra space

@ required, would be out of the question,

Tig. 4 . o however, even in the highest class types
Am‘“gelllgggor(’fsO?;foﬁoﬂp&ie’;:{;[‘2'the Indi- of jeceiver and the need, therefore,

is for a wvalve that will embrace the
qualities of both high and low sensitivity.
Hence the EM 4, which may be regarded as a combination of two electronic indicators
of different sensitivity, was developed; the construction, however, is almost as
simple as that of the EM 1. The two units have a common fluorescent screen and cathode.
one half of the screen serving each of the units.
The construction is as shown in Fig. 3: the conical fluorescent screen is at the top
of the tube and the extremity of the cathode projects into it. Between the cathode
and the screen, taking the components in order from the centre outwards, there is
a space-charge grid, connected to the cathode, and two diametrically opposed deflector
rods. The top end of the cathode is screened with a small cap to counteract the
unpleasant effect of the light emitted by the cathode. This cap rests on two rods
mounted vertically on the fluorescent screen, in contrast with the EM 1, which has an
oblique rod. The two rods are fitted on a bar lying at 90° to them (sec Tig. 4) and
are at the same potential as the screen.
The amplifier section of the tube is at the lower end and consists of two triodes, of
different amplification factors, mounted one above the other around the cathode;
they are served by a common grid, but the latter is wound at a ditferent pitch for
each triode unit. The two anodes are electrically isolated from each other; the upper
one, this being the smaller, is that of the high-amplification-factor triode. Each anode
is connected to one of the deflector rods of the indicator unit and has its own separate
contact on the base of the tube.

In the circuit (see Fig. 9) these anodes are o
connected across 1 megohm resistors to a®
the positive H.T. line of the receiver;

the fluorescent screen is at the same 7l s
potential. V=250V / /
The two triodes are controlled simultane- Ra= M2 / |

ously by the bias on the grid (control
voltage from the detector diode) and they
function as voltage amplifiers; variations
in the bias are equivalent to a voltage
drop across the anode resistors and

therefore produce a variation in the width /

J . ; N X r . 0
of the shadow sector behind the deflector 35 v 20 5 % s 5
rods.
The high-sensitivity triode unit produces Tig. 5

a greater variation in the shadow angle Various characteristics of the shadow angle plotted
. . against grid voltage:

behind the relative deflector rod than a. Characteristic of the loss sensitive unit of the I3M 4.

the other section, for a given grid voltage; b. Characteristic of a valve with variable pitch grid.

. . ’ ® ; ¢. Characteristic of the more sensitive unit of the

in this tube the shadow angle for 0 V EM 4.
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grid potential (and 250 V supply), is 90°.
With —5 V on the grid the shadow angle
of the high sensitivity deflector rod is 5°
whereas the less sensitive rod does not
give this shadow angle until —16 V is
reached.

Tig. 6 shows the characteristics of the
sections of the valve, which clearly demon-
strate the action of the indicator. The
two scnsitivitics of the EM 4 are thus
obtained by the use of two amplifier
triodes having different amplification
factors. Originally, a solution to the
problem of obtaining a clear indication
for both weak and strong signals was
sought in a special form of characteristic
in the amplifier part of the triode, for
instance by employing a grid of varying
pitch, so that the I,/V, characteristic
would have a long “tail”, but character-
istics of this type do not give good results,
as will be seen from Fig. 5, in which
curve {b) represents the shadow angle as
a function of the grid voltage of a tube
of this kind. At small grid voltages the
mutual conductance is relatively high,
giving fairly good sensitivity on weak
signals, but not nearly so high as in curve

L T
0 L TR R
20 W) -6 -10
Fig. 6

Shadow angles ®, and o, measured at the
edge of the screen, and screen current 77 as fune-
tions of the grid voltage on a supply of 250 V.

