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PREFACE

In addition to the normal mains radio set there are a number of other types
of receivers, with which radio reception is possible at places where no mains
supply is available. One type is the so-called car radio, which differs from the
normal mains receiver only in so far that the power is furnished by a 6V car
battery, the required H.T. being obtained by means of a vibrator system. With
the exception of the output tube, for which versions with a comparatively low
heater power have been designed, the high power available from a car battery
permits the use of normal indirectly heated tubes.

In cases, however, where the use of a heavy storage battery presents exceptional
difficulties, an entirely different technique is necessary. As a consequence receivers
have been designed in which directly heated tubes with an extraordinarily low
power consumption are used, in conjunction with dry batteries for the filament as
well as for the HT. supply. The combined efforts of tube designers, setmakers
and battery manufacturers has resulted in tubes of small dimensions and low
power consumption, with satisfactory performance on all normal wave ranges,
whilst, moreover, the availability of small batteries has permitted of the design
of very compact receivers.

All-dry battery receivers are made in different types. There is first of all the
portable receiver for use while camping or travelling, in which an H.T. battery
of 90V is normally used. Such a receiver is often built with a supply system al-
lowing of it being operated with either dry batteries or mains supply, the com-
bination then being termed ABC receiver. Particularly the ABC set is gaining
more and more in popularity.

When the dimensions have to be reduced to the minimum, as is the case with
personal receivers, very small batteries and components must be used. The per-
formance of a personal receiver with an HT. battery of 67.5 or 45V is inferior
10 that of larger sets indicated above, but the dimensions can be made so small
that the set fits into a lady's handbag.

Finally, there is the stationary receiver with all-dry battery supply, for use in
rural areas without mains. Since this type is intended for stationary use, there is
no need to restrict the dimensions and a comparatively large H.T. battery can be
employed. The A.F. output can therefore be quite large, particularly when two
output tubes are used in a current-saving push-pull arrangement.

The aim of this Bulletin is to describe and discuss the application of a series of
miniature battery receiving tubes, which have been developed to meet the specific
requirements for their use in the above-mentioned types of receivers. This range
is of universal application and permits the design of small portables, in which
economy of power consumption is of primary importance, as well as stationary
receivers having a high A.F. output.
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INTRODUCTION

The range of battery tubes dealt with in this
Bulletin comprises the following types:

DK 92 — self-oscillating heptode frequency chan-

ger;
DF 91 — R.F. pentode;
DAF 91 — diode-A.F. pentode combined in one

envelope:
DL 92 — output pentode for low H.T. voltages;
DL 94 — output pentode for higher H.T. voltages:
DM 70 — tuning indicator.

Except for the DM 70 all these types are built
in the 7-pin miniature envelope, whilst the fila-
ments are designed for 1.4 V, 50 mA, with the
exception of the output tubes DL 92 and DL 94,
which have two filament sections to be connected
either in parallel (1.4 V, 100 mA) or in series
(2.8 V, 50 mA). When a particularly low current
consumption of the output stage is required, with
the output tubes mentioned above it is also pos-
sible to use only one of the two filament sections.
The DM 70 is a sub-miniature tube and has a fila-
ment for 1.4 V, 25 mA.

Two different types of output pentodes are avail-
able. For small sets operating with H.T. battery
of 45 V or 67.5 V the DL 92 is to be preferred,
as this tube is specially designed to give satisfactory
performance at these low supply voltages. With an
H.T. of 90 V either the DL 92 or the DL 94 can
be used, but in the case of the DL 92 it is necessary
to employ a screen-grid dropper resistor or a tap
on the battery to maintain the screen potential at
67.5 V. For this reason the DL 94, the screen grid
of which can be operated at 90 V, is the more eco-

nomical proposition. Also at higher supply volt-

ages, for example 120 V and 150 V, the DL 94

should be used.

The tubes for the first stages of the receiver,
DK 92, DF 91 and DAF 91, give optimum perfor-
mance at supply voltages between 67.5 V and 90 V.
Slightly lower but still satisfactory performance is
obtained with an H.T. of 45 V, but it should be
borne in mind that the gain obtainable is reduced
with decreasing H.T., so that an exceptionally low
supply voltage should only be used when this is
strictly necessary on account of the restricted di-
mensions of the receiver. This, of course, also ap-
plies to the output pentode, the available A.F.
output decreasing rapidly with the supply voltage.

In this Bulletin special attention is drawn to the
heptode frequency changer DK 92, the oscillator
section of which gives very superior performance
at wavelengths down to 10 m (30 Mc/s), also with
only 45 V H.T. This is a remarkable achievement,
which permits the design of personal receivers with

a short-wave range.

In receivers of a more elaborate design a greater
A.F. output is normally aimed at, and in this case,
as indicated above, the DL 94 output pentode should
be used. Two of these tubes in a push-pull Class B
arrangement can give an output of 1.2 W when the
anode and screen-grid voltages are 120 V and 2 W

at 150 V.

In ABC receivers the filaments are normally
operated in series, and it is then necessary to take
account of the fact that the cathode currents of all
tubes flow towards one terminal of the filament
supply via the filament chain. The means for pre-
venting overloading of individual filaments will bhe
discussed in this Bulletin.




FREQUENCY CHANGER DK 92

DESCRIPTION

The DK 92 tube is a new 50 mA miniature hep-
tode frequency changer for use both in all-dry bat-
tery receivers and in ABC receivers. It has a single
electrode system, which includes a complete oscil-
lator section. The DK 92 has a variable-mu charac-
teristic making it suitable for applying A.G.C.

Fig. 1. The frequency changer DK 92.

This heptode may be used at frequencies up to
30 Mc/s (10 m) and will operate and give good
reduced voltage performance over the large wave-
band coverages required at these frequencies, with-
out any change of circuitry or increase of total
current consumption. On the range for the highest
frequencies capacitance neutralization must be in-
cluded.

The first and second grids of the DK 92 tube
form the oscillator section, the third grid is the
signal grid, the fourth the screen grid, followed by
a suppressor grid preceding the anode. Contrary to
the former DK 91 tube, in the DK 92 the second
and fourth grids are not tied to each other inter-
nally but connected to separate base pins. This

6

allows the fourth grid to be earthed capacitively,
which reduces the coupling of the signal grid
with the oscillator section, thereby reducing ra-
diation and frequency shift. Moreover, with the
grids connected to separate base pins, it is possible
to choose the potential of the fourth grid indepen-
dently, giving it such a value that optimum con-
version conductance is obtained. In receivers oper-
ating with an H.T. of 90 V the conversion conduc-
tance of the DK 92 is 325 pA/V and with 67.5 V it
is 300 pA/V at I,, =100 pA.

In the DK 92 tube special measures have been
taken to eliminate the main source of microphony.
In battery tubes with low heater consumption vibra-
tion of the filament usually causes most trouble
in this respect. For a given mechanical tension of
the filament and a given material, the sensitivity to
microphony is proportional to the third power of
the filament length. Moreover, since in view of the
fragility of the filament a given mechanical tension
may not be exceeded, with a long filament the re-
sonant frequency necessarily becomes so low that
it is no longer possible to improve the situation by
artificially reducing the gain of the A.F. part of
the receiver for that particular frequency without
seriously affecting the quality of reproduction.

The filament of the DK 92 tube is therefore sup-
ported in the middle. In this way, in addition to
obtaining a very effective damping, the resonant
frequency is raised to a range where the A.F. gain
of the receiver is already small.

The DK 92 tube requires an unusually low oscil-
lator voltage (4 V,,s) on the first grid, which is
particularly advantageous on the short-wave range.
Furthermore, the mutual conductance between the
first and second grids, which form the oscillator
section, has a high value — viz. 0.9 mA/V at a
supply voltage V), of 90 V, and 0.8 mA/V at a
supply voltage V', of 67.5 V. Normal oscillator coils
can, therefore, be used in the short-wave range,
whilst the radiation of the local oscillator is parti-
cularly low. Owing to the low oscillator voltage
requirement the total current drawn from the H.T.
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supply is only 2.5 mA, including about 1.6 mA
taken by the anode of the local oscillator (second
grid) at V,, =30 V.

The comparatively small current of the DK 92
tube drawn from the H.T. supply is mainly due
to the low oscillator voltage required on the first
grid for obtaining optimum conversion conductan-
ce. This has been obtained by giving this grid fine
meshes. The fact is that with given circuit constants
the direct current to be supplied by the oscillator
anode (g.) is proportional to the required oscillator
voltage on the first grid. This may be explained as
follows.

Denoting the ratio of the peak value of the fun-
damental wave to the D.C. component of the anode
current of the local oscillator by %, then: )

I[L&

gl Sel‘f Vg osc
i 1,

L ’

where S.(; is the effective mutual conductance and
Vg osc is the peak value of the oscillator voltage at
the first grid. Now the oscillating circuit satisfies
the expression:

SH“' t Z — 719

in which 7 represents the voltage ratio between the
feedback coil and the tuned circuit, and Z is the
impedance of the tuned circuit. Hence:

I :’/ynscg'
ntZ

At the optimum oscillator voltage of 4 V,, (i.e.
5.0 V peak value) 5 assumes a value of approxima-
tely 1.4, whilst in the short-wave range Z has a mi-
nimum value of approximately 3.5 kQ, to which cor-
responds a voltage ratio t = 0.7. The mean anode
current is therefore:

4 X 14

=TAX07 X35 X 10r - omA-

I,

If for the optimum conversion conductance an
oscillator voltage of 8 V were required the mean
anode current of the oscillator would have been
twice this value, i.e .approximately 3.2 mA.

When in a battery set the supply voltage has
dropped to an extremely low value owing to pro-

1) See B. G. Dammers, J. Haantjes, J. Otte and

H. van Suchtelen; Application of the Electronic
Valve in Radio Receivers and Amplifiers, Volume 1.
2) The right-hand member of this equation would be nega-

tive, but since ¢t must also be negative, a positive sign
can be maintained when absolute values are substituted.

longed use of the batteries, there is a risk of the
tube ceasing to oscillate, so that reception becomes
impossible. The DK 92 tube has been so designed
that the underrunning performance of the oscil-
lator section is particularly good. In fact, the direct
voltage on g. may be considerably lower than the
supply voltage, so that a dropper resistor of fairly
high value can be used, viz. 33 kQ at V;,=—90V,
which largely compensates the effect of decreasing
supply voltages on the oscillator performance. In
a set designed for supply voltages of V', =90V and
Vi=14YV, the local oscillator will still operate
satisfactorily when these voltages have dropped to
65V and 1.1V respectively.

In exceptional cases where coils of poor quality
are used, giving a low impedance of the tuned cir-
cuit, the oscillator performance can be improved
at the expense of the current consumption by in-
creasing the anode voltage of the local oscillator to
about 45 V. The current consumption of the tube
is then increased to almost 4 mA, which is the
maximum permissible cathode current, but it
should not be necessary to go as far as this.

APPLICATION OF THE DK 92

Since for the application of a frequency changer
the oscillator performance is of primary importan-
ce, little need be said about the operation of the
rest of the tube.

The screen grid g, of the DK 92 tube should pre-
ferably be operated at about 65 V, for this, in com-
bination with the specified oscillator voltage, gives
the optimum conversion conductance. In a receiver
operating with an H.T. of 45 V the optimum
screen-grid voltage is obviously not available, so
that the tube then operates with a somewhat re-
duced conversion conductance. At an H.T. supply
of 90 V the required screen-grid voltage may be
obtained either from a tap on the H.T. battery or
by connecting the screen grid via a by-passed drop-
per resistor to the H.T. The latter arrangement is
preferable, because it has the advantage that, when
the set operates with run-down batteries, there is
some compensation of the loss in conversion con-
ductance caused by decreased supply voltages.

In contrast to conventional indirectly heated fre-
quency changers for mains supply, such as the ECH
42, the DK 92 operates with a single electron
stream, which is first modulated by the oscillator
voltage by means of g, and after that by the signal
voltage applied to g.. The first two grids, together
with the filament, form the oscillator section, and




it will be clear that the electron stream passed on
to the upper half of the tube is influenced by the
potentials of both grids.

In an oscillator circuit the alternating voltages
on the grid and the anode are in antiphase, so that
the influence of the first grid on the electron
stream is counteracted by that of the second grid,
i.e. the oscillator anode. Since the first grid has a
much greater influence on the electron stream than
the second grid, the latter has no great demodu-
lating effect, but for the sake of a high conversion
conductance the alternating voltage on the second
grid should nevertheless be kept low. For this rea-
son the tuned circuit should be connected to the
first grid, and the feed-back coil, which has a much
smaller number of turns than the tuning coil, to
the second grid.

With an oscillator voltage of 4 V,,s on the first
grid, and a coil combination with a voltage ratio of
0.7 between feedback coil and tuning coil, the
demodulating effect of the second grid gives rise
to a reduction in conversion conductance of less
than 2% compared with the case where the second
grid is capacitively earthed.

Since different combinations of the tuning and
the feedback coil with differing voltage ratios may
be used with the DK 92 tube, in the data the con-
version conductance is given for zero alternating
voltage on the second grid. As indicated above, the
actual conversion conductance obtained with nor-
mal oscillator coils does not, however, differ ap-
preciably from the published value.

