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Foreword

This book contains descriptions and dala of the recetwing and amplifying
valves brought out by Philips in the post-war years 1945-1950, and is a sequel
to Books II and I11 of the Series covering 1933-1939 and 1940-1941 respectively.
Rimlock-valves take a prominent place, together with the miniature battery
valves and various Noval types, in which class the EQ 80 is an imporiant
newcomer for F.M. and A.M./F.M. receivers.

As in the earlier books of the series, considerable space is devoted to appli-
cations of the new valves, illustrated with many circuit diagrams of receivers.
The graphs are reproduced on a larger scale than before, so as to make them
more legible and wuseful to thc set-designer, service dealer and studenl.
Descriptions of the latest measuring tnstruments and of auxiliary equipment
for use in laboratories, testing stations and faclories are again included.

The book was compiled from dala contributed by many experts in the Philips
Laboratories and Factories. We have to thank Mr. J. F. Havinga, London,
for the English translation and Mr. F. M. Walker, London, for checking the
English manuscript.

The Authors

Eindhoven, June 1952
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Explanations relating to the technical data
of Philips receiving and amplifying valves

Introduction

Technical data relating to receiving and amplifying valves fall under three
headings :

a. Typical characteristics

b. Operating characteristics

c. Limiting values
Typical characteristics cover the properties of the valve alone, with no
electrical components connected to the electrodes. They include the mutual
conductance, the internal resistance, the I,/V, and I,/V, characteristics,
ete.
Under operating characteristics, the particular applications with appropriate
circuits, working conditions and properties are given. Although it is generally
advisable to adhere as closely as possible to the published data, deviations
are permissible provided that no value is allowed to exceed the maximum
specified for the valve in question under the heading limiting values.
Limiting values are the maximum permissible values for the voltages, cur-
rents, loads, etc. to be applied to the valve. Failure to observe these limits
will undermine the quality and effective life of the valve; this subject is
dealt with more fully in a subsequent paragraph.

I. General observations

a. The data given for any one valve should be regarded as applicable to
the average valve, representative of the type in question.

b. Data relating to a valve used for a specific purpose are usually based on
the anode current; this means that the grid bias should be adjusted to
secure the anode current specified, without input signal, the grid bias
being as a rule only approximate.

c. The various electrode potentials of a valve are usually given with respect
to a certain basic point, namely the cathode of indirectly heated valves,
or the negative side of the filament of directly heated valves.

d. In all circumstances, a D.C. conductor must be provided between each
of the electrodes and the cathode of an electronic valve. Generally speak-
ing, the resistance in an electrode circuit should not be higher than is
necessary to ensure satisfactory performance of the valve. If the valve
has a suppressor grid with a separate external contact, this grid should,
unless it is used for a special purpose, be connected direct to the cathode.

e. The output power I, of an output valve is the power the valve is capable
to deliver; owing to losses in the output transformer, amongst other
things, the effective power is usually lower.

f. As a rule, good air circulation is essential to avoid overheating of valves,
and this is particularly true in the case of output and rectifying valves.
For the same reason, other valves and components radiating heat should
be kept sufficiently far apart.



II. Limiting values
ITA. General observations

Among the technical data of the electronic valves, a section headed *“Limiting
values” will be found. None of the electrical values listed under this heading
should be exceeded when the valve, an average specimen of the type in question,
1s used in a circust in which:
a. the components are of nominal value,
b. the voltages are of nominal value,
c. there ts mo input signal.?)
Since in actual practice these conditions are not usually fulfilled, it is im-
possible always to remain within the specified limits. For normal variations
in components and voltages, however, the valves possess enough reserve
to ensure that their properties or life will not be affected. To clarify the
phrase ‘“normal variations”, the following definition has been accepted :
Provided that, when an average valve 1s used 1n the circuit conforming to a, b
and c above, none of the limiting values is exceeded, it is permissible:
1. to use any valve of the type in question in that circuit;
2. to allow such variations in the voltuges as will correspond to a mains voltage
fluctuation not exceeding +109%, (the voltage of an H.T. battery may drop
to two-thirds of its nominal value; for L.T. batteries see para. IID);
3. to allow such tolerances on the components, and apply such input signals
as are specified in pare’s IIB and 1IC.
In car-radio sets and other vibrator-driven receivers operating on a 6 V
(or 12 V) battery, allowances must be made for the pronounced voltage
fluctuations liable to occur under normal working conditions: with this in
view, the valve voltages in such sets are adjusted for a battery voltage
of 7 (or 14 V); the filament voltage being then also 7 V. It is then permissible
for the battery voltage to vary between 5.5 and 8 V (or between 11 and 16 V)-
(see also para’s IIB and IIC).
If variations in voltages or components greater than would be permissible
according to the foregoing are anticipated, the working point of the valve
must be reduced accordingly, although it is not permissible to raise the
working point when variations encountered are below the limits set, secing
that the valve reserve is not usually sufficient to permit of continuous
operation on values higher than the specified maxima. Nor is it permissible
to allow variations in one voltage or component in excess of the maximum
permissible limit when the variations in other voltages or components do
not reach this limit.

IIB. Limiting values for anode and sereen grid dissipations (1., 11y)

Anode and screen grid dissipations in an output valve may exceed the limit
by max. 159, as a result of variations in the values of the components, or
owing to the rise in voltage when the A.G.C. comes into operation.

') For class B push-pull circuits this should read: where the input signal is such
that the anode dissipation rewaches its maximum.
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In mains receivers, the different mains voltages are usually divided into a
number of groups, covered by a tapping plate. Deviations arising from the
fact that the nominal voltage in any one such range differs from the average
voltage, fall within the above-mentioned 159,.

Tt is usual to include in the limiting values for output valves the maximum
screen grid dissipation in the absence of an input signal (W, at V;=0);
this value should not be regarded as the maximum permissible dissipation,
as it is given merely to assist in determining the working point of the valve:
if this value is not exceeded in the absence of an input signal, it is unlikely
that the maximum permissible dissipation will be exceeded when the signal
is applied.

The limiting value for the screen grid dissipation in an output valve delivering
maximum output power (W, at Wy=max.) is to be regarded as a limit
which may be approached during brief periods only, under normal working
conditions. Therefore, if the valve is required to deliver its maximum output
continually, e.g. for measuring purposes, a lower working point must be
employed.

To avoid excessive anode dissipation, the anode should be loaded continuously;
this means that the anode circuit should never be interrupted, or the loud-
speaker disconnected unless replaced by an equivalent resistor.

IIC. Limiting values for the positive voltages (V,, V,, etc.)

The positive voltages in a circuit may exceed the limiting values, as a result
of the causes enumerated in para. IIB, provided that the anode and screen
grid dissipations of the output valve(s) remain within the limits defined
in the same paragraph.

When switching on, and also owing to the subsequent effects of the A.G.C.
coming into operation, the positive voltages may increase to the limiting
values applicable when no current flows to the electrode in question (¥,
Voo ete.). If both alternating and direct voltages are applied to an anode
simultaneously, the peak value may also approach this limit, provided that
the current at that moment approximates to zero.

IID. Limiting values for heater voltages and currents (V;, I)

Electronic valves may be divided into three classes, according to the filament

or heater supply.

a. Valves for parallel feed : Valves of which the filaments or heaters may be
connected in parallel with a voltage source (transformer, battery or
accumulator). The technical data of valves in this category are based on
the filament or heater voltage as specified, whereas the current is only
approximate.

b. Valves for series feed : The filaments or heaters of these valves are con-
nected in series with the voltage source (mains or battery). The technical
data are applicable for the filament or heater current specified, the
voltage being rcgarded as approximate.

c. Valves for parallel or series feed : In this case the technical data are based
on both the voltage and the current.



Apart from the condition that mains voltage fluctuations should not exceed
109, of the nominal value, the following has been laid down for the various

types of valves:
1. Generally speaking, the filament or heater voltage of valves fed in parallel

o

. The set of valves UCH 41 (or UCH 42,

from a transformer should not vary by more than 59, of the nominal
value as a result of tolerances on the transformer.

The mains voltage is usually divided into a number of ranges by means
of tappings on the primary of the transformer. To prevent over- or
under-heating, the highest and lowest nominal values in any such range
should not differ by more than 59, from the average voltage in the range
in question.

. When indirectly heated valves are operated on a 6.3 (or 12.6) volt battery

(car radios and other vibrator-driven sets), the battery voltage should
never be allowed to drop below 5.5 (or 11) volts, or to exceed 8 (or 16)
volts (see also para. ITA).

. When a fixed series resistor is employed for series-fed valves, the heater or

filament current should not vary by more than 3%, of the nominal value
as a result of tolerances on the value of the resistor, or in consequence
of the nominal mains voltage failing to correspond to the average voltage
within the range to which the set is adjusted. If a barretter is used instead
of a fixed resistor, a tolerance in the heater or filament current of max.
5%, is permissible.

Fig. 1 shows the voltage ranges which can be accommodated on the
tapping plate when a fixed resistor is employed: AR/R represents the
tolerance on the resistors involved, V; the total heater voltage, and
Vm the average voltage within a given
range. The limits of a voltage range are
determined by Vi, (1 £+ AVp/Va).

or UCH 21), 2x UAF 42, UL 41 and
UY 41 can be fed in series from mains
supplying a nominal voltage of 110—
127 V, without employing any series
resistor.

The UCH 41 (or UCH 42), UAF 42,
UL 41 and UY 41 can be operated on
such mains in conjunction with a
130 ohm resistor, whilst the UCH 21,
UAF 42, UL 41 and UY 41 require
a 70 ohm resistor (tolerances on these
resistors not to exceed + 59,).

At higher mains voltages it should be
borne in mind that the minimum
heater current of the Rimlock U-
range and the UCH 21 is 92.5 mA, and
the maximum heater current 110 m4; o :";Jé L 3 08—
these limits must be maintained, even

when mains voltage fluctnations are Fig. 1. For explanation see text.




likely to occur. In this connection the barretter U 30 described in this
book is important.

For other valves, used with a series heater chain, reference should be
made to para. 3.

. If the filaments of battery valves are operated in series, a resistor must
be connected across each filament to divert the cathode currents of the
other valves. If the filament has a central tapping, a similar resistor should
be connected across the negative section of the filament, to divert the
cathode current of the other half of the filament.

6. Battery valves of which the nominal filament voltage 1s 1.4 (or 2.8) V
should be operated from batteries supplying a voltage of the same nominal
value, the maximum being 1.5 (or 3.0) V, and the minimum 1.1 (or 2.2) V.
If the filaments of such valves are operated in series from D.C. mains,
or, by using a rectifier, from A.C. mains, the filament voltages should
be reduced to 1.3 (or 2.6) V.

. When the switch of a set in which the heaters are fed in series, is
closed, the differences between the warming-up times of the various
cathodes may cause the heater voltages of some of the valves to rise
above the nominal value. In an average valve this rise should not exceed
509, of the nominal voltage. If greater fluctuations occur, a current-limiting
resistor (varite) must be used to reduce the variation, or, as an alternative,
a relay connected across the heaters concerned can be made to short-
circuit them when the set is first switched on.

Note : In broadcast receivers employing standard series of valves, the
rise in heater voltage is always well within the 509, limit mentioned,
and no precautions are necessary.

(97
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IIE. Limiting values for the voltage hetween heater and eathode (V)

The limits specified under this heading are applicable to direct voltage, to
the r.m.s. value of an alternating voltage, or to the sum of both and relate
to the voltage between the cathode and that end of the heater at which
the voltage is the higher. For direct voltage it is usually best if the cathode
is made positive with respect to the heater. Furthermore, it is generally
advisable to prevent voltages at signal frequency from occurring between the
heater and the cathode; owing to lack of uniformity in the insulation of the
cathode, such voltages may lead to crackle or interfering modulation.
If a limiting value of V=0 V is specified, the cathode should be connected
to one end of the heater.

ITF. Limiting values for the grid and diode starting current
(Vy at I,=+0.3 pA and V4 at I4=-+0.3 pA)

In contrast with the other limiting values, these are not limits in the sense
that they must never be exceeded, but represent the limit below which the
current flowing to the particular grid (or diode-anode) will remain below
0.3 pA. This limit is determined when the valve is used in a normal circuit,
operating on normal voltages.



IIG. Limiting values for the external resistanec between control grid and
cathode (R, R;)

In the case of output valves, two limiting values are often specified for this
resistance, one relating to fixed grid bias and the other to automatic bias
(bias derived from a cathode resistor). If semi-automatic grid bias is employed
(bias obtained by means of a resistor in the common negative line of the
valves), the maximum permissible value of the grid leak can be determined
with the aid of the formula:

’ cathode current of output valve
R, = max.

X Ry,

total current flowing through the common neg. line

where R, is the maximum permissible grid leak when automatic bias is
employed.

ITH. Limiting values for the protecting resistance for rectifying valves (R;)

In order to avoid sputtering (momentary flash-over between anode and
cathode) in a rectifying valve, a certain D.C. resistance should be included
in each anode circuit; the minimum value for this resistance is always
specified. If a transformer is connected between the mains and the rec-
tifier, the D.C. resistance of this transformer will provide all, or part of, the
resistance required. In this case the following formula applies :

R;=R;+n°R, +R,, where, for half-wave rectifiers :

R; = the necessary protecting resistance,

R; = the D.C. resistance of the secondary winding,
n = the transformation ratio,

R, = the D.C. resistance of the primary,

R, = the extra resistance required.

For full-wave rectifiers, the symbols have the following meanings :

B, = the necessary protecting resistance, per anode,

R; = the D.C. resistance of half the secondary winding,

n = the transformation ratio between the primary and half the secondary,
R, = the D.C. resistance of the primary,

R, = the extra resistance required in each anode circuit.

If the rectifier is followed by a reservoir capacitor, the fact that ripple current
as well as direct current will flow through the protective resistor should
be taken into account in determining the wattage of this resistor. Accordingly,
it is usual to take a wattage about three times as high as would be necessary
for direct current only.

IIK. Limiting values for the eathode current of pulse-operated valves

In the pulse-operation of receiving or amplifying valves, cathode current
pulses of up to 25 times the maximum permissible average cathode current, as
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stipulated under the heading ‘Limiting values’, are usually permissible.
The duration of the pulse, however, should not exceed 109, of the repetition
period, and should not in any case exceed 50 psec. Any departure from this
condition will always be specified in the data of the valve concerned.

III. Mounting of electronic valves

Unless otherwise indicated, a valve may be mounted in any position, provided

that the following conditions are observed :

a. Valves of pinch construction must not be so mounted that the base is
on a higher level than the top of the bulb.

b. Should a directly heated rectifying valve be mounted in any other position
than the vertical, the filament(s) must lie in a vertical plane.

If necessary, precautions must be taken to ensure that valves will not fall

out of their holders as a result of jolting or vibration, either in transit or

in use. Any cans fitted round the valves for this purpose must not interfere

with the essential air circulation for cooling the valve (see Chapter I, para. f).

IV. Microphony in A.F. ampliiying valves

In the data for A.F. amplifying valves minimum values are given for the input
voltage, which can be allowed to result in a given power output from the
amplifier, without the need for special precautions to prevent microphony.
The significance of this will be seen from the following explanation.
Microphony may be caused in various ways, e.g. by vibration of the com-
ponents of the valve. Such vibrations may be of mechanical origin, as for
instance vibration of the speaker cone, transmitted to the electrode system
either mechanically through the chassis, valveholder and valve pins, or
acoustically (sound waves striking the bulb). In an A.F. valve this might
affect the anode current, with the result that sound is emitted from the
speaker in the form of a continuous or gradually diminishing note, or as
crackle or background noise, even when no A.F. signal is applied to the grid
of the valve. .

The most important factors affecting microphony are the amplification of
the valve concerned and that of the valve or valves next in sequence, the
acoustic efficiency of the speaker, etc. Other factors, however, such as cabinet
resonance, may also have an effect.

In order to illustrate the conditions under which microphony is not likely
to occur, the operating characteristics of the A.F. amplifying valves state the
permissible strength of the input signal, applicable to the entire fre-
quency range, when the output valve delivers 50 mW to the speaker, it being
assumed that the speaker has an acoustic efficiency of 59, and that
the valve and the speaker are at least 10 cm apart, but in the same cabinet.
It is emphasized, however, that this value of the input signal is given for
general information only, since microphony might occur at lower signal
strengths under adverse conditions, or it could be due to causes other than
inter-action between speaker and valve, e.g. when the chassis is subjected
to mechanical vibration or jolts.



In amplifiers where, as a rule, the loudspeaker is not mounted in the vicinity
of the valves, microphony does not usually occur so readily.

The general rule applicable here is that no special measures need be taken
to avoid microphony if the sound intensity with respect to the valve, at
the input signal strength specified, corresponds to that described above.
If it is desired to use a greater amplification than would be in keeping with
the restrictions mentioned, special measures will generally have to be taken
to avoid microphony, such as using an antimicrophonic valveholder, or
the fitting of rubber grommets between valveholder and chassis (necessi-
tating flexible leads), or an acoustic shield round the valve.

List of symbols

1. Symbols for electrodes and hase connections

Anode . a
Anode of detector dlode d
Filament, heater or resistance wire R |
Central tapping of filament or heater . . . o e
Grid . .o q
Terminals not for e\ternal connectlon i.C.
Cathode . CoL k
External conductlve coatlxlo . .. .o .o.om
Internal screening S .o . .8
Remarks

a. Where there are a number of identical electrodes in a valve, they are
distinguished by the use of accented letters; the anodes of a full-wave
rectifier, for example, are indicated thus: a and a’.

b. Electrodes of the same kind in any one electrode system are differentia-
ted by the use of subscripts, the electrode nearest the cathode being
numbered 1. The grids of a pentode, for instance, are indicated thus:
g1 e, ga- Figures are also used to qualify two or more diodes contained
in a single envelope; that diode which is the most suitable for detection
of the signal is always numbered 2 (d,).

c. Electrodes of the same kind in different electrode systems contained
in the same envelope are distinguished by means of the following sub-
seripts :

for a triode T

for a tetrode Q

for a pentode . . P

for a hexode, or heptode ‘ H
2. Symbols denoting voltage

Voltage between anode and cathode . . . . . . . . . ¥,

Ditto., with no anode current flowing . . . . . . . . Vg,



Peak inverse anode voltage

Supply voltage

Voltage range of a barretter .o

Voltage between anode and cathode of a detcctor dlodc
R.M.S. value of a voltage

Filament or heater voltage .

Voltage between heater and cathode

Voltage between grid and cathode

Ditto., with no current flowing to the gmd conccmed
%ltematmg input voltage .

Direct voltage delivered by a rectlfxer or alterrntmc output
voltage

Oscillator \oltage

Peak voltage . .

Voltage for A.G.C.

Output voltage of a tlansformer (not under load)

Vainvn
Vo
Vcon!r
Va
Vras or Ve//
Vi
i
¥ ik

V{/

7
1

<

Vo
Vose
Vy

R
V i

Symbols denoting current. Positive electric current flows in the opposite

direction to the electron stream.

Anode current . .

Current of a detector dxode .

R.M.S. value of a current

Filament or heater current

Grid current

Cathode current

Direct current dehvered by a rectlfynm valve
Peak value of a current .

Stabilized current of a barretter

Symbols denoting power

Anode dissipation
Grid dissipation
Input power
Output power .

Symbols denoting eapacitance (measured with cold valve)

Capacitance between anode and all other electrodes and screens,
excluding the control grid

Capacitance between anode and grxd (all other electrodes and
screens earthed)

Capacitance between anode and cathode (all other electrodes
and screens, not connected to the cathode, earthed)

Input capacitance of smoothing filter

Capacitance between cathode and heater .

Capacitance between grid and all other electrodes and screens,
excluding the anode .

I,
Id
IRJIS or Ie/]

I

C{t
1
(’uu
i
("u.k

C/ill
C/l:
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Capacitance between two grids (all other electrodes and screens
earthed) .

Capacitance between grld and cathode (all other electrodes
not connected to the cathode, earthed) .

Capacitance between cathode and all other electrodes

Symbols denoting resistance

External resistance in anode circuit, or optimum load
Optimum load in push-pull circuit (anode to anode)

R.F. damping resistance of a diode circuit

Equivalent noise resistance

External resistance between cathode and heater

External resistance in grid circuit

Internal resistance

Resistance in cathode c1rcult

Protective resistance in cach anode circuit of a rectlfpng valve

Miscellaneous symbols

Distortion factor .

Noise factor

Frequency .o

Maximum or lmntmg frequency

Power a,mphflcatlon .

Voltage gain .o
Cross-modulation factor Ce e e
Hum-modulation factor

Transformation ratio

Mutual conductance

Conversion conductance .

Effective slope of an oscﬂlator .

Slope of grid 1 with respect to grid 2 . .
Slope of oscillator triode with V,=0 V and VOSL —O V
Phase angle . . . .
Efficiency

Wavelength .o

Resonance wavelength .

Amplification factor

Amplification factor, grid 2 \v1th respect to grld l
@ less than b e Ce e
« greater than b

Cylgz

}'I'CS
n
tg2im
a<<b
a>b



Introduction

Over recent years Philips have introduced a range of valves under the
trade-mark of ‘“Miniwatt” for radio receivers and other purposes, and the
more important types in this range have already been described in volumes
IT and III; the latest additions are dealt with in this volume.

The entire evolution of the radio valve is reflected, as it were, in this range
of valves, the interesting point about the development being that it has
followed three different trends. First there was the evolution of the electrode
system. Whereas all the functions in earlier radio receivers were fulfilled by
triodes, it was not long before most of these functions were taken over by
valves of more intricate design. In consequence, most valves today are made
with three or more grids. The advantages of multi-grid valves in their various
fields of application are fully discussed in the first volume of this series of
books, so that there is no need to dwell on the subject here.

The second direction in which development took place was perhaps not
quite so obvious, but it has nevertheless contributed considerably to the
general progress of radio technology and is mainly responsible for the high
quality and sensitivity of present-day receivers. We refer to the develop-
ment of the components from which the electrode system is built up.
During the last decades, extensive scientific research has furnished us with
a great deal more information regarding such factors as thermal and secondary
emission, valve noise, microphony, distortion, and so on. Electronics and
material research, too, have made enormous strides, added to which the
accuracy and reliability of tools and machines have both reached much higher
levels. All. these factors have made possible a better choice of materials,
and improved design and disposition of the components, thus continually
bringing to the fore the more useful properties of the valves, whilst suppres-
sing the less advantageous characteristics.

Quite apart from the ingenious principle upon which it is based, a modern
radio valve may therefore be regarded as one of the greatest accomplishments
in science and technology.

One aspect of the development under discussion is of special interest ; origi-
nally, in endeavouring to improve the properties of the radio valve, the
spacing of the various electrodes was continually being reduced. At one
particular phase in the development, however, some of the spacing,
notably that between the cathode and the control grid, did not appear to
be undergoing any further changes. The reason for this will be obvious :
any further reduction would undoubtedly have yielded still greater improve-
ments, but these would not have outweighed the disadvantages of the more
critical construction and consequent increased risk of a short circuit or
other defects. It will thus be seen that the more critical spacing within the
electrode system in a modern radio valve very nearly corresponds to that
of older types, in spite of the fact that the external dimensions have been
considerably reduced. A typical example of this is given in Figs. 2 and 3.
Fig. 2 shows that the reduction in the overall height of the valve is obtained
entirely by eliminating ineffective space, whilst in Fig. 3 we see that, although
the diameters of both envelope and electrode system have been reduced, the
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distance from the cathode
to the control grid is only
slightly smaller than be-
fore.

At the same time, it should
be noted that in some val-
ves intended for special
purposes these critical di-
mensions have actually
been reduced, although this
was made possible only by
taking special precautions
to maintain the reliability
of the valve.

The third factor in the evo-
lution was concerned with
the envelope of the valve;
since this subject is revie-
wed fully in volume I, a
brief summary will here
suffice.

Originally, valves of all
types were designed on the
principle of the incandes-
cent lamp, employing the
so-called glass “pinch”
through which the leading-
in wires passed to the
various electrodes, the
other ends being soldered

Fig. 2. Left: the electrode system of an old
type of output pentode (EL 3N).
Right: the electrode system of a Rimlock
output pentode (EL 41).

The maximum anode dissipation of both
valves is 9 W, the slope being about 10 mA/V.

to pins or contacts on a “Philite” base attached to the envelope.

For a long time the “pinch’” method of construction gave every satisfaction,
but eventually it was found to have certain disadvantages, mainly owing
to the demand for better quality reception and to the ever-increasing im-
portance of short-wave broadcasting. Some of the difficulties were overcome

59819

Fig. 3. Cross-sections of the two electrode systems shown in Fig. 2. The dis-
tance from cathode to control grid is roughly the same in both diagrams.

12

ya



by altering the design, but no definite improvement was achieved until the
“pinch” was replaced by a flat, glass base. With this method of construction,
a number of pins sealed in the base, so as to be vacuum-tight, serve as the
electrode connections, ensuring a robust, compact assemblage. The *“ Philite”’
base previously used was thus rendered superfluous.

The excellent properties of valves designed on this principle are fully des-
cribed in Volumes I and III, and can be summarized as follows :

1.

Owing to the reduced length of the connections to the various electrodes.
the capacitances, self-inductances and electrical losses in these connections
are very low, whilst undesirable coupling between these connections is
also considerably reduced. This is the reason for the very satisfactory
performance of these valves in the short-wave bands.

As no “Philite” base is used, the capacitances of the valve are only

"to a small degree dependent on the temperature; hence, tuned circuits used

with the new type of valve suffer only slight detuning while the valves
are warming up. This is particularly important in oscillator circuits, since
the troublesome frequency drift that occurs when the valveis warming up,
is now much less pronounced.

Since the electrodes are welded to the contact pins, there are no soldered
joints and there is no risk of interference due to faulty soldered connec-
tions.

In all-glass valves with flat bases it is a simple matter to provide screens,
so that all the electrode connections may be taken through one end of
the valve. Even the grid-to-anode capacitance is thus reduced to the
low value prevailing in earlier types of valve with top caps. The wiring
of the chassis can now be arranged in a simple, logical manner, and
the awkward arrangement of the lead to the top cap is eliminated.
Owing to the absence of the “pinch’ and ‘Philite” base, the overall
dimensions of the valve are now very much smaller, without necessi-
tating any reduction in the critical dimensions of the electrode system
itself. The smaller dimensions of the valve in no way affect the electrical
properties of the valve, nor have they rendered the valve more sensitive
to interference.

Apart from the Loctal valves described in Volume III, Philips manufacture
three different types of valves with flat glass bases, namely the Rimlock,
miniature and Noval valves. All these types are dealt with in this volume.



“Miniwatt” Rimlock valves

Fig. 4. Rimlock valves.

As previously mentioned, the new Rimlock valves are all-glass with flat
bases and therefore have all the advantages that this method of construction
offers, one of these being that the valves can be made with smaller dimensions
without any adverse effects on the electrical properties.

Smaller radio valves have long been the aim of the designer, as manifested
by the fact that the size of the “Miniwatt’ range of valves has year by year
been gradually reduced (the “Gold” range, the “Red’’ range and the ‘“Loctal”
range). One of the reasons for this tendency has been the ever-increasing
demand for smaller receivers in all parts of the globe; also smaller valves
have come to be regarded as essential in other fields of application, such as in
portable receivers, measuring apparatus and for numerous industrial purposes.
Another fact that must not be overlooked is that the performance of a valve
on short waves is generally improved by reduction in the size of the valve.
Prior to the war the use of short waves was restricted almost exclusively
to the wavelengths above 10 metres, but a radical change has since taken
place; suffice it to mention only the development of F.M. and television
receivers, both of which operate mainly on the shorter wavelengths.
Taken all round, there have been ample reasons for continued research into
every possibility of making still smaller valves, and when Philips have been
able to achieve this by applying new ideas they have promptly acted upon
them. DMoreover, when the means were discovered for making receiving
valves in the smaller types as well, which were not only quite as good as
the larger types from the point of view of electrical properties but in many
respects even better, a whole range of valves of the new dexign was introduced.
This was the new “Rimlock” range of radio valves, already described in
volume 1I.
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Features of the Rimlock valves

The advantages of the Rimlock valve may be summarized as follows:

1. All-glass construction with flat base, ensuring excellent high-frequency

characteristics.

Small dimensions.

Simple design and hence reliability in operation.

It is almost impossible to insert the valve incorrectly in the valveholder.

The valve is locked in position and cannot come loose in transit.

The valve has eight contact pins, enabling a frequency changer of high

quality on the triode-hexode principle to be included in the range.

Low power consumption, this being particularly important in the case

of battery valves.

8. A wide range of types ensures that the most suitable set of valves is
available for any kind of receiver, or to meet any given conditions.

S Cuk oo

-3

Dimensions of the Rimlock valves

In the past, any further reduction in the size of all-glass valves with flat
base was restricted by the method of manufacture employed at the time,
but since the introduction of a new sealing-in process, these limitations no
longer exist, the size of the valve being limited only by the electrical
properties. Naturally, extensive research then became essential to determine
those factors which would impose new restrictions. As expected, the tempera-
ture of the electrode system under working conditions proved to be a deciding
factor, which meant that the output valves in the broadcast series, with
their high anode dissipation, called for special consideration. As these valves
were designed to give a high mutual conductance (approx. 10 mA/V), the
heater consumption was also on the high side (approx. 4.5 W). A reduction
in the slope would have permitted a reduction in size, but as this would also
mean a corresponding drop in sensitivity, this was not resorted to.

It was also found that the temperature of the glass envelope might adversely
affect the performance of the valve, if allowed to become too high. The
dielectric properties of an insulating material usually deteriorate at high
temperatures ; thus, for instance, the dielectric losses in the glass surround-
ing the pins are increased and the chance of electrolysis becomes greater,
whereby eventually the vacuum in the envelopes may be endangered. The
foregoing remarks also apply to the valveholder; here over-heating results
in increased losses and possible carbonization of the insulating material,
in consequence of which leakage currents flow and even flash-over may
occur between the contacts.

Accordingly, a minimum of 22 mm has been laid down for the diameter of
Rimlock valves, but even this means a considerable saving in chassis space,
seeing that the diameter of the Loctal valves is 32 mm.

Rimlock valves are also much shorter than their predecessors, but, as the
different valves have not all exactly the same length, the actual dimensions
are included in the descriptions of the individual valves.
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These small Rimlock valves, including the output valves with their high
mutual conductance, can be guaranteed to give a good performance even
under adverse climatic conditions, such as those which prevail in the tropics.
Actually, they possess sufficient reserve easily to discount all normal mains
voltage fluctuations as well as the tolerances on resistors and other compo-
nents. Further reference is made to this point in the section on output valves.
Needless to say that, although it is not desirable to reduce the diameter
of the output and certain other valves beyond 22 mm, this limit need not
necessarily apply to all the remaining types. It would, in fact, be quite
possible to reduce the size of most types without any difficulty, but they
would then require special valveholders. In that case, in the manufacture of
the valves, as well as in the development of receivers, a departure would
have to be made from the principles of standardization, for which reason
all Rimlock valves are made in the same diameter, viz. 22 mm.

Simplicity of construction

Generally speaking, the less complicated the electrode system of a radio
valve, the more reliable its performance. The guiding principle in the develop-
ment of Rimlock valves has therefore been that logical and consistent sim-
plification of the system would result in stable and reliable performance,
coupled with good electrical properties.

Seli-locating and locking of Rimlock valves

The base of the Rimlock valve contains eight contact pins evenly spaced
around the periphery of
a circle 11.5 mm in dia-
| meter (Fig. 5). With this
. l uniform spacing, some de-
- I vice that will preclude any

|

possibility of the valve
being inserted incorrectly
in the valveholder is es-
sential.
Loctal valves were there-
fore made with a central
59021 Fig. 5. Dimensions of  pilot secured to the bot-
the glass base, con-  tom of the valve by means
tact pins and metal  of 5 metal plate. Rimlock
rim with pilot fitted
to the base of the Valves, however, have a
valve. pip on the rim of the base,
which serves, firstly, to
guide the valve into the
holder, and, secondly, to
lock it in position (hence
the name “Rimlock”).
To ensure that the pip

135
Sl

59522
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will correctly guide the valve into the holder, the latter is made with
a grooved sleeve. When inserted in the holder, the valve is rotated until
the pip locates in the groove, after which it can be pressed home.

The great advantage of this method of locating the valve in its holder is
that only the sense of touch is involved in inserting the valve correctly,
so that this can be done without difficulty when the holder is not directly
visible. Once the valve, thus automatically located in the holder, is pressed
home, the projection engages with a spring clip which then holds the valve
in position. This arrangement ensures that the valve is always held securely
in the holder during such time as the equipment is in transit.

The Rimlock valveholder (Fig. 6)
"Generally speaking, the development of a new valve design cannot be re-

garded as having reached completion until a valveholder has been designed
which is adapted to the mechanical and electrical properties of the valve,

Fig. 6. Rimlock valveholders.

and in the combination of Rimlock valve and valveholder this is particularly
apparent. As already explained, the mechanism here is such that the valve
is automatically aligned in the holder and is then securely locked in position,
80 that there is no risk of its shaking loose in rough transit.

The many electrical advantages, especially for the shorter wavelengths,
of the method of carrying the electrode connections out through the glass
base by means of pins include the low capacitances between the contact
pins and the shortness of the conductors between the electrodes and the
external connections. These advantages are maintained in the new valve-
holder by using so-called ““scraper springs” (Fig. 7). Since these springs are
quite small, the capacitances between them are low, and, as they make
contact with the pins immediately below the base of the valve, short con-
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nections are ensured. Another advantage of these springs is that they scrape
off all dust etc. from the pins when the valve is inserted, thus ensuring ef-
fective electrical contact between spring and pin.
These scraper springs are split longitudinally, as will be seen from the slightly
twisted spring in Fig. 7.
When the valve pinis pres-
sed through the spring, the
spring opens out slightly and
so makes flexible, but firm,
contact on both sides of the
pin.
The upper end of the spring
is held between two plates of
insulating material; the low-
er part, used as the solder tag,
protrudes from the holder.
Photographs and drawings
Fig. 7. A set of scraper springs: that on the of two different types of
extreme left is slightly twisted to show the Rjimlock valveholders are
slot. shown in Figs. 6, 8 and 9. In
the one the springs are held by two “Philite” plates, in the other by
plates of synthetic resin-bonded paper. Both holders are provided with
a metal sleeve m with a groove [; the valve can be pressed into the holder
only when the pilot b has entered this groove. In one type of valve-
holder a flat spring is used to lock the valve in position (n in Fig. 8),
in the other a wire spring (» in Fig. 9) serves this purpose; when the valve
is pressed home, the spring slips over the pilot and holds the valve down.
A metal bush (£in Figs. 8 and 9) on the underside of the valveholder extends
up to the underside of the valve base and, when earthed, provides electrostatic
screening between the valve pins, the wiring and the contact springs of the
valveholder. This ensures that a low value of C,, is maintained when the
valve is in the holder, an essential requirement in the case of R.F. and L.F.
amplify ing valves.

N.B. There are one or more tongues on the metal sleeve of the valveholder;
it is important that these be bent slightly inwards before the valve is
inserted, so that electrical contact will be established between the
earthed metal sleeve of the valveholder and the metal ring round
the base of the valve?). Capacitances between the valve pins are thus
kept as low as possible, and the leads themselves are at the same time
provided with an external screen. Moreover, the transfer of heat from
the metal ring round the valve is assisted by the metal sleeve on the
valveholder, which ensures that the temperature of the valve is kept
as low as possible. This is particularly important in the case of output
and rectif,ing valves.

1) Formerly, the pilot was part of a metal ring fitted round the base of the

valve, but it is now made integral with the glass envelope. The metal sleeve
on the valveholder must still be properly earthed, however.
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Ig. 8. Fig. 9.
Valveholder for Rimlock valves, Valveholder for Rimloeck walves,
with “Philite’’ insulation, with resin-bonded paper insulation.
Explanation of Figs. 8 and 9.
« = chassis
b = pilot
c
d } = insulating plates
e
/= scraper spring
g = valve pin
I, = depression in the glass base
I = screening bush between the connections
{ = groove for pilot b
m = raised metal sleeve
n = locking spring
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It is important that the valve be inserted inlo the holder as far as possible.
The internal screening between the electrode connections of certain valves
(see, for example, the description of the EF 41) is then almost continuous
with the external screening, which consists of a metal bush (k in Figs. 8
and 9). In this way capacitances between the electrode connections are
reduced to a minimum.