(c) in the figure, which refers to the more sensitive section of the EM 4. At high

6079 TROZESS 3

B :I&[I]l}ll J7T u 4:‘*9

B e e
Rat (mA)

25

values of grid potential the tube opcrates
on the tail of the curve and the mutual
conductance is low, with correspondingly
low sensitivity of the indicator. From
Fig. 5 it will be noticed, however, that
even on strong signals the indicator is
anything but satisfactory; assuming a
direct voltage of —10 to —15 V during
tuning, curve (a) gives an angular variation
of 18° and curve (b) only 6°.

The indication obtained on strong sig-
nals is thus not sensitive enough when
the indication for weak signals is good;
valves made with varying pitch do, in
actual fact, yield curves as shown in b,
which means that such tubes are satis-
factory only on weak signals. For a really
good indication for both weak and strong
signals the only solution is a tube of

Fig. 7
Shadow angles o, and o, measured at the edge
of the screen, and screen current I} as functions of
the grid potential on a supply of 200 V.



EM 4

S RO297 ,2 .
—-F ‘If?ﬁ‘g" the type of the EM 4 with its dual sensi-

- tivity ranges.
ooF ‘H Al It should be noted that the EM 4 has
1005 iy only two fluorescent zones instead of the
four in the EM 1. In the first place

this ensures greater angular variation in
each of the individual scctors; secondly,
experience has shown that the average
listener finds it easier to tune with only
two sectors than with four. When there
are four fluorescent sectors the layman
invariably tries to obtain a symmetrical
pattern on the screcn, with correspon-
dingly faulty tuning. With only two
shadow sectors there is less to occupy
the eye and there is not so much tendency
towards inaccurate tuning. Due to the
i e . presence of the two rods supporting the
20 e R cathode-light screen, the fluorescent areas
; ; are divided by two thin lines of shadow.
Fig. 6 shows that at —16 V and —5 V
the characteristic commences to flatten

g i
=8 kb -6 out; small lines of shadow remain over,
Tig. 8 s fac S
Shadow angles o, and o, measured at the edge due to the fa:(‘t that the deflector r(?ds
of the screen, and screen current Iy as func- absorb a certain amount of current which
tions of the grid potential in turn produces a voltage drop across

the coupling resistor, this preventing the

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

HEATER RATINGS

Heating: indirect by A.C. or D.C'., series or parallel supply.
Heater voltage . . . . . . . . . ... .. ... .......1;=63V
Heater current . . . . . . . . . . . ... .. ... ... I =020A



EM 4

OPERATING DATA: EM 4 used as tuning indicator

Voltage supply to screen and

anode circuits. . . . . . . . I} = 100 V 200 V 250 V
Anode series resistor for the

high-sensitivity section. . . . Ry = 1Mohm 1Mohm 1 Mohm
Anode scries resistor for the

low-sensitivity section . . . . I, = 1Mohm 1Mohm 1M ohm
Sereen current at V, =0V . . I = 0.2 mA 0.55 mA  0.75 mA

Grid voltage for a shadow angle

of 90° in the high-sensitivity

section. . . . . . . .. oL Ty = 90°)
Grid voltage for a shadow angle

of 90° in the low-sensitivity

section. . . .. ... Fy(x, = 90°) =0V 0oV 0oV
Grid voltage for a shadow angle

of 0° in the high-sensitivity

section. . . . . . ... .. Fy(yy = 09 = =25V — —
Girid voltage for a shadow angle

of 0° in the low-gensitivity

seetion. . . . . . . . ... Fy(ea = 0% = -8V — —
Grid voltage for a shadow angle

of 5° in the high-sensitivity

seetion. . . . . . .. .. Pyl = 59 = — —42V -5V
Grid voltage for a shadow angle

of 5° in the low-sensitivity )

seetion. . . . ... .. Fyley = 5% = — —125V —16V

o; == shadow angle with respect to deflector rod D,, measured at the edge of the screcn.
as = the same with respect to deflector rod D,.

