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Serial No. 181,087

ALIEN PROPERTY CUSTODIAN

SELECTIVITY APTARATUS

Ladislas de Kramolin, Berlin-Xladow, Germany;
vested in the Alien Property Custodian

Application filed Deccmber 22, 1937

The present invention relates to selectivity ar-
rangements for osclllatory circults and particu-
larly for radio receiving and transmitting cir-
cuits.

In general, the selective qualities of a set which
are obtalnable with oscillatory circuits are de-
pendent upon the determinative portions of these
circuits alone, so that normally it i1s not possible
to obtain with tuning circuits which are com-
posed of glven capacities and inductances, and
with the losses peculiar to these determinative
portions, a greater separating sharpness than ap-
proximately corresponds to the half-value width
(Halbwertsbreite) of such a circuit, the sepa-
rating sharpness being intended to mean here
the interval between two channels to be sepa-
rated.

If, therefore, the half-value width of an os-
cillatory circuit amounts to 10 kilocycles, it is
therefore not possible to obtain the resuit, by any
desired number of such circuits in an arrange-
ment, that it allows of separating channels from
one another, the interval of which is less than 10
kilocycles,

According to the present invention, use is made
of counter-coupling or negative feed-back chan-
nels in amplifying arrangements, whlch counter-
coupling channels contain filter means depend-
ent upon frequency, that is, for instance, oscil-
latory cireuits or combinations of such oscillatory
circuits (band filters or limlting filters or the
like), whereby selective structures can be pro-
duced which are not subject to the above limita-
tions.

The circuits inserted in the counter-coupling
channels may be series or parallel resonant cir-
cuits or combinations of both types., and the
counter-coupling channels may elther lie in the
anode circuits or equivalent circuits themseives,
in which they are arranged either in the anode
or cathode supply leads of the amplifler units, or
they may lie in the supply leads to {ndividual or
several control or auxillary electrodes, the essen-
tinl fact always residing ln that they serve as
means for obtaining a selectlve counter-coupling.

In order that the invention may be more clear-
ly understood, various embodiments will be de-
scribed wlth reference to the accompanying
drawings.

If an amplifier according to Fig. 1 is con-
structed, for instance, with a pentode B0 in the
well-known connection with a tuned anode cir-
cuit 54, and if at first the constructional ele-
ments in the cathode lead, namely, the induct-
ances BI, the choke 62 and the condenser B3 are
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imagined to be replaced by a normal variable re-
sistance, the following can be observed:—

No conslderation will be given in the first place
to the production of the grid blas for the input
erld, but it s assumed that, by means of a con-
stant favourable grid bias produced in some
manner, the valve operates on the steepest part
of the characteristic which can be controlled by
the Input voltage to be amplified. If, now, the
resistance imagined in the cathode lead is glven
the value zero, the highest amplification Is given
by the other determining portions of the circult.
If the reslstance is slowly increased, commencing
from Zero, a diagram results which is illustrated
in an approximate manner in Fig. 2. In this
curve the value x represents the particular am-
plification which corresponds to a resistance
value ¥ of the wvariable resistance imagined In
the cathode lead. The curve shows that, on
gradually increasing the resistance, the amplifi-
catlon decreases, since, of course, with increasing
resistahce, the counter-voltage becoming effec-
tive at the Input grid of the tube continuously
increases. The input circuit of the tube, which
is inserted at the place indicated by the arrow
between the grid supply lead and negative pole
may, in this case, be constructed In any desired
way: It may be a question of a coupling coil
which is substantially aperiodic for the frequen-
cies to be amplified, a transformer tuned to the
frequencles to he amplified, or an ohmic resist-
ance or the like.

As the curve in Fig. 2 shows, at a certain limit-
ing value of ¥, T has become equal to zero, thait
is, even with a further increase of ¥ no further
substantial change takes place In the arrange-
ment. The actual operations probably show
small deviations from the curve shown due to
stray capacities, since however, especially with
itubes having a high amplification factor and
great steepness, only small resonance values suf-
fice to obtaln in the curve the value of ¥ indi-
cated by the chain-dotted section line, the par-
allel capacities do not falsify the conditions sct
forth, to any great extent.

Therefore, the law exlsts that amplification oc-
curs below a certain value of ¥, hut no further
amplification occurs above a certain value of #.