Another advantage connected with the tuned-grid
arrangement is that the variation of the coupling
between the oscillator and input circuits is kept
small. The coupling between the oscillator section
and the signal grid is determined partly by the
capacitance between the second grid and the signal
grid. In the case of a low oscillator voltage on
the second grid the contribution of the above-
mentioned capacitance towards the total coupling
between the oscillator section and the signal grid is
small, so that the variation in the coupling between
the oscillator section and the signal grid is also
small when the oscillator voltage on the second grid
varies with the frequency as a result of variations
in the voltage transfer.

The feedback winding can be either series or pa-
rallel fed. Series feed is the most satisfactory on
short-wave operation, as it gives the best possible
oscillator drive and better high-frequency perfor-
mance than parallel feed. Moreover, with low H.T.

8

supply, say 45 V, the resistor shunted across the
feedback winding with parallel feed must have a
low value, and this reduces the effective quality
factor of the oscillator circuit. Parallel feed can
very well be used on the medium and long-wave
ranges. It offers the advantage that it gives rise to
less variation of the grid current over the wave
ranges than series feed. Since, however, in a receiver
with three wave ranges the switching over from
series feed to parallel feed makes it necessary to use
a comparatively large number of switch contacts,
series feed will usually be preferred for all wave
ranges.

For optimum oscillator performance the grid
leak should be connected to the positive end of
the filament.

Although the oscillator performance of the DK
92 tube is better than that of similar 1.4 V battery
frequency changers, it is advisable to neutralize the
induction effect in the short-wave range so as to
reduce not only the influence of variations of the
input circuit impedance on the oscillator frequency
(pulling effect) but also the influence of the A.G.C.
on the oscillator frequency (frequency shift). If
neutralizing is applied, which is done by connect-
ing a capacitor of 1.5 pF to 2 pF between the first
and third grids, the DK 92 tube can be used on
frequencies up to 30 Mc/s (10 m). In the normal
short-wave range from 20 Mc/s to 6 Mec/s (15 m to
50 m) A.G.C. can then be applied.

The phenomena inherent in the coupling be-
tween the oscillator section and the input circuit,
which may be observed with all frequency changer
tubes, is of sufficient importance to be dealt with
at some greater length.

The coupling beiween the oscillator and the in-
put circuits is caused by various tube and wiring
capacitances and also by the induction effect, which
may be represented as a negative one-sided capa-
citance between the first and third grids.

Fig. 2 is the schematical representation of this
coupling. In this diagram C,; and C,; are the nor-
mal coupling capacitances, which may consist
partly of wiring capacitances. The capacitance Ci,q
represents the induction effect. This is caused by
a sheath of electrons between the second and third
grids, the density of which is modulated by the
oscillator voltage on the first grid. The variations
in density induce currents in the input circuit; the
phase and amplitude of these currents correspond
to the presence of a negative capacitance between
the first and third grids. This capacitance is one-
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sided because the voltage on the third grid has
practically no influence on the space charge sur-
rounding the cathode, whilst its modulation of the
space charge between the second and third grids
has little effect on the first grid. The total coupling
between the oscillator circuit and the input circuit
can now be replaced by an equivalent capacitance:

(jw1 = (j]v:{ ’}" Cz';; .t + (;in(l'

DK 92

e i g

G3 ind [C2,3

:

-£C7

kY
A
N

+

Sl
l
%l

Fig. 2.

Simplified diagram :howing the coupling between
the oscillator and the input circuit.

In this expression ¢ is the ratio of the alternating
voltages on the second and first grids. The first
term of the right-hand member is positive, but
since the feedback ¢ must be negative the following
two terms are both negative. In practice the nega-
tive terms preponderate and the total coupling
between the first and third grids assumes the form
of a negative capacitance.

The presence of this capacitance affects the
overall performance, in particular at high frequen-
cies. In the first place a proportion of the oscillator
voltage appears at the signal grid and gives rise to
radiation, whilst, moreover, trimming of the re-
ceiver becomes complicated because of the pulling
effect. The oscillator voltage induced in the input
circuit is proportional to C., and to the impedance
of the input circuit. It can be shown that the in-
duced voliage is roughly proportional to the third
power of the signal frequency. Moreover, the in-
duced voltage increases as the resonant frequency
of the input circuit approaches the oscillator fre-
quency. Assuming the input eircuit to be correctly
tuned, the oscillator voltage on the signal grid is in-
versely proportional to the intermediate frequency.

On medium and long waves the coupling discus-
sed above does not give rise to difficulties, but on
the short-wave range radiation, frequency shift and
a reduction of the effective quality factor of the
oscillator circuit may be experienced. The latter
two effects are caused by the reactive and resistive
parts respectively of the impedance formed by
the series connection of C., and the input circuit.

In extreme cases, when the resonant frequency of
the coupling capacitor together with the input
circuit approaches the oscillator frequency, the
frequency shift of the oscillator may become ex-
cessive, and the local oscillator may even cease io
function.

These effects can be reduced by means of the fol-

lowing measures:

a) The intermediate frequency should be high to
ensure a large spacing of the resonant frequen-
cies of the oscillator and input circuits. In this
connection a high intermediate frequency of,

say, 450 ke/s is recommended.

b) Care should be taken in choosing the padding.
Large deviations in the padding curve may
nullify the favourable influence of a high inter-
mediate freqency.

¢) When the coupling capacitance and the input
circuit are in series resonance at the oscillator
frequency, the parallel resistance reflected into
the oscillator circuit is inversely proportional to
the quality factor of the input circuit. It is
therefore advisable to keep this quality factor
as low as permissible in view of the require-

ments of preselection and gain.

d) The effective negative capacitance between the
first and third grids can be compensated by con-
necting a normal positive capacitance between
these electrodes.

Although it is impracticable to obtain perfect
compensation over the entire short-wave range, the
reduction of the pulling effect and radiation
achieved by capacitance compensation is quite
satisfactory in practical circuits.

The fact that ideal compensation cannot be ob-
tained in practice can be explained as follows. The
location of the negative space charge between the
second and third grids depends on the potentials
of g, and g, and, therefore, also on the oscillator
voltage, because in the normal circuit with a drop-
per resistor in series with the second grid, the auto-
matic bias of the oscillator section influences the
average potential of the latter electrode. Compen-
sation is therefore possible only for a fixed set of
operating conditions. Moreover, due to transit time
effects and the fact that the voltages at g, and g
are not exactly in antiphase, the coupling cannot
be represented by an equivalent negative capa-

9




citance at frequencies exceeding 20 Mc/s. At high
frequencies the coupling assumes the form of a
combination of capacitance and resistance and ideal
compensation can be obtained only by a similar
combination of capacitance and resistance, the
resistance value being correct at one fixed frequen-
cy only. It has been found that a purely capacitive
compensation is still satisfactory at frequencies up
to 30 Mc/s (10 m).

The quantitative results of measurements of ra-
diation and pulling carried out with the DK 92
tube on short waves are given below. It is seen
that this tube gives excellent performance on these
waves, and this ensures that on longer waves per-
formance is even better.

PRACTICAL CIRCUIT

A circuit for the two short-wave ranges, viz. 30
Me/s to 9 Mec/s (10 m — 34 m) and 10 Mc/s to 3.3
Mec/s (30 m — 90 m) is given in fig. 3. The addition

vided with an iron dust core, so that the quality
factor decreases with increasing frequency. This
prevents the oscillator voltage from increasing at
the upper end of the frequency range. Moreover,
a booster coil L,, is used to increase the feedback
at lower frequencies, the frequency at which L, and
L., together with the capacitor of 82 pF resonate
being approximately 8 Mec/s (38 m).

Fig. 4 shows the current flowing through the os-
cillator grid leak of 27 kQ in the range of 30 Mc¢/s to
9 Mc/s, both at the nominal supply voltage and at
reduced filament and H.T. supply voltages. Tt is
seen that the current through the grid leak is fairly
constant over the entire wave range. Similar curves
have been plotted in fig. 5 for the range of 10 Mc/s
to 3.3 Mec/s.

The radiation of the local oscillator and the
pulling effect are most likely to become trouble-
some in the range from 30 Mc/s to 9 Mc/s. The com-
pensating capacitance is therefore adjusted for
minimum radiation at the upper end of this fre-

NN
Ly
115pF 115pF
R N, ) ¢ A
120pF / g
Ll — ;
/ H ’
20F| o 82pF
1l <
150F) & o
P Lg
# g" Lo
3 12-492
30pF S pF#
B | () ) -/ Ly
) bz
pF
3000 r——147000pF |
phe= ==l
V= v < >
ABC. ~ +14V g “HF=g
o )
= S
67620 |
+90v

Fig. 3. Frequency changer circuit for the ranges 30 Me/s to 9 Me/s (10 m to
33 m) and 10 Mc/s to 3.3 Me/s (30 m to 90 m). In the range 30 Me/s to
9 Me/s the A.G.C. should be switched off.

of a medium- and a long-wave range does not in-
volve any difficulty. The coupling between the os-
cillator and input circuits is compensated by a
small ceramic capacitor of 1.5 pF between the first
and third grids.

In the range from 30 Mc/s to 9 Mc/s various steps
are taken to ensure a constant oscillator voltage
over the entire range. The oscillator coils are pro-

10

quency range; the pulling effect is then also re-
duced to its minimum,.

Fig. 6 shows the radiation voltage measured at
the aerial terminals as a function of the frequency.
During this measurement the aerial terminals were
shunted by a resistor of 400 Q.

In fig. 7 the pulling effect of the oscillator fre-
quency has been plotted as a function of the capaci-
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tance variation of the input circuit at an oscil-
lator frequency of 30 Mec/s. This curve also refers
to the case where compensation is applied.

67621

120 —
Vo= 90V; Vg =14V

100 =
I e
&,

"1 A Vb =70Vs Vg =11V
60

\

40

20

0 |
8 10 12 14 16 18 20 22 24 26
—f (MC/S)

28 30

Fig. 4. Cuvrent [, flowing through the grid leak as a
function of the frequency f in the range 30 Mec/s to
9 Mec/s for the nominal and reduced supply voltages.

At the nominal supply voltages the conversion
gain of the DK 92 tube at 30 Mc/s, measured be-
tween the signal grid and the LF. transformer se-
condary, is 45. The aerial gain is 1.2, so that the
gain measured between the aerial and the LF.

: _ ' 67622
|
200 |
AW
g1 VT |
Vb=
A)rso ]
I et
—1v
Loovsve=td—
100 L — w2l
a/ el
/
50"
0 L
3 Z 5 5 7 5 4 0
—f(Mc/s)

Fig. 5. As fig. 4, but for the range of 10 Mc/s to 3.3 Mc/s.

transformer secondary is 54. This gain is practically
constant over the entire range of 30 Mc/s to 9 Mc/s.
At 7 Mec/s, in the range of 10 Mc/s to 3.3 Mc/s, the
total gain is 60.

As a final note it should be pointed out that it
is advisable to short the coils which are not used
in a particular range. In the range of 30 Mc/s to
9 Mecs, for example, the coils L.,L; and Ly,L;-
should be shorted by the switch. This is necessary
to avoid that capacitive couplings via the switch
contacts give rise to a considerable reduction of
the oscillator voltage at a frequency at which the
switch capacitance happens to resonate with the
coils of the other range.

180 67623

‘
160, ‘ I /
7

i % ‘

N
T720 r’ | I e
100 /

80

60 ‘ e

40

20 |

0 | |

8 10 12 14 16 1 20 22 24 26 28 30
——» f(Mc/s)

Fig. 6. Radiation voltage at the aerial terminals as a function

of frequency.
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Fig. 7. Pulling effect of the oscillator frequency as a function
of the capacitance variation of the input circuit at
an oscillator frequency of 30 Me/s.

The coils used in the circuit of fig. 3 have the
following values:
L LF. wave trap for 452 ke s.
Inductance 5 mH.
Quality factor Q — 125.
Self-capacitance 2.5 pF.
Aerial coils for the range 30 Mc/s to 9 Me/s.
diameter 9 mm,
length 50 mm.

Coil former:

Screening can: diameter 27 mm,

length 55 mm.
L.: 191 turns of 0.1 mm enamelled copper
wire; wave wound, width 3 mm; induc-
tance 4 pH.
L.: 10 turns of 0.5 mm enamelled copper
wire; wound in one layer, pitch 0.65 mm:
inductance 0.67 pH.
Distance between ends of L, and L; is 1 mm,

Coupling factor k= 0.185.

Bk |




L,L;

LL:

LiL,

Aerial coils for the range 10 Mc/s to 3.3
Mec/s.
Coil former:

diameter 8 mm,

length 30 mm.

L, :82Y turns of 0.1 enamelled copper
wire; wave wound, width 2 mm:; inductan-
ce 75 pH.

L; : 31% turns of litz wire of 12 X 0.04
mm: wound in one layer, pitch 0.27 mm;
inductance 4.7 uH.

Distance between ends of L, and L; is 1 mm.
Coupling factor k= 0.185.

No screening can is employed for these
coils; the former is provided with soldering
lugs for wiring in.

LF. transformer for 452 ke/s.

Quality factor Q at 452 ke's is 145 (without
extra damping).