Classification of the Rimlock valves

The great significance of the Rimlock method of construction has already
been sufficiently well demonstrated in the foregoing paragraphs ; it brings
with it many advantages not only in valves for ordinary radio receivers,
but also for other purposes, such as in F.M., ultra-short wave and television
receivers. The Rimlock range, then, embraces not only a series of standard
receiving valves, but also various types intended for special purposes, so
that the following classification is possible :

a. Valves for standard (A.DM.) receivers
b. Valves for F.M. receivers

c¢. Valves for amplifiers

d. Valves for television receivers

It should be noted that this classification does not place the valves in sharply
defined categories; the valves in any one group may quite easily be just
as important in other groups. Generally speaking, however, classification
of the valves according to their main functions should present no difficulties.
Apart from the above general classification, Rimlock valves can, with one
or two exceptions, be divided into three groups according to their filament
or heater supplies, viz :

1. E-type valves for A.C. operation, with a heater voltage of 6.3 V

2. U-type valves for A.C. or D.C. operation; heater current 100 mA

3. D-type valves for battery operation; filament voltage 1.4 V

The AZ 41, which is a rectifying valve for a filament voltage of 4 V,is one of
the valves which cannot strictly be included in any of these groups, but
since it is intended for use in the power section of sets employing E-type
valves, it has been included in group 1.
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Rimlock valves for radio receivers

It is stated above that the Rimlock range of valves includes not only valves
for radio receivers, but also a number of types developed primarily for use
in amplifiers, television receivers, etc. In many cases, of course, these valves
can also be used for radio reception, where, owing to their special properties,
they will often give excellent results. A list of the valves which fall in this
category. together with particulars of their functions and characteristics,
is given in this chapter. More detailed descriptions will be found in other
sections of the book.

THE E-SERIES OF RIMLOCK VALVES

Fig. 10. Rimlock E-type valves for radio receivers.

The Rimlock E-type radio valves, with a heater voltage of 6.3 V, are intended
for A.C. sets. Owing to their low filament consumption, however, most of
these valves are also suitable for car-radio sets. Two special valves, the output
valve EL 42 and the full-wave rectifying valve EZ 41, are also available
for carradio sets. The last-mentioned valve can be used in conjunction
with a single vibrator unit.



The entire series comprises the following valves :

AZ 411): directly heated, full-wave rectifying valve for a rectified current
of 70 mA max.

EAF 42 (EAF 41): diode variable-mu pentode used as a R.F., LF. or
A.F. amplifying valve. At the working point the slope is about 2 mA/V.
EB 41 : Double diode with separate cathodes.

EBC 41 : Double diode-triode with an amplification factor of 70.

ECC 40 : Double triode with separate systems; amplification factor 32.
ECH 41 : Triode-hexode frequency changer with a conversion conductance of
500 wA/V. This valve can also be used as an A.F. amplifier and phase inverter.
ECH 42 : As above, with a conversion conductance of 750 1 A/V. This valve
can also be used as combined A.F. amplifier and phase inverter.

EF 40 : A.F. pentode with a straight characteristic and a slope of 1.85 mA/V.
EF 41 : Variable-mu pentode with a slope of 2.2 mA/V at the working point.
This valve was designed primarily for R.F. and I.F. amplification.

EF 42: R.F. pentode with straight characteristic and very high mutual
conductance, viz. 9 mA/V.

EL 41 : Output pentode for a maximum permissible anode dissipation of
9 W, and a slope of 10 mA/V, capable of delivering 4.8 W output.

EL 42 : Output pentode for a maximum permissible anode dissipation of
6 W, intended especially for car-radio sets, for which reason the heater current
has been kept as low as possible, viz. 200 mA.

EZ 40 : Indirectly heated full-wave rectifying valve capable of delivering a
rectified current of max. 90 mA. The insulation between the heater and the
cathode of this valve is so efficient that the heater can be fed from the same
transformer winding as those of the other valves in the set.

EZ 41 : Indirectly heated full-wave rectifying valve capable of supplying a
rectified current of max. 60 mA, intended especially for car-radio sets. The
insulation between the heater and the cathode corresponds to that of the EZ 40.

CLASSIFICATION OF RIMLOCK E-TYPE RADIO VALVES ACCORDING
TO FUNCTION

In order to provide a clear review of the Rimlock E-range as a whole, a brief
classification of these valves according to their functions is given below.

R.F. amplifying valves

The EF 41 is the most suitable valve in the series for R.F. amplification.

The slope is 2.2 mA/V, this being quite sufficient for most purposes, whilst

the low anode-to-grid capacitance (<0.002 pF) is satisfactory from the point

of view of parasitic oscillation. The equivalent noise resistance of this valve

is only 6.5 kQ.

Should an extra diode be required, the EAF 42 can be used as the R.F.

amplifier.

Particulars relating to the use of the EF 42 as a R.F. amplifier will be found

on page 340.

1) Although the filament voltage of this valve ix 4 V. for which reason its
type number commences with the letter A, it is mecluded in the E-series
because it was designed specifically to feed the valves in this series.
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Frequeney changers

The ECH 41 and ECH 42 are the frequency changersin the Rimlock E-series.
The first is a variable-mu valve with a conversion conductance of 500 pA/V
at the working point.

The ECH 42 is also a variable-mu triode-hexode, but the conversion conduct-
ance is higher (750 pA/V at the working point) and the oscillation charac-
teristics are better; it is therefore very suitable for sets in every price range.

I.F. amplifying valves

The EF 41 and the EAF 42 are intended for I.F. amplification. The slope of
the EF 41 is 2.2 mA/V at the working point; that of the EAF 42 is slightly
lower, viz. 2 mA/V at the working point, due to the fact that a part of the
cathode serves the diode incorporated in this valve.

The anode-to-grid capacitance of both the EF 41 and the EAF 42 has been
kept below 0.002 pF by fitting suitable internal screens. When determining
the conditions for stability in an LF. amplifier employing the EAF 42,
the designer must bear in mind the fact that interaction occurs not only
between anode and control grid, but also between the diode-anode and the
control grid.

On the other hand, if measures are taken to reduce wiring capacitance
to a minimum, the over-all coupling will be low enough to admit of full
amplification, even if high-quality (Q~~180 - 200) coils are used, without
any risk of parasitic oscillation. Further details on this subject will be found
in the description of the EAF 42.

The EAF 42 is intended to replace the EAF 41; the electrical properties of
the two valves are almost identical, but the third grid of the EAF 41 is inter-
nally connected to the cathode, whilst that of the EAF 42 is taken to a
separate pin. This change was made because it was found that quite a sen-
sitive receiver can be designed round the valves ECH 42 (or ECH 41), EAF
42, EL 41 and AZ 41, such that the EL 41 will deliver its full output power on
relatively weak aerial signals. With the EAF 41 in a receiver of this kind,
it is very difficult to provide delayed A.G.C. When undelayed A.G.C. is
used, either the sensitivity is reduced or distortion sets in on strong signals.
No such trouble is experienced when the EAF 42 is used instead, since
then the separately connected third grid can be employed as a “delay diode”
and the A.G.C. suitably delayed. This point is also mentioned in the descrip-
tion of the EAF 42. )

In receivers employing the ECH 41 or ECH 42 as frequency changer with
the EAF 42 or EF 41 for I.F. amplification, the screen grids of the two
valves can be fed from the same potentiometer, thus saving one resistor and
one decoupling capacitor. This method of combining the feeds has been taken
into account in the design of the valve, i.e. the control characteristics are
So matched that cross-modulation and modulation distortion in the combina-
tion are reduced to a minimum



Detector and A.F. amplifying valves

For A.F. amplification the Rimlock E-series includes the EAF 42, EBC 41
and EF 40.

The maximum A.F. amplification of the EAF 42 is at least 100, which,
naturally, is much more thanis usually required; in fact it is not even practie-
able to utilize the full gain without taking special precautions to prevent
microphony. The actual limit below which no such precautions are necessary,
is indicated in the detailed description of the valve.

When in practice the whole of the available gain of the EAF 42 is not used,
a considerable reserve is made available, which can be usefully employed
to provide negative feedback and so greatly reduce distortion. For example,
with a feedback factor of 7, which reduces distortion by roughly the same
factor, an amplification of 15 is still obtainable, this being quite sufficient
for most purposes.

As an LF. amplifying valve for use in conjunction with the A.F. amplifier
EAF 42, a second EAF 42 is recommended. Two diodes will then be available,
one for detection and the other for delayed A.G.C.

The amplification factor of the EBC 41 is 70, which also represents more
gain than is usually required, and with this valve, too, feedback is generally
used for the reduction of distortion. Since the EBC 41 contains two diodes,
it can be used to advantage in conjunction with the I.F. amplifier EF 41.
If, on the other hand, a three-diode circuit is required, the EAF 42 should
be used as the I.F. amplifier.

The A.¥. amplifying valve EF 40is particularly recommended for high-quality
receivers in which a low hum level is required. This valve has a bifilar heater,
which ensures a very low hum level. From the point of view of microphony,
too, the EF 40 is much better than either the EBC 41 or the EAF 42.

Output valves

The 9 W output pentode EL 41 is intended for use in standard types of
receiver. It is capable of delivering a maximum of 4.8 W and, owing to its
high slope (10 mA/V), is so sensitive that an input of only 5.1 Vgys is
required to drive the valve fully. This high slope is one of the reasons why
a receiver designed round the combination of ECH 42 (or ECH 41), EAF 42,
EL 41 and AZ 41 is sufficiently sensitive in spite of the few valves used.
In larger sets the high sensitivity of the EL 41 enables negative feedback
to be employed, with a consequent gain in quality.

Two EL 41 valves used in Class A push-pull (without grid current) will
give an output of 9.4 W with 4.69, distortion. In this case the ECH 42
or the ECC 40 can be employed as a combined A.F. amplifier and phase
inverter. The ECC 40 is a double triode of which each system has an amplifi-
cation factor of 32 and a slope of 2.9 mA/V. It incorporates certain special
features, including short, thick cathodes, to ensure that microphony will
be suppressed as much as possible. In push-pull output stages in which the
A.F. amplifier EF 40 is used, the use of the EBC 41 as phase inverter is
recommended.
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Besides the EL 41, there is the EL 42 output valve which, in view of its
smaller size and low heater current (0.2 A), is particularly suitable for car
radio. The EL 42 will deliver 2.5 W, with 109, distortion, the slope being
3.2 mA/V. In Class AB push-pull the maximum output power is 7 W, for a
supply voltage of 250 V.

Reetifying valves

The rectifying valves AZ 41, EZ 40 and EZ 41 are available for use with the
valves described in the preceding paragraphs. The AZ 41 is a directly heated
fullwave rectifier with a 4 V filament, capable of giving a maximum out-
put current of 70 mA.

The second of these, the EZ 40, is an indirectly heated full-wave rectifier
capable of delivering a maximum of 90 mA. The heater voltage is 6.3 V and,
since the maximmum permissible (peak) voltage between heater and cathode
is 500 V, the heater can be fed from the same transformer winding as those
of the other valves. This eliminates the necessity for a separate heater winding
with the high insulation usually required for this purpose. Another advantage
of the EZ 40 is that it takes longer to warm up than other valves. This means
that, since no voltage surge occurs across the smoothing filter in the power
section when the receiver is switched on, the electrolytic capacitors used in
the filter need not be rated for such a high voltage, and the cost of these
components is thus reduced. -

The EZ 41 is designed for car-radio sets supplied from a single vibrator unit.
As in the case of the EZ 40, the heater is well insulated from the cathode,
so that it can be fed from the same source, usually an accumulator, as the
other valves in the set. This valve will deliver a maximum of 60 mA.

Tuning indieator

There is no tuning indicator in the Rimlock series. The reason for this is
obvious : owing to the small diameter of this range of valves, the deflection
would be difficult to gauge, and so would be almost ineffective.

The tuning indicator EM 34 is therefore recommended; this tube is electrically
identical with the EM 41), but is fitted with the Octal base.

RECEIVERS EMPLOYING RIMLOCK E-TYPE VALVES

A few examples of suitable combinations of Rimlock E-type valves for re-
ceivers have already been suggested in the preceding paragraphs. The follow-
ing is a summary of such combinations, which however by no means ex-
hausts all the possibilities. Some of the arrangements suggested are described
in detail in subsequent sections

') A complete description of the EM 4 will be found in Volume I of this series
of books.
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. ECH 42 (or ECH 41), EAF 42, EL 41, AZ 41 (or EZ 40)

This is a receiver in the lowest price range; it is quite sensitive in
spite of the few valves used. Delayed A.G.C. is made possible by using
the EAF 42.

. (EF 41), ECH 42 (or ECH 41), EAF 42, EAF 42, EL 41, AZ 41

(or EZ 40), EM 3%

Since two diodes are availabe, the detection and A.G.C. circuits can be
separated. By using the EAF 42 for A.F. amplification, sufficient gain
is held in reserve to admit of ample A.F. feedback, and this greatly im-
proves the quality of reproduction. If necessary, a R.F. amplification
stage can be added by including the EF 41, thus ensuring a better signal-
to-noise ratio, especially in the short-wave range.

(EF 41), ECH 42 (or ECH 41), EF 41, EBC 41, EL 41, AZ 41
(or EZ 40), EM 34

Standard valve series for receivers employing the EBC 41 for A.F. am-
plification.

. EAF 42, ECH 42, EAF 42, EF 40, EL 41, AZ 41 (or EZ 40), EM 34

A quality receiver using the EF 40 for A.F. amplification and the diodes
of the R.F. and LF. amplifying valves EAF 42 for detection and A.G.C.

. EF 41, ECH 42, EF 41, EB 41, EF 40, EL 41, AZ 41 (or EZ 40), EM 34

Corresponds very closely to the arrangement given in para. 4, the only
difference being that the diodes of the EB 41 can be used for detection
and A.G.C.

. EAF 42, ECH 42, EAF 42, ECH 42 (or ECC 40), 2 XEL 41, 2 XAZ 41

(or 2XEZ 40), EM 34

A set giving a large output, using relatively few valves.

. EF 41, ECH 42, EF 41, EF 40, EBC 41, 2 < EL 41, 2xAZ 41

(or 2XEZ 40), EM 34

A high-quality receiver, with the EF 41 for R.F. and I.F. amplification,
the ECH 42 as frequency changer and the EF 40 for A.F. amplification.
The diodes of the EBC 41 can be used for detection and A.G.C., with
the triode as phase inverter for the push-pull output stage comprising
the two EL 41 valves.

. EF 41, ECH 42, EAF 42, EAF 42, EL 42, (EZ 41)

A car-radio receiver using the R.F. amplifier EF 41 and the low consump-
tion output valve EL 42.



AZ 41

AZ 41 Full-wave rectifying valve

Fig. 1
Normal and X-ray photographs of the AZ 41 (approximately actual size).

The AZ 41 is a directly heated, high-vacuum, full-wave rectifier capable
of delivering a current of 70 mA for a transformer voltage of 2X300 Vg;;s.
This is sufficient to supply a receiver containing the valves ECH 42 (or
ECH 41), 2xX EAF 42 and EL 41, leaving enough in hand to operate an extra
R.F. stage and tuning indicator.

For higher transformer voltages, up to a maximum of 2X500 Vgy;s, the
valve will deliver 60 mA.

In order to avoid sputtering, or momentary flash-over between filament
and anode, a D.C. resistance R;, the minimum value of which is specified
in the following table, should be included in each of the anode circuits. In
Practice, this resistance R, is often present in the form of the D.C. resistance
of the primary and secondary windings of the mains transformer.

Let R, be the D.C. resistance of the primary, R, that of half the secondary,
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AZ M

and n the transformation ratio between the primary and half the secondary
winding. The effective resistance B, in each anode circuit is then given by:

R,=R,+nR,.

If the value thus obtained is less than the minimum value specified in the
operating data, extra resistance must be added in each anode circuit.

TECHNICAL DATA OF THE FULL-WAVE RECTIFIER AZ 41

Filament data

Heating : direct by A.C.

Filament voltage v, = 40V
Filament current . . . . I; = 0.72 A
Limiting values
Alternating input voltage . . ¥V, = 2X300 2x400 2X500 Vgys
Direct-current output . . . I, = max. 70 60 60 mA
Total resistance in anode cir-

cuits (minimum) . . . . B = 2X100 2X150 2x200 Q
Input capacitance of smooth-

ing filter . . . . . . . Cpz = max. 50 50 50 uF

—A !
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S I,
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Ifig. 2. Electrode arrangement, electrode connections and maximum

dimensions in mm. The letters i.c. at pins 1, 3, 4 and 5 indicate

+hat these pins must not be connected externally for any purpose
whatsoever.
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EAF 42
EAF 42 (EAF 41) Diode-Pentode

Fig. 1
Normal and X-ray photos ot the EAF 42 (approximately actual «1z2).

The EAF 42 is a diode-pentode having variable-mu characteristics, and can
be used with a sliding screen grid voltage ; the pentode section is intended
for use as a R.F., LF., or A.F. amplifier, the slope at the working point
being 2.15 mA/V (1.8 mA/V in the EAF 41) and the internal resistance
1.4 MQ (EAF 41 - 1.2 MQ). The diode part serves for detection or other
purposes such as automatic gain control. There is no very great difference
between the electrical characteristics of the EAF 41 and EAF 42 ; the main
physical difference lies in the connection of the third grid, for in the EAF 41
this is connected internally to the cathode, whereas in the EAF 42 it has a
separate pin in the valve base. This is a distinct advantage in small receivers
having only four Rimlock valves, e.g. ECH 42 (or ECH 41) frequency
changer, EAF 42 LF. amplifier, detector and delayed gain control, EL 41
output valve and AZ 41 or EZ 40 rectifier. In spite of the small number of
valves, a receiver of this type can be quite sensitive, its other qualities being
improved by the delay on the gain control. Delay is obtained by employing
the separately connected third grid of the EAF 42 as the so-called “delay
diode”. Further details are given in the following pages. If an EAF 41 be
used instead of the EAF 42 in a receiver of this kind, the gain control cannot
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EAF 42

be delayed, or at best only with difficulty, and the advantages of this ar-
rangement are then lost1).

EAF 42 as L.F, amplifier

In the circuit of Fig. 2 the pentode section of the first valve EAF 42 is used as
an LF. amplifier with a sliding screen grid voltage; the optimum values for
the series resistor are indicated in the table at the end of this section. In this
circuit a control voltage of about 43 V applied to the control grid reduces
the slope to 1/100 of the original value. If the EAF 42 and the ECH 41 or
ECH 42 are employed together, the screen grids of the frequency changer

EAF42 EAF42

=

001uf

H
OJuf :'1:
Lléo
pF
=

+
67564

Fig. 2
Circuit diagram showing the EAF 42g as an I.F., amglifier (left-hand valve)
and as a resistance-coupled A,F. amplifier (right-hand valve). The diode of
the first valve is used for automatic gain control and that of the second as
detector ; the values of the resistors not indicated above will be found in the
tables at the end of this section.

valve and the I.F. amplifier EAF 42 can be fed from the same potentiometer,
thus saving the extra components (see Fig. 3). Further particulars of such
a circuit will be found in the description of the ECH 42, whilst data relating
to the EAF 42 in this circuit are included among the tables and characteris-
tics at the end of this section.

Adequate screening is ensured by a metal cage surrounding the pentode sec-
tion of the valve; external screening is therefore unnecessary. Special attention
has also been given to the screening between control grid and anode ; the

') For this reason the EAF 41 in its original form is no longer being manu-
factured, but is replaced by the EAF 42. For replacement purposes in the
re-valving of a set, the EAF 42 can take the place of the TATF 41, it being
only necessary to short-circuit sockets 4 and 7 of the valveholder (see Fig. 8);
in this way the connection between the third grid and the cathode (which
is inside the EAF 41) is established externally of the EAF 42. In numerous
receivers fitted with the EAF 41 this connection is already established.
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Fig. 3

Circuit in which the screen grids of the frequency
changer (ECH 41 or ECH 42) and the I.F.
amplifier (EAF 42) are fed from a common

potentiometer, R,, R,.

59621

o ¢

Fig. 4
Screening between anode and control giid
in the EAF 42: « is a shield between the
diametrically opposite anode and grid pins;
b is a metal plate mounted in a recess in
the glass base between the pins; ¢ is a
metal bush between the contacts of the
valveholder.

respective pins are diame-

Ry trically opposite each other
% EAF42 % on the base, and a shield
F Fl— is provided between these

pins within the envelope
(a, Fig. 4). This shield is
continued underneath the
base of the valve by a
metal bush (c), connected
to earth, which is fixed in
the centre of the valve-
A8 holder.
In order that the internal
and external shielding
shall be as continuous as
possible, a further metal
plate b is mounted in a
small recess in the glass base,
and is connected to the other
shields in the valve. By this
means it has been possible to
reduce the anode-grid capaci-
tance to something less than
0.002 pF, but in order to main-
tain this low capacitance it is
essential to press the valve well
home in the valveholder to mini-
mize the gap between internal
and external shields. It is also
necessary to see that the metal
skirt at the base of the valve is
properly earthed (see note on
page 18), by bending the lugs on
the metal rim of the valveholder
before inserting the valve, to
ensure proper contact between
this earthed rim and the skirt on
the valve (see d in Fig. 4).
When calculating the amount
of feedback to the grid circuit

“of the EAF 42 when it is used

as an L.F. amplifier, it must be
remembered that feedback oc-
curs not, only from the anode of
the pentode but also from that of

the diode. If the latter 1s employed for automatic gain control, it will usually
be connected to the first tuned circuit of the I.F. transformer, to which the
pentode anode is also connected. The L.F. voltages on the anodes of the
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EAF 42

diode and pentode are thus in phase and of the same order of size, so that
the effective feedback capacitance is roughly equal to the anode-to-grid capa-
citance plus the diode-grid capacitance (Cg,,<0.002 pF, Cg,,<<0.0015 pF);
on the other hand, if the diode is used for detection purposes, it is usually
connected to the secondary of the I.F. transformer, in which case the diode
voltage is 90° out of phase with the pentode anode voltage and will have
a damping effect on the grid circuit.

In either case the feedback, even when high-quality coils are used (Q=180
to 200), will not have any serious consequences, provided that wiring capa-
citances are kept as low as possible. This can be achieved by fitting a screening
plate under the valveholder, between pins 3 and 4, 6 and 7 (see Figs. 7 and 8).

EAF 42 as AF. amplifier

“In Fig. 2 the second EAF 42 is shown connected as an A.F. amplifier; tables
are included in the technical data at the end of this section indicating the
amplification and distortion for a number of different circuits, with various
combinations of resistors and for several values of the control voltage. Fig. 5

is an example of the circuits

EL 1 in question, but, before look-

ing more closely at the details,

it may be better to consider
001eF the question of hum in the
- EAF 42 when used as a volt-

il age amplifier, and, in parti-
Vo cular, the hum produced by

&% é 1 the magnetic field of the

' _ heater. As the EAF 42 is a

l L variable-mu valve, it has a
Ve N 58781 variable pitch grid, which
b means that the pitch of part

Circwit diagram showing the EAT 42 as a of the grid is relatively wide,

resistance-coupled A.F. amplifier with con- and lt. would seem to be more
trol (—VR) on the grid. especially those electrons that

pass between the widely
spaced turns of the grid which are affected by the magnetic field produced by
the heater. The result is a higher hum voltage than otherwise, especially
when gain control is applied, as the greater part of the electrons then find
their way through the more widely spaced turns of the grid. It may
therefore be concluded that control applied to the A.F. amplifier will
generally increase the equivalent hum voltage on the control grid, whilst a
variable-mu valve is, from the point of view of hum, not the best kind of
valve to use for A.F. amplification.
From the tables on page 43 it will be scen that the maximum obtainable
amplification is 120, but as such a high gain is not usually required, the reserve
can be used for negative feedback purposes and the quality of reproduction
thereby considerably improved. A feedback factor of 6 or 7, which will
reduce the distortion by the same amount, still leaves a total effective
gain of about 20 in the A F. stage.

EAF42 00iF

82M0N
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15000
.
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022Mn
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068M0

Fig. 5

33



EAF 42

Another reason why the full extent of the gain should not be utilized in the
case of the EAF 42 is related to the possibility of microphony ; in many
cases it will be found necessary to take special precautions in this direction.
Some idea of the A.F. gain that may be obtained from the EAF 42 without
risk of microphony is given by the fact that a circuit driving a loudspeaker
with an acoustic efficiency of 5%, will not usually necessitate any special
precautions to prevent microphony when the control grid of the EAF 42
requires an A.F. input of at least 10 mV for 50 mW to be delivered to the
speaker.

To illustrate the practical significance of this value of 10 mV, let us take
the case of a circuit using an EAT 42 as the A F. pre-amplifier and an
EL 41 as the output valve. To produce an output of 50 mW the EL 41 re-
quires an alternating input voltage of 0.32 V: if the voltage amplifier has
a gain of 20 — this being usually considered sufficient — it will require an
input of 16 mV, and this is well above the minimum value of 10 mV.

In fixing this limit, above which no trouble from microphony is met with,
external influences such as cabinet resonance, which impose heavy require-
ments on the microphonic properties of the valve, have not been taken
into account.

In such cases, as also when still more gain is required, it will generally be
found necessary to take steps to avoid microphony, such as the use of anti-
microphonic valveholders, or a vibration-damping cover on the valve itself.
In the table on page 45 the gain of the EAF 42 is given for a grid leak of
10 MQ, with no cathode resistor. A grid leak of such high value may be used
only if no extra source of grid bias is available: the reasons for this will be
found in the description of the EBC 41.

Deteetion and automatie gain control

a. Detection and A4.G.C. using two LAF 42 valves

In the circuit diagram of Fig. 2 the diode of the second EAF 42 functions
as detector, whilst that of the first valve serves for the A.G.C.; the detector
diode is connected to the secondary of the I.F. transformer and the A.G.C.
diode to the primary. As the diodes are in different valves, there is no need
to take any steps to minimize capacitance between ther.

In the EAF 42 the diode anode is connected internally to the most suitable
pin, to ensure a minimum of coupling between diode and pentode sections,
but in order to keep the capacitance between the leads to the respective
electrodes as low as possible, it is essential to fit a screening plate below the
valveholder, between contacts 3 and 4, and 6 and 7, in the manner shown
in Figs. 7 and 8.

Apart from the circuit under review, in which the diode of the A.F. amplifier
is used for detection and that of the I.F. amplifier for A.G.C., it is also
possible to reverse the functions of these diodes, although there is a disad-
vantage in so doing, in that, when the volume control is turned right back,
any residual signal will be distorted. Such a signal is likely to occur, if only
weakly, because the A.F. voltage on the dlode of the EAF 42 used as A.F.
amplifier tend~ to reach high value% on strong input signals.
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There need only be the slightest coupling between this diode and the pentode-
anode to convey an A.F. signal to the latter, and, as this anode follows the
volume control in the circuit, any such signal will be at once audible in the
speaker. When the signal comes from the detector diode it is not distorted,
since the A F. voltage on that diode does not usually suffer from distortion,
in contrast with the AF. voltage on the A.G.C. diode which, owing to the
bias voltage employed for the delaying action, is distorted and unpleasant
to the ear.

In cases where the bias on the I.F. valve is derived from a cathode resistor,
a further consequence of the interchange of the diode functions is that the
control voltage increases less rapidly. When control is applied to the L.F.
valve in the circuit shown in Fig. 2, the voltage across the cathode resistor,
and therefore also the delay voltage for the diode, disappear, and the latter
‘then supplies a higher control voltage.

b. Detection and A.G.C. using one EAF 42

As already mentioned, a receiver can be designed round the ECH 42 (or
ECH 41), EAF 42, EL 41 and AZ 41 or EZ 40, which, despite the small
number of valves, will still be reasonably sensitive. Since a circuit of this
kind includes only one diode, this must serve for both detection and A.G.C.
There-is no objection to this, but, if the EAF 41 is used instead of the EAF 42,
it is not a simple matter to delay the A.G.C., since a bias on the diode-
anode, as frequently employed to produce the delaying effect, cannot then
be used, as this prevents detection of weak signals. Moreover, neither the
EAF 41 nor any of the other valves has an electrode suitable for use as so-
called delay diode. (The action of such a diode will be explained in the follow-
ing.) When the EAF 41 is used, therefore, the A.G.C. must be undelayed,
but this involves certain difficulties, which are best illustrated by means of
two extreme examples.

In the first case the whole of the rectified voltage from the diode is used for
the A.G.C. This results in a very strong gain control and, also, noticeable
attenuation of the weaker signals, which is not desirable. Further, with
such control the output valve is driven fully only on strong signals. On the
other hand, if only a small portion of the rectified voltage is taken for the
purpose of A.G.C., these objections are certainly ecliminated, but the control
is then inadequate in the face of strong signals, and high I.F. voltages occur
which, especially on deeply modulated signals, are likely to give rise to
modulation distortion.

Naturally, a more or less satisfactory compromise can be made between
these evils by allocating a suitable proportion of rectified voltage from the
detector to the A.G.C., but better results are usually obtained when the
control is delayed so as to attenuate the strong signals and not the weak
ones; the output valve is then also able to deliver its full output on fairly
weak signals.

The EAF 42 enables such delay to be applied quite conveniently, the separa-
tely connected third grid being then employed as ““delay diode”’; the relative
circuit diagram is shown in Fig. 6. A potentiometer comprising R, (20 MQ),
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R, (1.5 MQ) and R; (2.7 MQ) is introduced between the H.T. voltage V,
(250 V) and a voltage of —7 V obtained from the bias on the output valve
EL 41. The junction A between resistors R, and R, is connected to the third
grid of the EAF 42 and further, through R, (1.8 MQ), to a point B in the
detector circuit. From another point C at the junction of resistors R, and
R, the necessary bias —V i for the control grids of the frequency changer
and L.F. amplifier is obtained. The various resistance values are so arranged
as to give point A a small positive potential (V,;<C1 V) with respect to cathode
when no signal is being received.

. +250V
EAF42
g \
(=)
] e
| e —]
@ 'r_‘
I /]3 R4=18M
’ 2]
‘A s T
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]
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100pF
Qo2pF

I 001uF

Rg5=0,5ML

AGC 7 —-jg i

' ' = 67575
%—> =7V

Fig. 6
Circuit diagram showing the EAF 42 used as an I.F. amplifier
with the diode employed for detection and A.G.('., the third
grid functioning as ‘‘delay diode”.

H
o

R3=37M00

By means of the given voltages and resistance values it is a simple matter
to calculate that in this case the potential —V r will be about —2 V. This
determines the working point of the frequency changer and L.F. amplifier.
The values of the currents to and from point A are also easily computed.
It is found that the current I, flowing in resistor R, is 12.5 pA, the current
I, in resistor R, is 1.9 pA and the current I, in resistor R, 0.4 pA. Voltage
Vs, that is the potential at point A, can be expressed to a close approxima-
tion as V=V, +13. Ry, in which Vi, is the contact potential of the
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third grid with respect to cathode and R, the internal resistance of the third
grid, also to cathode.

Now, when an LF. signal of gradually increasing strength is applied to the
diode, the effect of detection is to render point B negative with respect to
earth; the current I, therefore increases. As current I, is kept practically
constant by the high resistance of R, (20 MQ), whilst I, — and therefore also
the variation in I, — may be ignored at a first approximation, the increase
in I, takes place at the cost of 7;. So long as the current I, exists, however,
the potential at point A will differ but slightly from that of the cathode. If
the I.F. signal increases so much that 7,=0, ¥, has decreased from its original
small positive value to V,_ , which also differs only slightly from 0 V.
Since the bias on the EL 41 remains unchanged at —7 V, the voltage —Vp
does not alter very much either. Thus no control is applied to the frequency
changer and L.F. valve so long as the current I, flows. However, as soon as
the I.F. signal becomes so strong that the current I; disappears altogether,
the increase. in I, takes place at the cost of I,, since I; cannot undergo any
great change owing to the presence of the series-resistor of 20 MQ.

From the circuit diagram it will be clearly seen that a reduction in I, (whereby
I, may also change direction) renders C still more negative, so that control
is applied to the valves.

Let us now see at what point the control begins to take effect. As mentioned
above, this occurs when the current I; drops to zero. Now, this current is
10.2 pA in the absence of a signal, which means that the control commences
to operate when the current I, is increased to about 10 wA by the I.F. signal:
in actual fact, I,is 10.8 pA at the moment when I,=0. A current I, of 10.8
A means that there is a direct voltage of 10.8X1.8=19.4 V across resistor
R,, and this voltage also occurs across the volume control R;, corresponding
at the same time to the peak carrier voltage of the detected I.F. signal.
Assuming that the modulation depth of the I.F. signal is 309, the volume
control will carry an A.F. signal of which the R.M.8. voltage is 0.3. 19.4/4/2
=4.1 V. At this voltage, which is roughly what is required to load fully
the output valve EL 41, the automatic gain control commences to operate.
In the foregoing, the various resistance values are introduced without
further elucidation; naturally there is a certain freedom of choice in fixing
the resistance values, and, with slightly modified conditions, it is quite
possible that values other than those indicated would give better results.
This point is referred to again in the description of a receiver incorporating
the circuit described above (see page 137).

TECHNICAL DATA OF THE DIODE-PENTODE EAF 41
Heater data
Heating : Indirect, A.C. or D.C., parallel feed

Heater voltage . . . . . ¥,
Heater current . . . . . I,
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Capacitances (measured on the cold valve)

Pentode section

Input capacitance . . . Cp = 4.0 pF
Output capacitance . . . . C, = 6.5 pF
Anode - control grid . . . Cyn < 0.002 pF
Heater - control grid . . . C,y < 0.05 pF
Diode section
Anode - cathode . . . . . Cy = 3.8 pF
Anode - heater Cy < 0.02 pF
)
Between diode and pentode sections
Diode anode - pentode control
grid . . . . . . . . Cyu < 0.0015 pF
Diode anode - pentode anode Cjy, < 0.15 pF
'y
Screening plate FA_\
3
3
N g
—g2 é
| 4 g
T
kg3sf max 22 ‘
= 58783
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Fig. %

Electrode arrangement, electrode connections and maximum

dimensions in mm of the EAF 41. The screening plate, indicated

by a line through the centre diagram, obviates undesirable coupl-

ing in the wiring. The letters i.c. at pin 4 indicate that this pin

is internally connected to the electrode system and must not be
connected to the external circuit.
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Operating characteristies of the pentode section used as a R.F. or LF. amplifier

(Circuit similar to that of the left-hand EAF 42 in Fig.

Anode and supply voltage

Screen grid resistor .
Cathode resistor .

Grid bias

Screen grid voltage .
Anode current
Screen grid current .
Mutual conductance
Internal resistance

Equivalent noise resistance

Amplification factor of grid 2

with respect to grid 1

Rgom

Vo=V,

I

2)
250 \Y
95 kQ
300 Q
—2 —40 V
100 250 V
5.0 — mA
1.6 — mA
1800 18 pA/V
1.2 >10 MQ
9.0 — kQ
19 —

Operating characteristics of the pentode section used as a resistance-coupled
A.F. amplifier (circuit similar to Fig. 5)

Anode resistor R,=0.2 MQ

A. Supply voltage ¥V, =250 V

Cathode resistor R;=1.6 kQ Screen grid resistor R,=0.8 MQ

3 \Rus 5 \Rus \ 10 Vras

Distortion (%) for an

output of

Control Anode Screen Ampli- }
voltage current grid ¢ flcatxon —
—VR(V) | TamaA) | IR ) VeV
E
0 0.86 0.28 105 1.0
5 0.68 0.22 33 1.0
10 0.56 0.18 f 21 1.1
18 0.39 0.12 [ 12 ; 1.3
25 0.24 0.08 i 8 1.8
\

\

l

R
|

!’

1\3[0»—”—‘)—
O mWe W

2.7
3.5
3.9
5.0
7.5

B. Supply voltage V,=250 V
Cathode resistor R, =900 Q

Anode resistor R,=0.1 MQ

Screen grid resistor R,,=0.4 MQ

Screen . Distortion (%) at an
gzrlltt;'oé f ﬁnoc}i ’ grid fA mtph- output Oof
v "\g, (} ITENt 1 ourrent lc,a 1on | <
R(V) a(mA) | I, (mA) Vo/ Vi 3 Vrus | 5 VRus r 10 Vryss
0 1.57 ‘ 0.50 ) 85 0.9 ‘ 1.3 ¢+ 2.5
5 1.18 f 037 | 29 \ Ll | 16 | 35
10 0.91 i 0.28 | 16 P ; 2.2 ‘ 4.1
18 0.60 018 ! 9.5 1.6 2.8 5.5
25 0.36 ‘ 0.12 l 6 ' 2.5 | 4.1 1} 9.0
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Opcrating characteristies of the pentode section used as a resistance-coupled
A'F. triode (screen grid connected to anode).