MAXIMUM RATINGS

i

(Y oV (UY

Varw- - - - . - . —= max. 550 V Vi. . ... ... =max. 275 V

Var « « - « . . . == max. 275 V Vo(ly = + 0.3 pA) = max. —1.3 V
Vaso- - - « - . . == max. 550 V Ryp. . . . . . . . = max. 3 M ohms
Cgg « « « « . . . = max. 275 V Rpe. ... . . . . = max. 20,000 ohms
¥io . . . . . . . = max. 550 V Vige « .. . . . = max. 100 V1)

1) Dircet voltage or etfective value of alternating voltage

APPLICATIONS

The EM 4 can be used in all A.C. or A.C./D.C. receivers incorporating diode rectifica-
tion, so long as the signal strength at the diode detector is sufficiently great (super-
heterodynes). The electronic indicator should for preference be connected to the
diode load resistor; connection to the A.G.C. diode in the case of delayed control
has the disadvantage that the indicator will not then function on signals which are
below the delay level. Since the more sensitive side of the EM 4 is otherwise designed
to permit of exact tuning on weak signals and will do so even when the signal is below
the delay level, it is advisable to connect the grid of the EM 4 dircctly to the detector
diode. In this way, moreover, the control voltage rises more quickly during tuning,
because the signal voltage at the diode is taken from the second tuned circuit in the
I.F. band-pass filter, whilst the signal voltage for the A.G.C. diode is usually derived
from the first tuned circuit.

The apparent sensitivity is thus greater at the detector diode than at the A.G.C. diode.
Fig. 9 is a typical example of a superhet receiver circuit incorporating the EM 4.
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Here the grid receives the full control voltage across the load resistor of the detector
diode. An R.C.filter circuit is provided to suppress low frequencies existing across
the load resistor. Nonetheless, in many cases the signals on the diode will be too
strong and it will be found necessary to cut down the direct voltage across the load
resistor by means of a potential divider. In this, however, care should be taken
to see that the A.C\. resistance (R,) of the diode circuit is not reduced too far, as
this will have a bad effect on the ratio of Ry to R, and the maximum modulation
depth for undistorted rectification will be reduced; this can be avoided by using
high-ohmic resistors for the potential divider. Actually the same applies to the
resistance of the R.C.filter circuit shown in Fig. 9. In general it will be necessary
to ensure that the direct voltage on the grid of the EM 4 corresponding to the strongest
anticipated aerial signal is just sufficient to produce the smallest possible shadow
sector o, of the less sensitive side of the indicator. If this can be done the indications
will be excellent. The sensitivity values of the two indicator sections are such that
in the majority of cases accurate tuning will be possible on the weakest signals; but,
if even greater sensitivity is required on very weak signals, this can be obtained only
at the expense of the

deflection on the S EBC3

stronger signals. £r9 s

Should the resonance in
- 100004uF
g §§;£€ “? =
z N

curve of the receiver
exhibit two peaks,

the indicator may Reverse
. . : ™1 feed-back
possibly give a maxi- o0 oo ks
. s

mum deflection on e % § gg
one of the sidebands, - e a5y r
and every care must = o S0

3 : & 2T
be exercised in en- S L
suring that the band- o
pass filter produces a
single peak only.
When the indicator =

A.C./D.C.. receivers,
efforts must be made I
Tig. 9

to see that the screen  Tyeoretical eireuit diagram showing the M 4 in a superheterodyne
receives the highest  receiver. The diagram reproduces the I.F. and A.F. sections only.

. . g
is used in low voltage s%

+ 265y 316

possible  potential;

otherwise the brightness of the fluorescence will be too low. It may also be found
that on a 100 V supply the high-sensitivity section of the indicator gives only a
slight indication, and this can be explained in the following manner.

The grid circuit of the EM 4 must include a resistor of from 1 to 2.5 megohms
with a decoupling capacitor to filter out any modulation on the load resistor of
the detector diode (see Fig. 9). With no signal, grid current flows, which produces
a potential of about 1 V negative, across this resistor. Since the grid swing of the
sensitive side of the indicator is only about 2.5 V on a supply of 100 V, this negative
potential of 1 V considerably reduces the deflection of the shadow sector; Fig. 10
demonstrates the actual effect of a grid resistor of 1 and 2.5 megohms respectively
(chain-dot and dotted lines in fig. 10).