Coupling KQ = 1.05 (without extra damp-

ing).

Oscillator coils for range 30 Mec/s to 9 Mcs.

Coil former: diameter 7 mm?),
length 22 mm.

Iron dust core: diameter 6 mm*),
length 6 mm.

Ly : 10V turns of 0.3 mm enamelled copper
wire; wound in one layer, pitch 0.75 mm;

TECHNICAL DATA

FILAMENT DATA

Heating

Direct by battery current, rectified A.C. or D.C.;
series or parallel supply.

Parallel supply

Filament current

Series supply

Filament voltage V; —= 14 V
I; = 0.05 A
V; == 1.3 W

Filament voltage

BASE CONNECTIONS AND DIMENSIONS (in

mm)

%) Threaded on the inside.

1) Threaded.

12

Ly,

Li.L,,

inductance 0.64 yH (with iron dust core).
Ly : 9V turns of 0.3 mm enamelled copper
wire; wound in one layer between turns
of L.

Coupling factor k= 0.8.
Booster coil for range 30 Mc/s to 9 Mc/s.

7 mm?),
22 mm.

6 mm?),

6 mm.

Coil former: diameter
length
Iron dust core: diameter
length
30%% turns of 0.3 mm enamelled copper
wire; wound in one layer, pitch 0.65 mm;
inductance 4.5 pH.

Oscillator coils for range 10 Mc/s to 3.3 Mcfs.
Coil former: diameter 8 mm,
length 30 mm.

Ly, : 28 turns of 0.2 mm enamelled copper
wire; wound in one layer: pitch 0.3 mm;
inductance 4.2 pH.

Ly, : 12 turns of 0.1 mm enamelled copper
wire; wound in one layer without spacing
between turns over bottom end of L., with
0.1 mm insulating paper interleaved.
Voltage ratio L;./L,; = 1/2.25.

No screening can is employed for these
coils; the former is provided with soldering

lugs for wiring in.

max 19

93
gl

| max 48
max54

67625

Mounting position: any

CAPACITANCES C.

84 pF
7.5 pF
4.8 pF
39 pF
0.36 pF
0.3 pF
0.11 pF
0.2 pF
3.0 pF
1.6 pF

Cx
Cops
Cw:/:
Cagl
C!i 193
Cg 192
C_r/zg::
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OPERATING CHARACTERISTICS (with separate excitation)

Supply voltage .

Anode voltage

Screen-grid voltage .

Signal-grid voltage .

D.C. voltage on second grid
Oscillator voltage on first grid .
Screen-grid resistor .

Series resistor for osc. anode (g.) .
Leak resistor of first grid .
Anode current .

Secreen-grid current .

Current of second grid .
Oscillator current

Conversion conductance

1
Bias at g, for S,/ — — S,
- 100
Internal resistance (V,;=0YV)
Equivalent noise resistance

5) Based on a battery voltage of 45, 67.5 or 90 V reduced by

the bias for the output tube.
6) Connected to —+ f.

7) The DK 92 will normally bhe used with self-excitation.
With grid tuning and on the normal wave ranges the
conversion conductance will then be a few per cent

smaller than that obtained with separate excitation.

/b:‘ )
Ve
Vs
Vs
|
Ve
Ky,
R;.
R,
I,
1y
]l/:
I.’/[
Se

TYPICAL CHARACTERISTICS OF THE OSCILLATOR SECTION

Anode voltage .

Screen-grid voltage .

Signal-grid voltage .

Voltage at second grid .

Current of second grid .
Transconductance between g, and g,

Amplification factor between g, and g, .

LIMITING V ALUES

Supply voltage .

Anode voltage

Anode dissipation
Screen-grid voltage .
Screen-grid dissipation .
Voltage on second grid .
Dissipation of second grid .
Cathode current

External resistance between g; and —f .

First grid voltage for I,, — -}-0.3 pA

%) Absolute value 140 V.

Ve
Vs
V{/?'
Vo
I,
S,{/Z g1

Hg2g1

Vy
Va
W.
V,.
W,
P
W,
I
R,.

Vo

63.5
63.5
63.5

63.5
63.5

30

0.8
75

max.

max.

max.

max.

max.

max.

max.

max.

max.

max.

85V
85V
60V
(1A%
30V
4 Vims
180 kQ
33 kQ
27 kg%
0.65 mA
0.14 mA
1.65 mA
130 1A
325 tA/VT)

—6V

1.0 MQ
100 k@

85V
60V

(1Y
30V
2.5mA
0.9 mA/V
1.5

120V ¥)
90 V
0.2 W
90V
0.1W
60V
0.2W
4 mA
3 MQ
—0.2V

13
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Fig. 9. Anode current as a function of the third-grid voltage
with the screen-grid voltage as parameter, for V, —
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Anode current as a function of the third-grid
voltage with the screen-grid voltage as parameter,
for V,=—635V.
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Fig. 12. Conversion conductance as a function of the third-

grid voltage with the screen-grid voltage as para-
meter, for V, —85V.
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Fig. 17. Performance of the DK 92 as a function of the
oscillator voltage, for I/, — 40 V.
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Fig. 19. Currents, conversion conductance and internal resis-
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tance plotted against the third-grid voltage, for op-
timum oscillator voltage and an anode voltage of

63.5V.
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of 85V.
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R.F. PENTODE DF 91

Fig. 21. The R.F. pentode DF 91.

TECHNICAL DATA

FILAMENT DATA

Heating
Direct by battery current, rectified A.C. or D.C.,
series or parallel supply.

The DF 91 is a 7-pin miniature pentode for bat-
tery, rectified A.C. or D.C. mains supply. The fila-
ment current is 50 mA at 1.4 V for parallel sup-
ply. With series supply it is recommended to
reduce the filament voltage to 1.3 V, in order to
prevent filament overloading as a result of mains
voltage fluctuations.

The DF 91 has a variable-mu characteristic, the
bias required for reducing the mutual conductance
to 10 pA/V being 10 V in the case of a screen-grid
voltage of 45 V. Since the frequency changer DK 92
is also suitable for A.G.C., in a receiver the control
voltage can be applied to two tubes, and this en-
sures a favourable A.G.C. curve.

The operation of the DF 91, with a screen-grid
voltage of 45 V instead of 67.5 V is favourable with
regard to cross modulation and gain control. It is
true that with V,, =675V a slightly greater
mutual conductance can be obtained, but with
Vye=45V the mutual conductance is but little
reduced, whilst the current consumption is much
smaller.

BASE CONNECTIGNS AND DIMENSIONS (in

mm)

Parallel supply a
Filament voltage V; = 14V %;g E
Filament current I, — 0.05 A N g2 a . (Ev’
\.
Series supply M
—1fg3s +f max 19 e
Filament voltage Vi = 13V ]
Fig. 22

CAPACITANCES Cy = 7.5pF

Cyl = 3.6 pF

Cini < 0.01 pF?)

Mounting position: any
9) Measured with external screening.
17




OPERATING CHARACTERISTICS

Anode voltage . V., 45 67.5 90 Vv
Screen-grid voltage Ve 45 45 45 Vv
. O B e O ik W e
Control-grid voltage Vo 0 —10 0 —10 0 —10 V
Anode current . I, 1.7 — 175 — 1.8 — mA
Secreen-grid current 1 0.7 —  0.68 —  0.65 — mA
Mutual conductance S 700 10 725 10 750 10 pA/V
Internal resistance . : R; 0.35 >10 0.6 >10 0.8 >10 Mo
Amplification factor between
screen grid and control grid ., 11 — 11 — 11 —
Equivalent noise resistance Ry 18 — 17 s 16 — kB
LIMITING VALUES
Supply voltage . Vy max. 120 vV 1)
Anode voltage . Vs max. 90V
Anode dissipation . W, max. 0.5W
Sereen-grid voltage . Vs max. 675V
Screen-grid dissipation . W e max. 0.2 W
Cathode current s @ I max. 5.5mA
External resistance between g, and —f . R, max. 3 Ma
Control-grid voltage for I,, — 0.3 pA Vi max. —0.2V
10y Absolute value 140 V.
e T T ™ FEFEEEET T 0000
T .,
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Fig. 23. Anode current plotted against control-grid voltage  Fig. 24. Anode current, screen-grid current, mutual con-

for Vye—=45V and V.=90V.
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ductance and internal resistance plotted against the
control-grid voltage, for V, =V, —45V.
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Fig. 25. Anode current plotted against anode voltage with
V,: as parameter, for V,. —45V.
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Fig. 26. Anode current, screen-grid current, mutual conduct-  Fig. 27. Anode current, screen-grid current, mutual conduct-
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() e =45 ] ] (ierd) T | R
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Fig. 28. Input signal plotted against the mutual conductance  Fig. 29. Input signal plotted against the mutual conductance
for a cross modulation of 1%, for V, =V, —=45V. for a cross modulation of 1%, for V, = 67.5V and
V=45V,
Vi 67646 _
(mV,ff Vo =90V
1000 Vg2=45V
L 1 \‘
1001 N Yk=1%
10 :
1 1l
1 10 100 1000 S (A/ V) 10000
Fig. 30. Input signal plotted against the mutual conductance

for a cross modulation of 1%, for V', —90V and

V,,: =45V.
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DIODE A.F. PENTODE DAF 91

The DAF 91 is designed for performing the
functions of a combined detector and A.F. ampli-
fier preceding the output tube. In the circuit given
on the next page the maximum obtainable A.F.

Fig. 31. The diode A.F. pentode DAF 91.

gain is 70. An output voltage of 5 V., is obtain-
able and this is more than sufficient to drive a
DL 92 or DL 94 output pentode. The tube may

also be used as a triode A.F. amplifier, when the

TECHNICAL DATA

gain is about 11 and the distortion at 5 V.
output about 1%.

When the tube is used at a very high sensitivity
it may be advisable to take precautions against
microphony. Whether this is necessary or not
depends on the mechanical lay-out of the receiver
and on the acoustical efficiency of the loudspeaker.
In the average receiver in which a loudspeaker
with an acoustical efficiency of 5% is used, no
precautions against microphony are required when
the input voltage at the control grid of the DAF 91,
for 50 mW output of the output stage, is greater
than 40 mV. As already indicated, this figure only
serves as a general guide. As a general rule when
the input voltage at the DAF 91 for 50 mW output
of the receiver is smaller than 40 mV it is advis-
able to use a resilient tube holder, or, in extreme
cases, to employ a sound absorbing shield around
the tube.

In practical cases it may therefore be preferred
not to employ the DAF 91 at optimum gain. The
reduction in gain should then be obtained by
reducing the dynamic anode load only, ie. by
choosing a lower value for the grid leak of the
following tube, as this ensures a low sensitivity of
the DAF 91 to vibrations.

The pentode section of the DAF 91 is specially
designed for use as an A.F. voltage amplifier. Tt

should not, therefore, be attempted to use it as an
LE. or H.F. tube.

BASE CONNECTIONS AND DIMENSIONS (in

mm)

FILAMENT DATA (
4l
Heating  direct by battery current, rectified A.C. & -
o
or D.C.: series or parallel supply. 02 E g
gt
Parallel supply k > . l
. o o 7 7,93 "
Filament voltage Ve = 1‘.-1\ g8 oF max1) ..
Filament current 1, —0.05 A ¢
Fig. 32
Series supply
Filament voltage V;, = 1.3V Mounting position: any
21




OPERATING CHARACTERISTICS AS A.F.
AMPLIFIER

Pentode connection

Vs R, Ry L Vo di (%)
(V) (Ma) (MQ) (pA) ¥y Vi—=5Vns
45 1 3.9 40 42 5
67.5 1 39 60 95 3
90 il 3.9 85 60 2
120 1 3.9 115 66 1.8
45 1 4.7 30 40 8
67.5 1 4.7 55 55 2.5
90 1 4.7 80 64 [k
120 1 4.7 110 70 1.5
45 0.47 1.8 70 38 4
67.5 0.47 1.8 125 50 1
90 0.47 1.8 170 56 1
120 0.47 1.8 260 60 3
45 0.47 2.2 60 37 5
67.5 0.47 2.2 115 50 ]
90 0.47 2.2 160 57 1
120 0.47 2.2 240 66 1

The tube can be used without special precaut-
ions against microphony in circuits in which the
input voltage V,; >40mV,,. for an output of
50 mW of the output tube. With this figure an
acoustical loudspeaker efficiency of 5% is assumed,

TYPICAL CHARACTERISTICS ( pentode section)

Anode voltage

Screen-grid voltage .

Control-grid voltage

Anode current .

Screen-grid current .

Mutual conductance

Internal resistance . 3 A |

Amplification factor between screen grid and con-
trol grid .

LIMITING VALUES

Anode voltage .
Anode dissipation
Screen-grid voltage .
Screen-grid dissipation .
Cathode current

External resistance between g, and —f .

22

Fig. 33.

CAPACITANCES

67648

Circuit diagram for the use of the pentode section
as AF. amplifier.