The network formed by the constructional ele-
ments 51, 52 and 53 now corresponds to a series
resonant circult, since the chokc coil 52 connect-
ed in parallel with the condenser B3 is to have
such g high inductance that it acts merely as a
capacltive resistance for the frequencles to be
consldered here, while, on the other hand, it al-
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lows the anode direct current necessary for the
working of the tube to reach the cathode.

Curve C in Fig, 3 shows the resistance of the
combination 51, 52, 58 which is effective at dif-
ferent frequencies, the abscissae indicating wave-
lenegths and the ordinates reslstances.

Commencing from smail wave-length values,
the combination has a certain, rather consider-
able reactance of capacltive nature. On ap-
proaching the resonance frequency, the capac-
itive resistance gradually falls until reaching the
resonance frequency. At this resonance [re-
quency, the capacitive resistance has completely
disappeared and the arrangement has a mini-
mum effective resistance. On further increase
of the wave-length, the effective resistance of
the comblnatlon increases again, in which case
at increasing wave-length it now has an induc-
tive character.

For the consideration to be undertaken here
in the first instance, it Is not important whether
the resistance is purely ohmic capacitive or in-
ductive, but only the potential drop occurring
due to the reslstance is of interest. If we now
consider the curve ¢ in Fig. 3, it Is found, as was
not otherwise to be expected, that it is a ques-
tion here substantially of an inversely recorded
resonance curve, the resonance sharpness, that
ig, the obtainable flank steepness, half-value
width etc. belng given by the loss resistance of
the cireuits employed, in other words, by the
cireuit guality. Therefore, under normal condi-
tions, only a definite selectively determined by
the half-value width of the resonance curve can
be obktained with these given constructional ele-
ments.

This is important, in particular, in short-wave
sets and, therefore, also in superheterodyne re-
ceivers with a short-wave intermediate frequency
part, since If, for example, owing to the ob-
tainable eircuit quallty at a definlte frequency,
a half-value wldth of 15 kilocycies Is glven, even
no greater selectivity can be obtained by series
connagctlon of any desired number of such cir-
cuits in amplifiers and the like that ts, for in-
stance, no stations can be separated which have
a mutual frequency interval of 10 kilocycles.

If, however, the determinative portlons of the
rircuit, on the one hand, and the determinative
portions of a tube arrangement accordlng to
Flg. 1 are so chosen that the limiting value of
the resistance ¥ as represented in Fig. 2 by the
chain-dotted line is illustrated by the e¢hain-
dotted line d as entered in Fig. 3, the following

results; since an amplification, of course, only i

occurs at all If the resistance In the cathode cir-
cuit 1s, for instance, less than the value d, then
on passlng through the wave-length spectrum
(see Fig, 3) no amplification occurs at all if,
commencing at the minimum wave length, ad-
vancement is made up to thz value 1. Only
commencing from the value x1 does amplification
begin, which increases, reaches its maximum
amount at the resonance value of the circuit,
and then falls again until the wave length Az s
reached, whereas after exceeding this wave-
length value, all amplification again ceases.

Whereas there is obtained by the determina-
tive portions of the circuit a resonance curve
which has a half-value wldth f, the width of the
whole range, within which an amplification takes
place, 1s characterised only by the wave-range
g in g, 3.

It 1s therefore seen that by thils means 1t is
posslble, with the aid of a clrcult which in itself
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would not rendel’ possible any separation of
transmitters of a certain frequency Interval, even
in the case of several cascade circults, to con-
struct an amplifier which has a greater sepa-
rating sharpness.

Since, especially at high frequencies, stray ca-
pacities may introduce errors, it is important
to work with tubes having a relatively high
“Durchgriff” and high stecpness. On the other
hand, it is also desirable that thie tubes shall
have a high Internal resistance, in order that
even with good tuning circuits, 4 in the anode
circuit of the arrangement (Fig. 1), no excessive
current intensity drop occurs near the res-
onance position.

For the production of the effect just described,
exponential tubes may also be employed, but it
may be very desirable to use tubes which have
a sharp lower bend in their characteristic, for
which reason preferably indirectly-heated tubes
are employed in such cases. It is also desirabte
in these cases to use cathodes of the smallest
possible emission work, or other cathodes, in
which as small as possible a control of the Max-
well speed distribution is existent.