A. Supply voltage V,=250 V  Anode resistor B,=0.1 MQ

Cathode resistor R;;=900 Q

Control Anode Ampli- Distortion (%) at an output of
voltage current fication
—Vr(V) Ig+Ig(mA) Vol Vi 3 Vrus ‘ 5 VRus ‘ 10 Vrus
! |
|
0 1.96 15.5 14 : 2.0 ) 52
5 1.40 8 1.0 | 1.7 : 3.8
10 1.10 6 09 | 14 L 3.0
18 0.75 4.5 1.2 16 | 33
25 0.45 3.3 6 1 2.2 1 5.2

B. Supply voltage V, =250 V  Anode resistor B,=0.05 MQ
Cathode resistor R, =500 Q

Control Anode Ampli- Distortion (%) at an output of
voltage current fication : i
—Vr(V) Io+1Ig(mA) Vol Vi 3 Vrus ! 5 Vrus | 10 Veus
\
0 3.60 15.5 1.1 1 1.8 3.8
5 2.50 8 13 | 20 . 45
10 1.85 5.9 1.1 L 11T 40
18 1.14 3.8 15 | 20 | 50
25 0.65 28 | 24 I35 ‘ 8.0
i .
Limiting values of the pentode section
Anode voltage, valve biased to
cut-off . Ve, = max. 530 V
Anode voltage a = max. 300 V
Anode dissipation W, = max. 2 W
Screen grid voltage, valve blas
ed to cut-off . Ve = max. 550 V
Screen grid voltage, Wlthcontrol gg(l <2.5 mA) = max. 300 V
Screen grid voltage, without
control . V,o(I,=5 mA) = max. 125V
Screen grid dlss,lpatlon . Wys = max. 03 W
Cathode current . . I, = max. 10 mA
Grid current starting point Vaplly=+03 pA) = max.—13 V
External resistance between
grid 1 and cathode R, = max. 3 MQ
External resistance between
heater and cathode Ry, = max. 20 kQ
Voltage between heater and
cathode Vi = max. 30V
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Limiting values of the diode section

Peak inverse anode voltage . Vjinep = max. 350 V
Diode current . . . . . . Ij = max. 0.8 mA
Peak diode current . . . . Iy = max. 5 mA
Diode current starting point Vg(l;=+40.3¢A) = max.—1.3V
External resistance between

heater and cathode . . . R = max. 20 kQ
Voltage between heater and

cathode . . . . . . . Vg = max. 50V

TECHNICAL DATA OF THE DIODE-PENTODE EAF 42

‘Heater data
Heating : Indirect, A.C. or D.C., parallel feed

Heater voltage . . . . . V¥, = 6.3V
Heater current . . . I = 02 A
Capacitances
Pentode section
Input capacitance . .. Oy = 4.1 pF
Output capacitance . . . .. C, = 52 pF
Anode - control grid . . . C,, < 0.002 pF
Heater - control grid . . . C,y < 0.05 pF
Diode section
Anode - cathode . . . . . Cy = 3.3 pF
Anode - heater . . . . . Oy < 0.02 pF
Between diode and pentode sections
Diode anode - pentode control
grid e Can < 0.0015 pF
Diode anode - Pentode anode (g, < 0.15 p¥
Screening plate -
a
/2 E
3
ST===) 2 N S
Ty
kst F X 22,

58784

Fig. 8
Electrode arrangement, electrode connections and maximum
dimensions in mm of the EAF 42. The screening plate shown in
the centre diagram serves to reduce unwanted coupling in the .
wiring. :
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Operating charaecteristies of the pentode section used as a R.F. or LF. amplifier
(For circuit diagram see left-hand EAF 42 in Fig. 2.)

Anode and supply voltage . V.=V, = 250 A
Voltage, third grid . . . Vs = 0 \%
Screen grid resistor . . . . R, = 110 kQ
Cathode resistor . . . . . R, = 310 Q
Grid bias B = —2 —43V
Screen grid voltage . . . . V., = 8 250V
Anode current . . . . . I, = 5.0 — mA
Screen grid current . . . . I, = 1.5 — mA
Mutual conductance . S = 2000 20 pA/V
Internal resistance . . . . R; = 14 >10 MQ
Equivalent noise resistance R, = 175 — kO
Amplification factor of grid 2

in respect of grid 1 . . . g, = 16 —
Anode and supply voltage V=TV, = 250 \4
Voltage, third grid . . . . Vg = 0 \%
Screen grid resistor . . . . R, = 68 kQ
Cathode resistor . .o 2 = 220 Q
Grid bias . N = —2 —43 V
Screen grid voltage R = 105 —V
Anode current . . . . . I, = 6.9 — mA
Screen grid current . 1 = 21 — mA
Mutual conductance S = 2150 21.5 pA)V
Internal resistance . . . . R; = 14 >10 MQ
Equivalent noise resistance R, = 9 — kQ
Amplification factor of grid 2

in respect of grid 1 . . . g, = 16 —

Operating characteristics of the pentode section used as a R.F. or L.F. amplifier
(Screen grids of K AF 42 and ECH 41 fed by means of a common potentiometer;
see Fig. 3, page 32. For details of the ECH 41 in this circuit, see page 69.)

Anode and supply voltage . V,=V, = 250 Vv
Voltage, third grid . . . Vi = 0 Vv
Potentiometer for screen grld R, = 18 kQ

voltage supply . { 2 = 27 kO
Cathode resistor . . . . . R, = 220 Q
Grid bias . . N = —2—-235V
Screen grid voltage R = 105 147V
Anode current . . . . . I, = 6.9 — mA
Screen grid current . . . . I, = 21 — mA
Mutual conductance . . . S = 2150 21.5 pA/V
Internal resistance . . . . R, = 14 >10 MQ
Equivalent noise resistance . R, = 9 — kO
Amplification factor of grid 2

with respect to grid 1 . . uu, = 16 —
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Operating characteristies of the pentode section used as a R.F. or LF. amplifier
(Screen grids of the EAF 42 and ECH 42 fed by means of a common poten-

tiometer, see Fig. 3, page 32. For
page 80.)

details of the ECH 42 in this circuit, see

Anode and supply voltage Ve=T,, = 250 \%
Voltage, third grid Vs — 0 A%
Potentiometer for screen grid f R, = 22 kQ

voltage supply . . . .| R, = 27 kQ
Cathode resistor . . . R, = 310 Q
Grid bias 2% = —2—-205V
Screen grid voltage " = 8 137V
Anode current . . . . . I, = 5.0 — mA
Screen grid current . N PN = 15 — mA
Mutual conductance -8 = 2000 20 wA)V
Internal resistance R; = 14 >10 MQ
Equivalent noise resmtance R, = 7.3 — kO
Amplification factor of grid 2

in respect of grid 1 Vegog = 16 —

Operating characteristics of the pentode section used as

A.F. amplifier (Fig. 3)

A. Supply voltage V,=250 V Anode resistor R,=0.22 MQ
Cathode resistor B,=1.5 kQ Screen grid resistor RE,,=0.82 MQ

a resistance-coupled

Control Anode | Screen Ampli- Distortion (%) at an
8 . | grid ook output of

v olvtagve cur1 ent | t‘urrent flea,t’vl(‘)Il o
*VR('\’) (mA) } Fo/ T3 } 3 Vrus I 5 VRus | 8 Vrs

‘ 0.80 ( 0.26 1 120 0.9 1.0 \ 1.2

0.65 | 020 90 |13 | 15 | 25

10 o052 | o017 |23 13 ¢ o16 | 27

15| 04l 1 0.14 16 ( 15 | 20 | 32

20 0.31 0.11 1| 18 ’ 2.7 ] 5.5

‘ \ !

B. Supply voltage V;,=250 V

Cathode resistor R =

Anode resistor R,=0.1 MQ
680 Q@ Screen grid resistor R,,=0.39 MQ

Control | Anode l
voltage | current

—VR(V) v Lo (mA) J

\ o (

] 1.52 l

5 1.20 |

15 ! 0.70

20 i 0.52 |

! |

grid
cux rent
(m A

0.53
0.40
0.30
0.23
0.17

Ampli-
fication

Vo! Vi

35
20
13

9

i
1"
|
|
b
|
|

|
|

Distortion (%) ¢t an
output of

3 Vrars | 5 Vieus l 8 \mls

0.8
1.0
1.2
1.4
1.8

0.9
14
2.0
2.3
3.0

| 1.0
=y
} 3.2

37
' 6.0
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Operating characteristics of the pentode section used as a resistance-coupled
A.F. amplifier triode (screen grid connected to anode)

A. Supply voltage V,=250 V  Anode resistor R,=0.1 MQ
Cathode resistor R, =680 Q

Control Anode Ampli- Distortion (%) at an output of
voltage current fication
—VR(V) | Ia+1g(mA) Vo/ Vi 3 Vrus \ 5 VRus ‘ 8 Vras
| !
0 2.00 15 0.9 l 1.1 i 1.2
b 1.50 8.5 1.1 1.6 } 2.4
10 1.17 6 1.1 1.6 2.4
15 0.90 5 1.1 16 | 24
20 0.68 4 1.2 1.7 | 2.6
|

B. Supply voltage V,=250 V  Anode resistor E,=0.05 MQ
Cathode resistor R,=390 Q

Control Anode! Awmpli- Distortion (%) at an cutput of

voltage current fication

—VR(V) | Ia+Igp(mA) Vo/ Vi 3 Vrus 5 VRus 8 VRms
0 3.80 14 0.7 0.9 1.1
5 2.70 9 1.1 1.6 2.6
10 2.00 6.5 1.1 1.6 2.6
15 1.44 5 1.1 1.6 2.6
20 1.05 4 14 2.2 3.4

Operating characteristies of the pentode section used as a resistance-coupled
A.F. amplifier, with a large leak resistance in the grid cireuit

001uF
|
1
0,01uF
V § o1uF &wé%% Rat' Vo
S
= £ )
= +Vb

59629
Fig.
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A. Pentode connection

Supply voltage . . . . . TV

Anode resistor . . . . R,

Screen grid resistor . . . . Ry,

Grid leak . . . B,

Grid leak of output valve R,/

Anode current . . . . . I,

Screen grid current . . . . I,

Amplification . . . Vol Vi

Distortion at an output of
3 Vrus -« . o . . . di(Vo=3 Vrus)
5 Veus -+« o o . di(Vo=5 Vgras)
8 Veus - -« . - - di(Vo=8 Vgus)

L 1 T |

i

B. Triode connection (screen grid connected to anode)

Supply voltage . . . .V

Anode resistor . . . . . R,

Grid leak . . . R,

Grid leak of output valve R’

Anode current A

Amplification . . . Vol Vs

Distortion at an output of
3 Vrus -+« « o di(Vo=3 Vras)
5 VRMS e e e e e dtot(V0=5. VRMS)
8 VRMS . . . . . . . dtot(Vo=8 VRMS)

Limiting values of the pentode section

Anode voltage, valve biased

to cut-off . . . . . . Vg
Anode voltage . . . . . V,
Anode dissipation . . Wa
Screen grid voltage, valve blas-
ed to cut-off . . . . Ve,
Screen grid voltage, controlled
valve . . . Vye(l,<2.5 mA)
Screen grid voltage, Wlthout
control . . .« Vype,=5 mA)
Screen grid d1$Slpat10n .. Wy
Cathode current . . . . . I
Grid current starting point . ¥V, (I,,=+0.3 yA)

External resistance between
grid 1 and cathode . . . R,

LI T

o

[t

o

250
0.22
1.0
10
0.68
0.76
0.23
160

0.55
0.75
1.0

250
0.1
10
0.33
2.15
14

0.7
1.2
2.0

max.
max.
max.

max.

max.

max.

max.

max.

max.

max.

EAF 42

250
0.1
0.39
10
0.33
1.60
0.56
100

0.35
0.55

250
0.047

0.15
4.50
13.5

0.5
0.8
14

550
300
2

550
300
125
0.3
10
—1.3

3

\%

MQ
MQ
MQ
MQ
mA
mA

o
%

<Bs< < < z<<

MQ)

1) If the working point of the valve is determined only by the potential dif-
ference across the grid leak ([F,,), i.e. noseparate source of biasand no cathode
resistor, the maximum value of R, may be increased to 22 MQ.
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External resistance between

grid 3 and cathode . . . R,
External resistance between

heater and cathode . . . Ry
Voltage between heater and

cathode . N 1

Limiting values of the diode section

Peak inverse anode voltage . Vjinvyp
Diode current . . . . . I,
Peak diode current . . . . I,

Diode current starting point Vg(l,=-+0.3 pA)
External resistance between

heater and cathode . . . Ry
Voltage between heater and
cathode . R 7

46
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max.

max.

max.

max.
max.
max.
max.

max.

max.

3

20

100

350
0.8

—1.3

100

MQ

kQ

mA

mA

kQ



EAF 41

11

Fig.

e
it
G o

I

I

i&

|

|

i

]

|

[CAF T a3 W7 ]
I
}
-80 W (V) -60

10000

,yl' 4
i

20

[ : X
RN ™ HrT . "
T ONONONC S~ == < -— -- ;
I i R TR R S
PPN %AWUML/IWJJ e —
- o N N\ B -~ o1 h = ]
[ N ,\.w,)v [. R \‘T\ 4 ‘,4 ,, - T vM. 1T

\., > ! - [

I - =

Fig. 10
Anode current (Fig. 10) and mutual conductance (Fig. 11) of the EAF 41 as functions
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Fig. 15 100001= R
R.M.8. voltage (V;) of iy, =250V
an interfering signal at L IRg2=10kC2 |,
the grid of the EAF 42, . |Vga =0V
producing 19 cross mo-  000F ===
dulation (curve K =19),
together with the R.M.S.
value ( V;) of a hum volt-
age at the grid, result- 100\
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hum (curve my=10°,),
measured as a function
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tance in the I.F. circuit I 0 100 1000 S(eAJV) 10000

shown in Fig. 2.
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Fig. 16
Diode damping as a function of the applied R.F.
voltage, for different values of the diode load
resistance, This applies equally well to the
diodes of the EAF 41 and the EAF 42,
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0 50 250

Fig. 17
Screen grid current (I,) of the pentode section of the EAF 42
as a function of the screen grid voltage (I7g), with grid bias (V)
as parameter. The brolken line indicates the maximum screen grid
dissipation (0.3 W), The straight line refers to a series resistor of
110 kQ in the screen grid circuit (see Fig. 2).
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Fig. 18
As Fig. 14. In this case the screen grid volt-
age for the EAT 42 is derived from a poten-
tiometer together with that of the ECH 41
(sec Fig. 3).
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As Fig. 15. The screen grids of the EAT 42
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EB 41
EB 41 Double diode

Fig. 1
Normal and X-ray photographs of t,%le EB 41 (approximately actual size).

The EB 41 comprises two separate, indirectly heated diodes screened from
each other; only the heaters are interconnected. The advantage of this
design is that neither diode in any way affects the other, whilst the low
inter-electrode capacitance and low internal resistance render this valve
eminently suitable for television and F.M. receivers. For instance, to obtain
a television picture with sufficient detail, it is essential that the highest
modulation frequencies are not attenuated during detection of the signal ;
furthermore, to prevent picture distortion, the phase displacement of the
detected voltages should be as nearly as possible proportional to the frequency.
Both these conditions can be fulfilled if the detector loading resistance is
keptlow, which means that the internal resistance of the diode must also be low.
The EB 41 is therefore an excellent valve for use in such detector circuits.
[f one diode of the EB 41 is used as detector in a television receiver, the other
is still available for use as a so-called D.C. restorer. If the picture signal is
detected and amplified in the normal manner, the brightness of the picture
appearing on the C.R. tube is not at the correct brightness level. This can be
rectified by means of a D.C. voltage, obtained by using the D.C. restorer
diode to detect the I.F. signal.

I.n addition to these applications of the EB 41, it can be used as signal
!lmiter and detector in F.M. receivers, whilst in ordinary broadcast receivers
1t will give better results than the conventional diodes.
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EB #1

TECHNICAL DATA OF THE DOUBLE DIODE EB 41
Heater data

Heating : indirect, A.C. or D.C., series or parallel feed

Heater voltage . . . .V = 63V
Heater current . . . . LIy = 0.3 A
Capacitances (cold valve)
Anode - cathode, first diode . Cg = 3.6 pF
Anode - cathode, second diode . Cg, = 3.6 pF
Cathode - other electrodes, first
diode . . . . . . . . . Cn = 4.5 pF
Cathode - other electrodes,
second diode . . . . . . Cpe = 4.5 pF
Diode anode - diode anode . . Cgaygs < 0.03 pF
(.-0-\ 'y
dl  d2
X Q|
@
>
1
N E
q S
g
MY v
k1 k2 max 22 | cur6
Fig. 2
Electrode arrangement, electrode connections and dimensions (in mm) of the
EB 41.

Limiting values for use as half-wave reetilier (for each section)

Transformer voltage . . . . Vg
Output current . .o
Input capacitance of smoothing
filbker . . . . . . . . . Cuy
Total resistance in anode circuit R,
Voltage between heater and
cathode . . . Viep (k pos., f neg.)

I

max. 150 VRMS
max. 9 mA

I

n

max. 8 uF
min. 300 Q

Il

I

max. 330 V1)

Limiling values (for each system)

Peak inverse voltage at the diode  Vgiep = max. 420 V
Diode current . . . . . . I4 = max. 9 mA
Peak diode current . . . . . Iy, = max. 54 mA

1) Max. 200 V D.C. + max. 165 V A.C. (RMS-value).
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Voltage between heater and

cathode . . . . . . . . Vg, = max. 150 V
Voltage bitween heater and

cathode (cathode positive

with respect to heater) . . V., (k pos., fneg.) = max. 330 V!)
External resistance between
heater and cathode . . . . Ry = max. 20 kQ

1) Max. 200 V D.C. + max. 165 V A.C. (RMS-value).
Application of the EB 41 in television reeeivers

In Fig. 3 the diode D, is shown connected as a detector in a television re-
ceiver ; the load is provided by the resistor R; (approx. 4 kQ), whilst C,
is the detector capacitor (10 - 20 pF). The coil L,, connected in series with
‘R,, works in conjunction with coil L, to compensate parasitic capacitances,
thus making it possible to pass the necessary bandwidth to about 4 Mec/s.
The diode D, functions as a D.C. restorer. Since the object in this case is to
obtain a D.C. voltage, a high RC time constant is permissible. The load
is formed by a potentiometer comprising resistors R, in parallel with capa-
citor C,, and E; in parallel with C;. The D.C. voltage across R; is applied
through L;, R, and L, to the control grid of the next valve and so provides
this valve with sufficient bias to ensure correct picture brightness.

In the arrangement shown in Fig. 3 the bias for the next valve is reduced ;
if a more negative bias is required the anode and cathode connections of the
EB 41 must be interchanged.

EBA4I

Dy Dy
Lo

Vi

Ry Rz%—'l' ¢ "Ry P
1 T
G = 50836

Ly R3éj C3

! _

Fig. 3
The EB 41 used as detector diode and D.C.
restorer in a television receiver.
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EBC 41
EBC 41 Double diode-triode

Fig. 1
Normal and X.ray photographs of the EBC 41 (approximately
actual size).

The EBC 41 combines a triode with two diodes, having a common cathode ;
the diodes can be used for detection and A.G.C., whilst the triode is suitable
for A.F. amplification. Owing to the high amplification factor of the triode
(r="70), an A.F. gain of about 50 is obtainable, with roughly 19, distortion.
An AF. gain of this value is rather higher than that generally required for
ordinary broadcast receivers, and a certain gain reserve is therefore available
to the set designer. This reserve can be utilized very effectively for feedback
purposes, since the distortion introduced by the output stage can thus be
considerably reduced.

To give an example, when the EL 41 is used as output valve, the EBC 41
should deliver 5.1 V to load fully the EL 41. If the gain of the EBC 41
is 20, the input voltage for this valve would have to be 0.26 V.

If it is intended to use the EBC 41 to furnish a higher gain than is normally
required for broadcast receivers, it is essential to take into account that
certain uneesirable effects — such as hum and microphony — may be
encountered, and that appropriate measures must then be taken. Naturally,
the gain of the EBC 41 is not the only deciding factor ; the output stage
following this valve is also important in this respect and must therefore be
taken into account as well. Two factors determine the effect of the output
stage on the microphony, namely the electrical gain from input to loudspeaker
and the acoustic efficiency of the speaker. Here we are obviously dealing
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with the total gain of both the A.F. stage and the output stage ; the amount
contributed by each stage to the total gain being immaterial.

When the EBC 41 is used as an A.F. amplifier in conjunction with any
particular output stage, the following rule is useful in ascertaining the
extent to which the amplification can be increased without involving mi-
crophony. The actual value associated with this rule is mentioned in the
description of the EAF 42, on page 34.

If the acoustic efficiency of the speaker is 5%, the EBC 41 can be used,
without taking steps to prevent microphony, in circuits in which the alter-
nating input voltage necessary to produce an output of 50 mW is not less
than 10 mV. If this condition is satisfied, both the input signal and the
volume can be increased without any risk of microphony. Assuming that
microphony is caused by acoustic feedback from speaker to A.F. amplifier,
it thus follows that the occurrence or absence of microphony is dependent
only on the total A.F. amplification, and not on the presence of a strong
or weals signal.

If the EL 41 be employed as an output valve, the EBC 41 — with the above-
mentioned gain of 20 — must deliver 0.32 V to produce an output power
of 50 mW ; this necessitates an input voltage of 16 mV, which, according to
the foregoing remarks, is generally sufficient to prevent microphony.
Should a higher overall gain be required, it is usually necessary to take
certain precautions, e.g. by placing the EBC 41 in an anti-microphonic
valveholder, or by providing the valve with an acoustic screen.

In order to prevent undesirable hum voltages from reaching either the
control grid or the detector diode (diode d,), the arrangement and screening
of the leéads to the valveholder must be given careful attention. The internal
capacitances between heater and control grid, and between heater and
detector diode, are less than 0.05 pF, and any increase in these capacitances
brought about by coupling in the wiring will naturally have an adverse
effect on the amount of hum.

The gain for various resistance values is given in the table on page 61. In
one of the circuits represented the biasing resistor is omitted, and a grid
leak of 10 MQ is recommended, this circuit being sometimes employed
to save components, viz. the biasing resistor and the necessary de-coupling
capacitor. The grid bias is then controlled by the grid current. A grid leak
of not more than 22 MQ may be used in this arrangement. A further condition
to be observed is that, when a grid leak of such a high value is employed,
the valve must not be biased in any other way, since traces of gas are always
present in any valve; a flow of ions would otherwise be set up, which, in turn,
would produce a voltage across the grid leak, opposed to the applied voltage.
Moreover, owing to the fact that the actual quantities of residual gas in
different valves vary considerably, the characteristics of the circuit would
become very unstable. If the grid bias is obtained from a separate source,
the grid leak should not exceed 3 MQ, so that the variations in question
may be kept within reasonable bounds.

In order to avoid hum when a large grid leak is used, it is most important
to ensure that the hum voltage impedance in the grid circuit is as low as
possible. To this end, a capacitor whose impedance will ensure this should
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be connected in parallel with the grid leak. Usually, the coupling capacitor
for the detector circuit, in series with the volume control, is sufficient for this
purpose.

Of the two diodes in the EBC 41, that which is marked d, in the diagram is
the most suitable for detection, since the capacitance of this diode with
respect to the heater is lower than that of the other; the hum voltage is
thus also lower.

As already mentioned, it is essential so to arrange the diode and heater leads
as to reduce the capacitance between them to a minimum.

Diode d, can be used for A.G.C. In view of the fact hat this diode is usually
connected to the primary of the second I.F. transformer, and the detector
diode to the secondary, the capacitance between these diodes and their
leads must also be kept as low as possible, to avoid excessive capacitive
coupling between the two circuits.

In order to limit as much as possible the effect on the triode section of the
A.C. voltages in the diodesection, ascreen is provided in the envelope between
the two sections. Another screen is fitted round the whole of the system, to
shield the valve systems from external influences.

TECHNICAL DATA OF THE DOUBLE DIODE-TRIODE EBC 41

Heater data

Heating : indirect, A.C. or D.C., parallel feed

Heater voltage . . . . . . ¥ = 6.3V
Heater current . . .. . . . I = 0.23 A
Capacitanees (cold valve)

a) Triode section

Input capacitance . .. 0, = 2.5 pF
Output capacitance . . Cy = 1.7 pF
Anode - grid . . . . . . . Cg = 1.5 pF
Heater -grid . . . . . . . Cy < 0.05 pF
b) Diode section

Input capacitance, diode 1 . . (g = 0.8 pF
Input capacitance, diode 2 . . Cg, = 0.7 pF
Between the two diodes . . Caige < 0.3 pF
Diode 1 -heater. . . . . . Cgy < 0.1 pF
Diode 2 -heater . . . . . . Cay < 0.05 pF
¢) Between diode and triode scctions

Between grid and diode 1 . . Uy < 0.007 pF
Between grid and diode 2 Cota < 0.03 pF
Between anode and diode 1 . . Cgq < 0.01 pF
Between anode and diode 2 . . Ca. < 0.01 pF
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Fig. 2
Electrode arrangement, electrode connections and maximum dimensions of
the EBC 41 (dimensions in mm).

Typical characteristics (see Figs. 4 and 5)

Anode voltage . R
Grid voltage . . . . . . . ¥,
Anode current I,
Slope .o S
Amplification factor i
Internal resistance . R;

1AL

max 22,
58828

[
|
SV
<

I
o 3
o O
-
)

Operating charaeteristics of the triode system as A.F. amplifier

+Vp

=

Fig. 3

58829

The EBC 41 used as A.F. amplifier with resistance coupling. R’, represents
the grid leak of the next valve.
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For particulars concerning microphony, see page 57.
Supply voltage V,=250 V.

EBC 41

Grid 1 1 o
Anode |Cathode| Grid |resistor | Anode | Ampli- Sffﬁogf;f;u?ég{%z
resistor | resistor | resistor lofoutput| current | fication age V, of
R, (MQ) | Ry (kQ) |R, (MQ)|valve Rl I, (mA) | V./V;
(MQ) 5 Vrys | 10Vrys
l
0.22 1.8 1 0.68 0.70 51 0.55 0.9
0.1 1.2 1 0.33 1.15 43 0.6 1.1
0.22 0 10 0.68 0.76 52 0.5 0.75
0.1 0 10 0.33 1.40 44 0.7 0.9
Limiting values of the triode system
Anode voltage, valve biased to
cut-off Vaeo = max. 550 V
Anode voltage Va = max. 300 V
Anode dissipation W = max. 05 W
Cathode current . I, = max. 5 mA
Grid current starting point V,(I,=+03pA) = max.—13V
External resistance between grid
and cathode .. R, = max. 3 MaY)
External resistance between
heater and cathode . Ry, = max. 20 kQ
Voltage between heater and
cathode . Vit = max. 100 V
Limiting values of the diode system
Peak inverse voltage both anodes Vgainy p = max. 350 V
Current flowing to each anode I = max. 0.8 mA
Peak current flowing to each
anode . e e e I = max. 5 mA
Diode current starting point Va(lg=+0.3pA) = max.—1.3 V
External resistance between
heater and cathode . Ry = max. 20 kQ
Voltage between heater and
cathode . Vi = max. 100 V

1) The value of 3 MQ is applicable only if the grid bias is obtained from a
biasing resistor in the cathode lead. If the grid bias is derived only from a
resistor in the grid circuit, the maximum value for R, is 22 MQ.
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The D.C. voltage V=
‘and the increase in the
D.C. voltage dV=
across the resistor in the
diode circuit, as a func-
tion of the unmodulated
R.F. voltige (Vur) on
a diode of the EBC 41.
Also the A.F. voltage
(Var) across this resis-
tor, as a function of the
R.F. voltage moludated
to 30% (Var; m=0.3).
These characteristics are
applicable with resistors
of 0.1 to 1 MQ.
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ECH 41 Triode-hexode frequency changer

Fiz. 1
Normal and X-ray photographs of the ECH 41 (approximately actual size).

The ECH 41 is a triode-hexode designed along the simplest possible lines,
whilst retaining the best possible mixing properties. As the grid of the triode
system and the modulator (third) grid of the hexode sy-tem are internally
connected, the valve can be used as frequency changer only.

The conversion conductance of this valve is variable, being 500 pA/V at
the working point, for an oscillator voltage of 8 Vgys. From Fig. 12 it
will be seen that the conver-ion conductance varies only slightly with the
oscillator voltage. Since the internal resi-tance of the valve is 2 MQ at the
working point, the anode can be connected to the “top” of the first I.F.
transformer. Using L.F. transformer circuits with coils having a quality
factor of @ =140 and critical coupling, with tuning capacitors of 100 pF, a
conversion gain of about 90 is obtainable.

The initial slope of the triode section (i.e. the slope of the valve when not
oscillating) (at V,=0) is 1.9 mA/V ; the effective slope of the oscillating
valve is 0.55 mA/V, with an oscillator voltage of 8 Vgys (the effective slope
is the quotient of the fundamental components of alternating anode current
and alternating grid voltage). Although the initial slope is of a sufficiently
high value to start the oscillation under normal circumstances, and the
effective slope more than enough to maintain oscillation, it is advisable to
use an extra coil in the short-wave band. Further reference is made to this
point later.
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Fig.2shows the ECH 41
used asfrequencychang-

er for medium and long
wavelengths. To ensure 50pF
that the very satisfac-

&

<

S
NE

LN

30 k02

tory internal resistance 204102 ¥
of the valve is retained
when control is applied,
the screen grids of the
hexode system should
be fed from a potentio-
meter, and a good ar-
‘rangement consists in
connecting a resistor of
33 kQ Dbetween the 36475

supply voltage and the Fig. 2 .
screen grids, with 47 kQ The ECH 41 used as frequency changer in a
’ conventional type of circuit.

N
]
o

between screen grids
and chassis. When the EAF 42, or EF 41 is used as I.F. amplifier, the
screen grid voltage for this valve can be derived from the same potentiometer,
thus saving a resistor and a decoupling capacitor. The recommended
resistance values for this potentiometer are then R,=18 kQ and R,=27 kQ.
To prevent squegging at the short-wave ends of the wave-bands, it is
advisable to limit the oscillator grid leak to 20 kQ and the capacitance
between grid and feedback coil to about 50 pF ; these values, however, should
also be regarded as minima, since a further reduction would unnecessarily
impair the characteristics of the circuit.
In order to minimize frequency drift due to mains voltage fluctuations
and the action of A.G.C., the tuned circuit is incorporated in the anode
circuit of the triode ; parallel feed is then employed to ensure that no D.C.
voltage willreach the variable capacitor. This also tends to produce a constant
oscillator voltage over the entire wave-band. The recommended value for
the parallel resistor is about 30 kQ.
1. An even more constant oscillator
S0pF 150pF voltage is ensured throughout the
whole wave-band if the lower end
7 0k - of the feedback coil is connected
. to the padding capacitor (Fig 3).
z By this means an inductive coupl-
=L e ing is combined with a capacitive
coupling as in the Colpitts oscil-
56476 +Vb lator ; at the lower values of the
tuning capacitor the inductive
Fig. 3 feedback predominates, at high
Oscillator circuit with feedback coil values the capacitive coupling.

connected to the padding capacitor oty ling therefor
to secure an oscillator voltage that The two types of coupling the ©

will vary but little over the whole supplement each other.an(l the
of the wave-band. oscillator voltage remains prac-

NL
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tically constant throughout the
wave-band.

(= =
_ 2 b lf50pF
In view of the fact that the impe-

50pF 150pF

dance of the oscillator circuit is
lowest on short waves, this circuit e
should be given careful conside- 20k Aly Ly T=lv
ration in the case of short-wave 6
reception. To ensure a satisfac- T L
tory oscillator voltage, the coupl- I
ing of the coil system should be 0
made fairly tight 56477 .
alternating grid voltage . . Fig. 4 :
= : == Oscillator circuit for short waves. An
alternating anode voltage extra coil, L, is introduced between

. = grid capacitor and feedback coil, thus
. approx. 0.3). . increasing the oscillator voltage at the
This naturally has the disadvan- upper end of the wave-band.

tage of more pronounced frequency :
drift when gain control is applied and a greater likelihood of squegging,
particularly at the short wavelengths of the wave-band. These difficulties are
overcome in the circuit shown in Fig. 4, which employs less feedback (e.g.
t=0.35) but an extra coil, L,, between grid capacitor and feedback coil.
The oscillator voltage induced in
the feedback coil L, is here divided

Vf’-‘;?g(v between the isolating capacitor Cy
and the coils L, and L,, and an oscil-
g L lator voltage gain is obtained at the
\ . .

resonant frequency. Coil L, is so
6t proportioned that this resonant
frequency occurs outside the wave-
4t band, say at 2=60 m. The reduced
inductive coupling at 50 m is then
2 F supplemented by the voltage gain
. across L, producing a voltage

0 1 L ! ! | ! ) . . .
0 0 20 30 40 50 60 MAfm) which varies as a function of the

taggeo  Wwavelength in the manner depicted
T in Fig. 5.

. 1g. 5 g : . .
Variations in the oscillator voltage as By using the extra coil, the risk of
a function of the wavelength, relative squegging is completely eliminated,

to the circuit shown in Fig. 4. and the frequency drift caused by
the gain control is restricted to
roughly 1 ke/s, even at the lower end of the short-wave range. Furthermore,
as a result of the looser coupling between oscillator circuit and feedback
coil, the effects of the parallel capacitance of the grid circuit are not trans-
mitted to the tuned circuit to the same extent. This results in a wider
frequency range, which is usually desirable on the short-wave band.
Particulars of practical interest concerning the extra coil will be found in
the description of circuit I, on page 123.
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ECH 41

TECHNICAL DATA OF THE TRIODE-HEXODE ECH 41
Heater data

Heating : indirect. A.C. or D.C.. parallel feed

Heater voltage . . . . . . V; = 63V
Heater current N = 0.23 A
Capacitanees (cold valve)
Hexode section
Input Cp = .34 pF
Output . . Cq = 6.0 pF
Anode - control grid Cagm < 0.1 pF
Control grid - heater Coiy < 0.15 pF
Triode section
Input . . . . . . . . . Clypeg) = 4.8 pF
Output . . . . . . . . . C, = 1.5 pF
Anode - grid . . . o Colyrm) = 1.2 pF
Between triode and hexode sections
Between control grids . . . Clyr+p)-gm < 0.35 pF
Hexode anode - triode grid . . Clyr4gs)-arr < 0.2 pF
Q [}
ay ar
' 3
|
[y
92,94 N E
g7 97,93 q E
> L
kK f T ax 22
56554

Fig. 6
Electrode arrangement, electrode connections and maXimum
dimensions in mm of the ECH 41.
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Operating characteristics of the hexode section used as mixer (see Figs. 2 and
9 to 12 inclusive)

Anode and supply voltage . . Vo=V, = 250 v
Resistor between supply voltage

and screen grids . . . R, = 33 kQ
Resistor between screen grlds

and chassis . . . . . . R, = 47 kQ
Biasing resistor . . . . . . Ry = 200 Q
Oscillator grid leak . . . . R(gr4gp) = 20 kQ
Oscillator grid current . . . I(;744) = 350 pA
Grid bias . . . R = —2 —28V
Screen grid voltage v Vigatgd) =105 147V
Anode current . . . . . . ]a = 3.0 — mA
Screen grid current . . . . 02+g4) = 2.2 — mA
Conversion conductance . . . S, = 500 5 pA/v
Internal resistance . . . . . R; = 20 >5 MQ
Equivalent noise resistance Rey = 170 — kQ

Operating characteristics of the triode section used as oscillator (see Figs. 2
and 16)

Supply voltage . . . . . . V, = 250 V
Anode resistor . . . . . . R, = 30 kQ
Grid leak . . . . . . . . Ryrig) = 20 kQ
Anode current . . . . . . I, = 4.9 mA
Grid current . . . . . . . I(yp4g) = 350 pA
Oscillator voltage . . . . . Vi = 8 Vrus
Effective slope . . . . . . S = 0.55 mA/V

Typical characteristies of the triode section (see Figs. 14 and 15)

Anode voltage Va = 100 V
Grid bias v, = ov
Anode current I, = 8.5 mA
Slope S = 1.9 mA/V
Amplification factor u = 19
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Operating]characteristies of the ECH 41 used as phase inverter
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Fig. 7
e Distortion (%) at an output
Supply Total Amplifi- o ,
voltage current ‘ cation — voltage of
Vi (V) I, (mA) ‘ Vo/ Vi 5 Vrus j 10 Vrars ! 15 Vrus
1 \
250 3.0 i 10 0.8 J 1.3 i 1.8
350 2 10 07 | 12 | 16
|

Operating characteristies of the hexode section used as frequeney changer,
with screen grids of ECH 41 and I.F. amplifier EAF 42 fed by means of a
common potentiometer (see Fig. 17)
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Anode and supply voltage

Vig="Vp

Potentiometer for screen grid IRI

feed (see Fig. 8)
Biasing resistor
Oscillator grid leak
Oscillator grid current
Grid bias .
Screen grid voltage .
Anode current
Screen grid current .
Conversion conductance
Internal resistance
Equivalent noise resistance

L&,

Ry,
R(gT+ gs)
1 (gT+gS)
Vi
V(ga+g)
aH
1(g2+g4)
A 'c
R;
R

Limiting values of the hexode section

Anode voltage, valve biased to
cut-off

Anode voltage

Anode dissipation

Screen grid voltage, valve blased
to cut-off

Screen grid voltage

Screen grid diszipation

Grid current starting point

Cathode current . o

External resistance between
cathode and control grid

External resistance between
cathode and third grid

External resistance between
cathode and heater .