Cy =2.8 pF
Cpn =20pF
C.n <04pF
Cq —=1.5pk

OPERATING CHARACTERISTICS AS AF.
AMPLIFIER
Triode connection (screen grid tied to anode; grid
leak is 10 MQ and grid leak of next tube 1 MQ)

Vy R, I, Vo duot (%)
(V) (MQ) ([lJ.A) V; Voi—5 Vi
45 0.47 45 10 3
67.5 0.47 85 11 1
90 0.47 140 115 0.7
120 0.47 200 12 0.5
45 0.22 85 9.5 2.5
67.5 0.22 170 10.5 0.9
90 0.22 270 11 0.6
120 0.22 380 11.5 1
V, 45 67.5 90V
Ve 45 67.5 90V
Vo 0 0 (1Y
I, 0.75 1.6 2.7mA
L 0.15 0.4 0.5 mA
S 420 625 720 pA/V
R; 0.6 0.6 0.5 MQ
gz 13.5 13.5 13.5
V., max. 90 V
W, max. 025 W
Ve max. 90V
W s max. 0.1W
I max. 4.5 mA
Ry max. 3MQY)
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Control-grid voltage for I,, = +0.3 pA . . . Vo max. —02V
Peak inverse voltage on diode . . . . . . | rm—— max. 100V
Average diode current . . . . . . . . 1, max. 0.2 mA
Peak diode current 5 i B B B B I, max. 1.2 mA

11)  With biasing by means of grid current R,; — max, 22 M€,
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OUTPUT PENTODE DL 92

Fig. 40. The output pentode DL 92.

TECHNICAL DATA

The 7-pin miniature output pentode type DL 92
is primarily intended for use in very small all-dry
battery receivers. Particular attention has been
paid to its performance at anode and screen-grid
potentials of 67.5V. Under these conditions an
output of 180 mW is obtainable with the two fila-
ment sections connected in parallel, or 160 mW
with the series filament arrangement. The drive
voltage for maximum output in either case is
5:5 Viprmss

Greater output can be obtained if the anode
voltage is increased to 90 V, the screen-grid voltage
remaining at 67.5 V. In this case the output with
parallel filament connection is 270 mW and with
series filament connection 235 mW, again with a
signal input of 5.5 V..

The DL 92, being specially designed for oper-
ation with low H.T. battery voltages, may also be
used at anode and screen-grid potentials of 45 V.
The output is then, of course, considerably re-
duced, but it will still be sufficient for a number
of applications. With the parallel filament arrange-
ment the output obtainable is 65 mW and with
the filament sections connected in series 50 mW.

BASE CONNECTIONS AND DIMENSIONS

(in mm)

\ A
FILAMENT DATA g %
Heating: direct by battery current, rectified A.C. g3 . J &
or D.C.; series or parallel supply. k." g Bl
A
4 793 +F “"’ax 19| 7o0ue
Parallel supply
Filament voltage V, = 14 28V Fig. 41.
Filament current I, = 0.1 0.05A
Base pins 5—(14+7) 17 Mounting position: any
Series supply CAPACITANCES C, — 6.0 pF
Filament voltage Vy = 1.3 26V Cn = 4.35 pF
Base pins 5—(147) 1—7 Coo = 0.4 pF
25




OPERATING CHARACTERISTICS
A. With?,=14V; I =0.1A

Anode voltage V.
Screen-grid voltage Vs
Control-grid voltage ¥
Anode current 1,
Sereen-grid current j
Mutual conductance S
Amplification factor between

screen grid and control grid Mg2g1
Internal resistance R;
Load resistance R,
Output W,
Input signal Vi
Total distortion . diot
Input signal for W, =50 mW Vi
) Ry — 10 k2, decoupled with 0.5 uF (V. — 84 V).,
B. With V, = 2.8; I, — 0.05 A
Anode voltage . Va
Screen-grid voltage Vs
Control-grid voltage Va
Anode current 1,
Sereen-grid current Iss
Mutual conductance S
Amplification factor between

screen-grid and control grid | Pgzg
Internal resistance R;
Load resistance R,
Output W,
Input signal Vi
Total distortion > W @ dist
Input signal for W, =50 mW V;

*) Ry =10 k&2, decoupled with 0.5 uF (V. = 84 V).

LIMITING VALUES

Anode voltage V., max.
Anode dissipation W, max.
Screen-grid voltage V,, max.

Screen-grid dissipation

26

W,. max.

90V
0.7W
675V
0.2W

45 41  67.5 61 90 84V
45 41  67.5 61 67.5 L
—4.5 —3.5 —7 —6 —7 —6.5V
3.8 4.0 7.2 6.6 74 8.0 mA
0.8 0.8 1.5 1.4 1.4 1.7mA
1.25 1.3 1.55 1.5 1.57 1.55mA/V
5 4.5 > 4.5 b 4.5
100 90 100 100 100 100 kQ
8 7 5 1 8 7kQ
65 45 180 125 270 190 mW
3:5 2.9 5.5 4.5 5:5 5.1 Vims
12 13 10 14 12 13 %
2.8 — 2:5 2.0 1.95 1.9 Vs
45 41 67.5 61 90 84V
45 41  67.5 61 67.5 1V
—4.5 —3.5 —1 —3.5 —7 —6V
3.0 3:2 6.0 6.5 6.1 7.6 mA
0.7 0.7 1.2 1.4 I8 | 1.6 mA
1.1 115 14 145 1.42 1.5mA/V
&) 4.5 5 4.5 > 4.5
100 110 100 100 100 105 kQ
¢ i 9 7 8 7k
50 38 160 120 235 180 mW
3.5 2.8 5.5 4.4 5.5 4.7 Vg
12.5 13 12 14 13 13 %
3.5 — 2.5 2.0 1.95 19 Vims
Cathode current I max. 11 mA

External resistance between
g and —f

Control-grid voltage for
I,, — +0.3 pA

R,, max. 2 M@

Vy max. —0.2V

@ e 0 00 0 © 0 00 0600 000 & 0 ¢ ¢ ¢ ° ¢
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Fig. 42. Anode current and screen-grid current plotted
against the control-grid voltage for V, =7V, —
45V when the two filament sections are connected
in parallel (¥V; =14V and I, = 0.1 A).
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Fig. 44. Anode current and screen-grid current plotted
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OUTPUT PENTODE DL 94

The 7-pin miniature output pentode DL 94 is

specially designed to give optimum performance

Fig. 56. The output pentode DL 94.

in receivers in which an H.T. supply voltage of
90 V or more is available. For lower supply volt-

TECHNICAL DATA

FILAMENT DATA

Heating: direct by battery current, rectified A.C.

or D.C.; series or parallel supply.

Parallel supply

Filament voltage Vi — 1.4 28V
Filament current I, = 0.1 0.05A
Base pins 5>—(1+7) 17

Series supply

Filament voltage V= 1.3 2.6V

Base pins 5>—(1+7) 17

32

ages the DL 92 should be used. The output of a
single DL 94 tube operated with the two filament
sections in parallel is 340 mW when the anode and
screen-grid voltages are both 90 V. With the fila-
ment sections connected in series the output is
290 mW, also with anode and screen-grid voltages

of 90V.

Reduced H.T. and L.T. battery current drain
can be obtained by using only one section of the
filament, this, of course, also reducing the avail-
able output. This arrangement is particularly at-
tractive in ABC receivers, using both filament
sections of the output tube with mains supply and
one section when the set is operated on dry bat-
teries.

When a large output is required two DL 94
pentodes can be operated in Class B push-pull
with anode voltages of either 120 or 150V. Al-
though the addition of another output pentode in
a receiver increases the total L.T. drain, the aver-
age H.T. current drain of the two tubes operated
in Class B is usually lower than that of a single
tube operated in Class A. With anode voltages of
150 V the output of two DL 94 pentodes in Class B
is about 2 W,

BASE CONNECTIONS AND DIMENSIONS

(in mm)
8 D
3
3
g
O -
f 7?,',93f max19 70059
Fig. 57.
Mounting posttion: any
CAPACITANCES Ce = 3.8 pF
Co — 5.0 pF
Cq(/l < 0.4:0 pF
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OPERATING CHARACTERISTICS (one tube in Class A)

A. V,=14YV; I, = 0.05 A, (using one filament section).

Anode voltage . 2 , " ; ; ; : " ; V. 90 86
Screen-grid voltage . . . . . . . . . Vo 90 86
Control-grid voltage . . . . . . . . Vi —5.5° —4.5
Anode current . . . . . . . . . . L 4.0 4.5
Sereen-grid current . . . . . . . . . I 0.8 0.9
Mutual conductance . . . . . . . . S 1.0 1.0
Amplification factor between screen grid and con-

tolgrid . « : w ¢ @ =8 ® ®m & » Wozgn T2 72
Internal resistance . . . . . . . . . R; . 200 180
Load resistance A O B o e @ el & R, 20 20
Qutput s .5 5= = = = & ®m & & & W, 180 160
Input signal . . . . . . . . . . Vi 4.7 4.2
Total distortion . . . . . . . . . diot 13 12
Outputatdiot=10% . . . . . . . . W, 170 150
Input signal for diye =10% . . . . . . Vi 4.1 3.9
Input signal for W,=50mW . . . . . . Vi 1.8 1.8

B. V,=14V; I = 0.1 A, (filament sections in parallel).

Anode voltage . . . . . . . . . . Ve 90 86
Screen-grid voltage . . . . . . . . . Ve 90 86
Control-grid voltage . . . . . . . . Vo —51 —4.5
Anode current . . . . . . . . . . I, 8.0 8.0
Screen-grid current . . . . . . . . . P 1.8 1.8
Mutual conductance . . . . . . . . S 2.0 2.0
Amplification factor between screen grid and con-

frolgrid . « = 2 = & &« & w P21 7.3 i
Internal resistance . . . . . . . . . R; 110 110
Load resistance = = F 2 FE 3 FE =T R, 8 8
Output . . . . . .« . .« .+ < . . W, 340 290
Input signal . . . . . . . . . . V,; 4.5 4.1
Total distortion . . . . . . . . . diot 12 11
Outputatdiocc =10% . . . . . . . . W, 310 280
Input signal for diot =10% . . . . . . V, 4.1 4.0
Input signal for W, =50mW . . . . . . V, 1.35 1.35

120
120
—8.5
5.0
1.0
1.0

120
120
—8.1
10
2.3
2.0

7.3
110

680

113V

113V
—15V

5.0 mA

1.0 mA

1.0mA'V

73
180 kQ
20 kQ
300 mW
6.3 Vi
14.5 9%
250 mW
5.1 Vins
1.7 Vins

113V
113V
—171V
10 mA
2.3 mA
2.0mA/V

7.3
110 kQ
8 kQ
570 mW
59 Vi
14 %
500 mW
4.9 Vs
13! Vims
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C. V,=28V; [, =0.05 A (filament sections in series).

Anode voltage .

Screen-grid voltage .

Control-grid voltage

Anode current .

Screen-grid current .

Mutual conductance g

Amplification factor between screen grid and con-
trol grid .

Internal resistance .

Load resistance

Output .

Input signal

Total distortion

Output at d, = 10%7 .
Input signal for d.,, =10 %
Input signal for W, =50 mW

2
Ve
Ve

I,

g2

Hy2g1
R;
R,
W,
Vi
dio
W,
V,
Vi

90

90
—4.2
8.0
1.7
2.0

7.3
120
10
290
4.0
12

280
3.8
1.35

OPERATING CHARACTERISTICS (tico tubes in Class A push-pull)

86

86
—4.3
7.0
15
1.9

7.3
120
10
270
4.0
11.5

250
3.7
1.40

120
120
—38.1
9.0
1.8
2.0

7.3
120
10
620
6.6
17
500
4.8
135

A. V,=14V; [, =2 x 0.05 A, (using one filament section of each tube).

Anode voltage .

Screen-grid voltage .

Control-grid voltage

Anode current .

Screen-grid current .

Load resistance between anodes

Input signal

Output .

Total distortion s w ow owm w
Input signal for W, =50mW . . . .

90

90
=55
2x4
2x0.8
28
4.8
340

1.45

85

85
—5.4
2x3.25
2x0.7
28

4.8
320

L5

B. V,=1.4V; 1 =2 x 0.1 A (four filament sections in parallel).

Anode voltage .

Screen-grid voltage .
Control-grid voltage

Anode current .

Screen-grid current .

Load resistance between anodes
Input signal

Output .

Total distortion 3 E
Input signal for W, — 50 mW

34

Va
V!/'z
Vo
I,
I!/:
R..
Vi
W,
diot
Vi

85

85
—5.2
2x6.5
2x1.4
14
4.5
550
10

1.0

120
120
—8.5
2x%5
2x1.0
28
75
750
10
1.35

120
120
—8.1
2x10
2x2.3
14
6.8
1300
10
0.95

113V

113V
—2 ¥

9.0 mA

1.8 mA

2.0mA/V

T3
120 kQ
10 ko
525 mW
6.1 V.,
16 %
420 mW
4.4 Vs
1.35 Viemas

113V
113V
—T7.5V
2x5 mA
2x1.0 mA
28 kQ
6:6 Vs
650 mW
10 9
1.35 Vs

113V
113V
—71V
2x10 mA
2x2.3 mA
14 kQ
5.9 Vins
1160 mW
10 %
0.95 Vs
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C. V,=28V; [, =2 x 0.05A (filament sections of each tube in series, filaments of the
two tubes together in parallel).