In order to make the current drop in the tube
small and thus also the effective counter-coy-
pling at the input grid in {he case of anode cir-
cuit coupling to the next amplifying stage or
other circuits, it may also be desirable to con-
nect ohmic resistances in series with the circuit
54. Of course, when coupling subsequent eir-
cuits, however, no resiriction is made to the
tuned anode circuit coupling, but, for coupling,
tuned or non-tuned transformers and all other
possibilities of coupling weli-known per se of
periodle or aperiodic nature may be employed.

Instead of a simple serles resonant circuit after
the fashion of Fig. 1, there may also be Inserted
in the cathode lead a plurality of circuits or net-
works, filters or the like, which produce & larger
number of channels due to the effects illustraled
by Flgs. 2 and 3, or, alternatively, band or limit-
ing filters may be used in the cathode supply

5 lead, whereby the frequency ranges approximate-

ly determined by these fllters then undergo a
sharper separation than by the fllter means
alope.

The arrangement therefore serves quite gen-
erally to increase the flank steepness and to in-
crease the obtainable selectivity with any fre-
quency-differentiating or any other filter means.

Instead of working at {he lower bend, it Is also
possible to work at the upper bend of an ampll-
fying arragenment; instead of tubes, any other
amplifiers may be used accordingly.

Similarly as by the use of series resonances in
the cathode circult the conditions set forth are
produced, it may be desirable for oblaining com-
plementary conditions to provide parallel reso-
nant clrcuits in the cathode lead, in which case,
when working at the lower or upper bend, corre-
sponding phenomena resuit,

Selective conditions with regard to frequency
and gmplitudes may also be produced if the work is
done within a limited range between the lower
and upper bend, which will then be over-con-
trolled on exceeding certain amplitudes.

A further possibility of use of the arrangement
described with reference to Figs. 2 and 3 resides
also in the following. It is known particularly in
normal three-electrode tubes that it 1s difficult
to obtaln, say, in & recelving clrcult designed
wlth the assistance of the well-known Huth-
Kuhn osclllating circult, an approximately con-
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stant back-coupling in internal capacity or an
auxillary capacity connected In parallel there-
with, over a large frequency range. Since, in the
curve diagram of Fig. 3, the effective resistances
towards one side are capacitive and towards the
other side are inductive, then by such an ar-
rangement of tuning means in the cathode cir-
cuit, frequency dependencies of the anode circuit
can be compensated upon adequate arrangement
and, thus, constant back-coupling effects can he
obtained.

Further modifications of the Invention are
shown In Figs. 4-8.

Flg. 4 shows an arrangement in which 1 is the
input transformer of a pentode 2. The ampli-
fled output arises in the tuned anode cireuit 3.
In the cathode supply lead, a resistance 4 is in-
serted, from which the grid bias for the control
grid T can be derived through a slider § and de-
coupling resistance §.

For the osclllations reaching the control grid 1
through the transformer {, the resistance 4 con-
stitutes a counter-coupling arrangement. By
this means, therefore, in contradistinction to &
back-coupling, amplification-reducing voltages
are Introduced.

An exception exists only for such oscillations
to which the series resonant circuii 8, 8 is tuned,
since for these oscillatlons the resistance 4 is
practically short-circuited.

By tuning the eircuit 3, on the one hand, and
the circuit 8, 9, on the other to a certain re-
celving frequency, the result can be obtained
that, independently of possible selectlion means
which are already existent in the grid cireuit of
the tube 2, an increased tuning sharpness arises
as compared with an arrangement in which only
a tuned anode circuit 1s provided.

This increased tuning sharpness is not only
attributable to the fact that, In addition to the
tuning means of the circuit 3, still further means
are provided in the anode circuilt, but owing to
the use of the serles resonant circuit in the cath-
ode supply, an increase of selectivity going be-
yond this pure total effect occurs.

This, as well as the sensitlvity of the arrange-
ment can be considerably increased if a regulat-
able back-coupling is introduced. which can be
obtalned in a slmple manner, for example, by
applying a variable voltage fo the grid 2 by
means of a further slider 10. The more the
slider 10 approaches the cathode, the stronger
the back-coupling becomes. In this manner, a
very sensitive adjustment of the arrangement
can be found.

With a permanently adjusted back-coupling,
the selectivity and sensitivity of the arrange-
ment can also be increased still further by re-
peated re-tuning of the circuits 3, on the one
hand, and 8, 8, on the other.