Voltage between cathode and
heater

Vaq
Vo
W,

V(gz+g4)o
V(g2+g1)
V(g"+ad)
Voulp=+ 0.3 pA)

IL
R,
R,

R/lk

V/k

Limiting values of the triode section

Anode voltage, valve blased to
cut-off

Anode voltage

Anode (ll\ylpatlon

Grid current starting Y)on\t

Cathode current . .

External resistance between
cathode and grid.

External resistance between
cathode and heater .

Voltage between cathode and
heater
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ECH 42

ECH 42 Triode-hexode frequency changer

S8R

Fig. 1
Normal and X.ray photographs of the ECH 42 (approximately actual size).

The ECH 42 is a frequency changer which, like the ECH 41, is designed as
a triode hexode, but various features, including a screen fitted round the
entire system, have so improved the design that the properties of the
ECH 42 are much superior to those of the ECH 41. The conversion slope
of the ECH 42 is variable, being 750 pA/V at the working point.

The third grid of the hexode section and the grid of the triode section are
internally connected, as in the earlier model ; hence this valve is also unsuit-
able for combined A.F. and I.F. amplification.

On the other hand, the ECH 42 can be employed as a combined A.F. amplifier-
phase inverter, the triode system being then connected asthe A.F. amplifier
and the hexode system as the phase inverter. In view of the fact that the
third grid of the hexode is connected to the grid of the triode, the voltage
on the former will counteract the gain in the hexode, but, since no ampli-
fication is required in tlis case, the efficiency of the valve is not thereby
adversely affected.

The initial slope of the triode ¢ystem, 1.e. the slope without oscillator voltage
or grid bias, is 2.8 mA/V, so that, from the point of view of oscillatory proper-
ties, this valve is better than the ECH 41, the improvement being particularly
noticeable on the short-wave range.

Frequency displacement attributable to gain control or mains fluctuations
is so slight, even at the shortest wavelengths in the short-wave range, that
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it may be disregarded ; moreover, the hexode principle ensures that induction
effects are so small that they have no effect on the conversion gain.

As with the ECH 41, the screen grids must be fed by means of a potentio-
meter ; if a series resistor is employed, the screen voltage rises as soon as
control is applied, resulting in secondary emission and a pronounced drop
in internal resistance. With low internal resistance, the conversion gain
decreases, but this is not generally detrimental, since the valve is controlled
for the very purpose of reducing the gain ; however, another result of low
internal resistance is that the LF. transformer in the anode circuit of the
hexode is heavily damped, to the detriment of the selectivity. In general,
then, the use of a series resistor feed is not recommended.

If the EF 41, or EAF 42, is used as L.F. amplifier in conjunction with the
ECH 42 as frequency changer, it is possible to feed the screen grids of both
‘valves by means of a common potentiometer, resulting in a saving of various
components.

TECHNICAL DATA OF THE TRIODE-HEXODE ECH 42

Heater data .
Heating : indirect, A.C. or D.C., parallel feed

Heater voltage . . . . . . V; = 6.3V
Heater current . . . . . . I = 0.23 A
7ANEEI
3
|
[}
n E
|
1 ¥
MaxX23, | ¢,

Fig. 2
Electrode arrangement, electrode connections and dimensions (in mm) of
the ECH 42.

Capacitanees (cold valve)
Hexode section

Input capacitance N O o= 1.0 pF
Output capacitance . . . . C, = 94 pF
Anode - control grid . . . . Cup <C 0.1 pF
Control grid - heater . . Cpy << 0.15 pF
Triode section

Input capacitance . ol g) = 5.9 pF
Output capacitance . . . . (, = 2.4 pF
Anode -grid . . . . . . . Clrim = 1.3 pF



ECH 42

Between hexode system and triode system

Between the two control grids C(,r4m)gm < 0.35 pF
Between hexode control grid and

triode anode . . . . . . Cpgar < 0.06 pF
Between triode grid and hexode

anode . . . . . . . . Clriglan < 0.2 pF
Between the two anodes . . . Cyuur < 0.5 pF

Operating characteristiecs of the hexode system wused as mixer (see Iigs.
6 to 11 incl.)

+hy .
”fé
; 150pF

. Jlso;;/-' T

| OIFT R, a3

7 = 2 0

Ry -|-Q0.’7;aF Cp
J— ) ) 64147
Fig. 3
Anode and supply voltage . . Vo=V, = 250 1
Potentiometer for feeding screen [ R, = 27 kQ
grids (Fig. 3) R, = 27 kQ
Biasing resistor . . . . . . Ry = 180 Q
Oscillator grid leak . . . . Rypigp = 221)  kQ
Oscillator grid current - Ay = 350Y) pA
N

Grid bias . . . . . R = —2 —29V
Screen grid voltage . . . . Vg, = 85 124V
Anode current . . . . . . I, = 3.0 — mA
Screen grid current . . B S = 3.0 — mA
Conversion conductance . . . S, = 750 7.5 pA/V
Internal resistance . . . . . R; = 1.7 >5 MQ
Equivalent noise resistance . . R, = 100 — kQ

1) If the grid leak is 47 kQ instead of 22 kQ, an oscillator grid current of
200 pA is recommended ; none of the other values is affected.
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Typical characteristies of the triode section (see Figs. 14 and 15)

Anode voltage . . . . . Ve = 100 V
Grid voltage . . . . . . . F, = ov
Anode current . . . . . . I, = 10 mA
Slope e N = 2.8 mA/V
Amplification factor . . . . p = 22

Operating characteristics of the triode section used as oscillator (see Figs.
12 and 13)

Supply voltage . . . . . . T, =250 250V
Resistor in anode circuit . . . R, = 33 33 kQ
Grid leak . . . . . . . . Ryryp = 47 22 kQ
Grid current . . . . . . . Jypig = 200 350 pA
Anode current . . .. I, = 4.8 5.1 mA
Oscillator voltage . . . . . Ve = 8 8 Vieus
Effectiveslope . . . . . . S =055 0.6 mA/V

Operating characteristics of the ECH 42 used as phase inverter (see Fig. 4)

Supply voltage . . . . .V = 250 350V
Total current e £3 = 3.6 5.1 mA
Amplification .. . VoV = 11 11
l 5 Veus d = 1.2 1.1 0/0
Distortion at output voltage of {10 Vypysd = 14 12 9%
|15 Vs d — 17 149

q T +
X9 go2uF
S 1 °
[P
zé
™
@
(=]
IS
% ‘s
S
7 = a '})
op2ufF X
RS P
S Y
= 64148

Fig. 4
Circuit diagram showing the ECH 42 used as phase inverut.
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Operating characteristies of the hexode seetion used as mixer; screen grids
of the ECH 42 and I.F. amplifying valve EAF 42 fed by means of,a common
potentiometer (see Figs. 16 and 17).

+V

i

220pF

==0047uF)
IMQ D Ry,
0,047;:F'L __l_
T e AGC.
Fig. 5
Anode and supply voltage . . V.=V, = 250 \%
Potentiometer for screen grid {R1 = 22 kQ
voltage . = 27 kO
Biasing resistor . . . . . . R = 180 Q
Oscillator grid leak . . . . Rypip = 221)  kQ
Oscillator grid current . . . Iypig = 350Y) pA
——— e,
Grid bias . . . . . . . . Vgu = —2-—-205V
Scrcen grid voltage. . . . . Vi = 8 135V
Anode current « = 3.0 — mA
Screen grid current Ipoigs = 3.0 — mA
Conversion conductance . . . §; = 750 24 pA/V
Internal resistance . . . . R; = 1.7 >3 MQ
Equivalent noise resistance R, = 100 — k

i) If the oscillator grid leak is 47 kQ, the recommended oscillator grid
current is 200 pnA. The operating conditions of the valve are not affected.
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Operating charaecteristies of the hexode section used as mixer; (screen grid
voltage derived from the same potentiometer as that for the I.F. amplifier

EF 41 (see Figs. 18 and 19)

Anode and supply voltage

Potentiometer for screen grid
voltage

Biasing resistor

Oscillator grid leak

Oscillator grid current

Grid bias .
Screen grid voltage .
Anode current

Screen grid current .
Conversion conductance
Internal resistance
Equivalent noise resmtance

Vo=V,
R,
R,
RI:
R0T+(/a
yT+g3
Vo
ng+ga
@
{(/2+g4

Il

I

I

I

I

I

c
R;
R —

Limiting values of the hexode section

Anode voltage, valve biased to
cut-off

Anode voltage

Anode dissipation

Screen grid voltage, valve biased
to cut-off

Screen grid voltage WJth control
applied to valve .

Screen grid voltage with no con-
trol apphed

Screen grid dissipation

Grid current starting point

Cathode current . .o

External resistance between flrst
grid and cathode

External resistance between thlrd
grid and cathode

External resistance between
cathode and heater .

Veltage between cathode and
heater

1) See footnote page 80.

SN
Q
I

V(02+04)0 =
Voot sella<ImA) =

V(12+y4(lav:3n]A) =

Vg:!—)—g.l =
Vol =+03pd) =
8 =

E, =

250 A\
22 kO
27 kQ
180 Q
221)  kQ
3501) pA
rm———
—2 —22V
85 135V
3.0 — mA
3.0 — mA
750 20 pA/V
1.7 >5 MQ
100 — kQ
max. 550 V
max. 300 V
max. 1.6 W
max. 550 V
max. 300 V
max. 125V
max. 0.3 W
max.—1.3 V
max. 10 mA
max. 3 MQ?)
max. 3 MQ
max. 20 kQ
max. 100 V

%) This value is applicable when automatic grid bias is employed.
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Limiting values of the triode seetion

Anode voltage, valve biased to

cut-off . . . . . . . . Vg
Anode voltage . . . . . . V,
Anode dissipation . . . . . W,
Grid current starting point . . V,(I,=+0.3p4)
Cathode current . . . I
External resistance between grld

and cathode . . . . . R,
External resistance between

cathode and heater. . . Ry,
Voltage between cathode a.nd

heater . . . . .

82
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max. 550 V
max. 175V

max. 0.8 W
max. —1.3 V
max. 6 mA

max. 3 MQ
max. 20 kQ

max. 100 V
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1) The strength of an interfering signal on

the control grid (1)) producing 19, cross

modulation (curve K=19%)), and
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(curve mp=19%,), both as functions of the
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As Tig. 8, but with screen grid voltage of the
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As Fig. 9, but with screen grid voltage of the
ECH 42 and I.F. amplifying valve supplied by
means of a common potentiometer It;,, R,.
Fig. 17 : I.F. &mphf}er EAF 42.
Fig. 18: L.T. amplifier ET 41.
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EF #1
EF 41 Variable-mu R.F. pentode

Fig. 1
Normal and X-ray photographs of the EF 41 (approximately actual size).

The EF 41 is a variable-mu pentode suitable for R.F. and I.F. amplification
in A.C. receivers and car-radio sets. The slope, in the absence of control,
is 2.2 mA/V and the internal resistance 1.1 MQ.

The excellent properties of this valve from the point of view of cross-modu-
lation when gain control is applied are most apparent when a sliding screen
grid voltage is employed, a series resistance of 90 kQ being included in the
screen grid circuit. In the uncontrolled condition, with a grid bias of —2.5 V,
the screen grid potential is 100 V in that case; with a bias of —39 V, the
mutual conductance is reduced to 1/100th of its original value.

As in the EAF 42, the entire electrode sy-tem is enclosed in a metal shield
inside the envelope, so that no external screening is needed. The anode and
control grid lead-in wires are also carefully screened, so that the grid-to-
anode capacitance is at most 0.002 pF and the risk of unde:irable feedback
from the anode to the control grid circuit is reduced to a minimum. Never-
theless, it is still essential to press the valve well home in its holder and
to bend the lugs on the raised metal edge of the valveholder slightly inwards
(the reasons for these measures are given in the description of the EAF 42).
Used as an LF. amplifying valve, the EF 41 is found chiefly in sets employing
the EBC 41 as A.F. amplifier. Two separate diodes are then available for
detection and A.G.C. This offers special advantages in all cases where delayed
A.G.C. is required.
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In view of the fact that the EF 41 1s usually employed as I.F. amplifier
in conjunction with an A.F. stage, the reserve gain is sufficient to allow the
diodes and anode of the pentode to be connected to tappings on the L.F.
coils, for greater selectivity. If such tappings are provided at points equal
to 7/10ths of the coil, and if the quality factor of the coils =140, an I.F.
amplification of about 120 will be obtained.

As an R.F. amplifying valve, the EF 41 is particularly suitable for receivers
in which a good short-wave reception is required. Owing to the small quality
factor of the tuned short-wave circuits the sensitivity will be smaller
than at longer wavelenghts and the signal-to-noise ratio less favourable.
Naturally, such a higher amplification can also be obtained by means of an
extra I.F. stage, but in that case the signal-to-noise ratio is governed by
the noise produced by the frequency changer, which is some 10 times more
pronounced than that due to the R.F. valve. This explains why a short-
wave receiver often includes an R.F. stage, despite the fact that this arran-
gement is more complicated than an extra L.F. stage.

In view of its small size, the EF 41 — like all Rimlock type valves — is
an excellent valve for car radio, where space is relatively limited.

In common with the EAF 42, the screen grid of the EF 41 can be fed from
the same source as the screen grids of the frequency changer (ECH 41 or
ECH 42); see Fig. 2.

+Vp

Ru

U™
—H
Nl
S
k
™

T
0,04711/-'—L _l_ -

~ " 675? AGC.

Fig. 2
The EF 41fused as I.F. amplifier, with screen grid voltage derived from the
same potentiometer as that which is used to feed the screen grids of the
frequency changer.

91



EF #1
TECHNICAL DATA OF THE R.F. PENTODE EF 41

Heater data

Heating: indirect, A.C. or D.C., parallel feed

Heater voltage . . . . . . ¥, = 6.3V
Heater current . . . . . . I, = 02 A
Capacitances (cold valve)
Input capacitance .o . Oy = 5.3 pF
Output capacitance . . . . = 5.9 pF
Anode - control grid . . . . Cgy < 0.002 pF
Heater - control grid . . . Cpis < 0.1 pF
K@F
a
S
- . 6
g2 x
L g7 q S
- '
WISy
kgds r f [1ax 22
58833

Fig. 3
Electrode arrangement, electrode connections and maximum dimensions (in
mm) of the EF 41.

Operating characteristies of the EF 41 used as R.F. or LF. amplifier; (see
Figs. 4, 5 and 7)

Anode and supply voltage . . V,=V, - o= 250 \%
Screen grid resistor . . . . Ky, = 90 kQ
Biasing resistor . . . . R;. = 325 Q
Grid bias . . . Vi =25 —39V
Anode current oL I, = 6 — mA
Screen grid current I, = 1.7 — mA
Slope . . . . S = 2200 22 pnA/V
Internal resistance . R; = 1.1 >10 MQ
Equivalent noise resistance B = 6.5 — kQ

Amplification factor of the second
grid with respect to the first . wg., = 18 —

no



EF 41

Operating charaecteristics of the EF 41 used as R.F. or LF. amplifier; screen
grid voltage of EF 41 and that of ECH 42 derived from a common poten-
tiometer (see Figs. 2 and 10). (For details of the ECH 42 in this circuit,

see page 81)

Anode and supply voltage

Resistor between supply voltage
and screen grids

Resistor between screen grids and
chassis

Biasing resistor

Grid bias .

Screen grid voltage

Anode current

Screen grid current

Slope .

Internal re31stance .

Equivalent noise resistance

Amplification factor of second
grid with respect to the first .

Limiting values

Anode voltage, valve biased to
cut-off

Anode voltage

Anode dissipation

Screen grid voltage, valve blased
to cut-off .

Screen grid voltage, valve con-
trolled. . .

Screen grid voltage, val\e un-
controlled .

Screen grid dissipation

Cathode current .

Grid current starting point
External resistance between first
grid and cathode . .
Externalresistance between heat-

er and cathode e
Voltage between heater and
cathode

') This value is applicable where
biasing resistor.

Ve=Va

=

-wymm&‘g&'ﬁ‘_«‘ = &
38 v © RE TR

Kgegn

920

Vy(lg<3mA)

Viye(la=06mA)

W,

Vyl(lgl =

R,

R/!:

V/k

the grid

+0.3pA)

Il

I

I

250 v
22 kO
27 kQ
310 Q
— 2 22V
85 135 V
5.0 — mA
1.5 — mA
2000 20 pA/V
14 >10 MQ
7.5 — kO
18 —
max. 550 V
max. 300 V
max. 2 W
max. 550 V
max. 300 V
max. 1256V
max. 03 W
max. 10 mA
max. —1.3 V
max. 3 MQY)
max. 20 kQ
max. 100 V

bias is obtained by means of a
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a function of the slope 5.
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EL #1
EL 41 9 W output pentode

Fig. 1
Normal and X-ray photographs of the EL 41 (approximately actual size).

The EL 41 is an indirectly heated output pentode having a slope of
10 mA/V.The maximum permissible anode dissipation of this valve is 9 W and,
for an A.C. grid voltage of only 3.8 Vg, the output power is 3.9 W, with
109, distortion. Owing to the fact that no current flows to the control grid
at an A.C. voltage of this value (the grid bias is 7 V without input signal),
the output can be raised considerably without very much increase in the
distortion. Grid current does not commence to flow until the output reaches
4.8 W, at which point the distortion is 14.5 9, the required input signal
being 5.1 VRJ[S-

In a class A push-pull amplifier, with V,=1,,=250 V, an output of 9.4 W
with 4.69, distortion can be obtained for an alternating grid voltage of
5.6 VRMS-

Connected as a triode (screen grid connected to anode), the EL 41 will
deliver 1.55 W with 89 distortion on an anode voltage of 250 V. In either
of these circuits, however, care should be taken that the leads to the various
electrodes be kept short in order to avoid undesirable coupling and so ensure
that no parasitic oscillation can occur in view of the high mutual conductance
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of the valve. If oscillation does occur, owing to imperfect wiring, it can be
suppressed by including in the control grid and/or screen grid circuits
resistors of 1000 and 100 Q respectively, without decoupling capacitor.
These resistors should be connected as closely as possible to the valveholder.
Grid bias for the EL 41 should be only of the automatic or semi-automatic
kind, i.e. as provided by a resistor in the cathode circuit, or by a resistor in
the common negative line of the receiver. In the latter case the cathode
current of the EL 41 should constitute at least 509, of the total current
flowing through the resistor.

With automatic bias, the external resistance between control grid and cathode
must not exceed 1 MQ; with semi-automatic bias this resistance should
be lower, the maximum value being obtained from the formula :

cathode current of the EL 41
total current flowing through the resistor

’

Rgla

Rg,=max.

where R'g, is the maximum permissible external resistance between grid
and cathode for automatic bias.

As previously stated, the maximum anode dissipation of the EL 41 is 9 W;
to illustrate the full significance of this, certain points should be explained:
As a rule, when the set is in operation, the anode dissipation in the output
valve of a receiver is not constant, and among sets of the same type the
anode dissipation of the output valve will be found to vary considerably.
Several factors contribute to these differences, the most important of these
being the tolerances on the various components and valves in the circuit,
fluctuations in the mains voltage and, in some circuits, the effects of the
A.G.C. If the grid bias of the output valve is of the semi-automatic kind
(see previous paragraph), the bias will drop when the A.G.C. comes into
operation because the currents flowing through the R.F. and L.F. valves
are then reduced. In consequence, the anode dissipation in the output valve
increases.

For a better understanding of the significance of “a maximum permissible
anode dissipation of 9 W2 the following factors have been established :
If the anode dissipation of an average EL 41 valve in a receiver does not
exeed 9 W when:

1) the valve is operating on nominal voltages,

2) the components of the circuit are of nominal value, and

3) no input signal is applied,

it is permissible :

a) to use any EL 41 valve in the set in question,

b) to allow the anode dissipation to exceed the specified 9 W by a maximum
of 159, by reason of deviating values of the components and the effects of
the A.G.C,,

¢) to allow fluctuations of at most +or—109%, in the mains voltage.

As will be seen from the above, it isintended that the average anode dissipation
of the EL 41 in a receiver shall be 9 W when no input signal is applied. There
is then sufficient reserve: (a) to allow for the customary tolerances on
components, voltages and valves without risk of the valve being overloaded,
and (b) to avoid any difficulties when the A.G.C. comes into operation. If
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abnormal deviations in voltages or values of components are anticipated,
the average anode dissipation without input signal should be re-adjusted
accordingly. '

When the EL 41 is to be used as the output valve in a vibrator-driven set,
the above condition no longer applies as far as the line voltage is concerned,
since the voltage is then obtained from an accumulator, not from the mains,
and large fluctuations are likely to occur. In such cases the average anode
dissipation should be adjustcd to 9 W (without input signal) for an accumu-
lator voltage of 7 V. The voltage may then safely rise to 8 V without
overloading the valve. In addition, an increase in the dissipation of 159%,
beyond the limit can be allowed as a maximum, to meet deviations of the
components of the circuit, as well as the ef.ects of the A.G.C.

The lower limit specified for the accumulator voltage should be 5.5 V:
if the voltage is allowed to drop any further, the heater will be under-heated,
which, in the long run, will impair the emissive properties of the cathode.

NV U §
a N
S
g

N

q2 3
= G

o

s

kg3t f ‘max22¢
58834

Fig. 2
Electrode arrangement, electrode connections and maximum
dimensions in mm of the EL 41.
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TECHNICAL DATA OF THE OUTPUT PENTODE EL 41

Heater data

Heating : indirect by A.C. or D.C.; parallel fecd
Heater voltage I/,
Heater current I;

Capacitances (measured at the cold tube)

Input capacitance Cp
Output capacitance Cq

Anode-control grid Cap
Control grid-heater . Coy

Operating characteristics as Class

Anode voltage Va
Screen grid voltage Vg
Cathode resistor Ry
Control grid bias Vo
Anode current I,
Screen grid current Iy,
Mutual conductance S
Internal resistance . . R;
Amplification factor of the ‘)nd

grid with respect to the lst grid  pg,,

Matching resistance

Output power at 10%, dlstortlon

A.C.input voltage at 109, distor-
tion

Output power at grld current
starting point . N

Sensitivity

a
Wo(diot=10%)

Vildiy=10%)

Opcrating characteristics of 2
(without grid current) (see Fig. 8)

Anode voltage Va
Screen grid voltage Vi
Common cathode resistor Ry
Matching resistance R,
A.C. input voltage Vi
Anode current 7,

Screen grid current . 1,
Output power W,
Total distortion dior

100

Wolp=+0.3uA) =
Vi(Wo=50 mW)

I

I

AN

0.15

A output amplifier (see Fig. 7)

250
250
170
—17
36
5.2
10
40

1 I

o

22
7
3.9

i

3.8

4.8
0.32

valves as Class A push-pull amplifier

[ S )
o Gt
=1t D O

I

I

Lo
X

2x39.5
2% 8
9.4

4.6

o
X
A

ciodS e

i ny

]
[

\7
Q

mA
mA
mA/vV
kQ

kQ

Vrars

w
Veus
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Q
kO
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mA
mA
W
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EL 41

Operating characteristics of one valve as Class A output amplifier in triode
connection (screen grid connected to anode) (see Fig. 9)

Anode voltage
Cathode resistor
Anode current
Matching resistance
Output power

A.C. input voltage
Total distortion .

Limiting values

Anode voltage in cut-off condi-
tion . .

Anode voltage

Anode dissipation

Screen grid voltage in cut off
condition

Screen grid voltage

Screen grid dissipation w1thout
input signal .

Screen grid dss1patlon at full
modulation o

Cathode current .

Grid current starting pomt

External resistance between con-
trol grid and cathode

External resistance between
cathode and heater

Voltage between cathode and
heater e

Va
Ry,
I+ 1y
R,
W,
Vi
dtol

Vg
Va
W,

4

)

g2
W(V;=0)

W go( W, =max.)
I
Valp=+0.3pA)
R,

Vi

1) With automatic grid bias, see page !

[

i

1

| T T

I

[

max.
max.
max.

maXx.
maXx.

max.

max.

max.

max.

max.

max.

max.

250 V
250 Q

33 mA

3.5 kQ
1.55 W

550
300

550

300

14

\%%
33 W

55 mA

—13 V

1 M)

20 kQ

100 V
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As Fig. 7, for two EL 41 valves in Class A push-pull. I,=total

104 anode current, Ip,=total screen grid current, V;=A.C. input
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EL 42 Low-consumption output pentode

Fig. 1
Normal and X-ray photographs of the EL 42 (approximately actual size).

The EL 42 is an indirectly heated output valve intended primarily
for use in receivers in cases where low current consumption is important.
Every effort has been made to ensure the lowest possible consumption of
heater current, which is, in effect, only 200 mA, the power required by the
heater being 1.26 W. Notwithstanding the low consumption, the slope of
this valve is quite good, viz. 3.2 mA/V, with adequate sensitivity (approx.
0.8 Vgzus A.C. grid voltage to produce an output of 50 mW).

As the EL 42 is employed mainly for car radio and vibrator-driven sets,
the voltage source will usually be an accumulator, of which the voltage, in
practice, is subject to considerable fluctuation ; it is advisable, therefore,
to arrange for a working point that will give, in absence of an input voltage,
an average anode dissipation of 6 W when the supply voltage is 7 V. Varia-
tions in the voltage between 5.5 and 8 V will then be permissible withount
risk of under-running or overloading the valve. Further, the maximum
permissible anode dissipation may then be allowed to exceed its limit by
as much as 15% as a result of tolerances of the components in the circuit
and in consequence of the automatic gain control. (see page 2).

The maximum output power of the individual EL 42 is 2.8 W with
225 V on anode and screen grid, at which level the grid input is 8 Vzys.
The EL 42 is also suitable for use in push-pull output stages; a Class A
amplifier with anode and screen grid operating at 250 V, and with automatic
bias, will deliver an output of 7 W with a distortion of 5,5 9.
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In class B, the maximum output for the same anode potential is 6.5 W with
5%, distortion, and, in this connection, the ECC 40 as phase inverter will
be found very advantageous ; one of the triode systems of this valve is then
used for that purpose, whilst the other can serve as rectifier to provide bias
for the output valves.

As the amount of space in car-radio sets 1s usually restricted, the dimensions
of the EL 42 have been kept at a minimum ; this valve is no larger than the
pre-amplifier valves.

TECHNICAL DATA OF THE OUTPUT PENTODE EL 42
Heater data

Heating : indirect, A.C. or D.C., parallel feed
Heater voltage . . . . . . V; = 6.3V
Heater current . . R = 0.2 A

max 60

+max 7

WY

‘max22>

58836

Fig. 2
Electrode arrangement, electrode connections and maximum
dimensions in mm of the EL 42,

Capacitances (cold valve)

Input capacitance . . . Cp = 4.3 pF
Output capacitance .. Cy = 6.2 pF
Anode - control grid . . . . (g, < 0.2 pF
Control grid - heater Cpy < 0.2 pF
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Operating characteristics of the EL 42 used as Class A output amplifier
(see Figs. 6 and 7)

Anode voltage Va = 200 225V
Screen grid voltage Vi = 200 225V
Cathode resistor Ry = 360 360 Q
Anode current 1, = 22.5 26 mA
Screen grid current I, = 3.5 41 mA
Mutual conductance S = 32 32 mA/V
Internal resistance . . . R = 90 90 kQ
Amplification factor, screen grid

with respect to control grid . pgp = 11 11
Matching resistance . . . . R, = 9 9 kQ
OQutput power . . . . . . W, = 21 28 W
Total distortion . . . . . . dut = 11 12 9,
A.C. grid voltage . . . . . V{W,=max.) = 6.8 8.0 Vyeus
Sensitivity .. ... . Vy(W,=50mW) = 0.8 0.75 Vpgys

Operating characteristies of two valves EL 42 as Class A push-pull amplifier
(see Figs. 8 and 9)

Anode voltage Va = 200 \'
Screen grid voltage . .. Vg = 200 \Y
Common cathode resistor . . Ry = 310 Q
Matching resistance Rua = 15 kQ
A.C. grid voltage . . . . . V; = 0 0.75 9.6 Vgeus
Anode current I, = 2X16 — 2x 17 mA
Screen grid current . . . . I, = 2Xx26 — 2x506 mA
Output power N | = 0 0.05 41 W
Total distortion . . e et = - - 5.5 %
Anode voltage . . . . . . V, = 250 \%
Screen grid voltage . . . . V, = 250 \'
Common cathode resistor . . . Ry = 310 Q
Matching resistance. . . . . [Eg = 15 kQ
A.C. g[‘ld VOltz’lge e e .. Vi = 0 0.7 12.5 VR.\IS
Anode current . . . . . . I, = 2X20 — 2x21.5 mA
Screen grid current . . . . I, = 2Xx3.2 2% 6.7 mA
Output power . . . . . . W, = 0 0.05 7.0 W
Total distortion . . . . . . dpt = —_ — 5.5 %
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Operating charaecteristies of two valves EL 42 as Class B push-pull amplifier
(see Figs. 10 and 11)

Anode voltage . . N = 200 \%
Screen grid voltage . . . . Vg = 200 \%
Control grid voltage Vo = —17 \%
Matching resistance Raq = 16 kQ
A.C. grid voltage V; = 0 1.5 12 Vzaus
Anode current I, = 2x5 — 2x16 mA
Screen grid current N = 2X08 — 2X4.6 mA
Output power . . . . . . W, = 0 0.05 4.0 W
Total distortion . . . . . . diy = —_ - 3.5 9
Anode voltage . . . . . . V, = 250 A
Screen grid voltage . . . . Vg = 250 \%
Control grid voltage . = —22.5 \Y
Matching resistance . . . . R = 16 kQ
A.C. grid voltage . . . . . V; = 0o 1.7 16 Vigas
Anode current . . . . . . I, = 2X5 — 2X20 mA
Screen grid current . . . . I, = 2X08 — 2x6.5 mA
Output power . o L W, = 0 005 6.5 W
Total distortion . . . . .. . dyy = — — 5 %
Limiting values
Anode voltage when biased to

cut-off . . N N = max. 550 V
Anode voltage . . . . . . V, = max. 300 V
Anode dissipation . . W, = max. 6 W
Screen grid voltage, blased to

cut-off . . . . . . . . Vg, = max. 550 V
Screen grid voltage . . . Ve = max. 300 V
Screen grid dissipation w1thout

input signal . . . . . Wee(V;=0) = max. LW
Screen grid dissipation on full

load . . . . . . . . . Wg(W,=max.) = max. 2 W
Cathode current . . . . . I = max. 35 mA
Grid current starting pomt . Vel =+03pA) = max. —13 V
External resistance between

control grid and cathode . R, = max. 2 MO
External resistance between

cathode and heater . . . Ry, = max. 20 kQ
Voltage between cathode an(l

heater . o Vik = max. 100 V
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Fig. 3

Anode current I, and screen grid current I,
as a function of the grid bias V.
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EZ 40
EZ 40 Full-wave rectifier

7
:
:
.
:
.
%
.

Fig. 1
Normal and X-ray photographs of the EZ 40 (approximately actual size).

The EZ 40 is an indirectly heated full-wave rectifier capable of delivering
a maximum of 90 mA D.C. The maximum permissible alternating input
voltage for each half of the valve is 350 Vgys. For an appreciation of the
advantages which indirectly heated rectifiers have over the directly heated
type, the cathode warming-up time should be compared with that of the
other valves in the receiver. In directly heated vectifiers, the filament
reaches its working temperature very soon after the set has been switched
on, so that the valve very soon supplies voltage. The other valves, however,
take much longer to warm up and use no current in the meantime, with
the result that the D.C. voltage increases until it equals the peak value
of the applied alternating voltage. This voltage appears across the electrolytic
condensers of the smoothing filter, for which reason these condensers must
be capable of withstanding voltages of considerably higher value than the
normal working voltage, to which value the D.C. voltage docs not drop
until the other valves, particularly the output valve, have warmed up
sufficiently to pass current. The cathodes of indirectly heated rectifiers, on
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the other hand, are so designed that their warming-up time is longer than
that of the other valves in the set. Thus the use of indirectly heated rectifiers
ensures that the H.T. voltage is supplied only after the other valves are in
a condition to take current. Therefore, no surge occurs immediately after
the set is switched on, and the electrolytic condensers need be capable of
withstanding only the normal working voltage. Since the cost of these
condensers is governed by the maximum permissible applied voltage, cheaper
condensers can be used with indirectly heated rectifiers than with the directly
heated types. In this connection it should be noted that the warming-up
time of the EZ 40 is 35 seconds and that of the EL 41 22 seconds. By “warm-
ing-up time’” is meant the time from the moment of closing the circuit
to that at which half the ultimate current is delivered, or consumed.

The heater and cathode of the EZ 40 are so insulated from each other
that a voltage having a peak value of 500 V can be applied between them
without risk of breakdown. This value corresponds to the peak value of
the maximum permissible alternating voltage. If, during use, the maximum
permissible voltage is not exceeded, this will be the highest voltage to occur
between heater and cathode, corresponding to the no-current condition,
with maximum alternating input voltage. In view of this high insulation,
the heater can be fed from the same transformer winding as the other heaters
in the set, instead of from a separate winding with special insulation, as
required for a directly heated rectifier.

In order to avoid sputtering in the EZ 40 (momentary flash-over between
anode and cathode), a resistor should be included in each anode circuit.
The minimum value for this resistor is dependent on the applied alternating
voltage, and is given in the operating data at the end of this section. Part
of the required resistance is usually already present in the form of the
D.C. resistance of the mains transformer ; in order to take this resistance
into account, the following formula is employed :

Ry=Rs+n*R,+R,

where : R; is the minimum resistance required for each anode circuit,
R, the D.C. resistance of half the secondary of the mains transformer,
R, the resistance of the prlmary winding,
nthe turns ratio between the primary winding and half the secondary,
and R the minimum resistor to be added to each anode circuit to
prevent sputtering.
In order to avoid any possible misunderstanding, it should be added that
the previously mentioned maximum permissible voltage of 350 Vgys is
the voltage on the secondary of the mains transformer in the no-load condition.
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EZ 40
TECHNICAL DATA OF THE FULL-WAVE RECTIFIER EZ 40
Heater data

Heating: indirect, A.C. or D.C., parallel feed

Heater voltage . . .V = 63V
Heater current . . . 1; = 06 A
'y
a w a Y
. x
[
S
N
>
@
q 13
S
kT f Maxazg | .
Fig. 2
Electrode arrangement, electrode connections and dimensions in mm of the
EZ 40.
Operating and limiting values
Transformer voltage . . -V = 2% 250 2x275 Vyepus
Direct current output . . . I, = max. 90 max. 90 mA
Anode series resistance . . R, = min.2X 125 min.2X 175 Q
First capacitor ofsmoothmgfllter Crin = max. 50 max. 50 pF
Peak voltage between cathode
and heater . . . .o Ve = max. 500 max. 500 V
Transformer voltage Vi = 2% 300 2% 350Y) Vgears
Direct current output . . . I, = max. 90 max. 90 mA
Anode series resistance . . R, = min.2 X215 min. 2x 300 Q
First capacitor of smoothing fllter Crin = max. 50 max.50 pF
Peak voltage between cathode
and heater . . . . . N 7 = max. 500 max. 500 V

1) Max. permissible transformer voltage.
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Anode current (I,) of the EZ 40 as a function

of the applied D.C. voltage (V) ; since the

maximum permissible current per anode is

45 mA, the curve above this value is drawn
as o dotted line.
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EZ 41

EZ 41 Full-wave rectifier

Fig. 1
The rectifier EZ 41 (about
actual size).