Anode voltage Va 90 385 120 113V
Screen-grid voltage . Vs 90 85 120 113V
Control-grid voltage Vo —52 —48 —82 12V
Anode current . I, 2x6  2x5.5 2x8 2x8 mA
Screen-grid current . 5 @ @l B oA B Iy 2x1.3  2x1.2  2x1.8  2x1.8 mA/V
Load resistance between anodes . . . . . R,. 16 16 14 14 kQ
Input signal V; 4.8 4.3 6.9 6.0 Vs
Output . W, 550 500 1200 1000 mW
Total distortion M W 5 W OB @ E diot 10 10 10 10 %
Input signal for W, —=50mW . . . . . . vV, 1.7 1.1 1.05 1.05 Vs

OPERATING CHARACTERISTICS (two tubes in Class B push-pull)

A, V,=14V; I, =2 x 0.05 A, (using one filament section of each tube).

Anode voltage . V., 90 82 V
Screen-grid voltage Vo 90 82 \Y
Control-grid voltage . . . . . . . . F i —8.5 —1.5 vV
Load resistance between anodes . . . . . R.. 28 28 kQ
Input signal for W, =50 mW . V; 2.9 2.6 Wpiing
Input signal Vi T/'Z.Q T /6.4 Vs
Anode current . L. 2x1 2x3.2 2x1 2x3 mA
Screen-grid current I 2x0.2 2x1.05 2x0.2 2x1 mA
Output . w, 0 300 0 265 mW
Total distortion diot - 3.5 -~ 4 %
B. V,=1451,—2 x 0.1 A, (four filament sections in parallel).
Anode voltage V. 90 82 120 108 150 VvV
Sereen-grid

voltage Ve 90 32 120 108 150 Y
Control-grid

voltage Vo —9.38 —8.3 —13.7 —12.2 —174 'V
Load resistance

between anodes R, 14 14 14 14 12 kQ
Input signal for

W,= 50 mW Vi 2 2 2.4 2.5 2.3 . p—
Input signal V; ()\A‘/é 0—\ ‘E;’) 6\ ﬁ 0\ \ﬂ) 0\, ﬁ?: Vims
Anode current I; 2x1.5 2x6.3 2x1.5 2x5.25 2x1.5 2x9 2x1.5 2x8 2x2 2x12.5 mA
Sereen-grid

current ) P 2x0.32 2x2.25 2x0.32 2x1.75 2x0.32 2x3.1 2x0.32 2x2.6 2x0.42 2x4.4 mA
Output W, 0 580 0 445 0 1200 0 900 0 2150 mW
Total distortion diot == 5 — 4 L 5 _ 5 e 4.5 9%




C. V,=28V; 1, =2 x 0.05 A, (filament sections of each tube in series, filaments of the

two tubes together in parallel).

Anode voltage Va 90 82
Screen-grid

voltage Vo 90 82
Control-grid

voltage Vo —8.8 —1.6
Load resistance

between anodes R, 14 14
Input signal for

W,—= 50 mW Vi 2:25 2.3

T TN

Input signal 5 0 7.6 0 6.4
Anode current I, 2x1.5 2x5.75 2x1.5 2x5.25
Sereen-grid

current | 2x0.32 2x1.7 2x0.32 2x1.5
Output 1788 0 530 0 420
Total distortion diot — 4 — 3.5

—13
14

24
"O\'
5

2x1.

2x0.32 2x3 2x0.32 2x2.4 2x0.47

108

108

—11

14

24

0 0 90
2x8.5 2x1.5 2x7.5

0 1100 0 850

6 — 4

OPERATING CHARACTERISTICS (two tubes in Class AB push-pull)

A, V,=14V; [, =2 x 0.1 A, (four filament sections in parallel).

Anode supply voltage
Screen-grid supply voltage .
Cathode resistor

Load resistance between anodes

Input signal for W,=50mW .

Input signal
Anode current .
Screen-grid current
Output .

Total distortion

Via
Vlu/z
Ry
Rua
I/[

120

120

470

14

1.2

I

0
2x5:7
2x1.25
0

24

O\J‘

ko

Vrms
13 VYrms

2x2 2x11.5 mA

2x4.3 mA
0 2000 mW
— 4.5 %
A
vV
Q12)
ko
Vs
9.9  Vims
1x7.65 mA
2x2.9 mA
900 mW
5 %

B. V,=28YV; 1l =2 x 50 mA, (filament sections of each tube in series, filaments of the

two tubes together in parallel).

Anode supply voltage
Screen-grid supply voltage .
Cathode resistor

Load resistance between anodes
Input signal for W, =50 mW .

Input signal
Anode current .
Screen-grid current
Output .

Total distortion

12) Ry is taken up in the negative lead of the H.T. supply. It
is assumed that an additional current of 5 mA from the
tubes preceding the push-pull stage also flows through R,.
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Pbﬂ!

120

120

470

14

1.3

O\/

2%5.3
2x1.1
0

kQ
Wing
Vl'lllS
mA
mA
mW
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LIMITING VALUES

Anode voltage

Anode dissipation

Screen-grid voltage .

Screen-grid dissipation . . . . . . .

Cathode current when using one filament section

Total cathode current with the two filament sections
in parallel dq B

External resistance between g, and —f .

Control grid voltage for I,, — 0.3 A

13)  With V; — 0V the anode and screen-grid potentials may
rise to 180 V max.

| | il 10
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=M T Vg =14V /
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Fig. 58. Anode current and sereen-grid current  plotted

against the control-grid voltage for V, =V, — 90V
and V; — 14V, I, —0.05A (using one filament
section).

V. max. 150 V13)
W, max. 1.2 W
Vs max. 150 V13)
W ,. max. 045 W
I max. 6 mA
I max. 12 mA
R, max. 1 Mo
Vo max. — 02 V
70061
[DL9% 25-12-751 I
(mA)
/A
G =120V
1p=120V
Vs =14V 12
I, =005A /
Iq
T
5 : 10
i Vi
"
f 8
i
Vi
; ! 6
FaEes,
7/ T 1
4
- 2
y
e s
1 i T 0
~25 iy (V) 20 —15 -0 -5 0

Fig. 59. Anode current and screen-grid current plotted
against the control-grid voltage for V, = V. — 120 V
and V; =14V, I; —0.05A (using one filament
section).
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Fig. 60. Anode current and screen-grid current plotted

against the control-grid voltage for V, =V, =90V
and V; = 14, I; — 01 A (two filament sections in

parallel).
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Fig. 62. Anode current and screen-grid current plotted

against the control-grid voltage for V,—=V =150V
and V, =14V, I, — 0.1 A.
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Fig. 6. Anode current and screen-grid current plotted
against the control-grid voltage for V, =V, =120V
and V; =14V, I, = 0.1 A.
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Fig. 63. Anode current and screen-grid current plotted

against the control-grid voltage for V,—=V,.— 90V
and V; =28V, I; = 0.05 A (two filament sections
in series).

PO © e 00000000000 0¢ ¢ © 0006000000 ¢ 000000 © 0000 0Ce0o 00 00000 00ec e oo e 0o e o0



))JD)))J))JDi)))))))l)))9)))))))))))))’))D)J)).J))))))))’)))))}))

o T - 2
I
(mA)
Y, =120V
gz =120V o
; Vs =28V
I; =005A |
— -
T2 20
7
I J
5
Vi
!
! 0
]
I
S
A ~5
,/
il ot .
1 = 0
20 Vgy(V) 55 =y 5 0

Fig. 64. Anode current and screen-grid current plotted
against the control-grid voltage for V,—V ,=120V
and V; — 28V, I, — 0.05 A.
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Fig. 65. Anode current and screen-grid current plotted
against the control-grid voltage for V,=V,—150V
and V; =28V, I, = 0.05 A.
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TUNING INDICATOR DM 70

The DM 70 is a directly heated tuning indicator
in a subminiature envelope. The filament voltage
and current are 1.4 V and 25 mA respectively, op-
timum performance being obtained with anode
voltages between 60 and 90 V. This tuning indicator,
therefore, is the first of its kind to be suitable also
for use in dry battery receivers.

Fig. 95. The tuning indicator DM 70.

The principle of operation of the DM 70 is en-
tirely different from that of former tuning indi-
cators, such as, for example, the EM 34. A top view
of the electrode system is given in fig. 96, whilst a
front view of the control electrode, to be called the
grid, is shown in fig. 97. The tube is a triode with
its anode coated with a fluorescent material. Since
the aperture in the grid, see 4, B and C in fig. 97,
has a varying width the tube has variable-mu cha-
racteristics.

At zero grid voltage electrons are drawn from the
directly heated cathode, through the whole length
of the aperture in the grid, towards the anode,
causing a fluorescent area on the anode corres-
ponding to the shape of the grid aperture. This
area is visible through the grid aperture, and al-
though the filament is mounted in front of the

50

grid the light emitted by the filament does not
interfere with the observed fluorescent pattern on
the anode, because the filament has a compara-
tive]y low temperature.

With increasing negative potential on the grid
(negative with respect to —f) the electron current
is first cut off in the area of the aperture indicated
by B in fig. 97. When the grid bias is further in-
creased the length of the fluorescent pattern, as
measured from the point A, is reduced until,
finally, the entire electron current is cut off by the
grid. It is thus seen that, in contrast to former
tuning indicators, with the DM 70 the fluorescent
area is reduced with increasing grid bias. In figs 99
and 100 the length of the fluorescent pattern and
the anode current respectively are plotted against
the grid bias with the anode voltage as parameter.

The most favourable control curve is obtained
when with an anode voltage of 60 V the negative
terminal of the filament supply is connected to pin
5 of the tube base, whilst with an anode voltage of
90 V pin 5 should be connected to the positive side
of the filament supply. In either case the grid bias
indicated in figs 99 and 100 refers to the negative
end of the filament.

70097

Fig. 96. Top view of the electrode system of the DM 70.

Fig. 97. Shape of the aperture in the control electrode.
The length of the fluorescent pattern as indicated
in fig. 99 is measured from the point A.

When the DM 70 is used in a battery receiver the
filament can simply be connected in parallel to the
filaments of the other tubes. In an ABC receiver
with tubes having a filament current of 50 mA the
filament of the DM 70 can be taken up in the
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serics filament chain. It is then necessary to use a
shunt resistor to maintain the voltage across the
DM 70 filament at 1.4 V. The anode can be fed
directly from the H.T. supply when this is not
higher than 90 V. With an H.T. supply higher than
90V the anode can be fed from the anode or the
screen grid of one of the other tubes in the receiver.

The DM 70 may also be used in receivers with
mains supply only. Although the filament can be
fed with A.C., hum may be introduced when the

TECHNICAL DATA™)

FILAMENT DATA

Heating: direct by battery current, rectified A.C.

or D.C.; series or parallel supply.
Parallel supply

Filament voltage Ve = 14V
Filament current I; = 0.025A
Series supply

Filament voltage Vi = 13V

LIMITING VALUES

Maximum anode voltage V, max. 250 V
Minimum anode voltage V, min. 45V
Anode current I, max. 0.3mA
External resistance between

g and —f R, max. 10MQ

OPERATING CHARACTERISTICS

Filament voltage

Anode voltage o om0
Grid voltage for complete extinction .
Grid voltage for full alight

Anode current at zero grid voltage

anode is connected to the screen grid of the LF.
tube or the frequency changer. Moreover, at zero
grid voltage a hum modulated grid current flows in
the DM 70 and this may introduce hum in the
detector circuit, from which the control voltage for
the DM 70 is obtained. It is therefore advisable to
feed the filament with D.C., which can be done by
using part of the cathode current of the output
tube for the filament supply.

BASE CONNECTIONS AND DIMENSIONS

(in mm)

¢ fl s 8
f
g
g
I
Mounting position: any
Vi 1.4 %) l41) V
Vi 90 60 A%
¥, —13.5 —8 A%
v, 0 0 v
I, 0.25 0.12 mA

14) The technical data of the DM 70 given here are provi-
sional.

15) Pin 4 negative, pin 5 positive.
16) Pin 4 positive, pin 5 negative.
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the grid voltage with the anode voltage as parameter.
In the case of 90 V anode voltage a delay in the
control of about 2 V can be obtained by reversing
the filament connections.
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Fig. 100. Anode current plotted against the grid voltage
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DESCRIPTION OF A 5-TUBE ABC RECEIVER
WITH TUNING INDICATOR

GENERAL DESCRIPTION

The receiver to be described here is suitable for
mains supply, either A.C. or D.C. with voltages of
220, 127 or 110V, and for battery supply with an
H.T. battery of 90V and an L.T. battery of 9.8 V.

Series supply is used for the filaments.

The tube complement of this receiver is as

follows:

DK 92 frequency changer

DF 91 first LF. amplifier

DF 91 second LF. amplifier

DAF 91  detector and A.F. voltage amplifier
DL 94 output tube

DM 70 tuning indicator.

With this tube complement a sensitivity at the
signal grid of the frequency changer of about
10 1V has been obtained, which is to be attributed
to the use of an extra LF. stage. The same result
could have been obtained by providing one stage
of H.F. amplification, instead of an extra LF.
stage, but this has the disadvantage that a three-
gang tuning capacitor, an extra switch section and
more coils are required. On the other hand with H.F.
amplification the signal-to-noise ratio is somewhat
better than with direct frequency changing. Since,
however, in the ranges S.W. 2, M.W. and L.W. the
impedance of the aerial circuit normally exceeds
the equivalent noise resistance of the frequency
changer, H.F. amplification would give better
results only in the wave range S.W. 1. This im-
provement does not justify the expense of a num-
ber of additional components.