On high supply voltages this effect is not so marked, because the grid swing of the
sensitive unit is then much greater, although the effects of grid current are, never-
theless, perceptible.

In view of the above, the sensitive side of the indicator is not generally used in
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receivers operating on a supply of 100 V and, as the less-sensitive part is then much
more sensitive than normally on 250 V, approximating more closely the characteristic
of the EM 1 at 250 V, this section of the indicator will give a much more satisfactory
range of deflection on average signal strengths.

In A.C./D.C. receivers operating on 100 V it is also possible to short the two anodes
of the triode and feed them through a common resistor of 1 megohm, and the

™ au—‘ﬁﬂmaz
17 a
T
;

LR g EnEN
g
<

’

oS
8

=75

-3
T
11
\

Fig. 10
Full line. Shadow angles o, !
and o, measured at the edge /!"
1
)
1

of the screen, as a function of
the grid potential on 100 V¥
supply, with no resistor
connected in series with the B
grid.
Chain-dot line. The same with
a resistor of 1 megohm con-
nected to the grid. I 25
Dotted line. The same with a 2
resistor of 2.5 megohms in
geries with grid.
As from — 1.2 V¥, the three THT
curves coincide, ']
-2 Kv) -0 = -6 -4 -z 0
61504

8

8

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

is quite sufficient for all
T @08 tuning purposes; both
a° &t the shadow angles of the
- = EM 4 are then the same,
A as is also the angular
] variation in the two
sectors.

40

4 Iig. 11
shadow angle oo of the two
sectors, and screen current I}
20 g2 8 functions of the grid voltage
T on 100 V supply, with the two
LA anodes interconnected and fed
through a resistor of 1
= megohm. A resistor of 2.5
megohms is connected to the
grid.

-2 G % -8 : ~4 = 0
60932



EZ 2 Rectifying valve

a & The EZ 2 is an indirectly-heated full-wave
rectifying valve, specially designed for car radio
receivers. The heater is fed from the car battery
at 6.3 V and for this reason the heater-current
consumption has been kept as low as possible.
The optimum D.C. output is sufficient to operate
a normal car radio receiver, not including energizing

kf f current for a loudspeaker.

Fig. 1
Dimensions in mm.

HEATER RATINGS

Tig. 2 Heating: indirect by A.C. or D.C.

Arrangement of Heater voltage . . . . . . . . . . . . . . .. Vi=63V
electrodes and ©
base connections. Heater current . . . . . . . .. . .. ... Iy =04 A

MAXIMUM RATINGS

Voltage on mno-load, across the secondary winding

of the power transformer . . . . . . . . . . . ¥,
DC.output . . . . . .. ... ...
Voltage between heater and cathode (absolute peak

i

max. 2 X 350 Ve
max. 60 mA

&
I

value) . . . . . .. Vi = max. 500 V
Internal resistance of the power transformer (per
anode) . . e e e e e e e e e o oo oo By = min. 600 ohms
Capacitance of first smoothing capacitor at
Vir,=2%X30 Veg . . . . . ... ... ... C = max. 16 ulf
Capacitance of first smoothing capacitor at
T =2X300 Veg . . . . .. ... .. ... 0 = max. 32 uF

As rectifying valve in a car radio receiver, the direct voltage with a superimposed
ripple voltage between the filament -— which is connected to the car chassis
through the battery — and the cathode which is taken directly to the positive
H.T. side of the first smoothing capacitor must be accepted as such.