The EZ 41 is an indirectly heated, high-
vacuum, full-wave rectifier which is specially
designed for car radio and other receivers
operating in conjunction with a single. vibrator.
The EZ 41 is used to rectify the alternating
voltage supplied by the vibrator. In view of
the fact that receivers of the type mentioned
are usually designed for low current consump-
tion, the EZ 41 is capable of rectifying current
only up to 60 mA; the heater current of the
valve is consequently relatively low, viz: 0.4 A.
The maximum permissible alternating voltage
to be rectified by the EZ 41 is 2X 250 Vgys-
Since the heater voltage of the EZ 41 used in
receivers mentioned previously is generally
obtained from the same source as that for the
heaters of the other valves in the set (an
accumulator), the heater and cathode must be
well insulated from each other. Thus a
maximum voltage of 350 V is permissible
between these electrodes.

In order to avoid sputtering (momentary
flash-over between anode and cathode), a
resistor must be included in each of the anode
leads of the EZ 41; approypriate values for these

resistors are given in the following data. For further particulars concerning
this essential resistance, reference can be made to the description of the

rectifier EZ 40.

TECHNICAL DATA OF THE FULL-WAVE RECTIFIER EZ 41

Heater data

Heating : indirect, A.C. or D.C., parallel feed

Heater voltage
Heater current

Limiting values

Transformer voltage
Direct-current output .

Peak voltage between heater and

cathode

First capacitor of the smoothing

filter Lo
Anode series resistance

V; = 6.3V

I; = 04 A
Iftr = max. 2X250 VRMS
M = max. 60 mA
Ve = max. 350 V
C/lll = max. 8 32 [J.F
R = min. 2X 150 2x 300 Q
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. 5-valve A.C. superheterodyne receiving
circuits using two valves EAF 42

Introduction

The following Rimlock type valves are employed in each model:

ECH 42, or ECH 41, as triode-hexode frequency changer,

EAF 42 as A.G.C. diode and I.F. amplifier,

EAF 42 as detector diode and A.F. amplifier,

EL 41 as output valve,

AZ 41 as rectifier.

These circuits are designed chiefly for simplicity, although not at the

expense of selectivity or sensitivity.

For the frequency changer there is a choice of two triode-hexodes: the ECH 42

of which the slope is 750 pA/V, and the ECH 41 with a slope of 500 wA/V,

but in view of its much better characteristics, the former is usually preferred.

Owing to the fact that one diode-pentode EAF 42 is used for A.F. amplifi-

cation and another for I.F. amplification, the gain is sufficient to ensure

high over-all sensitivity. One of the advantages of this arrangement is that

the diodes for A.G.C. and detection are housed in separate valves, so avoiding

any extra parasitic coupling between the two circunits of the last I.F. trans-

former, to which these diodes are usually connected. Moreover, it allows the

designer greater freedom in selecting a circuit.

Provided that L.F. transformers having a quality factor @=140 are used,

and that both the anode of the I.F. valve and the detector diode are connect-

ed to tappings (t=0.7) on the circuits, it is possible to build a receiver with

an over-all sensitivity of 1-2 £V. Such a receiver has certain disadvantages,

however, viz :

1. the noise level at the grid of the frequency changeris approximately
equal to that of the wanted signal;

2. the high A.F. amplification might give rise to hum and microphony;

3. the A.G.C. curve is very unsatisfactory, and the output valve delivers
maximum power before the A.G.C. has come into operation;

4. very high sensitivity greatly increases the risk of instability due to
unwanted coupling in the receiver.

There are two methods of overcoming these difficulties:

a) by using negative feedback from the output valve to the grid of the
A.F. pre-amplifier valve, or
b) by connecting the A.F. valve EAF 42 as a triode.

The latter method is naturally the more economical (at least 3 resistors and
1 capacitor are saved), but the resultant distortion is greater than in method
(a). The circuits relevant to both methods are described in this chapter.
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DESCRIPTION OF THE CIRCUITS
The aerial coupling

For the sake of simplicity, the circuit shown in Fig. 1 is designed for two
wave-bands :

1. medium waves (approx. 200 - 600 .m)

2. short waves (approx. 15 - 50 m).

The modifications necessary to make the receiver suitable for more, or
other, wave-bands will not materially affect the circuit. The change-over
from one wave-band to the other is effected by bringing different coils into
operation.

The aerial coupling is based on the high-inductance principle ; the self
inductance of the aerial coil is high compared with that of the tuning coil,
and the resonant frequency of the combination of aerial-coupling coil and
aerial capacitance is low in relation to the tuning frequency.

This provides an aerial coupling of which the performance is almost inde-
pendent of the frequency. In this model the average aerial gain across the
aerial coupling is 3.5.

The mixing stage

The ECH 42 or the ECH 41 may be used as frequency changer; both these
valves are triode-hexodes in which the modulator grid (g;) of the hexode
section is connected internally to the triode grid. The oscillator tuning
circuit is incorporated in the anode lead of the triode; parallel feed is
employed for the anode using a resistor of 33 kQ. This goes a long way
towards ensuring a constant oscillator voltage throughout the wave-band.
In order that sufficient oscillator voltage remains
available at the end of the shoit-wave band, the
coupling of the oscillator coils should be fairly
tight; on the other hand, since excessive frequency
displacement is then inevitable when control is
applied to the wvalve, and, moreover, since the
likelihood of over-oscillation on 15 m is then also
~~"Lg  greater, a grid leak not exceeding about 20 kQ
should be used.

H-—- To secure a relatively constant oscillator voltage
with less tight coupling of the coils, an extra coil
(L;) is connected between the coupling coil and the
grid capacitor to increase the voltage gain at the end
of the wave-band.

Fig. 2. Diagram of The Itrequency at “'l}ich maximum vol.tagg gain oc-
short-wave oscillator curs is governed mainly by the combination of the
coil. In the receiver extra coil and the coupling capacitance; it is
111'150(5181 d.esigned for  ysuallyadvisabletoensurethat the resonant frequency
L5-=21in:,.urns, of this combination lies outside the range of
L,= 8 turns, frequencies of the oscillator.

L,=16 turns.

63453
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A.C. grid voltage

A.C. anode voltage
0.25 is adequate; without it, this ratio would have to be about 0.45. Fig. 2
shows an oscillator coil of the kind described. In a laboratory model, maxi-
mum frequency drift at approx. 15 m was found to be only 1.1 ke/s.

At an oscillator voltage of about 8 Vgys (which corresponds to a grid
current of 350 pA through the 22 kQ grid leak) the conversion slope of the
ECH 42 is about 750 wA/V. If LF. transformers with a circuit quality factor
of Q=140 are used, a conversion gain of roughly 1235 is obtainable; under
similar conditions the conversion gain of the ECH 41 is approx. 90, the
maximum conversion slope of this valve being 500 wA/V. In the medium
wave-band the coupling ratio 3//L should be about 0.18 for the ECH 42,
and about 0.26 for the ECH 41.

To avoid the adverse effects on the internal resistance of secondary emission
it is advisable to feed the screen grids by means of a potentiometer which,
incidentally, can then also supply the screen grid voltage for the I.F. valve.
For the ECH 42 the potentiometer resistor values R,-E, are 22 and 27
kQ respectively, and for the ECH 41, 18 and 27 kQ.

With the extra coil, a coupling ratio t=M/L= of only

The I.F. amplifier stage

The intermediate frequency of the circuit is 452 ke/s; the mosv appropriate
frequency naturally depends on local conditions, but any alteration in this
respect will not affect the circuit arrangement in the least.

Since the diodes are connected to the circuits of the second I.F. transformer
by means of tappings (¢=0.7), the effects of diode damping are greatly
reduced. Coupling between these circuits is more than critical (£/d=1.1) so
that, taking into account the diode damping, the actual circuit coupling
is just about critical. In the uncontrolled condition, the over-all amplifi-
cation of the L.F. stage is then approximately 85.

To reduce the effects of fluctuations in the input capacitance due to the
A.G.C. it is also possible to connect the control grid of the EAF 42 to a
tapping on the preceding transformer, although this naturally also reduces
the sensitivity to some extent. g

It should be pointed out that, in order to avoid instability due to feed-back,
it may often be found necessary to fit a metal screening plate between the
control grid and anode connections under the valveholder.

Deteetion and A.G.C.

As already mentioned in the introduction, the diodes for detection and
A.G.C. are contained in two scparate valves, both of the type EAF 42. In
the circuit illustrated in Fig. 1, the diode in the A.F. valve functions as
detector, and that of the I.F. valve as A.G.C. diode. The delay voltage for
the A.G.C., derived from the negative side of the power section and supplied
through a potentiometer comprising two resistors (39 Q+100 Q), is such
that the A.G.C. does not come into operation until the EL 41 output valve
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is almost fully loaded. This
delay voltage also provides
the grid bias for the fre-
quency changer and for
the I.F. valve.

In order to prevent ex-
cessive diode damping
when a gramophone pick- I ;
up is to be used a 47 kQ ; 1 1] JJ} il
resistor is connected in 10 100 1000 10000
series with the 0.5 MQ load eus ——xVi (Wo=50m¥)

resistor
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Fig. 3. A.G.C. characteristic of a receiver:
a. with the circuit shown in Fig. 1;
- b. with the circuit shown in Fig. 4;

The A.F. amplifier and c. with the A.F. valve EAF 42 connect-

output stages ed as triode.

The A.F. signal is taken from an 0.5 MQ potentiometer and is applied to
the control grid of the EAF 42 through a coupling capacitor of 0.01 pF.
The EAF 42 is capable of giving an amplification of 80, but this is far too
high for the circuit in question and would result in microphony in the absence
of special precautions to prevent this. The reserve gain is utilized to provide
strong feedback: the secondary output transformer voltage is returned,
via a 100 Q resistor, to a 10 Q resistor, in the cathode circuit of the A.F.
amplifier valve, and this voltage, corresponding with a feedback factor of
10, reduces the total effective amplification of the A.F. stage to a factor of
about 8.

In view of the fact that the value of the grid leak of the EAF 42 is very high
(10 MQ), no separate grid bias is needed for this valve.

The working point of the EL 41 is so placed that this valve only delivers
maximum output when a strong signal is received. If the valve were to
operate at its appropriate working point in the absence of any signal, or
on weak signals, the anode and screen grid currents of the frequency changer
and the I.F. valve would drop almost to zero value on an increasing signal,
thus displacing the working point of this valve to such an extent that the
anode dissipation would exceed the maximum permissible limit.

This effect is aggravated by the voltage drop in the 1200 Q smooth-
ing resistor and the corresponding increase in screen grid voltage. The
appropriate working point for the EL 41 can be computed in the following
manner. Let I, be the constant component of the total cathode current,
I, the decrease in current in the ECH 42 (ECH 41) +EAF 42, and I; the
increase in screen grid and anode current. Grid bias is provided by a common
resistor R in the negative line. In the abhsence of modulation, or when only weak
signals are being received and the A.G.C. is still inoperative, the following
formulae apply:

Toy=I+I, and V,=—(I,+I1,)R.



When the A.G.C. comes into operation:
Liw=I,+1; and Vy=—(,+1,)E.
The variation in the grid bias of the EL 41 is therefore :
AV =+ L)R—(I, + ;) R=(I,—I,)R.
It is known that:
1,=84V,=81,—I,) R=8RI,—S8RI,;

hence:
SR

=1,

*"1+8SR?
When a resistor of about 139 Q is used for biasing purposes, the anode
current of the EL 41 rises to the following extent :

_9.10-°x 139
8149102139

In the no-signal condition, or when only weak signals are received, the
EL 41 takes an anode current of about 30 mA, corresponding to a grid bias of
roughly —7.5 V. The output valve is not then fully loaded, which is imma-
terial, since, in view of the adverse noise-to-signal ratio under such conditions,
there is no point in reproducing weak signals at full volume.

Feedback

Feedback can be effected in various ways; for example, the amount returned
can be made dependent on the setting of the volume control: if the 10 ohm
resistor is transferred from the cathode circuit to the bottom end of the po-
tentiometer (see Fig. 4), the amount of the feedback is small when the po-

10=approx. 5.5 mA.

EAF4L2 EL4

2700pFJ

0,82M0
WWWA

001uF

027M0.
—MWW
068MN

03435

L N
= +260V =7V +260V +280V

Fig. 4. Modified feedback circuit: the amount of feedbaclk is govern-
ed by the setting of the volume control.



tentiometer is at its maximum. This will be clearly seen on considering the
network formed by the 0.5 MQ potentiometer (volume control), the 47 kQ
series resistor and the diode damping, which works out at roughly 100 kQ
on weak signals, or about 250 kQ on strong signals.

When weak signals are received with the volume control at maximum, feed-
back amounting to a factor of

100 +-47 -

100+ 474500 — 022

is returned to the grid of the A.F. valve (on stronger signals about 0.37).
When the volume control is turned back to approx. one third of its total

EAF42

EL41

L . __J

027MQ
WWWWW
068MN

0,82M0
VWWW

001uF

R3=
2M0

g 63454
S

100

NI
+260V =7v +260V +260v

Fig. 5. Modified version of the circuit shown in Fig. 4.

Ry resistance, the factor increases to :
250+47+2/3X500—a ox. 0.8
) 250 1474500 PProx S

The A.G.C. curve of this circuit (b in Fig. 3) is rather

LT
70954

Fig. 6. Equi-
valent circuit
of the feed-
back arrange-
mentshown in
Fig. 5.

more satisfactory than that of the original circuit shown
in Fig. 1, although there is one drawback in that the feed-
back voltage, which produces an alternating current in
anti-phase with the existing A.F. voltage across the diode
load resistor, adversely affects the A.C. resistance of the
diode circuit. This means that the R4 ¢ /Rpc. ratio is
reduced and that distortion at high modulation peaks
will be incrcased. This can be avoided, however, by using

the circuit shown in Fig. 5, where the volume control (2 MQ), in series
with the 10 Q feedback resistor, is connected in parallel with the diode

load resistor.
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In Fig. 6, which shows the equivalent circuit for the arrangement in Fig. 5,
it is seen that the feedback voltage is divided between the potentiometer
R, (dependent on the setting of the volume control) in series with the parallel
network R; and R,+ R4 (diode-damping). The equivalent resistance of R,
R, and Rz is 0.115 MQ for weak signals, and 0.23 MQ for strong signals.
When the volume control is turned up fully, the grid of the A.F. valve

0.115 .
receives ”T;)=0.O54><tvhe feedback voltage on weak signals, and on strong
signals o‘;3=0.103><the feedback voltage.

When the volume control is turned back to one third of its total resistance,
the respective factors are 0.68 and 0.74.

In this circuit, then, feedback is still more dependent on the volume control
than in the circuit shown in Fig. 4.

The power section

This is of the conventional type. A mains transformer delivers the H.T.
voltage to a full-wave rectifying valve; D.C. is derived from the filament,
and smoothed in the usual way by two elec-
trolytic capacitors and a 1200 ohm resistor.
The anode voltage for the output valve EL 41
is taken from the first capacitor and is applied
to a tapping on the primary of the output
transformer, the bottom end of this winding
being connected to the second electrolytic
capacitor through the smoothing resistor
mentioned above.
In this way a ripple voltage is introduced at
the lower end of the output transformer which
is of opposite phase to the ripple voltage in the
rest of the primary, the one thus counteracting
the other. Provided that the extra winding
contains the appropriate number of turns, it
= 63457 is even possible to compensate to some extent
Fig. 7. Equivalent dia- the ripple voltage originating from the preceding
gram of the hum-com- stages.
pensation circuit. The equivalent diagram of the hum-compen-
sation circuit is shown in Fig. 7, to illustrate
the method of determining the correct position for the tapping on the
primary of the output transformer. If the impedance of the last
smoothing capacitor is low compared with that of the 1200 ohm resistor.
and the A.C. voltage across this capacitor is also low, the 1200 ohm resistor
may be regarded as being earthed as far as the A.C. voltage is concerned.
The output transformer, combined with the power section for the output
valve, can then be represented by a Wheatstone bridge in which the ripple
voltage across the first smoothing capacitor is regarded as the voltage source,
and the sccondary transformer winding as the zero indicator.
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No A.C. voltage will occur across the terminals of the secondary winding
when

S, Ri
S, R’
in which §; = number of turns of the primary of the output transformer,
without hum-compensation winding;
S, = number of turns of the hum-compensation winding;
R; = internal resistance of the output valve;
R, = the value of the smoothing resistor.
For the circuit in question:
8 50,000
== . 41.5.
8, 1200 PPTOX

In order to obtain the best possible results it is advisable first to make an
experimental model of the transformer, with more turns for the hum-
compensation winding than would be necessary according to the calculation.
The exact number of turns, which is more easily determined experimentally,
may differ slightly from the number calculated, owing, amongst other things,
to the effects of phase displace/nent and to the extra ripple compensation
originating in other parts of .the receiver )
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MEASURED VALUES
Voltages and currents

Supply voltage at the first smoothing
capacitor

Supply voltage at the second smoothmg
capacitor e e

Anode voltage EL 41

ECH 42 - ECH 41 - irequency changer

Anode current, hexode part .
Anode current, triode part

EAF 42 - LF. amplifying valve

Anode current .

Screen grid current of the ECH 4"/41 and
EAF 42 +potentiometer current

EAF 42 - A.F. amplifying valve

Anode current
Screen grid current

EL %41 - output valve

Anode current
Screen grid current .

Without A.G.C.| With A.G.C.

278 V

<<

8 mA
4 mA

4.5 mA

9.2 mA

0.75 mA
0.25 mA

30 mA

2.8 mA

280 V

1 _Z mA

{ 6.5 mA
mA

5 mA
5

‘ 35.0 mA
| 4.3 mA

The oscillator voltage of the ECH 42 or ECH 41 is about 8 Vg5 with approx.
350 pA direct current through the 22 kQ grid leak.

Sensitivity

For an output of:

At the control grid of the EL 41

At the detector diode (A.F.)

At the detector diode (I.F.) . . .
At the control grid of the EAF 42 (I. F )
At the control grid of the ECH 41

At the control grid of the ECH 42 .

At the aerial (ECH 41). . . approx
At the aerial (ECH 42) . . approx.
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50 mW | 500 mW

0.33 Vigeus ‘ 2 Vrurs
41 mVgys | 131 mVpgys
200 mVRVS : 560 lllVRMs
2.6 mVR\js i 7.2 IHVRMS
35 uVrus | 95 uVgpus
22 pVrys ‘ 66 1Vrars
10 uVeus 0 30 uVgeus
7 eVeus | 22 pVras



Selectivity, measured at 1000 ke/s

Attenuation: 1:10

when the receiver is detuned =+ 4.5 ke/s

1:100 when the receiver is detuned 4 9.5 ke/s
1:1000 when the receiver is detuned 4 15.5 ke/s.
This detuning amounts to +5ke/s, +9.75ke/sand +17 ke/s for the I.F. stage.

The A.F. pentode connected as a triode

The circuit can be simplified by connecting the EAF 42 -
a triode. This valve then provides a gain of 15, giving an overall sensitivity
of about 6 wV. In view of the fact that the circuit is then less sensitive
to ripple, no separate hum-compensation winding is needed in the output

transformer.

A.F. pentode as

The A.G.C. curve for this circuit is shown in Fig. 3 (curve c); the sensitivity

values are as follows:

Seusitivity (triode eonneetion)

For an output of: 50 mW | 500 mW
At the control grid of the EL 41 0.33 ‘Vgears 1.2 Viys

At the diode detector (A.F.) 22 mVgys 80 mVgys
At the diode detector (I.F.) . . 121 mVgzys | 320 mVgys
At the control grid of the EAF 42 (I F. ) 1.56 mVzys [4.13 mVpys
At the control grid of the ECH 41 18.1 pVigyrs 48 uVgrars
At the control grid of the ECH 42 14 pVius 35 uVgeus
At the aerial (ECH 41) . approx. 6 wVrars 18 pViras
At the aerial (ECH 42) . approx. 5 uVzrars 13 uVgars

In alaboratory model receiver the ripple voltage across the secondary
winding of the output transformer was not more than 10 mVgys

Note

The pins of the EL 41 and AZ 41 indicated in the circuits by hatched circles

should not be connected.
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Il. A superhet with 4 Rimlock valves and
separate power units for battery and
A.C. mains

Introduction

This receiver is very easily adapted to either A.C. mains, or a 6 V battery,
as the power units are interchangeable.
The circuit is designed for two wave-bands :
medium waves : 180 - 590 m,
short waves : 15- 50 m,
but it is, of course, a fairly simple matter to adapt it for other wave-bands.
The following Rimlock type valves are employed in the receiving section:
ECH 42 - triode-hexode frequency changer,
EF 41 -1.F. amplifying pentode,
EBC 41 - duodiode-A.F. triode,
EL 41 -9 W output pentode.

DESCRIPTION OF THE CIRCUIT

The aerial coupling and mixing stage

The aerial coupling and the circuit of the mixing stage are identical with
those shown in diagram I: here, too, a circuit connected in parallel with
the short-wave oscillator coupling coil is used, so that a moderate amount
of coupling yields a fairly constant oscillator voltage over the entire short
wave-band.

The LF. amplifying stage

Apart from the fact that an EF 41 pentode with a slope of 2.2 mA/V is used as
amplifying valve, the LF. stage is identical with that shown in diagram I.

Detection and A.G.C.

The anode of the EF 41 is connected, through a coil tapping of 0.7, to the
primary circuit of the last I.F. transformer. This tap is also connected to
the A.G.C. diode, which derives its delay voltage from the potential difference
across the two 1800 ohm resistors in the cathode circuit of the EBC 41.
The detector diode, also incorporated in the EBC 41, is connected, through
a similar tapping, to the last circuit. The rectified voltage across the
0.5 MQ potentiometer is applied to the grid of the triode section of the
EBC 41, through an 18,000 pF coupling capacitor.

The A.F. and output stages

The triode part of the EBC 41 enables a gain of 50, which represents
so much reserve that it is possible to employ feedback up to a ratio of 3
from the output transformer, thus considerably reducing distortion in the

132



g€I1

== 220pF

5'.‘{% N | —&5 | | )
£ ) = Fal
LTI i i

I
é | |waoo
I 153 | 5= pF
-~ |
L o
—— | [620F
I
< =
¥ EE
o3
(<P 2
IS ~SQ Q3
L 8z 0T 3% iz
£ Y SE
b [souF
¢z g%
-
x Il
= = = 12402
WA
8 44
l Ly
-

L 1 YSDDpI-I —ll‘l_s_aqr»sa{f

Fig. 1. Receiving circuit of a 4-valve receiver for A.C. mains and battery.



output stage. For this pur-
pose part of the voltage on
the speech coil is applied
to a 120 ohm resistor in
the cathode circuit of
the EBC 41; the overall
A.F. amplification is then
about 14.

The output valve in this
circuit is the EL 41, which
delivers about 3 W to the
loudspeaker. If low con-
sumption is preferred to
high output when battery-
feed is employed, the
EL 42 output valve is the
obvious solution: the heat-
er current of this valve is
only 0.2 A, as compared
with 0.71 A in the EL 41;
the output power is only
about half of that of the
EL 41.

Simple but effective tone
control is obtained by
means of a potentiometer
which also serves as grid
leak for the EL 41, the

T e
€ — — t
@ I EAEN] A o
A 0 ALY =
S [T R A — o
o R g i i
x e S S— — ——t—
L e e =
[ S | s i 1| S
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p 3‘\“} | 1“ : l | ! l
| i R RS ; I
7;‘. HHM ";1‘ 11‘1[ ]\H‘;
1 10 100 1000 10000

e x Vj (W=50mW)

Fig. 2. A.G.C. curve of the receiver.

variable contact being connected, via a

capacitor of 820 pF, to the anode of this

valve.

The power section

In view of the fact that both power units
employ the same type of smoothing filter,
this filter is incorporated in the receiver.

The smoothing filter comprises a double
electrolytic capacitor of 2 x50 pF and a
wire-wound 1200 ohm resistor.

Power unit for A.C. mains (Fig. 4)

1000— T
1 T t jaa;
T 1 T
T ’ |
: | I
‘ T T
— . :
& | |
=100 —17
Iy S=38 7
| = ;
T N L
i Na | l
] - B
10 100 1000 700Hg 100000.
f C/S 6346
Fig. 3. Frequency-response characteristic
a) with, and b) without tone control.
Ts
AZ41
e |
s 3
7 9
|
63460

This unit contains a mains transformer
and an AZ 41 rectifying valve. The heater voltage for the receiving valves
as well as the H.T. are supplied to the receiver by means of a 5-pin

tapping plate.
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Power unit for hattery feed (Fig. 5)

Current for this unit is supplied by a 6 V battery. The conversion of D.C.
into A.C. by means of a vibrator, and the anti-interference measures involved
are fully described in the chapter dealing with Circuit IV. For details of L,

(Fig. 5) and L,, (Fig. 1)
see Fig. 4 and 5 (page
149).

From the point of view
of radiation, the filter
L; 41500 pF capacitor
must not be included in
the vibrator section and
they are, therefore, in-
corporated in the receiv-
er. The A.¥. ripple
voltage is smoothed by
a capacitor of 100 pF
and a choke (L;) of
110 pH. Two opposed
capacitors, each of 100
wF, ensure that the ter-

L3
L

‘L 2x100uF
| oy
!

), 94ueF

0,
———{ |

1500pF

47000pF
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g
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T
? O—
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]

47000I
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o

=

63461

bsyd

Fig. 5. Circuit of the battery power unit.

minals of this power unit are independent of the polarity of the battery.
In conclusion, it should be mentioned that, whenever possible, the various
circuits should be earthed at a single point. If they are earthed separately,
earth currents between the different points may give rise to interference.
This is particularly important in the case of the frequency changer, since
the amplification is greatest beyond this valve.

300 w\ ’ l I L 6v
N T
:S_ D ‘\\\\N
= h
T 200
~ | 5v
f
100
4V
ol [ | ] l | |
0 10 20 30 40 50 60 70 80.
63464 —1I (’”A)

Fig. 6. Primary voltage (curve @) and output
voltage (curve b) of the vibrator, as functions

of the

current.
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MEASURED VALUES
Voltages and currents

Mains | Battery
EL 41 - output valve
Anode voltage . . . . . . . . . 245 V 190 V
Screen grid voltage . . . . . . . . 240 V 185 V
Grid bias . . . . . . . . . . . —6 V —44 V
Anode current . . e 39 mA 30 mA
Screen grid current . . S 6 mA 4.3 mA
EBC 41 - duodiode-A.F. amplifying triode
Anode voltage . . . . . . . . . 145 V 110 V
Grid bias . . . . G —15V —12V
Anode current . . . . . o 1 mA 0.7 mA
EF 41 - LF. amplifying pentode
Anode voltage . . . . . . . . . 240 V 185 V
Screen grid voltage . . . . . . . . 80 V 64 V
Grid bias . . . . . . . . . . . —2V —12V
Anode current . . . . . . . . . 3.9 mA 2.4 mA
Screen grid current . . . . o 0.9 mA 0.6 mA
ECH 42 - frequency changer
Anode voltage - hexode section e 240 V 185 V
Anode voltage - triode section . . . . 130 V 90 V
Screen grid voltage . . . . . . . . 80 V 64 V
Grid bias . . . . . . . . . .. —15V —12V
Anode current - hexode section . . . . 4 mA 2.8 mA
Screen grid current . . . o 3.5 mA , 2.2 mA

Sensitivity for a standard output of 50 mW (modulation 309%,)

Mains | Battery

approx. approx.
At the control grid of the EL 41 11V 115V
» » s » o EBC 41 78 mV 82 mV
S » s » o» EF 41 3.1 mV 3.5 mV
»oow ”» s 2 5 ECH 42 50 pV 57 uV
. s aerial (1000 kc/s) 14 uV \ 16 .V

Selectivity, measured at 1000 ke/s

Attenuation : 1/10  when the receiver is detuned 4 5 ke/s

1/100 ’s ) 5 P D) + 8 kC/S
1/1000 PR ’ %) 3’ ) i12.75 k(ﬁ/’ﬁ

The output delivered to a 5 ohm resistor is about 3 W on mains feed, and
about 2.2 W on battery feed.
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lll. A 4.valve A.C. superheterodyne receiver

Introduction

Four Rimlock valves are used in this receiver, viz.

ECH 41, or ECH 42 - frequency changer,

EAF 42 - detector and I.F. amplifier,

EL 41 - 9 W output pentode,

AZ 41 - full-wave rectifier.
It will be seen that only three of these valves are incorporated in the
receiving section: the A.F. voltage delivered by the detector diode is supplied
straight to the control grid of the EL 41 output valve. In spite of the fact
that only one diode is available, delayed A.G.C. can be obtained by employing
the third grid of the EAF 42 as a diode. This yields a much more satisfactory
A.G.C. characteristic than a circuit in which the control is not delayed.

DESCRIPTION OF THE CIRCUIT

From the aerial to the I.F. amplifier EAF 142, the circuit is identical with
that of the 5-valve superheterodyne receiver described in section I. Very
briefly, the main features are as follows : an aerial coil having a high induct-
ance is employed to secure a voltage gain of about 3.5. The frequency changer
is connected in the conventional manner; the tuned oscillatory circuit
is connected to the anode, which is parallel-fed through a 33,000 ohm resistor.
On short waves a booster circuit is employed to ensure that sufficient
oscillator voltage will be available over the whole band, with only moderate
feedback. When used in circuits having a quality factor @= 140, the
conversion gain of the frequency changer ECH 41 is about 90, or, in the
case of the ECH 42, about 125, without gain control.

Particularly in the 3-valve receiver under review, the ECH 42 gives very
satisfactory results from the point of view of sensitivity.

The LF. amplifier is the EAF 42; the one diode in the circuit is fed from
a tapping on the secondary of the last I.F. transformer (¢=0.7), to reduce
damping. The overall amplification of the I.F. stage is 160 without gain
control.

Detection and A.G.C.

The one diode available in this receiver is required for detection. Undelayed
A.G.C. can, of course, be applied to the frequency changer and the L.F.
valve. There are then two possibilities :

1. The full D.C. voltage available on the diode load can be used for A.G.C.
This prevents the I.F. valve from being overloaded on strong signals,
but has the disadvantage that the output valve then delivers maximum
output only on strong aerial signals.

Only part of the control voltage across the diode load need be used for
A.G.C. This ensures that the output valve will deliver maximum output

o
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power on aerial signals of moderate strength. The disadvantage here,
however, is that, when strong signals are received from a local transmitter,
modulation distortion and overloading of the L.F. valve are inevitable,
particularly when the carrier is deeply modulated.
For these reasons the connection to the third grid of the EAF 42 has been
brought out separately, so that it can be used as a delay diode as shown
in Fig. 2. Here the third grid is connected to the positive line (at about
250 V) through the high-value resistor R, (20 MQ in this circuit). The current
I, (about 12.5 pA) is then determined mainly by this resistance. Grid g,
is further connected, through R, (2.2 MQ), to the diode load and, through
a potentiometer RE; (comprising R,=1.5 MQ and R;=3.9 MQ), to the
negative bias of the output valve (usually about —7 V, corresponding to
the required grid bias of the EL 41).
‘As long as the third grid passes current, there is a small voltage between
it and the.cathode, which is given by

I"_f/.'! - ]Ygso +Ig3>< Rgs)

where ¥V, is the starting point of current to the third grid and R is the
internal resistance of the third grid with rispect to the cathode. Although
Vg, in particular, but also the internal resistance R, are subject to
some variation, their average values may be taken to be —0.6 V and 50
kQ respectively. \
In the absence of a signal, the third grid consumes ‘about 10 pA, the grid
then being at roughly zero potential with respect to the cathode. The re-
mainder of the current 7, is divided between Ry (I,) and R,+ R (I,). Now,
as soon as an alternating volt-
age is applied to the detector
diode, detection produces a
voltage Vg across R, the
polarity of this voltage being
such that the point B is at
a negative potential with
respect to earth. This in turn
produces an increase in the
current I, and, as the current
I, is determined almost exclu-
sively by the 20 MQ resistor
(so that it can be assumed to
be constant), the current
flowing to the third grid de-
creases.
At a certain value of Vj, the
current I,; drops to zero,
58850 which means that the internal
Fig. 2 resistance of grid g, becomes

The EAF 42 with third grid used as practically infinite. From this
delay diode. moment onwards, point A

¥p =250V
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— Xty (Wym 50mW)

is at a negative potential, becoming more negative as the signal voltage
across the detector diode increases. The automatic gain control then
becomes effective. For preference, the A.G.C. should come into operation
immediately the output valve EL 41 is fully loaded and is delivering
maximum power, i.e. when the A.F. voltage on the grid of the EL 41 is
3.8 Vigars, which corresponds to a direct voltage V4 of:

3.8x712

03 =18V (m=0.3).

This starting point is determined by the values of the resistors R,, R, and
R;. The tapping a on the potentiometer Ry is so adjusted that, when weak
signals are intercepted by the aerial (i.e. without control), ¥, is equal to the
minimum grid bias of the two valves ECH 41 or 42 and EATF 42.

In the arrangement shown in Fig. 2, the grid bias is —7 V; hence the tapping
a in this case is equal to R,/R;=0.28.

It can be shown that:

7V,
) +—IE‘4> + V03o
i — (I—a)+aV,.
7, ) +1

Immediately the A.G.C. takes effect, [3=0, and Rg, becomes so high as
to be practically infinite. The preceding formula then becomes :

(I—a) +a¥,.

B R TE
As previously stated, 50 kQ and —0.6 V can be assumed to be average
values for R; and Vg . On the basis of the above formulae, the A.G.C.
characteristic can now be
plotted for the circuit de-
i picted in Fig. 2, relating
i to voltages and resistances
of any value. The charac-
teristic applicable to the
suggested voltages and
resistance values is repro-
duced in Fig. 3b;the curve
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. characteristic with undelayed control.

characteristic relative to the circuit
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a, representing undelayed
A.G.C. employing as con-
trol voltage one-third of
the voltage across the
diode load, is shown for
comparison.



If a low supply voltage is available in the receiver, the value of R, need not
be so high : one might consider, for example, using the screen grid voltage
of the frequency changer for this purpose. When this voltage is taken from
a potentiometer, it varies only slightly with the control voltage, but, on
the other hand, the A.G.C. characteristic is then not quite as flat, depending
on the strength of the control applied to the valve concerned.

The output stage

The working point of the output valve is such that the anode dissipation
does not reach its maximum value unless signals are received from a powerful
transmitter; for details of the calculations involved see circuit description I,
page 125. The grid leak of the EL 41 takes the form of a potentiometer,
the sliding contact being connected through a capacitor of 330 pF to the
anode, thus providing a simple, but effective, tone control.

The power- section

The rectifier is the AZ 41, with a smoothing filter consisting of two electrolyt-
ic capacitors of 40 uF in combination with a 1200 ohm resistor ; in order
to avoid an excessive voltage drop across this resistor, the anode feed of the
output valve EL 41 is taken from the first smoothing capacitor.

Gramophone reproduetion
If the receiver is to include facilities for gramophone reproduction, the
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Circuit diagram of the A.F. section. When a pick-up is used, the pentode
section of the EAF 42 functions as an_A.F. amplifier.
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circuit can be changed by means of a switch, as shown in Fig. 4, so as to
use the EAF 42 as an A F. amplifier. The pick-up is connected across the
volume control, from which the A.F. voltage is taken, through a coupling
capacitor of 0.01 uF, to the grid of the EAF 42. The amplified voltage, from
a 22 kQ resistor connected in series with the primary circuit of the last
L.F. transformer, is supplied, through a capacitor of 8200 pF, to the grid of
the EL 41.

When the switch is reversed, the A.F. voltage is taken, through a coupling

capacitor of 0.01 yF, direct to the grid of the EL 41. In this circuit the gain
of the EAF 42 is 24.