The complete circuit diagram is given in fig. 101.
In this diagram the wave range switch has been
drawn in the position for the first short-wave
range, the wave ranges being:

SW.1 143—47 m ( 21—-6.38 Mc/s)
S.W. 2 48—159 m  ( 6.25—1.885 Mc/s)
M.W. 172—570 m  (1750—525 ke/s)
L.W. 795—2040 m  ( 377—147 kefs)

CIRCUIT DETAILS

1. Frame aerial

In this design use is made of a one-turn frame
aerial. Compared with a frame aerial having a
large number of turns the type used here has the
advantage that the sensitivity for electrostatic in-
terference is small, this being of particular import-
ance when the receiver is used with mains supply.
Moreover, the parasitic coupling between different
frame aerials, which are required when the multi-
turn type is used, is avoided.

In the wave range S.W. 1 the total self-inductance
of the aerial circuit is adjusted to the required
value by means of an adjustable series coil L..
In the other wave ranges the frame self-inductance
is stepped up via special transformers with a high
primary self-inductance, five times the frame self-
inductance being sufficient. Other important cha-
racteristics of these transformers are: a high coup-
ling factor between primary and secondary, ob-
tained by using pot type cores, and a high quality
through the use of litz wire for the windings. In
each wave range the self-inductance can be ad-
justed by the adjustable series coils L;, Lg and Li,
respectively.

The voltage induced in the frame aerial is:

V=pw0 oH,

in which

o =4 - 1077, <V - )

Am

O = cross sectional area in m?,
H — magnetic field strength in A/m.

The relation between the electric and the mag-
netic field strength may be expressed by:

F/H =120,

in which F is in V/m and H in A/m.
The voltage induced in the frame aerial can thus
be written:
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Denoting the transformer ratio by n and the
quality of the entire aerial circuit by Q, the volt-
age at the signal grid of the frequency changer
becomes:

AL}
A
The dimensions of the frame aerial are 0.235 x
0.320 m and the cross-sectional area O — 0.075 m?.
in the medium-wave range the transformer ratio
n — 18.2 and the quality of the total aerial circuit
Q is about 40. The signal voltage at the third grid
of the frequency changer produced by a transmitter
on a wavelength of 300 m giving a field strength

of 10 p V/m is:

Vs ?L(Eggﬂx 18.2 x 40 =11.4 uV.

This figure can be compared with the signal
voltage obtained with a capacitive aerial. The ef-
fective height of the average capacitive aerial is
about 0.5m and for the same transmitter the avail-
able signal voltage would be:

V=F+-h=10x0.5=>5 V.

Assuming with the capacitive aerial a gain of 2,
the signal voltage at the frequency changer would
have a value of 10 pV. It is thus seen that in the
medium wave range the sensitivity with the frame
aerial is about the same as that obtained with a
normal capacitive aerial.

The voltage induced in the frame aerial is in-
dependent of the cross-sectional area of the wire,
but the self-inductance decreases with increasing
wire diameter. For the sake of a high transformer
ratio the self-inductance should be kept low, and
for this reason an aluminium strip of 20 x 2 mm
is used for the single-turn frame. The transformer
ratio is the square root of the ratio between the
total self-inductance required across the tuning
capacitor and the self-inductance of the frame
aerial with the primary of the transformer in
parallel.

In a receiver with a capacitive aerial the LF.
wave trap is normally connected across the input
terminals. This is not possible here and the LF.
wave trap is therefore connected in parallel to the
tuning capacitor.

2. The frequency changer

Since the operation of the frequency changer has
already been dealt with in detail in the description
of the DK 92, it suffices here to give a number of
curves illustrating its performance on the various
wave ranges.

40 77"’3
Afose
(kc/s) 20 = 1Mc/s
LT /
25 ]
20 ,/
—
/ __——T9Mc/s
15 /
10 //
.5 15Mc/s—|
aé &A‘Mc/é
0 =05 -1 -15 =2 25 -3 -35 -4 -4b -5
— 3 (V)

Fig. 102. Shift in oscillator frequency as a result of the
A.G.C. with the signal frequency as parameter.

Fig. 102 shows the frequency shift as a function
of the control voltage at the signal grid for the
automatic volume control. In the wave range S.W. 1
at 21 Mec/s, when the control voltage varies from
zero to —5 V, the shift is 36 ke/s. At 19 Mc/s the
shift is already reduced to 19 kefs, whilst at 15 Mc/s
(20 m) it is only 4 ke/s, which is an exceedingly
low value for a battery heptode. At the highest
frequency of 6.4 Mc/s in the wave range S.W. 2
the shift is about 3.5 kec/s for the same control
voltage, and at frequencies of 5.5 Mc/s and lower
the shift is less than 1 ke/s.

It is thus seen that in the entire wave range of
48 — 159 m (6.25— 1.885Mc/s) the shift of oscil-
lator frequency with A.G.C. is sufficiently low.
This is also the case in the wave range of 14.3 —
47m (21 — 6.38 Mc/s) fer wavelengths between 20
and 47m, but below 20 m the frequency shift
caused by the control voltage affects the tuning of
the receiver. Whether this — compared with the ad-
vantage of having A.G.C. on the frequency changer
in this wave range — is to be considered an im-
portant disadvantage is mainly a matter of personal
taste. Frequency shift can, of course, be avoided
by switching off the A.G.C. to the frequency chan-
ger in the wave range S.W. 1. In the receiver
described here A.G.C. is applied on all wave ranges.




In fig. 103 the pulling of the oscillator frequency
is plotted against the detuning of the capacitor in
the aerial circuit. This curve refers to an oscillator
frequency of 20 Mec/s, and it should be realized
that on the lower frequencies the pulling is much

smaller.

N [

" af,
AN I 3

Fig. 103. Pulling of the oscillaior frequency plotted against
the capacitance variation of the input circuit for
an oscillator frequency of 20 Mc/s.

Figs 104—107 give the oscillator current (current
in the grid leak of 27 kQ) as a function of fre-
quency for the four wave ranges. Curves are given
for nominal supply voltages and for underrunning
of V3, and V. In the wave range S.W. 1 a booster
coil L;; is employed in the oscillator circuit, and
from fig. 104 it may be seen that a reasonable
constancy of oscillator current is obtained over the
whole wave range.

should be understood that the reduction in sensitiv-
ity caused by underrunning is due to a decrease
in gain of all stages in the receiver.

70106

e | [ (V= 95Vi Vg =13V |
»
200
e |
T 75 ‘1

73 =6§V; Vg=t1v |

—T |

100

50

| |
45 & 55 6 65
e £ (Mc/s)

5 2 25 3 3% 4

Current I,, flowing through the grid leak of the
oscillator as a function of the frequency for the
range S.W. 2 for nominal and reduced supply
voltages.

3. LF. amplificationFand A.G.C.

Two LF. stages both with a DF 91 are used in
this receiver. In order to reduce the selectivity,
which would become too great if three LF. trans-
formers were used, a single tuned circuit L.,
damped with 0.12 MQ is used between the first and

70105 200 —T - 70107
200 — W=95V;Ve=13V
Igy /r/
uA) 7 /,
91
Irso @A | A
7150 /
Vp=95Vs V=13V
100 "] 125] Vh=65VisVe=11V
-1 // I
V=65V V=11V 100 ——
50 - e W ey L ,
=] 75 “
0 | 50 |
6 6 10 12 14 6 18 20
———f(Mcfs) 25

Fig. 104. Current I, flowing through the grid leak of the
oscillator as a function of the frequency for the
range S.W. 1 for nominal and reduced supply
voltages.

When the oscillator current varies then the sen-
sitivity for 50 mW A.F. output of the receiver
measured at the signal grid of the DK 92 will also
vary. This is shown in figs 108—111 where ihe
sensitivity is plotted against frequency both for
nominal supply voltages and for underrunning. It

50

0 |
06 07 08 09 1 11 12 13 14 15 16 17
———>f (Mc/s)

Fig. 106. Current in the grid leak of the oscillator for the
medium-wave range.

second LF. tubes. The bandwidth of the LF. am-
plifier for a tenfold reduction of the response is
11.4 kefs, at an LF. of 452 ke/s.

The A.G.C. curve is given in fig. 112, whilst a
simplified diagram of the A.G.C. network is re-
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Fig. 107. Current in the grid leak of the oscillator for the
long-wave range.
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Fig. 108. Sensitivity for 50 mW output measured at the
signal grid of the frequency changer for the
range S.W. 1.
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Fig. 109. Sensitivity for the range S.W. 2.

presented in fig. 113. It may be seen that A.G.C.
is applied to the LF. tubes, to the frequency chan-
ger and also to the tuning indicator DM 70. Under
zero signal conditions the bias at the controlled

70 l ] 70111
60 Vb=65V;Ve=11V
/‘/ ’
&
|
. |
Vp =95Vi Ve =13V
0 b f
0 I
06 07 08 Q9 1 1 12 13 14 15 16 17 8
———f (Mc/s)
Fig. 110. Sensitivity for the medium-wave range.
70 = - 70112
// Vi =65V;\e=11V
60
Y3 —
ﬂl?’)
40—
30|
20, [ |
| Vp=95V; V=13V ’v
10— :
0 | | | |
125 150 175 200 225 250 275 300 325 350 375 400

——f (ke/s)

Fig. 111. Sensitivity for the long-wave range.
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Fig. 112. The A.G.C. curve measured in the medium-wave

range.

amplifying tubes is just zero, this being obtained
by means of a potentiometer between the positive
side of the L.T. supply and the detector diode. This,
of course, results in a reduction of the available
control voltage. The proportion of the total control
voltage at the detector load of 0.5MQ applied to
the frequency changer is 86%, whilst 729% is ap-
plied to the first LF. tube and 57% to the second
LF. tube. Proceeding in this way in the normal
circuit, the proportion of the contral voltage ap-
plied to the tuning indicator would even be smaller
if this tube were connected according to the data

given on page 51.

o7




In the data it is indicated that with an anode
voltage of 90V pin 4 of the tube base should be
connected to the negative side of the filament
supply, the control of the fluorescent pattern then
starting from zero control voltage on the grid. It is,
however, possible to delay the control by connect-
ing pin 4 to the positive side of the supply (see
fig. 113). Such is done in this receiver, with the
advantage that the grid of the DM 70 can be con-
nected to a more negative point on the potentio-
meter network where 729, of the total control

DL94 DM70 DF9I(I) DF9NI) DKY2 DAF9!

L/ O\
F Ps
33MO 082MQ | 0.82M02 | 0.82MQ
MWW
+9.1v 01 =

Fig. 113. The A.G.C. circuit.

voltage is available. The delay in the control of
the DM 70 connected as indicated in fig. 113 is
about —2 V. Under no-signal conditions and with
mains supply the bias on this tube is —2.6 V, so
that a reduction in the length of the fluorescent
pattern is obtained immediately when the A.G.C.
starts.

4. The A.F. section

With an H.F. signal of 10 1V at the signal grid
of the DK 92 the LF. signal at the diode of the
DAF 91 is about 1V, this signal corresponding to
the minimum permissible signal-to-noise ratio. For
an LF. voltage of 1V at the diode the rectification
efficiency is about 70%, so that with a modulation
depth of 30% the detected A.F. voltage is 210 mV.
Without negative feedback a sensitivity of 22.5mV
for 50 mW output could be reached at the control
grid of the DAF 91, but this sensitivity is not per-
missible on account microphony. Moreover, having
regard to the minumum permissible signal-to-noise
ratio, there is not much point in making the total
sensitivity of the receiver better than 10 4V, so
that negative feedback can be applied in the A.F.
section. This is done by returning the A.F. voltage
at the loudspeaker to the control grid of the
DAF 91 via a resistor of 4.7 MQ. The detected A.F.
voltage must then be applied via a resistor of
1.2 MQ, the A.F. sensitivity measured at the diode
then being 210 mV.

o8

5. Power supply

For the H.T. supply with mains operation a
selenium rectifier for 220 V A.C. and 90 mA D.C.
is used. It is necessary that with A.C. and D.C.
supply the output voltages at the reservoir capa-
citor are the same. This has been attained by con-
necting resistors between the reservoir capacitor
and the rectifier. To obtain equal D.C. voltages on
the smoothing capacitor with different mains volt-
ages, suitable series resistors can be switched in
with the aid of S,. The switch Sg is of the normal
double-pole - single-throw type operated by the
volume control. Switching over from mains oper-
ation to battery operation is done by S,,, which is
a double-pole dcuble-throw switch operated by
inserting the mains plug. A pick-up switch can
very well be used for this purpose. This arran-
gement has the advantage that the receiver is auto-
matically switched over to mains supply when the
plug is removed.