At such time as the rectifying valve is not loaded a potential occurs between these
components equal to the peak value of the voltage applied to the valve. The maximum
permissible voltage between heater and cathode is 500 V, i.e. the maximum peak
value of the alternating anode voltage, whilst the optimum value of the direct current
delivered is 60 mA, this being an absolute value, applicable also to alternating voltages
of 2 x 300 Vietry

EZ 2



EZ 2
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Fig. 4
Loading curves for the rectifying valve EZ 2, for
voltages of 2 x 300 and 2 % 350 V on no load,
across the secondary winding of the power
transformer, and with respect to different values
of the internal resistance of the rectifier circuit.
The input capacitance is at most 16 yF on
2 x 350 V, or 82 uF on 2 % 300 V. Ifthe
internal resistance of the power transformer
is less than the minimum of 600 ohms, it must
be increased to that value by means of an extra

resistor R, in series with the half-sccondary.

Rt = Rs+ R, + n*Rp

Rp = resistance of primary winding.

Its = resistance of half secondary winding.

n = transformer ratio; prim. winding/sec.
half-winding.

Iy = additional resistance when total resis-

tance is too low.



EZ 4 Rectifying valve

s 2 The EZ 4 is in indirectly-heated full-wave recti- maxJd7
fyving valve for use in high-power receivers and
small amplifiers. With the two anodes shorted
the valve can be used as a half-wave rectifying

valve, and two valves connected in this manner °f<’
provide a full-wave circuit that will give a high g
voltage with considerable power. The optimum
kt f power thus dehve.red is twice the value that ce?n.bc E 4
fr obtained from a single EZ 4, the two valves giving ctzao
kQ,Q Qp 350 mA with 2 x 400 V A.C. across the secondary Fig. 1
, winding of the power transformer. Dimensions in mm.
- “J¥  The dimensions of this valve are unusually small;
4t notwithstanding the low current consumption, the output is, rela-
tively speaking, exceptionally high.
30
Fig.
Amrangeent of HEATER RATINGS
electrodes and
base connections. Heating: indirect hy A.C.
Heater voltage . . . . . . . . . .. ... ... =63V
Heater current . . . . . . . .. ... ... .. ] =094
MAXIMUM RATINGS
Voltage, on no load, across the secondary winding
of the power transformer . . . . . . . . . . . Vi = max. 2 X 400 Vg
D.C. output . . . e e e oo I, = max. 1753 mA
Voltage between heater and cathode e e e e e Vg =0 VY
Internal resistance of the power transformer, at
Vire = 2 % 300 Ve (per anode) . . . . .. Ry = min. 200 ohms
Internal remstance of the power tmnsformnr, at
7y = 2 X 350 Veg (per anode) . . . . . . Ry = min. 250 ohms
Internal resmtance of the power tmnsformer at
Vir = 2 > 400 Veg (per anocde). . . . Ry = min. 300 ohms
Capacitance of the first smoothmg ca.pamtor at
Vip, =2 X 350 Vegand 2 X 400 Veg . . . . . . C = max. 16 pk
Capacitance of the first smoothing capacitor at
Vb =23 300Vegg o . « o . o v v oo ... C = max. 32 ulF

1) The eathode must in every case be connected to one side of the heater.

The heater of the valve must not be included in the heater circuit of the receiving
valves, but a separate winding should be provided in the power transformer; the
cathode should be connected directly to one end of the heater. Of the smoothing
capacitors, the first may be increased in value from 16 to 32 uF, provided the A.C.
voltage is reduced to 2 X 300 Veg. Owing to the very low internal resistance of
this rectifying valve, not much heat is developed and it is therefore not necessary to
take any special precautions in the design of the receiver or the mounting of the
valve to ensure ventilation.
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EZ 4

22135
?50 lé {M) . L 24 5577
w0 B AR nak A naans
T L
EEEEaNY AR -0
ERE -1
150~
o 7 n
-4 _:/_
100 %
axspurRes
F2136
SRR 70T TR T~
’ NENNA : fo
P 1T ias 700
4 L 0
SEEN R - 650
I X RERN : &g
MRy dnun i HH- - 600 Vi Rt ]
1/ . R - N I C= Vo=
o T et sso ‘
0 0 20 20
Fig. 3