This appears to be attributable to the fact
that by small variations of the condenser 8 the
phase positlon existing in the anode circuit is
varied and thus the arrangement can be ad-
justed to most favourable condltions,

Since very slight variations of the capacity 8
are already accompanied by very material alter-
atlons of the selectivity and sensitivity, a vari-
ation in the series resonant circuit 8, 8 or a dis-
placement of the slider 10 in any apparatus, par-
ticularly in & recelving set, may also be used for
selectivity or sensitivity regulation.

On manual adjustment, in this case, the three
variables, namely, the resistance 18, the induct-
ance 9 or the condenhser 8 may be operated.
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The arrangement appears to have a substan-
tially greater importance, however, for an auto-
matic sensitivity or selectivity regulation, since,
as has been mentioned, small variations in this
circuit already produce considerable effects, so
that, with the aid of small control voltages, by
means of control tubes, by means of condensers
dependent upon voltage (for instance, piezo-elec-
tric arrangements) or by means of Inductaences
dependent upon voltage or current (e. g. pre-
magnetising arrangements of fjron-contalning
coils) the regquired small variations of the ca-
pacity, inductance or resistance in this circuit
can be produced.

In this case, several arrangements according
to Fig. 4 may be combined in a cascade ampli-
fler, which also applies fo the arrangements to
be further described.

It is precisely in highly-selective sets that this
arrangement may be of importance because it
allows of obtaining very high selectivity figures
with a relatively small number of tubes without
large amplification losses.

If, iIn a normally tuned cascade amplifler, two
tubes are coupled together, then normally two
tuned circuits are provided, namely, a tuned an-
ode circuit, which is connected to the anode of
& preceding tube and & tuned grid circuit, which
is connected to the grid of the next succeeding
tube,

Apart from the cases im which this arrange-
ment serves to obtain & resonance curve fiat-
tened at the top, which, moreover, can he ob-
tained by suitable determinatlon of the dimen-
sions also in an arrangement according to Fig.
4, such devices mainly have the purpose of in-
creasing the selectivity by the use of two circuits
instead of an ordinary ancde clrcuit coupling,

This selectivity Increase, however, is obtained
at the cost of a very considerable amplification
loss, since evem with optimum coupling of the
two circuits, of course, only 509% of the voltage
can be transferred to the grid of the succeeding
amplifying tube, which would otherwisz be ex-
istent in the ease of ordinery coupling cf two
successive amplifier stages by a single tuned anode
circuit.

If, however, the procedure according to Fig. 4
is adopted, the lead || may be directly connected
to the grid of the next succesding tube, so that,
therefore, the full amplification is existent as
in the case of a normal coupling by tuned anode
circuits, but nevertheless owing to the two exist-
ing tuning circuits between the tube 2 and the
succeeding amplifying tube, namely, owing to the
circuit 3, on the one hand, and the circuit 8, 9,
on the other, not only the selectivity otherwise
obtalnable with two circuits exists, but an even
higher separating sharpness.

Therefore, in this way, desired selectivities ean
be obtained without the amplification losses oc-
curring with the ordinary use of coupled circuits,
in which case, of course, the arrangement de-
scribed here may be comb’ned with the use well-
known per se of couplecd circuits, that is, special
tuned circuits in the grid circuits.

It is precisely in the superheterodyne rceeivers
frequently employed at the present day, having
a very small number of amplifying tubes, thal,
the arrangement described is advantageous, since
it is not necessaly to increase the number of
tubes in order to be able to increase the number
of oscillatory circuits employed, and greater se-
lectivity wlthout amplification loss can be obh-
tained in the case of an equal number of tubes.
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A three-tube superheterodyne set would, for
instance, be constructed substantially as follows
according to present-day principles: The anode
cireuit of the mixing tube would be tuned to the
intermediate frequency and coupled to a further
tuned oseillatory cireuit, which is connected to
the grid of the succeeding intermediate-frequency
pentode. The anode circuit of this pentode is
also tuned and transfers a voltage to a dlode with
a succeeding loud-speaker tube. Therefore, al-
together three intcrmediate-frequency circuits
are provided.