In an ABC receiver with series supply of the
filaments special attention must be paid to the
circuitry to prevent overloading of the filaments
of individual tubes. Overloading may occur as a
result of the cathode currents of the tubes at the
positive end of the chain flowing through the
filaments at the negative end. This can be pre-
vented by shunting individual filaments with suit-
able resistors. Another form of overloading may
be caused by mains voltage fluctuations. For mains
operation, therefore, the filament chain must be
so arranged that the nominal voltage drop across
each filament is 1.3 V.

From fig. 114, which is a typical I;V; curve for
a single 1.4V, 50 mA filament, it is seen that the
filament current corresponding to 1.3 V is 47.4 mA.

52 [ — 70115
I ] 1
1]

50 155 . ~
If BEEP ,/
{mA) P
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Fig. 114. Filament current plotted against filament voltage
for a 50 mA miniature battery tube.

e e e @ g

€

e @ ¢ ¢ ¢

€

e 0 © 6 0 0 © 0 ¢ 0 ¢

€

T EEEREEERN ENFEFEEEE N EREREERE R R NE N NN B K SON IR B I U



>» o o

J

J

>

>

The curve in fig. 114, however, is based upon
measurements when no cathode current was flow-
ing. In order to maintain the voltage drop of 1.3V
across each filament when cathode current is flow-
ing, the shunt resistor must be so dimensioned
that the current flowing into the positive end of

the filament is I; — % I, from which it follows that

2

the current at the negative end becomes I; + = I,.

3
It is not necessary to shunt the positive limb of the
DL 94 (see fig. 101), because this section carries
no cathode current of preceding tubes. The fila-
ment current flowing into this section must, how-
ever, be reduced to compensate for its cathode
current.

5.1. Shunt resistor for filament of DL 94

At a filament voltage of 2.6 V the total cathode
current of the DL 94 is 9.2 mA, of which 3.7 mA
flows to the positive limb and 5.5 mA to the
negative limb. The current flowing into the positive
end of the positive limb must therefore be 47.4 —

1
3 X 3.7 = 46.2mA, the 10 W dropping resistor of

1.8 kQ being based on this value. The current at
the negative end of the positive limb is then

474 -+ g x 3.7 = 49.9 mA.
The current flowing into the positive end of the
negative limb should be 47.4 — ; X 5.5 =45.6 mA.

The current in the shunt resistor should therefore
be 49.9 — 45.6 =— 4.3 mA, and the resistor must have
a value of 1300/4.2 = 302 Q.

5.2. Shunt resistor for filament of DM 70
The DM 70 has a 25 mA filament, this current
being reduced to 24 mA at ¥;=1.3 V. The cathode

current of this tube negligible and since the cur-
rent at the negative end of the DL 94 is 47.4 -

3 x 5.5—=>51.1 mA and the current in its shunt

resistor is 4.3 mA, the shunt resistor across the
DM 70 must have a value of

1300
R —— = O
51.1 + 4.3 — 24
5.3. Shunt resistor for filament of DF 91 (II)
The cathode current of this tube is 2.5 mA, o

that the current flowing into the positive end of

the filament should be 47.4 — ; x 2.5 —=46.6 mA.

A total current of 24 + 31.4 = 55.4 mA is available
and the shunt resistor must have a value of

- 1300
554 — 46.6

5.4. Shunt resistor for filament of DF 91 (I)
The current in the negative end of the DF 91 (II)

= 148 Q.

filament is 47.4 - % x 2.5=49.1 mA, and the cur-

rent in its shunt resistor 8.8 mA. The current flow-
ing into thie positive end of the DF 91 (1) filament
should be 47.4 — % x 2.5 =46.6 mA, so that the
current in the shunt resistor must be 49.1 4 8.8 —
46.6 — 11.3 mA. The shunt resistor must have a
value of

1300

11.3

5.5. Shunt resistor for filament of DK 92

The current in the negative end of the filament

=115 Q.

of the preceding tube is 49.1 mA, and the current
in its shunt resistor 11.3 mA. The DK 92 has a
cathode current of 2.5mA, so that the current
flowing into the positive end of its filament should
be 46.6 mA.

A current of 49.1 -+ 11.3 — 46.6 = 13.8 mA must
flow in the shunt resistor. The DK 92 filament must
therefore be shunted with

1300
T 04 Q
138 s

5.6. Shunt resistor for filament of DAF 91

The cathode current of the DAF 91 is negligible
and the filament current must therefore be 47.4 mA.
A current of 49.1 1-13.8 =629 mA is available
and the current in the shunt resistor must there-
fore be 62.9 —47.4 — 15.5 mA. A shunt resistor of
1300
155

In addition to the D.C. component of the cathode

— 84 O should be employed.

currents also the A.C. components flow through
the filament chain. This results in undesirable
couplings between stages, so that by-pass capacitors
must be used. For the A.F. cathode current of the
DL 94 an electrolytic capacitor is required, but for
the other tubes capacitors with smaller values are
sufficient (see fig. 101).

As a final note attention should be drawn to the
fact that operation of the receiver with a new H.T.
battery and a run-down L.T. battery, may lead to
overloading of the output tube. It is therefore ad-
visable to replace these batteries simultaneously.

o9




MEASURING RESULTS

Voltages and currents )

V. Ve | 7 Ve | Var T Is 1.

Laln: Trpe Nl A | | & | ma| ma | ma
BE S o « » + v « » « 95 70 0 37 0.68 | 014 | 1.76
DE O Ty o + v & o « 95 42 | —o0a 1.8 0.78
DF 91 (II) . . . . . . 95 48 | —o03 1.8 0.69
DAF91. . . . . . . . | 243 22.1 0 | 0.062 0.014
DLO4 . . . . . . .. 89 95 | —3.9 7.5 1.7
BT s o o = o= 5 s 95 —2.6

17)  With 220 V A.C. mains supply. Voltages with respect to
chassis with the exception of ¥, which is measured with
respect to the negative side of the filament of the tube
concerned. Measurements are taken with zero signal.

Sensitivities with mains supply (220 V A.C.) and
with battery supply (V;,=90V: V; =13\ per
filament) for 50 mW output

AF. voltage at diode 210 mV
LF. voltage at diode 1050 mV (m = 30%)
LF. input DF 91 (II) 17mV
LF. input DF 91 (I) 355 pV

H.F. input DK 92 9.5V (1 Mc/s)

Calculated field strength in frame aerial 1)

L.W. M. W.
0.16 0.2 0.3 0.55 0.8 1.6 Mc/s
57 50.5 29 14.9 11.6  10.5 uV/m
S.W. 2 S.W.1
2 3.0 6 % 10 19 Mc|s
10.4 9.0 10.6 19.1 17.3  10.9 xV/m

18)  The field strength is calculated from the measured e.m.f.

required in the frame aerial for 50 mW output of the
receiver. The measurement is taken by connecting a
resistor of 0.01 © in series with the frame aerial and
applying a known voltage from a standard signal generator
via a resistor of 10 2. Corrections must be made for the
influence of the resistor of 0.01 £ upon the quality of
the total aerial circuit, and for the self-inductance of this
resistor, which gives rise to an increase of the impedance
at high frequencies.

60

Sensitivities with battery supply and underrun-
ning of V,and V, (V, = 65 V: I, = 1.1 V per
filament) for 50 mW output

AF. voltage at diode 229 mV

LF. voltage at diode 1185mV (m =30%)
LF. input DF 91 (II) 27 mV

LF. input DF 91 (I) 800 .V

H.F. input DK 92 63 1V (1 Mc/s)

Calculated field strength in frame aerial

L.W. M. W.
016 02 03 055 0.8 1.6 Mc/s
388 305 179 97.5 79 625 4V/m
S.W.2 SW.1
2 35 6 7 10 19 Mc/s
65 495 57 103 73  425.V/m

With underrunning the low-frequency end of the
wave range 14.3 —47m (21— 6.38 Mc/s) is the
most difficult point of all wave ranges for main-
taining oscillation. When the total filament voltage
V=177V (1.1 V per filament), oscillation stops
at V3, =234V, and when V; =625V (09V per
filament) at V;, =65 V.
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Image rejection ratio, quality factor of total input circuit and radiation voltage at frame aerial as
functions of freqnency

L.W. M.W. S.W. 2 S.W.1
O et T . . ’
Frequency 016 0.2 03 0.55 0.3 1.6 2 35 6 T 10 19 Mc/s
Image rejection 67 84 27 74 46 24 60 17 12 10 8.2 75
Quality factor Q 11 12 15.5 41.5 43 285 7 52 35 46,5 415 315
Radiation 0.06 035 1.5 01 2 15 045 12 150 200 180 150 mV

Total I.F. bandwidth at 452 ke/s

Reduction in response Bandwidth
Ly 2 3 kefs
1:10 11.4 kefs
1:100 21 ke/s
1 : 1000 33 kefs

COMPONENT VALUES

The values of resistors and capacitors are indic-

ated in the circuit diagram of fig. 101. Unless other-

wise indicated resistors with a power rating of
0.25 W can be used throughout.

L,

L;L,

Lqu

Frame aerial: 1 turn of aluminium strip
20 x 2mm, bent into a rectangle of
32 x 23.5 cm.

Self-inductance L — 0.68 .H.

Correction coil for S.W. 1. Coil former
with iron dust core of 6 mm length,
type 7977. Number of turns 5, of 1 mm
enamelled copper wire, pitch 2 mm.

Self-inductance L, + L,=—1.17 . H.

H.F. transformer for S.W. 2 with turns
ratio 4.5. An iron-dust pot core'?) is

used; L; having 4 turns of litz wire
4x 60x0.03 mm and L, 18 turns of litz
wire 90 x 0.03 mm. The self-inductance
of L, is about 47 .H.

Correction coil for S.W. 2. Coil former
with iron dust core of 6 mm length,
type 7977. Number of turns 15, of litz
wire 90 x 0.03 mm, pitch 0.7 mm. The
total self-inductance of L;, L, L, and L,
measured across the tuning capacitor is

13.2 4H.

H.F. transformer for M.W. with turns
ratio 18.25. The same type of core as in
the case of L;L, is used, L; having 4
turns of litz wire 4 x 60 x 0.03 mm and
L- 73 turns of litz wire 30 x 0.03 mm.

The self-inductance of L- is

765 uH.

about

Ls

LﬂLlu

L]l

Ly,

L13L14L17)
LIULIT

Correction coil for M.W. Coil former
with iron-dust core of 6 mm length,
type 7977. Number of turns 36, of litz
wire 30 x 0.03 mm, wave wound, width
6 mm. The total self-inductance of L,
L-, L; and L, measured across the tuning
capacitor is 185.2 pH.

H.F. transformer for L.W. with turns
ratio 65. The same type of core as in the
case of L;L, is used, L, having 4 turns
of litz wire 4x60x0.03mm and L.,
260 turns of litz wire 7 x 0.03mm.
The self-inductance of L, is
9.7 mH.

Correction coil for L.W. Coil former

about

with iron-dust core of 6 mm length,
type 7977. Number of turns 104, of litz
wire 7x 0.03 mm, wave wound, width
4 mm. The total self-inductance of L,
L.y, Ly and L, measured across the tun-
ing capacitor is 2.365 mH.

LF. wave trap tuned to 452 ke/s; self-
inductance 5 mH and quality Q = 135.
Oscillator coils for S.W.1 and S.W. 2.
These coils are wound on one former
having a diameter of 14 mm and a
length of 60 mm (see fig. 115). A screen-
ing can is used of 30 mm diameter and
60 mm length.

L,; has 11 turns of 1 mm enamelled
copper; pitch 1.325 mm. Self-inductance
1.15 uH.

L., is wound between the turns of L.,
starting at the earthed end. The number
of turns is 734 of 0.1 mm enamelled and
double silk covered copper.

L; is the booster coil and has 29 turns
of 0.1 mm enamelled and double silk
covered copper. The coil is wave wound

with a width of 2 mm.

1) For the H.F. transformers LsLs, LiL: and L¢L. Ferrox-

cube pot cores can also be used, this having the advantage
of smaller dimensions and a closer coupling.
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Fig. 115.

L1SL1H
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L,; has 3973 turns of 0.25 mm enamelled
copper; pitch 0.38 mm. Self-inductance

12.15 pH.

L, is wound between the turns of L.,
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Development of the oscillator coil combination
for the ranges SW. 1 and S.W. 2.

T

starting at the end connected to the
padding capacitor. The number of turns
is 127 of 0.1 mim enamelled and double
silk covered copper.

Oscillator coils for M.W. and L.W. These
coils are wave wound (width 2 mm) on
one former having a diameter of 10 mm
and a length of 48 mm (see fig. 116).
The former is threaded on the inside to
receive an iron dust core of 6 mm dia-
meter and 6 mm length. The core is used
for the medium wave coils L;L,,. A
screening can is used of 30 mm diameter
and 60 mm length.

L.s has 80 turns of 0.1 mm enamelled
copper. Self-inductance 108.8 nH.

L., has 24 turns of 0.1 mm enamelled

L1g

Fig. 116.

copper. A layer of 0.1 mm insulating
tissue is interposed between L,z and L;,.
L., has 207 turns of 0.1 mm enamelled
copper. Self-inductance 612 . H.

L., has 45 turns of 0.1 mm enamelled

L19 | Sik20| St
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Development of the oscillator coil combination

for the ranges M.W, and L.W.

copper. A layer of 0.1 mm insulating
tissue is interposed between L, and L,;.
LF. transformer type 5731/52.