Current per anode, plocﬁted against the applied

direct voltage.
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24 1526

50 100

Tig. 4

50

200

250

Loading characteristics of the rectifying valve
EZ 4, for voltages of 2 x 800, 2 x 350 and
2 x 400 V(eff) across the secondary winding of
the power transformer, for different values of
the internal resistance of the transformer.
The input capacitance C of the filter is at most
2 lJ,F on 2 x 300 V(efl), or 16 . I¥ with 2 x 350

and’ 2 X 400 V{eff).

If the internal resis-

tance of the transformer is less than the
minimum value it must be raised to this
minimum by means of an extra resistor R, in
series with the half-winding of the secondary.

Rt

Rp
Rs

n

wa

It

R,

s 4+ R, + n*Rp

resistance of primary winding
resistance of the half-secondary winding
transformer ratio; primary winding/

half-secondary winding.

extra resistance when total resistance

is too low.



AZ 1 Rectifying valve

This is a directly-heated, full-wave rectifying valve for medium- ax45.
power receivers operating on normal working voltages.

FILAMENT RATINGS
Heating: direct by A.C.

Filament voltage. . . . . . e V=4V g
Filament current. . . . .l =11A x
|

27828
Fig. 1
Dimensions in mm.

.
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27827

Fig. 2
Arrangement of
electrodes and
base connections.

MAXIMUM RATINGS

Voltage, on no load, at the secondary winding of
the power transformer. . e

D.C. output on Vg = 2 X 500 Vg, .

D.C. output on Vi = 2 X 400 Veg. .

D.C. output on Fp = 2 X 300 Ver. .

Capacitance of the first smoothing capacitor

’ |

= 2 %X 500 Ve
= max. 60 mA
== max. 75 mA
= max. 100 mA
= max. 60 uF

ANSs
1
i

If the valve is to be mounted horizontally, it should be located so that the filament

lies in the vertical plane.
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Tig. 3
Current per anode, as a function of the applied
direct voltage.

Fig. 4
Loading characteristics relating to different trans-
former voltages, on no load, for different values of
the internal resistance of the transformer (Rt =
Rs + n* Bp + Iy)
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AZ 4 Rectifying valve

The AZ 4 is a directly-heated full-wave rectifying valve for
receivers consuming a heavy current.

FILAMENT RATINGS

Heating: direct, A.C\.
Filament voltage.
Filament current.

27838
TPER ANOOE. Ul
almA) g oo
ri
v
vl

MAXIMUM RATINGS

Voltage, on no load, across the secondary winding
of the power transformer . . . .

D.C. output with ¥,
D.C. output with V
D.C. output with Vs =
Capacitance of the first

2 X 500 Vg .
2 X 400 Ve .
2 X 300 Veg .

smoothing capacitor.

Py =40V
Iy =23 A

Fig. 3
(Current per anocde, as a fune-
tion of the applied direct
voltage.

Ve = max,
I, = max,
1, = max.
I, = max.
C = Mmax.

max.tf.

27833
Tig. 1
Dimensions in mimn.

a &

fr

27837
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40

30337

Fig. 2
Arrangement of
base connections
and electrodes.

2 x 500 Ve
120 mA
150 mA
200 mA
60 uF

For medium-power amplifier equipment two AZ 4 valves each working as a half-wave
rectifying valve (anodes connected in parallel) may be used in a full-wave rectifier

circuit.

If the valve is to be mounted horizontally it should be located so that the filament
lies in the vertical planc.

AZ 4



AZ 4
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Tig. 4
Loading characteristics for transformer voltages,
on no load, of Vtr = 2 x 300 Vand 2 x 500 V
and with respect to different values of the inter-
nal resistance of the transformer 27838
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Toading characteristics relating to Vir =
2 X 400 V, for different values of the internal
resistance of the transformer
(Rt = Rs + n*Rp + R)).