MEASURED VALUES

Sensitivity (with standard output power. W,=50 m\\)
At the control grid of the EL 41 0.33 Vgas
At the control grid of the EAF 42 10 mVigys
At the grid of the ECH 41, or ECH 42

0.11 mVyg,r5 and 0.08 m Vs respectively
At the aerial approx. 30 1 Vrars and 23 (1 Vgpys respectively

When undelayed A.G.C. 1s employed, the control voltage being one third
of the voltage across the detector load, maximum output power is obtained
at an aerial signal of about 2 mVpgys, but when a delay diode is used, this
occurs at an aerial signal of only 0.35 mVg,s

Selectivity, measured at 1000 ke/s

Attenuation: 1:10  when the receiver is detuned 4 4.25 ke/s
1:100 when the receiver is detuned + 9 ke/s
1:1000 when the receiver is detuned +15.25 ke/s

Voltages and currents (without R.F. signal voltage)

Supply voltage at first smoothing capacitor 275 V
Supply voltage at second smoothing capacitor approx. 250 V
Frequency changer ECH 41 ECH 42
Anode current, hexode system 2.8 mA 3.0 mA
Anode current, triode system 4.1 mA 5 mA
Screen grid current 1.9 mA 3.0 mA

EAF 42, LF. amplifier

Anode current 4.2 mA
Screen grid current 1.3 mA
EL 41, output valve

Anode current 27 mA
Screen grid current 4.0 mA
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IV. A 5-valve receiving circuit for car radio

Introduction

. The conditions to be met by a car radio differ in many respects from those
imposed on domestic receivers. Many of the requirements are more stringent,
with the result that considerable differences are to be found between the
two types of set both in electrical design and in the general method of
construction. The more important factors involved are as follows :

1. Feeding

The only voltage source available in a car isa 6 V (or 12 V) battery, which,
of course, supplies D.C. The heaters can be fed direct from this source,
but the high tension must be generated by some other means, such as
a rotary converter or a vibrator. For some time past only vibrators have
been used for this purpose, and, accordingly, the circuit here described is
designed for use with a vibrator.

The vibrator converts the D.C. voltage into A.C. voltage, which is subse-
quently stepped up and rectified. In view of the fact that the battery must
supply the power for ignition, lighting and all the other electrical equipment
in the car, as well as for the heaters and anodes of the valves, low consump-
tion is of primary importance : it is for this reason that the pentode EL 42
is used as output valve, as it consumes no more heater current than the other
receiving valves, that is, 0.2 A on 6.3 V. Consequently, the total current
consumption is only 4 A when the receiver is fitted with a synchronized
vibrator, or 4.4 A when an EZ 41 rectifier is used.

2. Sensitivity

For obvious reasons, the height of an aerial on a car is never very great
compared with that of a domestic aerial ; the average effective height of
a normal, free aerial is about 1 metre, that of an aerial on a car only a few
cm. Consequently, a car radio must be much more sensitive if it is to be
capable of picking up the ordinary broadcast transmissions, the more so
since all signals received are attenuated considerably by the screened cable
connecting the aerial to the receiver. This screening is essential to ensure
that the electrical equipment of the car itself will not cause interference.
Where C, is the capacitance of the aerial with respect to earth, and C,
the capacitance of the cable, the voltage at the input terminals of the

. . . . . C
receiver is, roughly speaking, proportional to the ratio ﬁ It follows,
A
then, that the cable capacitance should be as low and the aerial capacitance
as high as possible. In fact, however, the capacitance of car aerials in general
has in the progress of development gradually become lower and lower.
The original car aerials were usually a strip of metallic gauze fitted between

the roof of the car and the upholstery, the capacitance of such aerials being
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about 150 pF, or more. With the advent of all-steel car bodies, however,
this type of aerial has become impracticable and new types have been
developed, including rod or wire aerials mounted under the chassis, or
on the roof of the car, or the fixed or telescopic rod type attached to the
wing or to the side of the body. The capacitance of these modern aerials
is of the order of only 30 pF, as opposed to the 200 pF of the average domestic
aerial, and the overall sensitivity of a car radio is consequently only a few
microvolts, as against the 15-20 p.V usually demanded of a domestic re-
ceiver.

3. Loudspeaker output

When the vehicle is in motion, the loudspeaker of the car radio must be
capable of delivering more power than that of a domestic receiver: a car in
motion is fairly noisy, depending of course on the construction of the car, the
speed, wind resistance, the condition of the road and so on. Mereover, a large
part of the sound, particularly that in the upper register, is absorbed by the
upholstery. Since the output valve, as stated in a preceding paragraph,
should be dimensioned to work as economically as possible, the loudspeaker
should give the highest possible output for a given amount of input power,
i.e. its acoustic efficiency must be high.

4. Construction

Size is naturally an important factor for a car radio, in view of the fact that
the unit is mounted behind or below the dashboard, and, moreover, should
be well able to withstand jolting and vibration. In this respect Rimlock
valves, which are small in size and rigidly secured in their holders, are par-
ticularly suitable for car radios. Shock-proof construction naturally means
that special requirements must also be imposed on the assembly of the
components, but for the sake of brevity this chapter will deal only with
the electrical problems.

5. Interference

A very important difference between car radio and domestic sets is that
the former is operated in the immediate vicinity of a very powerful source
of interference, that is, the ignition system of the engine. Interference
voltages occur not only in the H.T. and L.T. circuits of the ignition system,
but also in all other circuits connected to the battery, such as the lighting
circuit. Apart from the wiring, the metal chassis, too, is a source of inter-
ference voltages, as this constitutes the negative side of the electrical system
of the car.

In order to avoid all these causes of interference, the receiver is so constructed
that frequencies not within the broadcast range are prevented from entering
the receiver ; to this end the set is completely screened by a metal cabinet,
and all detachable parts (e.g. parts which must be removed to gain access
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to the valves) are secured by means of contact clips. Moreover, all the input
leads, such as the aerial and battery leads, are fitted with special filters
which reject all frequencies other than those in the broadcast range.

Description of the circuit (see Fig. 1)

The following Rimlock type valves are used in this model:
EF 41 - R.F. amplifier,

ECH 41, or 42 - triode-hexode frequency changer,

EAF 42 - A.G.C. diode and 1.F. amplifier,

EAF 42 - diode-detector and A.F. amplifier,

EL 42 - 6 W output pentode,

EZ 41 - indirectly heated full-wave rectifier (unless a synchronized vibrator
is used).

The receiver is designed for three wave-bands, viz:

long waves - approx. 1000 - 2000 m,

medium waves - approx. 200-600 m,

short waves - approx. 15-50 m.

The aerial and R.F. stages

As already mentioned in the introduction, the sensitivity of a car radio must
be exceptionally high. This means that, especially in the short wave-band,
an extra R.F. amplifying stage is necessary to keep the noise-to-signal ratio
within reasonable bounds. The necessary high sensitivity could of course
also be obtained by means of an extra I.F. amplifying stage, but, although
this would be the simpler procedure from the point of view of the circuit,
the equivalent noise resistance of the frequency changer is on the high side
and this precludes any possibility of a good signal-to-noise ratio. It is with
this in mind that the extra R.F. valve has been included, this being a valve
with an equivalent noise resistance of approximately 6.5 kQ, as against the
170 kQ of the ECH 41, and 100 kQ of the ECH 42.

The aerial may take any one of a number of forms, the most common type
consisting of a rod connected to the receiver by means of a screened cable.
The aerial coupling is of the high-inductance type and reduces to a minimum
any effects which damping or capacitances might have on the first circuit.
The average voltage gain across the aerial coupling represents a factor of
2.5. .

A pentode EF 41 serves as R.F. amplifier, of which the slope in the uncon-
trolled condition is 2.2 mA,;V. On medium and long wavelengths a tuned
circuit is coupled inductively to the anode circuit, but on short wavelengths
the coupling is by means of a capacitor only. To ensure uniform reception
over the entire wave-band, a high-inductance coupling is employed. Further,
in order that selectivity will not be too high at the ends of the medium and
long wave-bands, a capacitor of 150 (or 180) pF in series with a 1 kQ (or
470 ohm) resistor is connected in parallel with the coupling coil ; the value
of the capacitor is such that, with the coil, it constitutes a resonant circuit
at the upper end of the wave-band. Inductive coupling is not used on short
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wavelengths, as this would be too much to the detriment of the gain. The
coil L,q is connected in series with the anode resistor, this having the effect
of slightly increasing the gain at the lower end of the short-wave band.
The average overall amplification of the EF 41 with this coupling is 7.

The mixing stage

The mixing stage, using the triode-hexode frequency changer ECH 41 or
ECH 42, is arranged in the conventional manner. The tuned circuit of the
oscillator is incorporated in the anode circuit, with the coupling coil in the
grid circuit. On short wavelengths an extra coil, L,,, is used; the effects of this
coil are described in detail on page 123. Assuming that the quality factor
of the I.F. transformer circuits is ¢ =140, the conversion gain of the mixing
stage is approximately 90 with the ECH 41, and about 125 in the case of
the ECH 42.

The screen grids of the hexode section are fed by means of a potentiometer
consisting of 33 kQ and 47 kQ resistors for the ECH 41, or 27 kQ and 27 kQ
resistors for the ECH 42. In order to avoid undesirable coupling, the screen
grids of the I.F. and R.F. amplifiers are fed across a separate series resistor,
i.e. not by means of the same potentiometer as the frequency changer. A
stopper resistor of 1 kQ, connected direct to the control grid, serves to suppress
interference. '

The LF. stage

The I.F. amplifying valve is the EAF 42 with diode to provide the delayed
A.G.C., this being connected to a tapping (¢=0.7) of the first circuit of the
second L.F. transformer. The detector diode in the A.F. amplifier, also an
EAF 42, is connected to the second circuit of the same transformer by means
of a similar tapping : the effects of diode damping on the last I.F. transformer
are thus greatly reduced. If circuits with a quality factor of 140 are used,
taking into account the fact that the diodes are connected by means of
tappings, an amplification of 100 may be obtained when using this
LF. amplifying valve.

Detection and A.G.C.

The diode incorporated in the I.F. amplifying valve EAF 42 is connected to a
tapping on the first circuit of the second transformer in the manner described
in the preceding paragraph, and supplies the delayed A.G.C. The value of
the delay voltage is governed by the bias resistor of the EAF 42,
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As revealed by the A.G.C. curve in Fig. 2 (with frequency changer ECH 41),
an aerial voltage of only 25 .V will produce maximum output power, but
when the aerial signal increases by a factor of 10°, the output voltage is
increased only by a factor of 10.

The A.F. and output stages
The detected signal is taken from the potentiometer in the detector circuit
for applying to the grid of the second EAF 42 through a coupling capacitor.
For the sake of simplicity, grid bias is provided by a grid leak of high value
(10 MQ) instead of by a separate cathode resistor. The overall gain of the
A.F. stage in this circuit is about 57, with an anode load of 0.1 MQ. The
absence of negative feedback in this receiver is intentional, since feedback
would reduce the overall A.F. amplification.

As particularly high sensitivity is a primary feature of a car radio, the
entire amplification of the EAT 42 is utilized. For this reason it may prove
necessary to use an anti-microphonic holder, or to fit this valve with a
damping shield.

The maximum anode dissipation of the output valve EL 42 is 6 W and, since
allowances must be made for the fact that the heater voltage — i.e. the
battery voltage — may reach nearly 8 V when the car is in use, the working
point of the EL 42 is so adjusted that even at maximum heater voltage the
anode dissipation does not exceed 6 W.

In this design model the EL 42 has an anode current of 16 mA on 6 V
battery voltage, but on a battery voltage of 8 V the anode current is about
21 mA. At the same time, this increase in anode current is accompanied by
a corresponding increase in anode voltage from about 200 V to roughly
290 V, which ensures that the anode dissipation does not exceed its limits
even on maximum battery voltage.

The tone control with which most domestic receivers are equipped is not
provided in this case. Instead, a

toggle switch may be fitted to
connect an extra capacitor across 4
the primary of the output trans-
former: possible valve hiss can be b

more or less suppressed in this

manner. I—

The power section I K I \
c /
Power is supplied by the car bat- l ( I (

tery, the D.C. voltage being con-
verted into an A.C. voltage by a .
Fig. 3

vllbrator which, in principle, COD- . \Wave form of the D.C. fed to the
sists of an electromagnet which primary winding of the transformer.
causes an armature to vibrate and 6. Wave form of the voltage induced
alternately closes contacts &, and k, it the secondary winding by the D.C.

. . in the primary.
(Fig. 1). Each time one of the . e form of the output voltage of

contacts closes, a direct current the vibrator.
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Fig. 4
Sketch of the R.F. choke included in the H.T. circuit to
suppress R.F. interference. ‘OI

©

flows to the transformer, alternately through the two halves I

of the primary winding. This induces the necessary high

tension in the secondary winding.

This high tension is subsequently rectified by the EZ 41

rectifier. To illustrate the procedure, the wave form of the P

D.C. fed to the primary winding of the transformer is repro-

duced in Fig. 3a, and that of the voltage induced in the secondary winding

in Fig. 3b. In order to prevent arcing when the contacts open, two 100 ohm

damping resistors are connected across the primary winding, and two

20,000 pF capacitors across the secondary. These resistors and capacitors

modify the wave form of the A.C. voltage of the vibrator (see Fig. 3c). An

A.C. voltage of square wave form will produce harmonics of the fundamental

frequency of the vibrator, whilst arcing at the vibrator contacts produces

R.F. interference voltages.

The D.C. output voltage is smoothed in the usual manner by two 40 pF

electrolytic capacitors and a 5 henry choke.

R.F. interference tends to penetrate into the receiver by three different

paths : :

1) Along the H.T. circuit. To prevent this, a smoothing filter is introduced
in the form of a 47,000 pF capacitor and a R.F. choke L,, of approx.
3 mH (see Fig. 4). This choke is made in two sections, each containing
500 turns of 0.3 mm wire on a bobbin 12 mm in diameter.

2) By way of the heater leads. This circuit incorporates an R.F. smoothing
filter, comprising a low-inductance capacitor of 0.94 pF and an R.F.
choke, Ly, of approximately 8 pH. Since the whole of the battery current
flows through this choke, its D.C. resistance must be very low, and for
this reason it contains only 30 turns of 1 mm wire on a 14 mm bobbin
(Fig. 5).

3) By radiation from those elements which tend to transfer interfering
voltages to components in the receiving section. For this reason the
AF. smoothing filter must be kept away from the anti-interference
unit of the vibrator, and the power transformer must be completely
screened. The leads to this transformer should be kept as short as possible,
to minimize any likelihood of their picking up R.F.

interference. —
The filters must be effectively screened and the shields ‘
must be earthed. Wherever possible, the various ecircuits |
should be earthed at a common point; if they are earthed ‘
separately, interference may result from slight potential ‘

differences and consequent eddy currents between the different
points. This is particularly important in the case of both

Fig. 5
Sketeh of the R.F. choke included in the heater circuit to
suppress R.F. interference. LLM:

57166
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Fig. 6
Supply voltage Vi and battery current I, as functions of the
battery voltage V,.

R.F. valve and frequency changer, since the amplification is greatest beyond
these valves.

Fig. 6 shows the relation between the supply voltage of the receiver and the
battery voltage ; the battery current as a function of the battery voltage
is also shown. It will be seen that the supply voltage is 2J0 V and the battery
current 4.4 A on a nominal voltage of 6 V.

A syachronized vibrator, for example a Philips type 7946, can also be used
for this receiver. This type of vibrator has an extra set of vibrating contacts
(see Fig. 7) which do the work of a rectifying valve, and which are ¢ynchro-
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Fig. 7

Circuit of the vibrator section based on a synchronized vibrator
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nized with the contacts in the primary circuit. The anode voltage is taken
from the terminals d and c¢. This unit has two great advantages, namely
higher efficiency and greater compactness ; the latter feature is naturally
an advantage in keeping the dimensions of the set as a whole as small as
possible.

MEASURED VALUES

Sensitivity and amplification per stage (for a standard output power of 50 mV
and a signal with 309, modulation)

At the grid of the EL 42 output valve 1.2 Vgys
At the grid of the EAF 42 AF. valve 21 mVpys

At the detector diode (I.F.) 300 mVgys

At the grid of the EAF 42 I.F. valve 3 mVgzys

At the grid of the ECH 41, or ECH 42

frequency changer 35 wVgrars, or 25 pViears
At the gI‘ld of the EF 41 R.F. valve 5 [-LVR‘\IS» or 4 ELVR.JIS
At the aerial 2 ;LVR‘\[S, or 1.5 P-VRMS

Currents and voltages at nominal heater voltage of 6.3 V
(without input signal)

EF 41 - R.F. amplifier

Anode voltage 160 V
Screen grid voltage 100 V
Anode current 5 mA
Screen grid current 1.5 mA

ECH 41 or ECH 42 - frequency changer

Anode voltage, hexode section 210 V

Screen grid voltage 85V

Anode current, hexode section 3 mA

Screen grid current 1.5 mA

Anode voltage, triode section 120 V

Anode current " " 6 mA

EAF 42 - LF. amplifier EAF 42 - A.F. amplifier

Anode voltage 210 V Anode voltage 100 V
Screen grid voltage 100 V Screen grid voltage 60 V
Anode current 5.3 mA Anode current 1.1 mA
Screen grid current 1.5 mA Screen grid current 0.32 mA

EL 42 - output valve

Anode voltage 200 V
Screen grid voltage 210 V
Anode current 16 mA
Screen grid current 2.4 mA



V. A 7-.valve quality A.C. mains receiver
with Rimlock valves

Introduction

This design refers to a superheterodyne A.C. receiver with excellent short-
wave characteristics. An extra R.F. amplifier ensures a very good signal-to-
noise ratio in spite of the high sensitivity (approx. 1 uV). A very straight
A.G.C. characteristic is obtainable.

The A.F. pre-amplifier is an EF 40 pentode which, combined with a special
tone control, ensures very high quality response.

The full complement of valves is as follows :

EAF 42 — R.F. amplifying pentode with A.G.C. diode,

ECH 42 — frequency changer,

EAF 42 — LF. amplifying pentode with detector diode,

EF 40 — A.F. amplifying pentode,

EL 41 — output valve,
EM 34 — tuning indicator,
AZ 41 — full wave rectifying valve.

This receiver is designed for three wave-bands, viz :
long waves 740—2160 m,
medium waves 165— 585 m,
short waves 14— 50 m.

It is, of course, quite a simple matter to convert the circuit to suit other
wave-bands if required.

The intermediate frequency is 452 ke/s, but whether this will be suitable
or not naturally depends on local circumstances.

Deseription of the cireuit
The R.F. amplifying stage

The aerial coupling as well as the anode coupling of the EAF 42 R.F. valve
is of the high-inductance type, which ensures fairly constant voltage and
amplification over the entire wave-band. Since the diode of the R.F. valve is
used for A.G.C., for which purpose it is connected, through a 56 pF capacitor,
to the penultimate LF. circuit, an IF. filter 'is incorporated in the
anode circuit of the EAF 42 in view of possible parasitic coupling. This
filter comprises a coil Lg in series with a capacitor of about 20 pF. The Q-
factor of L, is about 127, with a self-inductance of 5 mH, and, because it
is wound in four sections, very low self-capacitance (about 2 pF). An additional
feature of this filter is that it greatly reduces sensitivity to 1.F. voltages
picked up by the aerial.

With a view to counteracting the damping effect of the 12 kQ anode series
resistor, the coil L, is connected in series with it; the self-inductance of
this coil is about 3 mH, and it is wound in such a way as to ensure a low
self-capacitance.
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The mizing stage

The frequency changer is the triode-hexode ECH 42 whose screen grids
are fed by means of a potentiometer comprising two resistors, one of 18
kQ, the other of 27 kQ. The oscillator coils should be so coupled that the
grid current averages 200 pA with a grid leak of 47 kQ. On short-
wave reception this can be obtained only by means of tight coupling, for
which reason the coil L,z in series with a 100 pF capacitor is connected in
parallel with the coupling coil L,s. This circuit is tuned to approximately
4.75 Mc/s, so that a fairly constant oscillator voltage with moderate feedback
is obtained also on short wavelengths (further details will be found in the
description of circuit I).

The I.F. amplifying stage

The frequency changer is followed by an I.F. transformer with the I.F. am-
plifying valve EAF 42. The I.F. transformer is the Philips type 5730. which
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Fig. 2. A.G.C. curve (full line) ot the receiver in comparison
with 3- and 4-valve receivers.

has a circuit quality factor of 140 and is fitted with parallel capacitors of
115 pF.

In view of the considerable reserve of amplification in this design, the anode
of the frequency changer and the control grid of the I.F. valve are connected
to the transformer circuits through coil tappings of 0.7. The anode of the
I.TF. valve and the detector diode are connected in a similar way to the circuits
of the second L.F. transformer. The advantages of this arrangement are
that circuit damping is thus reduced, whilst there is then considerably less
detuning when the valve capacitances are influenced by the A.G.C.

The L.F. voltage for the A.G.C. diode is taken from the penultimate L.F.
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circuit and is applied through a 56 pF capacitor. The diode receives a nega-
tive voltage of about 2 V from a 33 ohm resistor in the negative line ;
this is the delay voltage for the A.G.C. From the A.G.C. curve in Fig. 2
(full line) it will be seen that the results are very good indecd; for comparison,
the control curves of two other receivers, one with 3 valves plus rectifier,
and the other a 4+1 set, are also shown in Fig. 2.

The diode of the I.F. valve EAF 42 functions as detector. A part of the
rectified D.C. voltage is applied to the control grid of the EM 34 tuning
indicator, which has two deflection systems ensuring accurate indica-
tions on both weak and strong signals.

The A.F. amplifying stage

The pre-amplifier valve is a straight pentode type EF 40, the tone control
being connected between the volume control and the control grid of this
valve. As an alternative, the tone control can be incorporated in the negative

feedback circuit, but the former system is preferred for the following reasons:
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Fig. 3.
Frequency response corresponding to different settings of the tone control.

1. The internal resistance of the outputstageis thusreduced on allfrequencies,
with corresponding improvement of the damping of loudspeaker and cabinet
resonance.

2. If the tone control is mcorporated in the fcedback circuit, the feedback
resistor in the cathode circuit of the EF 40 has to be of fairly high value, to
avoid the necessity for a very large capacitance in the tone control system.
A high-value resistor without decoupling in the cathode circuit might well
give rise to serious hum and would also result in by no means negligible
current feedback of the EF 40. In order to avoid too much reduction in
sensitivity, the voltage feedback from the output transformer would then
have to be reduced. In the present case the value of the feedback resistor
in the cathode circuit of the EF 40 is only 12 Q.
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The action of the tone control is as follows : Imagine that the moving con-
tacts of the 1.5 and 2.5 MQ potentiometers are disconnected ; the value
of the voltage applied to the control grid is then governed by a voltage
divider comprising the RC networks 1.2 MQ - 270 pF and 0.47 MQ - 1000 pF.
This voltage divider is practically independent of the frequency, and its
component values are such that about 1/3 of the voltage on the volume
control reaches the grid of the EF 40. When the moving contacts of the
potentiometers are connected, however, the voltage distribution is influenced
by the frequency. When, for example, the moving contact of the 2.5 MQ
potentiometer is in its lowest position, the voltage at the grid of the EF 40
at the higher frequencies is further attenuated by a second voltage divider
of 0.39 MQ - 150 pF. If the potentiometers of 2.5 MQ and 1.5 MQ are
mounted on a common spindle, the latter potentiometer will then also be
at minimum, with the result that the 1000 pF capacitor is shunted by a
1.2 MQ resistor and the low notes arc also attenuated (see bottom curve in
Fig. 3).

On the other hand, when the moving contacts of the two potentiometers
are at their highest positions, the low notes as well as the high are amplified
with respect to the middle frequencies, since voltages of low and high
frequencies from the volume control are then applied to the grid of the EF 40
almost at full strength. Fig. 3 shows the frequency response for various set-
tings of the tone control.

The power section

The power section comprises a full-wave rectifier AZ 41 with mains trans-
former and smoothing filter. The latter consists of a double electrolytic capa-
citor of 2 50 pF with a choke of approx. 5 H. In view of the fact that the
anode voltage for the EL 41 output valve is taken from the first reservoir
capacitor, a current of only 30 mA flows through the choke.

In order to prevent modulation hum, a capacitor of 22,000 pF is connected
across one half of the H.T. winding of the mains transformer. This capacitor
should be capable of withstanding a working voltage of at least 1000 V,
and should be connected across that half of the H.T. winding which has the
least capacitance with respect to earth.



MEASURED VALUES *)

Without

With signal

Voltages and eurrents aerial signal | of 0.1 V. on
the aerial
Voltage across the first smoothing filter 265 V 267V
Voltage across the second smoothing filter 230 V 242 V
Voltage across the resistor in the
negative line (82-+33Q) 7.7V 74V
EL 41 Anode current 27 mA 35 mA
Screen grid current 3.6 mA 5 mA
EF 40 Anode current 0.73 mA 0.78 mA
Screen grid current 145 pA 160 pA
EAF 42 (IF) Anode current 54 mA 1.8 mA
Screen grid current 1.45 mA 0.42 mA
ECH 42 Anode current 5.8 mA 0.65 mA
(hexode section) Screen grid current 3.9 mA 0.63 mA
EAF 42 (RF) Anode current 5.2 mA 1.8 mA
Screen grid current 1.5 mA 0.42 mA
EM 34 Screen current 0.75 mA 1.2 mA
Sensitivity

The sensitivity of the various stages is measured with an output power of
50 mW as delivered by the output valve. On R.F. the measurements are

carried out with a signal 309, modulated at 400 c/s.
Sensitivity

Across the volume control 35 mVgys

At the grid of the EAF 42 L.F. valve
At the control grid of the ECH 42

2.45 mVRMS

frequency changer on 1570 ke/s 40 uVrys
620 kC/S 40 (/-VRJ[S
155 kC/S 38 ELVRMS
380 kC/S 40 E-’-VRMS
665 I\IC/S 50 (I-VRMS
16.45 Mec/s 55 uVrups
At the grid of the EAF 42 R.F.
valve on : 1570 ke/s 4.2 uVrys
620 ,kC/S 2.1 [/-VRA{S
155 ke/s 2.1 uVgus
380 kC/S 27 #VRMS
6.65 I\IC/S 13 {LVRMS
1645 IV[C/S 4.2 [LVRM_g

The sensitivity at the aerial socket is computed by dividing the above
values by the aerial gain. The overall sensitivity is about 1 pV.

*) Since the operating data of individual valves and components inevitably
differ slightly from the published data, the measured values of voltages
and currents do not always correspond to values computed on the basis
of the advertised resistance values.
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Second ehannel suppression (measured at the aerial socket)

Image ratio

At 1000 ke/s 1:2300
At 300 ke/s 1:3250
At 10 Mec/s 1:21

Suppression of the LF. signal (measured at the aerial socket)

Suppression factor

At 1000 ke/s 1: 33,000

At 620 ke/s 1:1800
Selectivity of the LF. section

1:10 25 ke/s

1:100 2x8.25 kefs

1:1000 2x10.75 ke/s

Selectivity of the R.F. seection

At 1000 ke/s 1:10 2x 40 ke/s
. 1:100 2% 150 ke/s
At 300 ke/s 1:10 2% 15 kefs
1:100 2% 50 ke/s
At 10 Mc/s 1:10 2% 100 ke/s
1:100 2% 450 ke/s

At a frequency of 20 Mc/s and an A.G.C. voltage of —235 V, the variation
in the oscillator frequency is only about 300 c/s.



Details of coils in the R.F. and oscillatory circuits

. Self- | Number . .
. Self- Quality ) Dia. of | Dia. of :
Coil inductance | factor | &PV of wire bobbin Coupling
; citance turns
L, 10 uH 23% 0.1 mm »
L, | 13uH SPF| "y |1 mm|l4mm| B#=3%
L, 1 mH 247 0.1 mm o
1 F 14 2=3.59
L, |1962 ,u | 108 | °P 150 150,05 14 mm | #2=3.5%
mm
Ls | 10 mH 845 (0.1 mm .
L | 265mH| 42 |10PF} 417 lo1 pm 14 mm £2=10%
L 101 1
I, L3uH 3 pF 1{; 0 | ol 14 mm | k2=10%
Ly 19 mH| F | 1057 10.07 mm| ;4 210
Lool1937 yu| 08 | 90 157 15005 & B0 | #=1%
mm
Ly, 46 mH 1780 |0.07 mm .
Ly, | 252 pH 54 9 pF 392 0.1 mm 14 mm | k2=3%
L 4%, 10.07 mm .
Lll: 1.23 pH 10y, |160x 14 mm | t=0.41
0.03 mm’
Iron
ﬁw 108.8 L H 12 pF 34 0-} MM gyt | £=0.26
19 0 10.1 mm core |
| |
Lo, 45 ’O.l mm‘ ‘
Ly, 612 uH 9 pF 207 i("l | 10 mm | ¢=0.18
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Fig. 1. Circuit of a 7-valve A.C. mains superheterodyne receiver.
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VI. A 15.valve quality receiver
for A.C. mains™)

Introduction

This is a suitable circuit for the more expensive types of receiver designed
for quality as well as reception without interference. A laboratory model
was based on the following four wave-bands :

Long wave : 710—2000 m (423.7— 150 ke/s)
Medium wave : 160— 585 m ( 1875—512.8 ke/s)
Short wave 1: 46— 160 m ( 6.52—1.875 Mc/s)
Short wave 2 : 13.5— 46 m ( 22.2— 6.52 Mc/s)

It is, of course, possible to adapt the circuit for other wave-bands.

An extra R.F. pre-amplifier is provided and sensitivity is therefore excep-
tionally high ; second-channel suppression and noise-to-signal ratio are also
excellent. Automatic selectivity control ensures that the bandwidth is
narrow on weak signals and expands when the signal strength increases.
This bandwidth control responds also to any strong signal which is separated
from the frequency of the wanted transmitter by 9 ke/s ; hence reception is re-
latively free from interfering whistles. Another interesting feature is the
so-called interference limiter incorporated in the detector stage, which
suppresses any voltage pulses of which the strength is greater than that
of a signal with 100% modulation. It almost goes without saying that a
receiver of this kind is equipped with push-pull output stage and tuning
indicator.

Deseription of the eircuit
R.F. amplifying and mixing stages

The aerial signal reaches the control grid of the R.F. amplifier EF 41 through
a high inductance coupling. The amplified voltage then passes through a
second R.F. circuit which, in the medium and long wave-bands, is coupled
inductively to the anode of the EF 41. The frequency changer, an ECH 42,
is connected in the normal manner ; this arrangement is described in detail
in the preceding chapters. Care should be taken that the selectivity of the
R.F. section is not too high, since, otherwise, the effect of the automatic
bandwidth control in the I.F. section is lost

The LF. section

The I.F. section consists of two amplifying stages, each containing an EI 41
pentode (see also simplified circuit in Fig. 2). The other two EF 41 pen-
todes (B, and B,) are responsible for the bandwidth control, which functions
in the following manner :

*) This design was evolved on the basis of an article ‘“Receiver with automatic
selectivity control responsive to interference’” by J. F. Farrington, Proe.
I. R. E., April 1939.
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The variable mu valves B, and B, return part of the amplified voltage to
the grid side of the amplificr valves B, and B,, respectively, through the
coupling coils L,; and Lj. The polarity of these coils is such that negative
feedback occurs at resonant frequency. Due to phase displacement on either
side of the resonant frequency, this negative feedback diminishes according
as the difference between the frequency and the resonant frequency increases;
moreover, the negative feedback is attenuated as a result of the selectivity
of the circuits.
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Fig. 2. Simplified circuit diagram of the I.F. section.

The bandwidth of the I.F. amplifier is increased by the negative feedback
and — since the amount of feedback is proportional to the slope of the
variable mu valves — the bandwidth can be varied by adjusting the slope
of these valves. In the absence of a signal, or when weak signals are received,
the variable mu valves are quenched by a grid bias of approximately 20 V
(across resistor Rg;), which is applied to the control grids through resistors
Ry, Ry Ry and Ry,.

The necessary positive control voltage is obtained by rectifying the alter-
nating anode voltage of B, on one of the diodes of the EB 91. The value
of the grid bias of the variable mu valves is such that bandwidth control
comes into operation at an aerial signal of approximately 20 pV.

The screen grid voltage of these valves can be adjusted (by means of potentio-
meters I,; - Ry, and Ry, - By) to give approximately 150 V when the valves
are quenched, and approximately 75 V when current is passing (at an aerial
signal of about 100 mV). The values in the following table illustrate the
effect of the bandwidth control.

Bandwidth of I.F. section

With attenuation of 1 : 10 } 1 : 100

Aerial signal 10 pV 6.5 ke/s 1 12 ke/s
Aerial signal 100 pV 10 kefs 15 ke/s
Aerial signal 1500 V 17 ke/s 20 kefs
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In view of the fact that the impedance of the circuits is diminished by the
negative feedback, the gain in the I.F. valves decreases. In the I.F. section
the bandwidth control therefore takes the place of automatic gain control.
In connection with the stability of the I.F. amplifier, it is advisable to de-
couple separately the anode, screen grid and control grid feeds

Detection and A.G.C.

Detection is effected by one of the diodes of the EBC 41. The detector load
consists of the series arrangement of R,,, R,; and R,, in parallel with the
potentiometer R,y - Ri. The A.F. voltage is taken from this potentiometer
and is supplied to the EF 40 through C; and through the tone-control
circuit. The voltage necessary for A.G.C. is supplied by the other diode of
the EBC 41, and a delay voltage of approximately —2 V is obtained through
the resistors Ry, Ry, (Ras), R;; from the potentiometer Rg - gy - Ryp-
The control voltage for the R.F. amplifier and frequency changer is adjusted,
by the voltage divider R, - Ry, to a value such that the bandwidth control
comes into operation at the appropriate signal strength.

The A.F. amplifying and output stages

A detailed description of the combined tone control is given in relation to
diagram V on page 154. Fig. 3 shows a few frequency characteristics ob-

100
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bl ol
a1 EEETE. o X
Q\—E —a2 ::'\\‘\\ ,-""/ o
= B8 g +
T H CREEH
g9%al — \\\
ay '/ N
L1 Hios
0 0 1000 10000 100000
—f C/g) 63579

Fig. 3. Frequency characterist{cs (@, to @;)
relating to the A.F. section for various
settings of the combined tone control, with
volume control at maximum; input sensiti-
vity for these curves is 62 mVzys. For
curves b and c¢, input sensitivity is 690 mV
and 10 V respectively, with tone control at
the setting a,.

tained at different settings of the tone control. It is evident that the form
of the frequency characteristic is also dependent on the setting of the volume
control; this is because part of the latter is shunted by a correction network,
R,, - Cg,, resulting in so-called physiological tone control.
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When the volume control is turned back, the low frequencies are amplified
to a greater extent than the high frequencies. Curves a, to a; in Fig. 3 show
the effect of the tone control at maximum volume. Curves b and ¢ are ob-
tained with input sensitivities of 690 mV and 10 V respectively, and the
tone control at the setting corresponding to that for curve «,.

The A.F. amplifying valveis an EF 40 of which the alternatingoutput voltage is
applied, through Ry and Cy,, to the control grid of the triode section of the
EBC 41. Negative feedback is applied to this triode in such a way that the
output signal is equal to that of the EF 40, but with 180° phasc dis-
placement.

The output stage consists of two EL 41 pentodes in a push-pull circuit which
is capable of delivering 7.3 W to the speech coil, with 59, distortion.

A negative feedback voltage which is independent of the frequency is
diverted form the speech coil, through R, to the cathode resistor R of
the EF 40.

Automatic handwidth compression

When a signal is received from a local transmitter the frequency of which
is separated from that of the wanted transmitter by 9 kc/s, interference
occurs in the form of a whistle. This signal of 9 ke/s occurs across resistors
R, - R,, and reaches the grid of the EAF 42 through Cy, ; a circuit tuned
to approximately 9 ke/s, viz. Lgs - Cg, is incorporated in the anode circuit

1000 -
£ il =N
100 S aaes N A E
~ C— bfxal_
NN
| A
10| | IRV
n 100 1000 10000 100000
—f c/§ 53827

Fig. 4. Modulation characteristics of the re-

ceiver, with 309, modulation.

Curve a: for an aerial signal of approxima-
tely 2 mV,

Curve b: for an aerial signal of approximate-
Iy 2 mV, accompanied by an inter-
fering signal of equal strength,
but with 9 ke/s difference in fre-
quency.

Curce c¢: For a single aerial signal of approxi-
mately 6 gV

of this valve. The alternating anode voltage is rectified by the diode of
the EAF 42, and the voltage produced across Ry, is subsequently returned
to the control grids of the two EF 41 LF. amplifiers, as a result of which
the slope of these valves is reduced, the negative feedback decreased and
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the bandwidth compressed. This is illustrated in Fig. 4, where curve a re-
presents the modulation characteristic obtained with an aerial :ignal of
2 mV. Curve b is the characteristic for a similar signal, accompanied by
another of the same strength, but with 9 ke/s difference in frequency.