Quality Q =120 (without extra damp-
ing and capacitance).

Coupling KQ = 0.9.

LF. circuit.

Quality Q = 120; self-inductance 1 mH.
LF. transformer type 5731/52.

Quality =120 (without extra damp-
ing and capacitance).

Coupling KQ = 0.9.

Output transformer for primary match-
ing resistance of 10 kQ.
Selenium rectifier for 220V, 90 mA.
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A 4-TUBE BATTERY RECEIVER
WITH DK 92, DF 91, DAF 91 AND DL 94 FOR V, — 90 V

DESCRIPTION

The circuit diagram of this receiver represented
in fig. 117 is quite straightforward and calls for
little comment. Following the signal path it may
first be remarked that, in contrast to the ABC
receiver previously described, inductively coupled
input circuits for a capacitive aerial are used. The
input is shunted by an LF. wave trap L,, whilst
two aerial terminals are provided, one of which is
connected directly to the coupling coils and the
other via a resistor of 220 Q. The latter terminal
can be used when receiving large signals, which
would otherwise overload the LF. stage. It is, of
course, possible to use the same input circuit with
frame aerial as in the case of the ABC receiver.

The A.G.C., voltage is applied to the bottom end
of the signal-grid resistor when the receiver is
switched for the reception of medium or long
waves. In the short-wave range A.G.C. is not ap-
plied to the frequency changer.

In this receiver the oscillator circuit is parallel
fed. Although the DK 92 gives better H.F. perform-
ance with series feed, in certain countries regula-
tions exist which do not permit the use of this
circuit. For this reason the circuit with parallel
feed is given here by way of illustration.

In the short-wave range a booster coil L,, has
been used. Owing to the favourable oscillator per-
formance of the DK 92, it is not strictly necessary
to use this arrangement for maintaining oscillation
over the entire wave range, but is has the advan-
tage that a better constancy of the oscillator voltage
can be obtained (see description of ABC receiver).

The receiver comprises three wave ranges, viz.:

50—167m (6 —18 Mc's)
600 — 200 m (0.5 — 1.5 Mc/s)
2000 — 750m (150 — 400 ke/s)

short wave
medium wave
long wave

The intermediate frequency is 452 ke/s.

Another noteworthy feature of this receiver is
that the L.T. and the H.T. current drain is con-
siderably reduced. This is obtained by using only

one filament section of the DL 94. The cathode
current of this tube is thereby halved, as is also
the available output. It is, of course, possible to
use both filament sections in parallel, and it is
then necessary to change the value of the bias
resistor from 470 Q to 390 Q, indicated between
parentheses in the circuit diagram. Since the
sensitivity of the output stage is increased when
two filament sections are used, on account of
microphony of the pre-amplifying stage the A.F.
gain of the DAF 91 should be slightly reduced.
This can be done by altering the grid resistor of
the DL 94 to 0.33 MQ. It will be clear that it also
makes a difference in the optimum load resistance
of the output stage whether one or two filament
sections of the DL 94 are used.

MEASURING RESULTS

Voltages and currents %)

Tube type Vi (Vo] Vir| Vo | L L | In
VM) V) (V)] (V) |(mA)](mA)[(mA)
DK 92 85|58 | 32 0.6] 0.14 1.6
DF 91 85 52 2.0 0.6
DAF 91 20 21 0.065 0.014
DL 94 82 85 |—4.8] 3.9 0.82

Variation of oscillator current, with nominal
supply voltages

Range 1,, DK 92
6 —18 Mc/s 8§—90 pA
0.5—1.5 Mc/s 200 — 350 pA
150 — 400 ke/s 190 — 360 A

20) The figures given refer to the case where one filament
section of the DL 94 is used and to zero signal conditions.
Voltages are with respect to chassis. When two filament
sections of the DL 94 are used in parallel the control-grid
voltage becomes —5.1V, the anode current 6.8 mA and
the screen-grid current 1.5 mA. The resistor in the
negative H.T. lead must then be changed to 390 €.
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Circuit diagram of the 4-tube battery receiver

for V), — 90V,

(.

Fig. 11

Sensitivities for 50 mW output, with nominal
supply voltages

A.F. voltage at control grid of DAF 91 40 mV
LF. input DF 91 (452 ke/s, m —30%) 5.8 mV
6— 18 Mcjs 130—130 uV

H.F. input DK 92 0.5— 1.5 Me/s  160—200 pV
150—400 ke/s  175—200 pV

6— 18 Mcjs 100—100 xV

H.F. signal at aerial 0.5— 1.5 Mc/s 68— 68 uV
150—400 kefs ~ 68—110 uV

Sensitivities for 50 mW with underrunning of V,
and nominal filament voltage

Vs 80 70 60 V

A.F. voltage at

control grid

of DAF 91 43 54 130 mV
LF. input DF 91

(452 kes,

m—30%) 6.5 9.5 25 mV
H.F. signal at

aerial:

6—18 Mc/s 115—130 170—215 470—580 pV
0.5—1.5 Mec/s 95—105 155—170 525—525 uV
150—400 ke/s 105—130 170—340 470—950 pV

Sensitivities for 50 mW with underrunning of V
and nominal V),

V; 1.3 1.2 11 V

A.F. voltage at

control grid

of DAF 91 43 46 49 mV
LF. input DF 91

(452 kefs,

m==30%) 6.5 74 8.6 mV
H.F. signal at

aerial:

6—18 Mec/s 125135 145—180 190—215 pV
0.5—1.5 Mc's 95—95 140—140 165—190 pV

150—400 ke/s 125—135 260—290 215—250 xV

Sensitivities for 50 mW with underrunning of V,
and V,

(Vy=65V; V;=11V).

A.F. voliage at control grid of DAF 91 75 mV
LEFE. input DF 91 (452 ke/s, m = 30% ) 12 mV
S 6—18 Mc/s  360—420 nV
H.F. signal at aerial 7 0.5—1.5 Mc/s 300—360 uV
[ 150400 ke/s 300420 xV
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COMPONENT VALUES

The values of resistors and capacitors are indicated
in the circuit diagram of fig. 117. Resistors with a
power rating of 0.25 W can be used throughout.

L,

L.L,

L.L;

LsL:

Lg[zg)ln 0

LFE. wave trap tuned to 452 ke/s; self-
inductance 5mH and quality Q = 135.

Aerial coils for short-wave range.
14 mm
30 mm

Diameter of coil former

Diameter of screening can

I, 22 turns of 0.1 mm enamelled cop-
per; wound without spacing. In-
ductance 10 pH.

L:; 12 turns of 0.6 mm enamelled cop-
per; wound without spacing. In-
ductance 1.25 pH.

Distance between ends of L, and L.

1 mm.

Aerial coils for medium-wave range.

Diameter of coil former 14 mm
Diameter of screening can 30 mm
L. 468 turns of 0.07 mm enamelled

copper wire; wave wound, width
2 mm. Inductance 4 mH.

L. 112 turns of litz wire 12 x 0.04 mm
wave wound, width 2.5 mm. In-
ductance 207 pH.

Distance between ends of L, and L,

2.6 mm.

Aerial coils for long-wave range.
Diameter of coil former 8 mm
Diameter of screening can 25 mm
L; 1072 turns of 0.07 mm enamelled
copper wire; wave wound, width
3 mm. Inductance 10 mH.
L- 504 turns of 0.1 mm enamelled
copper wire; wave wound, width
3 mm. Inductance 2.56 mH.
Distance between ends of L; and L:
1.2 mm.

Oscillator coils for short-wave range and

booster coil.

Diameter of coil former 8 mm

Diameter of screening can 25 mm

L. 15 turns of 0.4 mm enamelled cop-
per wire; wound in one layer,

pitch 0.5 mm. Inductance 1.17 pH.

L, 9 g turns of 0.1 mm copper wire

LllL]‘.Z

L].’%Ll-t

L\.’:LIG

L],‘Llﬂ

T,

enamelled and silk covered; wound
in one layer between turns of L.
Voltage ratio Lol is 0.48.

L,, 39 Z turns of 0.1 mm enamelled

copper wire; wave wound, width
2 mm. Inductance 15 pH.
Distance between ends of Lg and L,

2.5 mm.

Oscillator coils for medium-wave range.
Diameter of coil former 10 mm

Diameter of screening can 25 mm

L,, 92 %turns of 0.1 mm enamelled

copper wire; wave wound, width

2 mm. Inductance 114 pH.
L., 46 9 turns of 0.1 mm enamelled

copper wire; wave wound, width
2 mm.
L., is wound over L,; with two layers
of 0.1 mm insulating tissue interposed.
Voltage ratio L;» L;, is 0.4.

Oscillator coils for long-wave range.
Diameter of coil former 10 mm
Diameter of screening can 25 mm
Ly; 225 turns of 0.1 mm enamelled

copper wire; wave wound, width

2 mm. Inductance 641 pH.
L., 89 ;— turns of 0.1 mm enamelled

copper wire; wave wound, width
2 mm.
L., is wound over L;; with two layers
of 0.1 mm insulating tissue interposed.
Voltage ratio L,,L,; is 0.30.

LF. transformer for 452ke/s, type

5730/52.

Quality factor Q — 140 (without extra
damping).

Coupling KQ =1.05.

As L;;L,;, but with the diode of the
DAF 91 connected to a tap at 0.7 on the

secondary.

Matching transformer.

When one filament section of the DI. 94
is used the optimum load resistance is
20 kQ, and with two filament sections
in parallel 8 kQ.
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A 4-TUBE BATTERY RECEIVER
WITH DK 92, DF 91, DAF 91 AND DL 92 FOR V,— 675V

DESCRIPTION

The only difference between the battery receiver
described here and that previously dealt with lies
in the fact that in the output stage a DL 92 output
tube is used instead of a DL 94. The H.T. battery
voltage could thus be reduced to 67.5V, making
the design specially suitable for receivers of very
small dimensions. A ecircuit diagram is given in
fig. 118.

At the low H.T. voltage the dropper resistor in
series with the oscillator anode (second grid) of
the DK 92 must have a comparatively low value.
For this reason series feed of the oscillator is
employed instead of parallel feed. This does not
mean, of course, that parallel feed is impossible
at a battery voltage of 67.5V. On medium and
long waves parallel feed can be used without any
alteration in the oscillator coils, but on short
waves it would be advisable to employ one or iwo
more turns on the feedback coil.

In all other respects the circuit of fig. 118 cor-
responds to that of fig. 117. Resistance values are
different, but the same coils are used throughout.
The output transformer T, should have a match-
ing resistance of 7 kQ.

MEASURING RESULTS

Voltage and currents ?')

Vn l/_/d V_u: Vvll Iu I{I-l I_«/"

Tube type W v [ (V) (mA) | (mA) [(mA)

DK 92 61|61 |29 0.54| 0.13] 1.52
DF 91 61 45 1.7 0.72
DAF 91 29 21 0.032 0.012
DL 92 56 61 [—6.2] 6.4 1.3

2l)  The figures given here refer to zero signal conditions.
Voltages are measured with respect to chassis.
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Variation of oscillator current, with nominal
supply voltages

Range I,, DK 92
6 —18 Mc/s 55—50 pA
0.5—1.5 Mc/s 170 — 350 pA
150 — 400 ke/s 185 — 350 pA

Sensitivities for 50 mW output, with nominal
supply voltages

A.F. voltage at control grid of DAF 91 40 mV
LF. input DF 91 (452 ke/s, m = 30%) 5.9 mV
\ 6— 18 Mc/s 215—280 pV
H.F. input DK 92 0.5— 1.5 Mc/s 165—280 nV
[ 150—400kes 190—255 xV
\ 6— 18 Mc/s 190—240 pV
H.F. signal at aerial 0.5—1.5Me/s  48—120 uV
| 150—400ke/s 135—160 xV

Sensitivities for 50 mW output and oscillator
current, with underrunning of 7,

V],:4~5 V: V.,':]..4~ V.

A.F. voltage at control grid of DAF 91 72 mV
LF. input DF 91 (452 ke/s: m = 30%) 25mV
H.F. input DK 92 (1 Mc/s) 1.6 mV
Oscillator current I, 200 A

Sensitivities for 50 mW output and oscillator
current, with underrunning of V,

Vl, — 67.5 V; Vf =1.1 V.

A.F. voltage at conirol grid of DAF 91 40 mV
LF. input DF 91 (452 ke/s; m =30%) 7mV
H.F. input DK 92 (1 Mc|s) 240 pV
Oscillator current I, 280 pA
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Sensitivities for 50 mW output and oscillator
current, with underrunnung of ¥, and V,

V() — 45 V; Vf =]l V

A.F. voltage at control grid of DAF 91 75 mV
LF. input DF 91 (452 ke/s: m =30%) 30 mV
H.F. input DK 92 (1 Mc/s) 2.8 mV
Oscillator current I, 175 pA

COMPONENT VALUES

The values of resistors and capacitors are in-
dicated in the circuit diagram of fig. 118. Resistors
with a power rating of 0.25 W can be used. The
data of the coils are identical to those given in the
description” of the 4-tube battery receiver with
DL 94 output tube. The output transformer must
have a matching resistance of 7 kQ.
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