It must be mentioned that, owing to the negative feedback, the amplifi-
cation in the LF. valves is practically unaffected by the slope control.

The interference limiter

The second diode of the EB 91 serves as interference limiter. All voltages
of a value higher than that which corresponds to a signal with 1009, mo-
dulation are suppressed. To this end, the anode of the limiter diode is con-
nected to the capacitor Cyg, this being charged —through R, — by a voltage
equal to the average voltage across R,;+ R,, (or across Cs,).

The cathode of the diode is connected to the junction of R, and R,, and is,
therefore, earthed through Ci,.

When the average voltage across Cg, equals V., the peak voltage at
100%, modulation equals 2V,,., whilst the peak value of the voltage across
Cyo 13 one-half this amount, i.e. Vyy (Ry=2R,,). Immediately the modulation
percentage exceeds 100%,, however, for example when atmospherics occur,
the peak voltage across Cg, will predominate over the direct voltage across
Cs and the diode of the EB 91 becomes conductive. Capacitor C;, is then
connected directly, as it were, across Ry, and, in view of the fact that the
capacitance of Cg is high for music frequencies (47,000 pF), it practically
forms a short circuit for these frequencies.

The tuning indicator

The D.C. voltage across resistors Ry, -+ R,, is applied to the control grid of
the EM 34 tuning indicator through R;;. Owing to the fact that this tube
contains two triode systems of unlike sensitivity, it functions excellently
on both weak and strong transmitters.

The power section

Two AZ 41 rectifying valves are employed in the power section. The negative

line incorporates a network of resistors and decoupling capacitors to provide
the biasing voltage for the various valves.”
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MEASURED VALUES
Voltages and currents

|

|

|
I

Without With aerial
aerial signal of
signal 100 mVgeuys

|
Power section | Voltage across Cq 270 V 255 V
Voltage across C,, 250 V 235 V
Voltage across Cg, 215 V 195 V
Voltage across (', 215 V 205 V
Voltage across Cq —195 V 921V
Voltage across C,, 76V —82V
Voltage across Cg, —292V -—24V
Voltage across sec. winding
of power transformer 2% 285 Vgus —
EF 41 Anode voltage 170 V 172 V
R.F. amplifier- |Screen grid voltage 160 V 145 V
Anode current 5.2 mA 2.4 mA
Screen grid current 1.6 mA 0.72 mA
ECH 42 Anode voltage - hexode 215 V 195 V
frequency Screen grid voltage 74V 86 V
changer Anode current - hexode 1.4 mA 0.46 mA
Screen grid current 2.4 mA 1.6 mA
EF 41 Anode voltage 215V 195 V
first 1.F. Screen grid voltage 9V 96 V
amplifier Anode current 5.4 mA 4.2 mA
Screen grid current 1.5 mA 1.2 mA
EF 41 Anode voltage 215 V 195 V
second L.F. Screen grid voltage 92V 92 V
amplifier Anode current 5.0 mA 4.0 mA
Screen grid current 1.5 mA 1.2 mA
EF 41 Anode voltage 215 V 50 V
first control Screen grid voltage 115 V 76 V
valve Anode current 0.26 mA 7.0 mA
Screen grid current 0.05 mA 2.3 mA|
EF 41 i Anode voltage 215V 46 V
second control | Screen grid voltage 115 V 4V
valve | Anode current 0.26 mA! 7.2 mAl
- Screen grid current 0.08 mAJ 2.5 mA|
EBC 41 ' Anode voltage 155 V| 160 V
phasc inverter | Anode current 1.1 mA; 1.1 mAj
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; Without ! With aerial
aerial | signal of
1{ signal 100 mVgeuys
EAF 42 ' Anode voltage 25V | 200V
compression { Screen grid voltage 87V | 90 V
amplifier  Anode current ‘ 5.1 mAi 4.8 mA
]Screen grid current | 1.2 mA‘ 1.0 mA|
EF 40 " Anode voltage 180 V J 175 Vv
A.F. amplifier | Screen grid voltage 82V | 86 V
Anode current 0.6 mA 0.6 mAl
Screen grid current . 0.12 mA 0.12 mA|
2x EL 41 ‘Anode voltage ; 240 V 235 V
output valves Anode voltage (at Wopaz) | — | 225 V
Screen grid voltage | 245 V 240 V
Screen grid voltage (at
W omaz) — 230 V
Anode current 2X46 mA| 2X40 mA
Anode current (at Wonuz) l — | 2X50 mA
Screen grid current 2x6.4 mA| 2X56 mA|
Screen grid current (at }
W ymaz) — 2x94 mA{
Total current ‘ 100 mA 135 mA

Sensitivity of the various stages, av an output power of 50 mW. The R.F.
tests are carried out with a signal (400 c¢/s ) modulated up to 30%,.

At control grid of the EL 41 500 mVgys
At control grid of the EF 40 19 mVgus
At gramophone pick-up sockets 50 mVgys
At control grid of second I.F. valve EF 4 (452 kc/s) 24 mVgrs
At control grid of first LF. valve EF 41 (452 ke/s) 300 uVgus
At control grid of the ECH 42 (1570 ke/s) 24 uVgeus
At control grid of the R.F. valve EF 41 (1570 ke/s) 2.2 uVgrus
At aerial (1570 ke/s) approx. 1 uVeus

Iinage frequency suppression (mcasured at aerial socket)

Image ratio

At 1000 ke;s 1:2800
At 300 kejs 1: 50,000
At 10 Me/s 1:27
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Selectivity R.F. section

Attenuation ! With
detuning of
At 300 ke/s 1:10 50 ke/s
1 : 100 110 ke/s
At 1000 ke/s 1:10 90 ke/s
1 : 100 300 ke/s
At 10 Mc/s 1:10 200 ke/s
1: 100 900 ke/s
Resistors
R, = 820 kQ-0.25 W R, = 2.5 MQ
R, = 100 kQ-0.5 W (log.p st.mtr.)
R, = 10 kQ0.5 W Ry = 11Q
R, = 10 kQ-0.25 W (lin.po .m‘r.)
R, = 1MNQO0.25W Ry = 1.2XQ.0.55 W
R, = 27 kQO0.25 W Ry = 1.23Q0.25 W
R, = 27 kQ0.5 W Ry = 470 1Q0.55 W
R, = 220 Q0.25 W n, = 300 1Q0.25 W
R, = 220 kQ0.25 W Ry = 15 Q055 W
R, = 22 kQ-0.5 W By, = 1.5 VQ-0.5 W
R, = 22 kQ05 W Yy = 1VQ-0.5 W
R, = 220 kQ.0.25 W I, = 1VQ-0.5 W
R, = 33 kQe.5 W Iy = 10Q.0.5 W
B, = 27 kQo5 W L= 3301Q.05 W
R = 82 kQ.0.5 W Dy =  2201Q05 W
R, = 220 kQ0.25 W Ry = 680 1Q.0,25 W
R, = 22 kQ05 W R = 680 1Q0.25 W
Ry, = 220 kQ0.25 W Ry = 11Q0.25 W
Ry = 33 kQ05 W Ry = 11Q0.25 W
By = 27 kQO0.5 W Ry = 331Q1 W
Ik, = 8 LQ05 W Ry = 100 Q0.5 W
Ry, = 220 kQ0.25 W Ry, = 100 Q0.5 W
Py, = 820 kQ0.25 W Ry = 560 Q0.25 W
R,y = 4700 Q0.25 W Ry, = 820 Q1 W
Ry, = 1MNQO0.25 W Ry = 200 Q3 W
R, = 220 1Q0.25 W Ry = 1200 Q0.5 W
R,, = 220 kQ0.25 W Ry, = 58 Q0.5 W
R,y = 820 kQ0.95 W R, = 220 Q0.5 W
R\ 650 kQ+200 kQ R, = 470 kQ0.25 W
Ryl = (log. pot mtr.) R, = 470 kQ-0.25 W
R, = 33 kQo0.25 W
Ry, = 470 ]\Q 0.25 W Capavitors
R, = 330 kQ.0.25 W
Ry, = 1 MQ.025 W ¢, = 1000 pF
Ry = 1.5 MQ0.25 W LC, = 56 pF
R,, = 1 MQ.0.5 W | Che = 56 pF
Ry, = 1 MQ-0.5 W LGy = 30 pF (trimmer)
Ry, = 100 kQ.0.5 WV P, = 30 pF
R, = 1 NQ-0.25 W . 0, = 30 pF
R, = 470 kQ.0.5 W Vo, = 30 pF
R, = 3.3 MQ.05 W . ¢, = 100 pF
Ry, = 10 MQ-0.5 W LGy = 500 pT® (tuning
Ry, = 47 kQ-1 W C, = 47,000 pF capacitori
Ry, = 15 kQ-1 A\ Cyy == 220 pF
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Fig. 5. Circuit and general
arrangement of first I.F.
transformer. L,; and Ly
are standard I.F. coils for
an intermediate frequency
of 452 ke/s, with 0.7 tap-
ping. L,; contains 27 turns
of wire of 0.3 mm diameter,
wound in three layers. The
diameter of the can is 30
mm, the height 56 mm.



Fig. 6. Circuit and gener-
al arrangement of the
second I.F. transformer.
Log and L,, are standard
IF. coils for an interme-
diate frequency of 452
kefs, with 6.7 tapping.
The coupling coils /.5, and
L;, each contain § turns
of wire of 0.3 mm diameter,
wound in a single layer.
The diameter of the can
is 30 mm, the height 93
mni.

e

alEF 4’)’@ =
o & g %40
L ?
5 286 \Loon

g1(EF41)

L30 Ly

Fig. 7. Circuit and general
arrangement of the third
LF. transformer. L,, and
Ly3 are standard 1.F. coils
for an intermediate fre-
quency of 452 ke/s, with
0.7 tapping. The coup-
ling coil Ly contains 8
turns of wire of 0.3 mm
diameter, wound in a
single layer. The diameter
of the can is 30 mm, the
height 93 mm. The total
K@ of the transformers is
approximately 0.9.
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Coils

Since the choice of coils for the R.F. section is governed partly by the

required wave-bands, particulars are given only of the coils made specially

for this model.

First I.F. transformer (Lgs - Log - Ly,) - sece Fig. 5.

Second LE. transformer (Lag - Ly - Ly - L) - 2ee Fig, G,

Third I.F. transformer (Ly, - Ly, - Lyy) - sce Fig. 7.

L;; =100 mH

Lgs - Ly - ontput transformer, adapted to a primary impedance of 7000 £
between the two anodes.

L,s - choke, S H - 115 m .
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Fig. 1. Circuit of 15-valve cuality receiver for A.C. mains.
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The Rimlock U-series of broadcast valves

This series comprises the types UAF 42, UB 41. UBC 41, UCH 41, UCH 42,
UF 41, UL 41, UY 41 and UY 42. In suitable combinations, this series
forms the basis for many simple as well as high-quality A.C./D.C. receivers
which, when suitably constructed, will be fully universal, i.e. suitable for
operation on all A.C. and D.C. voltages between 110 and 230 V, with only
slight alterations in the power section. Since all the valves in the U-series
are capable of operating at any voltage within the range indicated without
any modification to the main circuit, the necessary alteration in the power
section is limited to the heater circuit only, thus providing a simple solution
to the supply problem.

The heater current for valves in the U-series is 100 mA. By reducing to a
minimum the amount of power required to heat the cathode, it has become
possible to connect a complete set of five Rimlock valves, e.g. the UCH 42,
2X UAF 42, the UL 41 and the UY 41, in series with mains of from 110 to
127 V. Compared with a corresponding set of lock-in valves, for example,
in which case the heaters must be connected in two parallel chains, a con-
siderable amount of power is saved. Furthermore, a set of Rimlock valves
as mentioned can be connected either to 110 V or to 127 V mains without
a ballast resistor, which represents a notable saving in material, particularly
as the mains tapping switch can then be of quite simple design.

Apart from their heaters, the pre-amplifying valves in the Rimlock U-series
are wholly identical with corresponding E-types. Hence the most important
components of the circuit in which the valves are to be used are also iden-
tical to those with E-valves. Owing to the differences in the feed, however,
the output and rectifying valves of the U and E-series are of completely
different design.

The output valve UL 41 is a 9 W pentode with a slope of 9.5 mA/V; it is
capable of delivering an output of 4.0 W with 109, distortion at an anode
voltage of 170 V, corresponding to a line voltage of 220 V, but, if greater
distortion is permissible, the output can be increased to 4.7 W. For an anode
voltage of 100 V, corresponding to a mains voltage of 110 V, the output
is 1.25 W.

The rectifier UY 41 delivers a rectified current of 100 mA, which is more than
sufficient for any set of Rimlock valves in a conventional type of receiver.
Another rectifier, the UY 42, is also capable of supplying 100 mA D.C., but,
whereas the UY 41 will rectify voltages up to 250 V, this valve is suitable
only for voltages up to 110 V. On the other hand, the internal resistance of
the UY 42 is considerably lower than that of the UY 41, admitting of a
much higher power output from the output valve on low mains voltages.
In addition to the valves listed under the Rimlock U-series, another valve.
the UF 42, has been developed for F.M. and television reception. A des-
cription of this valveis givenin the chapter “Miscellaneous amplifying valves™.
With regard to the range of applications of the valves in the U-series, it
will suffice to refer the rcader to the same subject relative to the E-series
on page 22; it should be remembered, however, that the range of E-types
is more comprehensive than that of the U-types.
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UAF 42 (UAF 41)
UAF 42 (UAF 41) Variable-mu diode-pentode

-

Fig. 1
The UAF 42, showing the electrode system (approximately actual size).

The UAF 42 is a variable-mu diode-pentode for A.C./D.C. receivers having
a heater circuit carrying 100 mA. The pentode section is intended for use
as R.F., LF. or A.F. amplifier, the diode section being suitable for detection
and A.G.C.

Since the UAF 42 — apart from the heater — is identical with the EAF 42.
further particulars will be found in the description of the latter valve.

TECHNICAL DATA OF THE DIODE-PENTODE UAF 41

Heater data
Heating: A.C. or D.C., indirect, series feed

Heater current . . . . . . I; = 100 mA
Heater voltage . . . . . . ¥ = 126 V
Capacitances (cold valve)

Pentode section

Input capacitance .o . Cp = 4.0 p¥F
Output capacitance . . . . C, = 6.5 pF
Anode - control grid . . . . Cyupn < 0.002 pF
Heater - control grid . . . . Cgyy < 0.05 pF
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UAF 41

Diode section

Anode - cathode . . . . . (4 = 3.8 pF
Anode - heater . . . . . . Cy < 0.02 pF

Between diode and pentode sections

Diode anode - pentode control

grid . . . . . . o o0 Cyp < 0.0015 pF
Diode anode - pentode anode Cyq, < 0.15 pF
) W ¥
Screening platve
R
g2 ‘>\< S
—d q g
|y
T
kg3sf f max 22,
59028

Fig. 2
Electrode arrangement, electrode connections and maximum dimensions in
mm of the UAF 41.

Operating eharacteristies of the pentode section used as R.F. or L.F. amplificr
(see Figs. 6 and 7)

Anode and supply voltage . . F,=Vy= 100 l 170 \Y
Scrcen grid resistor . . . . R, = 44 44 ko
Bias resistor . . . . . . . R, = 300 . 300 Q
Grid bias . . . . . . . . V, =—11-—-17 —2 —28 V
Anode current . . . . . . I, = 28 — 5 — mA
Screen grid current . . . . [, = 09 — } 1.6 — mA
Mutual conductance . . . . 8 = 1650 16.5 | 1800 18 pA/V
Internal resistance . . . . . R; = 1.0 >10 | 1.2 >10 MQ
Equivalent noise resistance . . R, = 7T — | 9 — kQ
Amplification factor, second grid 1

with respect to first grid . . g, = 19 — | Y —
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Operating charaeteristics of the pentode section used as resistance-coupled
A.F. amplifier (for circuit see Fig. 5; for microphonic properties of this
circuit see description of the EAF 42)

A. Supply voltage ¥V,=170 V  Anode resistor R,=0.2 MQ
Bias resistor R, =2.7 kQ Screen grid resistor R,,=0.73 MQ

Control Anode |Screen grid| Ampli- Distortion (%) at an
voltage current current fication output voltage of

—VRr (V) | Is(mA) I, (mA) Vo/ Vi : . T
. 3 Verys I 5 Vryus | 8 Vrus

0 0.58 0.18 78 0.8 | 1.1 1.6

5 0.46 0.13 25 1.2 2.1 4.0

10 0.36 0.08 15 2.0 3.2 4.8

15 0.26 0.05 10 2.6 3.7 5.8

20 0.18 0.03 7 3.0 4.4 7.3

25 0.12 0.01 5 5.1 8.0 13.0

B. Supply voltage ¥V,=100 V Anode resistor R,=0.2 MQ
Bias resistor R,=2.7 kQ Screen grid resistor R,,,=0.73 MQ

Control Anode  Screen grid ~ Ampli- Distortion (%) at an
voltage current current fication output voltage of:
—Vr (V) | la(mA) | I (mA) Vo/ Vi - -
| 3 Vears | 5 Vras |

0 0.34 0.10 73 0.8 1.0
2.5 0.26 0.07 27 3.0 4.0
5.0 0.20 0.05 15 3.5 5.0
7.5 0.16 0.04 10 3.8 5.7
10.0 0.12 0.02 7 4.4 7.5
12.5 0.08 0.01 5.5 5.7 9.0

Operating charaecteristics of the pentode section used as resistanee-coupled
A.F. triode (screen grid connected to anode)

A. Supply voltage ¥V,=170 V Anode resistor R,=0.1 MQ
Bias resistor R, =1.2 kQ

Control Anode Ampli- Distortion (%) at an output
voltage current fication voltage of
—V \% la A Vo Vi -
R (V) (mA) / 3 Vrus | 5 Veus | 8 Vrus
0 13 15 | 12 | 18 | 34
5 0.9 7.3 1.5 °4 | 38
10 0.6 5.0 1.3 2.1 3.0
15 0.4 3.7 1.9 3.7 6.0
20 02 | 26 40 | 68 9.5
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UAF #1

B. Supply voltage V=100 V Anode resistor B,=0.1 MQ

Bias resistor R;,=2.3 kQ

Control Anode ] Ampli- Distortion (%) at an output
voltage current + fication voltage of
— VR (V I, (mA vyve ——-
e R, v L m )_J_L*iV_ng | 5 Veus |
o | o0s | 12 19 | 28
2.5 0.45 1 7.2 2.6 5.6
5.0 0.30 [ 4.9 2.3 } 49
7.5 0.20 3.8 3.0 J 6.0
10 0.15 \ 2.8 6.0 10.0
|

Limiting values of the pentode section

Anode voltage, valve biased to

cat-off . . . . . . . . Vg
Anode voltage . . . . . . TV,
Anode dissipation . . W,
Screen grid voltage, valve blased
to cut-off . . . . oo Ve
Screen grid voltage, valve con-
trolled . . . . Vylly<3 mA)
Screen grid voltage, valve not
controlled . . . . . . . V,(,=6mA)
Screen grid dissipation N
Cathode current .o . I
Grid current starting pomt - Valdp=+0.3 nA)
External resistance between first
grid and cathode . . . . R,
External resistance between heat
er and cathode . . . . . Ry
Voltage between heater and
cathode . . . . . . . . V/k

Limiting values of the diode section

Peak anode inverse voltage . . Vgigvp
Diode current . . . . . . I
Peak diode current . . . . . Ig
Diode current starting point . Vg(Ig=-+0.3 pA)
External resistance between
heater and cathode . . . . Ry
Voltage between heater and
cathode . . . .. . . . V/k

| | I

l

ol

I

1

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

max.

max.

max.
max.
max.
max.

max.

max.

o
[
(e}
<gE< < < F<s

=
S

)
S
-
o)

150 V

350 V
0.8 mA

—13V




UAF 42

TECHNICAL DATA OF THE DIODE-PENTODE UAF 42

Heater data

Heating: indirect, A.C. or D.C., series feed

Heater current . .o I = 100 mA
Heater voltage . . . .y = 126 V
Capacitances (cold valve)
Pentode section
Input capacitance . . . . . (p = 4.1 pF
‘Output capacitance . . . . C, = 5.2 pF
Anode - control grid . . . . Cun < 0.002 pF
Heater - control grid o Cpy < 0.05 pF
Diode section
Anode - cathode . . . . . . (g = 3.3 pF
Anode - heater . . . . . . Oy < 0.02 pF
Between diode and pentode sections
Diode anode - pentode control
grid . . . . . . . . . Cun < 0.0015 pF
Diode anode - pentode anode Uy, < 0.15 pF
— I
Screening plate
a
3
3 3
CAG il Y N 5
g1===]- d §
Wy
ksf f ‘max22
59030

Fig. 3
Electrode arrangement, electrode connections and maximum dimensions
mm of the UAF 42.
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UAF 42

Operating charaeteristics of the pentode seetion used as R.F. or LF. amplifier
(see Figs. 8 to 11 incl.)

Anode and supply voltage Vo= Vp= 100 170 A%
Voltage on third grid Vg = 0 0 A%
Screen grid resistor Ry, = 56 56 kQ
Bias resistor R, = 310 310 Q
Grid bias Ry, =-—12—16 —2 —28 V
Screen grid voltage Vye = 50 — 8 —V
Anode current 1, = 28 — 5 — mA
Screen grid current I, = 09 — 1.5 — mA
Mutual conductance S = 1700 17 | 2000 20 wA/V
Internal resistance . R; = 0.85 >10 0.9 >10 MQ
Equivalent noise resistance R, = 58 — 7.5 — kQ
Amplification factor, second grid

with respect to first grid . . @pn = 16 — 16 —
Anode and supply voltage . Ve= V= 200 A%
Voltage on third grid . . . . Vg = 0 A%
Screen grid resistor . . . . . Rp = 76 kQ
Bias resistor . . . . . . . Ry = 310 Q

———

Grid bias . . . N = —2 .34V
Screen grid voltage R = 85 —V
Anode current . . . . . . I, = 5 — mA
Screen grid current = 1.5 — mA
Mutual conductance . . . . § = 2000 20 pA/V
Internal resistance . . . . R; = 1.0 >10 MQ
Equivalent noise resistance . . R = 7.5 — ka
Amplification factor, second grid

with respect to first grid . . pgp = 16 —

Operating characterisiics of the pentode section used as R.P. or I.F. amplifier
(Screen grid voltage obtained by means of the same potentiometer as that
of the UCH 41, for circuit diagram see Fig. 4 ; see also Figs. 15, 16 and 17)

Anode and supply voltage . . Vg=V= 100 170 A%
Voltage on third grid . . . Ve = 0 0 A%
Resistor between supply voltage

and screen grids . . . R = 12 12 kQ
Resistor be’o\veen screen grids and

chassis . . . . . . . . B = 27 27 kQ
Bias resistor . . . . . . . By = 250 250 Q
Grid bias . . . . . . Vg =-—1.0-—-10.5] 18 —18 V
Screen grid voltacre e Ve = 33 69 ( 117 V
Anode current . . .o I, = 30 — | 55 — mA
Screen grid current I, = 10 — | L7 — mA
Mutual conductance N = 1850 18 | 2100 21 uwA/V
Internal resistance . . . . . R; = 0.75 >10 0.8 >10 Mqa
Equivalent noise resistance R, = 6 — 8 — kQ

Amplification factor, second grid

T N + +n fivet orid [T

—
-
—
[e2]



UAF 42

Operating characteristies of the pentode section used as R.F. or LF. amplifier;
screen grid voltages of UAF 42 and UCH 42 obtained by means of a common

potentiometer (see Figs. 18, 19 and 20)

Anode and supply voltage
Voltage on third grid

and screen grids .

and chassis
Bias resistor
Grid bias
Screen grid voltage
Anode current
Screen grid current
Mutual conductance
Internal resistance

Equivalent noise resistance

R7§
UCH42 T
.
E R ==0047uF

Fig. 4
Vo=Vpy= 100 170 \"
Vg = 0 0 \"

Resistor between supply voltage
R, = 15 15 kQ

Resistor between screen grlds
R, = 22 22 kQ
R, = 330 330 Q
Vp =-—1.0—95|—1.8—155V
Vee = 43 58 70 99V
I, = 23 — 40 — mA
I, = 065 — 1.1 — mA
S = 1500 15| 1750 17.5 pA/V
R; = 095 >10| 095 >10 MQ
R, = 6.1 7.8 — kO

Amplification factor, second grid
Bgen = 16 — 16 —

with respect to first grid

/)

(o]

Operating characteristies of the
pentode section used asresistance-
coupled A.F. amplilier (for parti-

culars

concerning microphony,

see description of the EAF 42}



UAF 42

A. Supply voltage V,=170 V  Anode resistor R;=0.22 MQ
Bias resistor R,.=2.7 kQ Screen grid resistor R,;=0.82 MQ

Control Anode |Screen grid| Ampli- Distortion (%) at an
voltage current current fication output voltage of
—VR (V) I, (mAa) Ig, (mA) Vol Vi
3Vrus | 5Vrus | 8Vras
0 0.50 0.17 80 0.8 | 1.0 1.2
5 0.38 0.12 23 15 | 25 | 40
10 0.28 0.09 14 1.9 3.2 5.0
15 0.20 0.06 9 2.6 4.2 6.5

20 0.14 | 0.04 6 3.6 6.0 i 9.0

B. Supply voltage V=170 V Anode resistor R,=0.1 MQ
Bias resistor RB=1.5 kQ Screen grid resistor R,=0.33 MQ

Control Anode |Screen grid| Ampli- Distortion (%) at an
voltage current current fication output voltage of

—VRr (V I, (mA 1, (mA Vol Vi
R (V) (mA) n (MA) / 3 Vrars | 5 Vrus | 8 Vrurs

0 1.05 0.37 68 0.75 0.8 1.1
5 0.71 0.25 20 2.2 3.2 5.0
10 0.48 0.17 10 2.4 3.7 5.5
15 0.30 0.11 6 3.0 4.5 7.0
20 0.16 0.07 3.5 5.2 8.0 12

C. Supply voltage V;=100 V Anode resistor R}=0.22 MQ
Bias resistor R, =2.7 kQ Screen grid resistor E,,=0.82 MQ

Control Anode |Screen grid| Ampli- Distortion (%) at an
voltage current, current fication output voltage of
—T7 J I, (mA I A V,/V; -
- R (V) ‘ (mA) a(mA) / 3 VrRus | 5 VRus
0o | 029 009 | 75 | 09 | 11
2.5 0.22 0.07 27 26 | 44
5.0 0.17 0.05 15 3.2 5.0
7.5 0.13 0.04 10 4.0 6.5
10 0.10 0.03 7 | 5.2 8.0

- D. Supply voltage ¥,=100 V  Anode resistor E,=0.1 MQ
Bias resistor R;;=1.5 kQ Screen grid resistor R,,=0.33 MQ

Control Anode Screen grid! Ampli- Distortion (%) at an
voltage current current | fication output voltage of
— I, (mA) | I, (mA) | V,/V;
Tr (V) ‘ (mA) n (mA) \ / 3Verus | 5 Vgus
0 . 088 | 021 ! 60 09 | 10
25 043 | o1 | 2 23 | 45
5.0 | 031 | o010 | 12 35 | 6.0
7.5 | 0.21 007 75 47 . 80
10 ’ 0.14 005 | 5 7.0 ‘ 11
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Operating characteristics of the pentode section used as reslslanee -coupled
A.F. triode (screen grid connected to anode)

A. Supply voltage V,=170 V Anode resistor R,=0.1 MQ
Bias resistor R,=1.8 kQ

Control Anode | Ampli- Distortion (%) at an
voltage current fication output voltage of
—Vr (V) I, (mA) Vo/ Vi - :
| Lo ) 3Vews | 5Veus 1 8 Vems

0 120 | 12 | 14 22 | 32

5 0.84 6.5 14| 22 3

10 0.58 5.0 14 | 23 3.8

15 0.37 3.5 1.7 J 2.7 4.6

20 0.22 2.5 32 | 5.0 8.0

B. Supply voltage V, =170 V Anode resistor RB,=0.05 MQ
Bias resistor R;,=1.2 kQ

Control Anode Ampli- ’ Distortion (%) at an
voltage current fication output voltage of
—V) I, (mA 7o Vi —
| VR (V) a (mA) _j /v ‘ 3 Vrars ! 5Vraus | 8 Vrus
0 2.05 12 | 13 2.0 2.9
5 1.37 6.5 ! 1.6 2.8 4.6
10 0.92 4.5 1.7 2.9 4.8
15 0.60 3.5 2.6 4.0 6.6
20 ’ 0.32 2.2 | 4.5 ’ 7.5 11

C. Supply voltage 7, =100 V Anode resistor E,=0.1 MQ
Bias resistor R, =1.8 kQ

Control ! Anode Ampli- Distortion (%) at an
voltage i current | fication output voltage of
—Fr (V I, (mA Vo V;
R (V) i _L( ) IV 3Veus 1 5 Vreus
0 070 | 12 20 | 20
2.5 0.50 | 7 2.4 | 4.5
5.0 0.36 ‘ 5 ‘ 24 f 4.5
7.5 | 0.25 1 4 2.7 i 4.7
10 | 0.17 ! 3 4.2 | 6.6
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D. Supply voltage V,=100 V Anode resistor R,=0.05 MQ

Bias resistor Rp=1.2 kQ

Control Anode Ampli- Distortion (%) at an
voltage current fication output voltage of
—_— s 7 .
e (V) Lo (m4) Vel Vi 3Vrus | 5 Vrus
0 1.18 12 1.7 2.6
2.5 0.80 7 3.0 5.1
5.0 0.56 5 3.6 5.7
7.5 0.38 3.5 4.2 6.8
10 0.24 2.5 6.5 10
Limiting values of the pentode section
Anode voltage, cut-off condi-
tion Vao = max. 550 V
Anode voltage a = max. 2350 V
Anode dissipation .o Wa = max. 2 W
Screen grid voltage, cut-off
condition Vs = max. 550 V
Screen grid volta(re, valve con- _
trolled Vplg<2.5 mA) = max. 250 V
Screen grid voltage uncontrolled .
valve . Vgo(la=5mA) = max. 125V
Screen grid dlSSlPatlon W, = max. 03 W
Cathode current . & = max. 10 mA
Grid current starting pomt Vpllpy=403 pA) = max. —1.3 V
External resistance hetween
grid 1 and cathode R, = max. 3 MO
External resistance between
grid 3 and cathode . R = max. 3 MQ
External resistance between .
heater and cathode . . Ry = max. 20 kQ
Voltage between heater and
cathode . Vik = max. 150 V
Limiting values of the diode section
Peak anode inverse voltage . Vainvop = max. 350 V
Diode current I = max. 0.8 mA
Peak diode current Tap = max 5 mA
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Anode current (I, Fig. 6) and mutual conductance (S, Fig. 7) of the UAF 41 as

functions of the grid hias I, for different values of the screen grid voltage (V).

The dotted lines indicate the variations in anode current and mutual conductance
when a series resistor I, of 44 kQ is included in the screen grid circuit.
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The dotted lines indicate the variations in anode current and mutual conductance
when a series resistor of 56 k€ is included in the screen grid circuit.
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Fig. 12
The effective voltage (V;) of an interfering
R.F. signal on the control grid of the UAF
42, producing 19, cross- modulatlon also
that of an A.F. signal producing 1%, modu-
lation hum (curve my=19%), both asafunction
of the mutual conductance (S). Screen grid
series resistor Ry,=>56 kQ, anode and supply
voltage=100 V (upper flgme) and 170 V
(lower figure).
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Fig. 13
Damping resistance of the diode of the UAF 42 as a function of the applied
R.F. signal, for different values of the series resistor in the detector circuit.
For detection characteristic of the diode see Fig. 7 in the description of the
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Screen grid current (I,) of the pentode section of the UAF 42 as a function

of the screen grid voltage ( 7,,) with grid bias ( I7,,) as parameter. The maximun

permissible screen grid dissipation (0.3 W) is indicated by the dotted line.

The straight lines give the working characteristic for a screen grid series
resistor of 56 kQ, at supply voltages of 170 and 100 V.
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As Figs. 10 and 11, but with the screen grid voltage of the UAF 42 obtained by means
of the same potentiometer as that of the frequency changer UCH 41.
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As Fig. 12, but with the screen grids of the
UAF 42 and UCH 41 fed by means of a
common potentiometer.
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As Fig. 12, but with the screen grids of the
UAF 42 and UCH 42 fed by means of a com-
mon potentiometer.

¢ 4VN



’000: 4 e o N S ‘I/a:g’?g—".w 10000 1000:‘11_1_ﬁ - ) TUAE g mz ~=10000
 EEF et e e
()f S eAl) MO)F O s @A)

y T Reak?) a0 _'IafEReq(kﬂ)
L 411 é /J/ ‘{ 1
- /] 11 i 3[T
100F - oo 100k ielliono
E 3 g 7 erammm—E
= 4’ 3 I AV I
yARVARE 2k H
- /s 1 - 74 ARER
C | b r | %ﬁ_ j,
At | Y
- /| ] i ‘ 1
10} {00 105 8 100
RERNRE Smaan R
: \TFH aﬁ NGO
; \ aEEN T
i \LI\ aannl NEEI
i N il T % ik
1H fA Y N Ho D 7 e e N\GHio
= - I I A S e S
ANERANESERNEENEN AV AN _;i, fp:iﬂ__ﬁ___ uE a8 anan té _tﬁ_ ]F -k H{h 3
N + ] | HAHHHAHH
| | i
VL / / / H—M«E _-L ﬁ WT ﬂq
O,I:} / V 19 osL L HM 11
20 Vyrv) -1 -0 =5 0 20 V) 15 -0 -5 0
Fig. 19 Fig. 20

As Figs. 10 and 11, but with the screen grid feeds of the UAF 42 and UCH 42 taken

from a common potentiometer.
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UB 41
UB 41 Double diode

Fig. 1
The UB 41, showing the electroce system (envelope and screening cage removed;
approximately actual size).

The UB 41 is an indirectly heated double diode which, as regards properties
and applications, is identical with the EB 41. The only difference between
these valves lies in the heater, that of the UB 41 being intended for series
feed by a current of 100 mA.

TECHNICAL DATA OF THE DOUBLE DIODE UB 41

Heater data
Heating : indirect, A.C. or D.C., series feed

Heater current . . . . . . I = 100 mA
Heater voltage . . . . . . F; = 19 V
Capacitanees (cold valve)
Anode - cathode, diode 1. . . (g = 3.6 pF
Anode - cathode, diode 2. . . (g = 3.6 pF
Cathode - other elements,

diode 1 . . . . . . .. Cn = 4.5 pF
Cathode - other elements,

diode 2 . . . . . . . . Ch = 4.5 pF
Anode, diode 1 - anode, diode 2 Cgg, < 0.03 pF
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UB #1

Limiting values (applicable to both systems)

Peak inverse anode voltage . . Viinvp = max. 420 V
Diode current . . . . . . I4 = max. 9 mA
Peak diode curent . . o gy = max. 54 mA
Starting point diode current . Veglg=+4+03pA) = max.—13 V

Voltage between heater and

cathode (cathode negative with

respect to heater) . . . Vi(kneg., fpcs) = max. 150 V
Peak voltage between heater and

cathode (cathode positive with

respect to heater) . . . . . Vp(kneg., fpos) = max. 330 V?)
External resistance between
heater and cathode . . . Ry = max. 20 kQ
KA?T
at d2
3
>
o
N g
>
@
g
| I v
KIFf fk2 PAX2Z ] e
Fig. 2
Electrode arrangement, electrode connections and dimensions in mm of the
UB 41.

Characteristics. In view of the fact that the characteristics of the UB 41
are wholly identical with those of the EB 41, reference may be made to the
description of the latter.

1y Max. 165 V D.C. + max. 165 V.5 A.C.
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UuBC 41
UBC 41 Double diode - triode

Fig. 1
The UBC 41, showing the electrode system (approximately actual size).

The UBC 41 is a double diode-triode for A.C./D.C. receivers with 100 mA
heater circuits. The diode systemis intended for detection and A.G.C,,
leaving the triode system for A.F. amplification.

Since, apart from the heater, the UBC 41 is identical with the EBC 41, refer-
ence should be made to the description of the latter valve for further parti-
culars.

It should be noted that, in order to reduce hum, it is advisable so to connect
the heater in the heater circuit of the receiver that pin number 1 (see Fig. 2)
is as close as possible to the earthed point.

TECHNICAL DATA OF THE DOUBLE DIODE-TRIODE UBC 41
Heater data
Heating: indirect, A.C. or D.C., series feed

Heater current . . N
Heater voltage . . 7

100 mA
14V

I
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UBC 41

Capacitances (cold valve)

Triode section

Input capacitance B = 2.7 pF
Output capacitance . C, = 1.7 pF
Anode - control grid oo Oy = 1.5 pF
Heater - control grid Lo Oy < 0.05 pF
Diode section
Input capacitance, diode 1 . . (g = 0.8 pF
Input capacitance, diode 2 . . Cp = 0.7 pF
Between the diode anodes . . Cgga < 0.3 pF
Between heater and anode of

diode 1 . . . . . . . . Cay < 0.1 pF
Between heater and anode of

diode 2 . . .o . Cay < 0.05 pF
Between diode and triode sections
Between control grid and anode

of diode 1 . . . . Cag < 0.007 pF
Between control grid and anode

of diode 2 . . . Caoy < 0.03 pF
Between triode anode and anode

of diode 1 . . . Caa < 0.01 pF
Between triode anode and anode

of diode 2 . . . . . . . Cgua < 0.01 pF

Q
D
3
N E
3
( I3
I
[IRSE
| nax22,)
58828
Fig. 2
Electrode arrangement, electrode connections and dimensions in mm of the
UBC 41.
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Typical characteristies of the triode seetion

Anode voltage

Grid bias

Anode current

Mutual conductance

Amplification factor
Internal resistance .

Va
v
l(t
S

[

Rlﬁ

g

UBC #

= 100 170 V
=—10—155V

= 038 1.5 mA
= 14 1.65 maA/V
= 70 70

= 30 42 kO

Operating characteristics of the triode section used as A.F. amplifier (for
particulars of this circuit regarding microphony see description of the EBC 41)

5987

. Fig. 3
The UBC 41 used as A.F. amplifier.
S 3 o/

" z, R R, R’ I | . Dnstortl%g‘:rl:( %) at

(V) | (MQ) | (kQ) | (MQ) | (MQ) | (ma) | Fo/ Vi
3 VRA15|5 \Y RMSIS VRS
| \
170 | 0.22 5.6 1 0.68 0.28 44 1.1 1.3 1.85
100 | 0.22 5.6 1 0.68 0.18 41 14 1.9 —
170 | 0.1 3.9 1 0.33 0.45 37 1.1 1.7 2.6
100 | 0.1 3.9 1 | 0.33 0.28 34 2.0 3.5 —
170 | 0.22 0 10 | 0.68 | 0.46 48 0.95 1.1 1.3
100 | 0.22 0 10 | 0.68 | 0.21 41 1.45 2.0 —
170 | 0.1 0 10 0.33 0.82 42 0.75 1.0 1.2
100 | 0.1 0 10 0.33 | 0.35 35 1.6 2.8 —
| |

193



UBC #1

Limiting values of the triode section

Anode voltage, cut-off condition V, = max. 550 V
Anode voltage . . . . . . T, = max. 250 V
Anode dissipation . . . . . W, = max. 0.5 W
Cathode current . . . . . I = max. 5 mA
Grid current starting point . . FV,(I;=-+03pA) = max.—13 V
External resistance between grid
and cathode . . . . . . R, = max. 3 MQ?)
Voltage between heater and
cathode . . . . . . . . Vg = max. 150 V
External resistance between
heater and cathode -. . . Ry = max. 20 kQ
Limiting values of the diode section
Peak inverse voltage between Fgiinvp = max. 350 V
cathode and diode anodes . Vginyp = max. 350 V
Diode current . . . . . . Ig = max. 0.8 mA
Igs = max. 0.8 mA
Peak diode current o Laip = max. 5 mA
L asp = max. 5 mA
Diode current starting point . Vg,(lg=+0.3pA) = max.—13 V

de(ldzz +03(AA) = max.—13 V

1) This value is applicable where grid bias is derived from a cathode resistor.
If the grid leak is the only source of the bias (i.e. no cathode resistor or
battery source), the maximum value for R, is 22 MQ.
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UCH #1

UCH 41 Triode-hexode frequency changer

Fig. 1
The UCH 41, showing the electrode system (approximately
actual size).

The triode-hexode UCH 41 is a frequency changer with a conversion conduc-
tance of 450 pA/V at an applied voltage of 170 V, or 320 pA/V at 100 V.
Further particulars will be found in the description of the ECH 41, the

corresponding E-type valve.

TECHNICAL DATA OF THE TRIODE-HEXODE UCH 41

Heater data

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

Capacitances (cold valve)

Hexode section

Input capacitance

Output capacitance
Anode - control grid
Heater - control grid

196

series feed

g
VJ

Il

I

AN

100 mA
14V

3.4 pF
6.0 pF
0.1 pF
0.15 p¥



Triode section

Input capacitance . . . . . ('
Output capacitance . . . . (,
Anode - grid Clyr+ga)a

Between triode and hexode sections

Hexode control grid - triode grid

. ! CmH-(g’l‘wn)
Hexode anode - triode grid .

CuH—((/’j%gs)

aH 87
92,94
g1 97,93
—_
k f f

Fig. 2
Electrode arrangement, electrode connections and maximuin dimensions in
mm of the UCH 41.

UCH 41

— 4.9 pF
1.5 pF
1.2 pF

I

[

0.35 pF
0.2 pF

AN

max54
max 60

1

nax22

70137

Operating characteristics of the hexode scetion used as frequeney changer
(screen grids fed by means of a potentiometer ; see Figs. 6—13 incl.)

+b
R.
Ry aT
C 50 150pF
o 5| 1 il
> 1
) FE Rigreas)
ISR ot
i T o *
Re =EQ0%F| ==
64179
Foopr
Fig. 3
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UCH #1

Anode and supply voltage

Resistor between supply voltage
and screen grids

Resistor between screen grids and
chassis

Bias resistor . . .

Oscillator grid leak .

Oscillator grid current .

Grid bias

Screen grid voltage

Anode current

Screen grid current

Conversion conductance

Internal resistance

Equivalent noise resistance

Anode and supply voltage

Resistor between supply voltage
and screen grids

Resistor between screen grids ancl
chassis

Bias resistor . .

Oscillator grid leak .

Oscillator grid current

Grid bias

Screen grid \oltage

Anode current

Screen grid current
Conversion conductance
Internal resistance .
Equivalent noise resistance

Typical characteristics of the triode section (see Figs. 15 and 16)

Anode voltage

Grid voltage

Anode current
Mutual conductance
Amplification factor

Operating characteristics of the triode section used as oscillator

(see Figs. 17 and 18)
Supply voltage

Anode resistor

Anode current .
Oscillator grid leak
Oscillator grid current
Oscillator voltage
Effective slope

198

Ve=Vy = 100 170 \%

1 = 22 22 kQ
R, = 47 47 kQ
R = 200 200 Q
Rypigp = 20 20 kQ
Tyrsm 200 320 wA
Vo =—1.0 —14 —1.83 —22V
Viyprgs = 52 68 87 116V
@ = 1.0 — 22 —mA
Tyrig 10 — 19 — mA
Se = 320 3.2 450 4.5 pA/V
R; = 14 >5 12 >5MQ
R, = 115 — 145 — kQ

=T = 200 V
R, = 22 kQ
R, = 47 kQ
Ry, = 225 Q
Ryrigs = 20 kQ

gT+g3 = 360 wA
Vi =22 —27V
Vot = 106 136 V

« = 3.0 — mA
I(I2+U*‘ — 2.]. _ lnA
Se = 500 5 pA/V
R, = 220 — kQ
Va = 100 V
V{/T+y3 - oV
° = 8.5 mA
S = 1.9 mA/V
M = 19
Vy = 100 170 200V
R, = 10 10 20 kQ
I, = 28 4.9 4.6 mA
R,y7r+ps = 20 20 20 kQ
Iq’[‘»ryz = 200 320 360 pA
Vose = 4 7 8 Vrars
Seg = 0.56 0.6 0.5 mA/V



UCH 41

Operating characteristies of the UCH 41 used as phase inverter (see Fig. 4)

Sunnly } Total , I Distortion (%) at an
volrégg)e ! cm(')r:nt | Amplification ‘_ output voltage of
‘ | : 5Vrus | 10 Vrus
J ! \
100 1.2 ; 10 L5 ‘ —
170 2.0 [ 10 ' 1.0 ’ 1.8
Ipe+— *%
%?&02;%
] S
b
QOIuF §
Q
vii 5§ -t =
Q02uF éé "
(<3
64182
j?zamyf
Fig. 4

The UCH 41 used as phase inverter.

Operating characteristies of the hexode section used as frequency changer
with screen grids, fed, together with that of the UAF 42, by means of a
common potentiometer (see Figs. 19—21)

UCH 41
220pF { . ;]—
il T
Ry .|,

IMOS Ry
']5,047
uF

+V

_l

Q047pF|

{ -
ooaur==  TOWF

s AG.C

59244

Fig. 5
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UCH #1

Anode and supply voltage . . F,=V,= 100 170 \%
Resistor between supply voltage

and screen grids . . . . R, = 12 12 ka
Resistor between screen grids an(l

chassis . . . . . . . R, = 27 27 kQ
Bias resistor . . . . . . . Ry = 200 200 Q
Oscillator grid leak . . . . . Ryp., = 20 20) kQ
Oscillator grid current . . . T ,ri, = 200 320 nA
Grid bhias . . . oo T =—10—105—1.8 —i8 V
Screen grid voltage oo Ve = 83 69 87 117 V
Anode current . . . . . . 1, = 1.0 — 22 — mA
Screen grid current . . . . Jpi ., = 1.0 — 19 — mA
Conversion conductance oS = 320 10 450 11 pA)V
Internal resistance . . . . . Ry = 14 — 1.2 — MQ
Equivalent noise resistance . . R, = 115 — 145 — kQ

Operaling characteristics of the hexode seetion of the UCH 41 used as frequency
changer; screen grid voltage, together with that of the L.F. amplifier
UF 41 derived from a common potentiometer (circuit corresponding to that
shown in Fig. 5)

Anode and supply voltage . . Vo=T1,= 100 170 Vv
Potentiometer for screen grid R, = 12 12 kQ
feed . . . . . . . . R, = 27 27 kQ
Bias resistor . . . . . . . R, = 200 200 Q
Oscillator grid leak . . . . . Rypig, = 20 20 kQ
Oscillator grid current . . . I pig, = 200 320 wA
Grid bias . . . N =—10 —12—-18 —20V
Screen grid Voltage oo Vg = 83 69 87 117V
Anode current . . . . . . I, = 1.0 — 22 — mA
Screen grid current . . . . T, = 1.0 — 19 — mA
Conversion conductance . . . & = 320 5.5 4350 T rA/V
Internal resistance . . . . R = 1l4 >5 12 5 MQ
Equivalent noise xesmtance N = 115 — 145 — kO

Limiting values of the hexode seetion

Anode voltage, valve biased to

cut-off . . . . N PR = max. 550 V
Anode voltage . . . . . . T, = max. 250 V
Anode dissipation . . W = max. 0.8 W
Screen grid voltage, valve bmsed

to cut-off . . . . . . o T(prm), = max. 530 V
Screen grid voltage . . . . Fpimn = max. 125V
Screen grid dissipation . . . Wi, = max. 03 W
Grid current starting point o Fuuy=+403pA) = max.—13 V
Cathode current N 2 = max. 7 mA
External resistance between

grid 1 and cathode . . . Ry, = max. 3 MQ
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External resistance between
grid 3 and cathode

External resistance between
heater and cathode

Voltage between heater and
cathode

Ry,

R”‘.

I"II:

Limiting values of the triode section

Anode voltage, valve biased to
cut-off

Anode voltage

Anode dissipation

Grid current starting pomt

Cathode current .

External resistance between gnd
and cathode .

External resistance betwpen
heater and cathode .

Voltage between heater and
cathode

3 o

a
W
V (I,=+0.3 nA)

]I..

I

l

max.

max.

max.

max.
max.
max.
max.
max.

max.

max.

max.

UCH 41

3 MQ
20 kQ

150 V

- l Oh—'C)l
S L g S
LW TGt &

5 ag<<

>

3 MQ
20 kQ

150 V
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Anode current (I,) of the UCH 41, measured on oscillating valve, as a function

of the grid bias (V) with screen grid voltage (V' ,+4) as parameter. The dotted

curves represent the anode current when the screen grid voltage is derived from a

potentiometer (R,, R,, see Fig. 3). Fig. 6 : supply voltage 1V;=100 V; Fig. 7:
Vy=170 V.
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Anode current (I,), screen grid current (Ig+g), conversion conductance (,S;), internal

resistance (R;) and equivalent noise resistance (R.) of the UCH 41, as functions

of the grid bias (V,). Measurements taken from oscillating valve in circuit shown
in Fig. 3. Fig. 10: V=100 V; Fig. 11: ;=170 V.
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UCH 41 8-8- 46
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The effective voltage (1;) of an interfering

signal at the control grid of the UCH 41,

producing 19 cross modulation, as a func-

tion of the conversion conductance (S;).

Measurements taken in the circuit shown in

Fig. 3. Upper figure: V,=100 V; lower
figure : V=170 V.
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characteristics of the triode system of the UCH 41.

14/ Va

07

2



80¢

55762

“ €H4I 2[4-7-’4?‘ T 7] JUCH4T 24-7-4
! I
i ]
Lt T i
(mA) ]
8
h=120V - H
1 Rar=10k2 ~ 144 BN
| Ro7+qy~20K02 15
\ /
\ Al o
A EEN 1 Verr,
6 F A : s 15175
s i dammn
H(err) i A
15 \ -~ ] —T1*al’
% B arda
. | /T
4 7 1010
\\\ !
10 \\\
\\\
N
| ~
2 ‘ ST 5|5
i 3 T SerrL
ENEENED T
HH p
RAEREEES dENEE
N -
- 0 oL Qlo
300 900 0 200 400 Ifg+gg)tA)600 s
I(gf+ga)@'4)
Fig. 17 Fig. 18
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As FJg 10 and Fig. 11, but with the screen grids of the UCH 41, together ith that
of the UAF 42, fed bv means of a common potentiometer. Measurements taken in
the circuit shown in Fig. 5. Fig. 19: supply voltage V=100 V ; Fig. 20: V=170 V.
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As Fig. 14, but with screen grids of the UCH
41, together with that of the UAF 42, fed
by means of a common potentiometer.
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UCH 42

UCH 42 Triode-hexode frequency changer

Fig. 1
The UCH 42, showing the electrode system (approximately actual
size).

The triode-hexode UCH 42 is a frequency changer with a conversion conduc-
tance of 670 pA/V at an applied voltage of 170 V, or 530 pA/V at 100 V.
Itis designed for A.C./D.C. receiversin which the heaters, connected in series,
take a current of 100 mA.

Further particulars will be found i the description of the ECH 42, the
corresponding E-type valve.

TECHNICAL DATA OF THE TRIODE-HEXODE UCH 42

Heater data

Heating : indirect, A.C. or D.C., series feed
Heater carrent . . . . . . I, 100 mA
Heater voltage . . . . . . TV 14V

I

Capacitances (measured on cold valve)

Hexode section

Input capacitance . . . Cn = 4.0 pF
Output capacitance . . . . C, = 0.4 pF
Anode - control grid . . . . Cgup < 0.1 pF
Heater - control grid . . . Cyy < 0.15 pF



UCH 42

Triode section

Input capacitance . o Curams
Output capacitance . . . . (,
Anode -grid . . . . . . . Clr+ma

Between lriode and hexode sections

Hexode control grid - triode
grid . . . . e e Cott—gT+ga)
Hexode anode - triode grid . . Cop—(,144s)
ay dar

kst f

Fig. 2
Electrode arrangement, electrode connections and maximum dimensions in
mm of the UCH 42.

I

5.9 pF
2.4 pF
= 1.3 pF
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| MAX22Z, | 75136

Operating characteristics of the hexode seetion used as frequency ehanger
(screen grids fed by means of a potentiometer, see Figs. 6 to 15 incl.)

+p » f
A.
Rfé ShaT
150pF
( &), ¢ T
0%/ R, R(gr‘g?}
Ry -[-QO.‘J;UF Cp
_I_ . 64179
e
Fig. 3



Anode and supply voltage
Resistor between supply voltage
and screen grids .

Resistor between screen grids and

chassis

Bias resistor

Oscillator grid leak
Oscillator grid current

Grid bias

Screen grid voltage

Anode current

Screen grid current
Conversion conductance
Internal resistance .
Equivalent noise resistance

Anode and supply voltage
Resistor between supply voltage

Resistor between screen grids and

and screen grids

chassis

Bias resistor

Oscillator grid leak
Oscillator grid current

Grid bias

Screen grid voltage

Anode current

Screen grid current
Conversion conductance

Internal resistance

Equivalent noise resistance

UCH 42

Typical characteristies of the triode seetion (see Figs. 17 and 18)

Anode voltage
Grid voltage
Anode current

Mutual conductance
Amplification factor

1)

Va=Vp= 100 170 A%
R, = 18 18 kQ
. R, = 27 27 kQ
. Ry = 180 180 Q
: Rg’[‘+g3 = 22 22 kQ
Tyt = 1751) 3501 pA
Vo =—1.0—135| —1.85—25 V
o Vyprgs = 43 57 | 70 100 V
Ay = 12 — 21 — mA
cdypige = 146 — 2.6 — mA
.S = 530 5.3 670 6.7 pA/V
. R; = >1 >5 >1 >5 MQ
. R, = 50 — 8 —ko
Ve=VFp= 200 \Y
1 = 18 kQ
. R, = 27 kQ
- By = 180 Q
B 22 kQ
lyrig = 3501)  pA
! —
.V = —2 275V
- Vopgga = 8 119V
I, = 3.0 — mA
Tprge = 3.0 — mA
- S, = 750 7.5 pA/V
. R; = >1 >5 MQ
ch = 100 — kQ
Ve = 100 V
I'/voT+m = oV
1, = 10 mA
S = 2.8 mA/Y
i = 22

If the grid leak R,ri4 equals 47 kQ, the recommended value for g4,
is 200 pA for supply voltages of 200 and 170 V, and 100 pA for a supply

voltage of 100 V.
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UCH 42

Operating characteristics of the triode section used as oscillator
(see Figs. 19 to 22 incl.)

Supply voltage .
Anode resistor
Oscillator voltage

Oscillator grid leak
Oscillator grid current
Anode current .
Effective slope

I"l;
R(l

I"osc

R 9T +g3
1 uT+y3
](L

S.q

= 100 170 200V

= 10 10 22 kQ
= 4 S 8  Vrus
= 22 471722 47| 22 47 ka
= 175 100 | 350 200|350 200 pA
= 34 31|65 57,55 52 mA
= 0.7 0.6 |0.75 0.65]0.65 0.55 mA/V

Ip +— "W

_,_
033M0
— UL

]
3 | éé "
I-H s
- 002pF X v
& 0
S
ia01[l/: 64180
Fig. 4
Supply Total Ampli- Distortion (%) at fan
voltage current fication output voltage o
e (V) T (ma) Vol Vi | 5 VRus I 10 Vrears
T ! |
100 1.4 | 11 L 1.9 | —
165 2.4 | 11 | 1.5 | 1.6
- i/
Operating characteristies of
the hexode section used as Ry
frequency  changer, with UcH42 ]— UAF42
screen grids, together with
that of the UAF 42, fed by 2200F [z ==
A ! L ===
means of a common poten- — J.

tiometer (see Figs. 23 to 25

incl.)

Fig. 5

R2
MO Ry
117,047
uF

Tao‘v’ﬁf -I—

L

0,047uF
T

Lopr
I

57566 ™ A-G.C.



Anode and supply voltage . . ¥V, =V,= 100 170 \%
Resistor between supply voltage

and screen grids . . . . . R, = 15 15 kQ
Resistor between screen grids and

chassis . . . . . . . . R, = 22 22 kQ
Bias resistor . . . . . . Ry = 180 180 Q
Oscillator grid leak . . . . . Rypy, = 22 22 kQ
Oscillator grid current . . . I pi, = 175Y) 3501 pA
Grid bias . . . . A =—10—96—18—15.5V
Screen grid voltage . . B = 43 38 70 99 v
Anode current I, = 12 — 21 — mA
Screen grid current . . . . . T, = 146 — 26 — mA
Conversion conductance . . . S, = 530 14 670 20 pA/V
Internal resistance . . . . . R; = >1 >2 >1 >4 MQ
Equivalent noise resistance . . R, = 60 — 66 — kaQ
Limiting values of the hexode section
Anode voltage, cut-off condition I, = max. 550 V
Anode voltage . . . . . . TV, = max. 250 V
Anode dissipation .o Wea = max. 15 W
Screen grid voltage, cut-off

condition . . . . . . . FPlpyg), = max. 530 V
Screen grid voltage, valve con-

trolled . . . . . . . . Fpinul,<lmA) = max. 250 V
Screen grid voltage, valve un-

controlled . . . . . . . Vpin(l,=3mA) = max. 125V
Screen grid dissipation . . Tget g = max. 03 W
Grid current starting point Vpldp=+03uA) = max. —1.3 V
Cathode current. . . . . . . I, = max. 10 mA
External resistance between

grid 1 and cathode . . . . R, = max. 3 MQ?)
External resistance between

grid 3 and cathode . . . R, = max. 3 MQ
External resistance between

heater and cathode . . . . Ry = max. 20 kQ
Voltage between heater and

cathode . . T A = max. 150 V
1) See note on page 213.
2) This value is applicable where the grid bias is derived from a cathode

resistor.
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UCH 42

Limiting values of the triode seetion

Anode voltage, cut-off condi-

tion . . . . . . . . . Ve = max. 550 V
Anode voltage . . . . . . F, = max. 175V
Anode dissipation . . R 1 = max. 08 W
Grid current starting pomt o o FyI,=403pA) = max.—13 V
Cathode current . . . . I, = max. 6 mA
External resistance between gud

and cathode . . . . . R, = max. 3 MQ
External resistance between

heater and cathode . . . . Ry = max. 20 kO
Voltage between heater and

cathode . . . . . - . . Vg = max. 150 V
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cillating condition, as functions of the grid bias ( ;). Measured in the circuit shown
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Anode current (I,), conversion conductance (;Sc), oscillator voltage (V,s), internal
R.) of the UCH 42 as functions of
the oscillator grid current (I,r+) for a grxd leak R+, of 22 kQ. Measured in
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Fig. 13 :

Vy=170 V.
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As Figs. 12 and 13, but for grid leak R r4. of 47 KQ.
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1) The effective voltage
fering signal at the control grid of the UCH
42 producing 19%, cross modulation (curve

K=19%) and

2) the effective voltage (V)

(Vi) of an inter-

of a ripple

signal at the control grid producing 19
modulation hum (curve my;=19%),
both as function of the conversion conductan-

ce
in Fig. 3. Upper figure:

AS’C

V;=100 V;
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Lo

lower figure :

and measured in the circuit shown
supply voltage
V=

70 V.
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Anode current (I,), oscillator voltage (V) and effective slope (S.f) of the triode
section of the UCH 42 as functions of the oscillator grid current (I r+,), with

grid leak (R,r+4) of 22 kQ. Fig.

19: supply voltage T3=100 V; TFig. 20:
V=170 V.
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As Figs. 19 and 20, but with a grid leak R(zr+g) of 47 kQ.
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As Figs. 10 and 11, but with the screen grid voltage of the UCH 42 together with
that of the UAF 42 fed by means of a common potentiometer. Measured in the circuit
shown in Fig. 5. Fig. 23 : supply voltage V;=100 V; Fig. 24: V;=170 V.
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UF #1
UF 41 Variable-mu R.F. pentode

Fig. 1
The UF 41, showing the electrode system (approximately actual
size).

The UF 41 15 a variable-mu pentode employing sliding screen grid voltage.
It is intended for I.F. and R.F. amplification. At the working point, the
mutual conductance is 2.2 mA/V at an applied voltage of 170 V, or 1.9
mA/V at 100 V. Since the heater current of the valve is 100 mA, the heater
can be connected in series with the heaters of other U-type Rimlock valves.
As the characteristics of the UF 41 are wholly identical with those of the
EF 41, reference may be made to the description of the latter for further
particulars.

TECHNICAL DATA OF THE R.F. PEXTODE UF 41
Heater data
Heating : indirect, A.C. or D.C., series feed

Heater current . . . . . . I; = 100 mA
Heater voltage . . . . . . V; = 126 V
Capacitances (cold valve)

Inpat capacitance . . . . . Oy = 5.3 p¥
Output capacitance .o Cq = 5.9 pF
Anode - control grid . . . . (g, < 0.002 pF
Heater - control grid . . . . Cyy < 0.05 pF
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Fig. 2
Electrode arrangement, electrode connections and maximum dimensions in
mm of the UF 41.

Operating characteristics of the UF 41 used as R.F. or LF. amplificr
(see Figs. 6 and 7)

A. Waith fixed screen grid voltage

Anode voltage . A = 100 \Y%
Screen grid voltage . . . . . Vg = 100 \
Bias resistor . . . . . . . R = 325 Q
r——————

Grid bias . . . . . . . . Vn =—25—165YV
Anode current . . . . . . I, = 6.0 — mA
Screen grid current . . . . . Ip = 1.75 — mA
Mutual conductance . . . . 8 = 2200 22 pA/V
Internal resistance . . . . . R; = 0.6 >10 MQ
Equivalent noise resistance . . R, = 6.5 — kO
Amplification factor, grid 2 with

respect to grid 1 . . . . . gy = 18 —

B. With sliding screen grid voltage

Anode and supply voltage . . Vo=V,= 100 170 A%
Screen grid series resistor . . Ep = 40 40 kQ
Bias resistor . . . . . . . Ry = 325 325 Q
Grid bias e Vo =—14 —17 —25 —28V
Anode current . . . . . . I, = 33 — 60 — mA
Screen grid current . . . . . I, = 10 — 1.7 — mA
Mutual conductance .. 8 = 1900 19 2200 22 pA/V
Internal resistance . . . . . R; = 0.8 >10 1.0 >10 MQ
Equivalent noise resistance R, = 55 — 65 —kQ
Amplification factor, grid 2 with

respect togrid1 . . . . . wupnyu = 18 — 18



UF 41

Anode and supply voltage . . F,=TF, = 200 %
Screen grid series resistor . . R, = 40 kQ
Bias resistor . . . .o R, = 325 Q
Grid bias Vo = —3 —34V
Anode current I, = 7.2 — mA
Screen grid current . N o = 21 — mA
Mutual conductance . . . S = 2300 23 pAYV
Internal resistance . . . . . Ry = 1.0 >10 MQ
Equivalent noise resistance R, = 7.0 — kO
Amplification factor, grid 2 with

respect to grid 1 .o Ly = 18 —

Operating characteristics of the UF 41 used as RJF. or LF. amplifier,
with screen grid, together with that of frequency changer UCH 41 fed by
means of a common potentiometer

—I 0L J_

&l

+Vp

= AG.C.
Fig. 3

Anode and supply voltage . . V,=V,= 100 170 \
Potentiometer for screen grid

supply . . . . . . . R = 12 12 kO

{R:_. = 27 27 kQ

Bias resistor R R, = 235 235 Q
Grid bias o Vp = —10 —12 —1.8 —20V
Screen grid voltage . . . . V, = 53 69 87 117V
Anode current . .o 1, = 3.3 — 6.0 — mA
Screen grid current . . . . . I, = 1.0 — 175 — mA
Mutual conductance . . . . S = 1900 19 2200 22 A/V
Internal resistance . . . . . R; = 0.8 >10 1.0 >10 MQ
Equivalent noise resistance . . R, = 553 — 6353 — kO
Amplification factor, grid 2 with

respect to grid 1 . . . . ugpy = 18 — 1§ —
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Limiting values

Anode voltage, with valve biased
to cut-off

Anode voltage

Anode (115\11)0.'(10]1

Screen grid voltage, valve bmsed
to cut-off ..

Screen grid voltage, valve con-
tlolled . .

Screen grid voltage, v alve uncon-
trolled .

Screen grid (llsxll)ﬂtlon

Catho(le current . .

Grid current starting point

External resistance hetween
grid 1 and cathode

External resistance between
heater and cathode . .

Voltage between heater and
cathode

Va,

I/'(l-

W,

Voo
Vp(Ia<4mA)
VyeLo=T.2mA)
|3

II;

Vou(lp=-+0.3uA)
R,
R/lc

Vi

I

I

I

I

max.

max.

max.

max.

max.

max.

max.

max.

nmax.

max.

max.

max.

UF #1

150
0.3
10
—1.3

20

150

\7
\%
W

Vv

v
W
mA
\%

Ma1)

kO

1) This value is applicable where grid bias is obtained from a cathode resistor.
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Fig. 4 Fig. 5
Anode current (I, Fig. 4) and mutual conductance (S, Fig. 5) of the UF 4l
as functions of the grid bias ( V,,) for various screen grid voltages (V). The dotted
lines represent the anode current and mutual conductance with a series resistor
(Rge) of 40 kQ in the screen grid circuit, at supply voltages of 100 V and 170 V.
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Anode current (I,), screen grid current (Ig), mutual conductance (), internal

resistance (R;) and equivalent noise resistance (R.) as functions of the grid bias

{ Va1) 5 screen grid series resistor Rg,= 40 kQ, supply voltage V,=100 V (Iig. 6)
and 170 V (Fig. 7).
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UL #¢1
UL 41 9 W output pentode

Fig. 1. The UL 41, showing the electrode system (approximately actual size).

The UL 41 is an output pentode with a high mutual conductance and a
maximum permissible anode dissipation of 9 W. It is designed for use in
A.C./D.C. receivers for a nominal voltage range of 110—250 V. Despite the
fact that such a supply voltage range implies large variations in the actual
voltage applied to the valve, the circuit of the output valve needs no altera-
tion. A bias resistor of 165 ohms is suitable for all voltages; no extra resistor
is needed in the screen grid circuit for the higher voltages, and the optimum
load is always roughly 3000 ohms.

The mutual conductance of this valve is 9.5 mA/V at 170 V, or 8 mA/V at
100 V (anode aud screen grid voltage). At 170 V, which is obtained from a
line voltage of 220 V, the maximum output is 4.7 W, whilst at 100 V (line
voltage approx. 110 V) the output is 1.25 W.

The high mutual conductance of the valve has two advantages. Firstly,
only a small input signal is required to modulate the valve fully; for example,
at F=7V4;,=100 V the required input is 3.8 Vgys, or at V,=V =170 V
the input is 7.2 Vgys. This is particularly important in small receivers
having no AF. pre-amplifier, but a highly sensitive output valve is also
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UL #1

an advantage in larger sets because the reserve of gain can be used
for feedback, to reduce distortion. Secondly, the grid bias is very low.
Since the total available D.C. voltage is divided between grid bias and anode
voltage, more voltage is available for the anode and screen grid, this being
highly important when the receiver is to be operated on low voltage mains.
If two UL 41 valves are used in class AB push-pull, with automatic grid bias,
the output is 9 W with 5%, distortion at an applied voltage of 170 V, or 2.2
W with 49, distortion at 100 V.

As already mentioned, the maximum permissible anode dissipation of the
UL 41 is 9 W. The full implications of this statement will be found in the
description of the EL 41 '

4%022#- 64189

Fig. 2. The UL 41 used in a simple A.C./D.C.receiver; the illustration
also shows the appropriate power supply circuit.

Fig. 2 shows the UL 41 used in a simple A.C./D.C. receiver circuit with the
appropriate rectifier section. The smoothing filter consists of capacitors
C, and C, and a resistor of 1200 ohms. If the anode voltage of the UL 41
were taken from the fully smoothed side of this filter, an excessive voltage
drop would take place across the resistor, for which reason the anode feed
is taken from C;. In actual practice this circuit has proved to be very satis-
factory and, in most cases, is sufficiently free from hum. If necessary, a
hum-bucking winding can be included in the speaker transformer.

In order to avoid parasitic oscillation, it is advisable to keep the screen and
control grid leads as short as possible; under adverse conditions, a 1 kQ
resistor may be included in the control grid circuit and/or a 100 Q resistor
in the screen grid line. These resistors should be connected as closely as
possible to the valve. without decoupling.

TECHNICAL DAT\ OF THE OUTPUT PENTODE UL 4t
Heater data
Heating : indirect, A.C. or D.C., seriex feed
Heater current . . . . . . I == 100 m.\
Heater voltage . . . . . . I, - 45 V
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UL 41

Capacitanees (cold valve)

Input capacitance . . . Cp = 11 pF
Output capacitance . . . . C, = 8.3 pF
Anode - control grid . . . . Cup < 1 pF
Heater - control grid . . Cpy < 0.1 pF
i
Q
. R
g3
SES
q2
k g1 ( ,
— 1Rl
kg3t f | maxX 2254107

Fig. 3
o . . . .
Electrode arrangement, electrode connections and maximum dimensions in mm.

Operating characteristics as single valve in Class A circuit

Anode voltage . . N = 100 170 Vv
Screen grid voltage . . . . . Vg = 100 170 Vv
Grid bias . . . . . . . . V, = —5.7 —104 V
Anode current . . . . . . I, = 29 53 mA
Screen grid current . . . . I, = 5.5 10 mA
Mutual conductance . . N = 8.0 9.5 mA'V
Amplification factor, grid 2 w1th

respect togrid 1 . . . . . ppm = 10 10
Internal resistance . . . . . R; = 18 20 kQ
Optimum load . . . R, = 3 3 kO
Output with 109, dlstortlon . Wd=10%) = 1.25 4.0 W
Required A.C. input voltage at

109, distortion . . Vi(d=10%) = 3.8 6.0 Vgzars
Output at grid current startmg {Wo

point . . Ipn=+03pA)= 1.25 4.7 W
Sensitivity B

(W,=50mW) = 0.55 0.5 Vi,



UL #1

Operating characteristies of two valves in Class AB push-pull

Anode voltage
Screen grid voltage .
Common bias resistor
Optimum load

A.C. input voltage
Anode current
Screen grid current
Output power
Distortion

Anode voltage
Screen grid voltage .
Common bias resistor
Optimum load

A.C. input voltage
Anode current
Screen grid current .
Output power
Distortion .

Limiting values

Anode voltage, valve biased to
cut-off

Anode voltage

Anode dissipation

Screen grid voltage. valve blased
to cut-off

Screen grid voltage .

Screen grid (11551pat10n no 1nput
signal . .

Screen grid dlsslpatlon at max.
output

Cathode current .

Grid current starting point

External resistance between con-
trol grid and cathode (with
bias resistor) .o

External resistance between
heater and cathode .

Voltage between heater and
cathode .

238

Ve = 100
Vo = 100
Ry = 100
Ron = 4.0
| = 0 4.6
Ia = 2xX2> 2% 27
I, = 2% 5 2X6.8
W, = 0 2.2
Aot - - 1
Ve = 170
Ve = 170
R, = 100
Ry = 4.0
Vi = 0 9.3
1, = 2X46 2% 49
I, = 2xX 9 2% 16.5
We = 0 9.0
Aot = — 5
Va, = max. 550
Va = max. 250
W, = max. 9
Voo = max. 5350
Ve = max. 250

Woe( V=0
W o Wy=max)

1/;
VplIp=+0.3u4)

Ry (Ry=1650)
Ry

V/k

max. 1.75
max. 4.0
max. 75
max. —1.3
max. 1

max. 20

max. 150

ro<dd

28
0

Vizars
mA
mA



UL 41

64099
UL41 22-6-99 Sun =N
R pman (mA)
75
T fa
: —
¥ 92 150
J
125
A
N
N
& 100
A,
N
k’b
N\
§£E;75
sEmR @ ===
Ry
M
D
50
0l
T / figrl H25
BRE S Rann
I “H 0!\’/
HHH A P _100Y 54T
HH T T J_f\/a:!rg_zrfﬁ
tH A ST T H 0
25 lpslV] -2 1 0 -5 0

Fig. 4
Anode current (I,) and screen grid current (I ,) of the UL 4:
at anode and screen grid voltages of 100 V and 170 V.
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1,/ V, characteristics at F,=100 V (Fig. 5) and 170 V (Fig. 6).

The straight line represents a load resistance of 3 kQ. The dot-

dash curve in Fig. 6 indicates the maximum permissible anode
dissipation (IV,=9 W).
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Anode current (I,), screen grid current ([z,), A.C. input voltage

(V;) and distortion (d,y) as functions of the output power
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