With the same tube eguipment the sct can be
constructed on the basis of the present appli-
cation as follows. The mixing tube receives a
tuned anode circuit as well as a series resonant
circuit in the cathodc lead, which circult is tuned
to the intermediate frequency. The tuned anode
circuit is coupled to a tuned input grid circuit,
which is connected to the intermediate-frequency
pentode., This intermediate-frequency bpentode
has again a tuned anode circuit and a series res-
onant cireuit in the cathode lead. However, lct
the set be unaltered. With the same number of
tubes, five tuned circuits are then provided in-
stead of three tuned circuits, without having to
involve the additional amplification losses when
using further coupled circuits.

In addition, the series circuit existing ih the

cathode circuit supply lead of thc mixing tube .

acts for all frequencies which do not correspond
to the intermediate frequency as a negative back-
coupling in linearising manner, so that the pur-
pose of the multiplicative mixing often employed
at the present day can be achieved to an in-
creased extent in the mixing tube. Moreover,
the series resonant eircuit in the cathode supply
lead of the high-frequency pentode, owing to in-
troduction of & certain degree of back-coupling,
allows of removing the dampine of the anode
clreuit of this tube, so that the damping caused
by the diode path in this circuit ean be elimi-
nated, so that this circult also provides a high
selectivity and sensitivity.

If it is desired to obtaln band filter effccts, that
is, for instance, resonance curves which have at
the apex a depression or a rectangular flatten-
ing, this can be produced by corrcsponding ad-
justment of the values of 8, 9 and 10 or equiv-

alent measures (for instance in arrangements :

where the counter-coupling Is obtained not by a
resistance 10 but by capacitive or inductive coun-
ter-coupling means well-known per se).

A depression in the resonance curve arises cn-
tirely by itself if the dynamic resistance of the
ecircuit 3 becomes so great that it is no longer
negligible as compared with the internal resist-
ance of the tube 2.

By the use of tubes which, during operation,
permit a variation of thelr alternating current
resistance, it is easily possible in this way to alter
the resonance curve form and thus to introduce
g variable selectivity.

Since such a variation of the tube resistance,
for instance in tubes which are constructed as ex-
ponential tubes, is possible by mere bias variation
at the control grid or any auxiliary grid, this
method is also particularly suitable for automatic
selectivity or other regulating arrangements.
In particular, this applies to multi-stage ar-
rangements.

Ag has already been set forth above, by small
successive after-regulation of the condenser in
the cireuit 3 and of the condenser 2, and possibly
also of the slider 10, the sensltivity and separat-
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Ing sharpness of an arrangement according to
Fig. 4 can be made extremely high, Finally,
however, there is, of course, a limit at which the
arrangement then goes into self-oseclllation.

Shortly before reaching this limit, the arrange-
ment Is still very stable with regard to voltage
fluctuations of the tube feedlng currents, but
relatively low high-frequency voltages as well as
sudden curreni impulses in any lead situated in
the vicinity cause a commencement of natural
oscillations.

For exampie, the anode voltage of the arrange-
ment can be increased by 100% by gradual up-
ward regulation, without the arrangement com-
mencing to oscillate, whereas & cufting-in and
out of an incandescent lamp provided at the ex-
perimental table can effect the initiation of natu-
ral oscillations, evidently by impulsive excitation
of the tuned oscillatory circuits.

This senslitivity of the arrangement brought to
& highly-sensitive condition, in relation to sub-
stantially excessive high-frequency voltages, can
be considerably reduced if an exponential tube is
employed as the amplifying tube.

Since, as 1s shown in Flg. 4, a variable back-
coupling can he introduced by a tapping 10 at the
resistance 4 and this back-coupling, particularly
if the resistance 4 ts not bridged over by a series
circuit 8, 8, is independent of frequency to a
great extent, such an arrangement may also be
employed after the fashion of a multl-vibrator.
In such a case, it may then be preferable to in-
terchange the function of the input grid 7 and
of the ecollecting grid 2 or to take care in some
other manner that the voltage derived by the
slider {0 reaches a grid with greater steepness
than the steepness acting at the input grid.

Instead of a single grid connected to the re-
sistance 4 (collecting grid in Fig. 4), several grids
may 8also be connected by means of regulatable
sliders or otherwise to this resistance, so that
negative and positive back-coupling voltages are
supplied to them.

By difference or sum effects between such dif-

+ ferent grids which are adjustable preferably in

voltage amplitude by means of sliders or the like,
quite high sensitivities can be obtained, since the
tube can be brought to quite an unstable condi-
tion by successlve after-regulation of these dif-
ferent grid voltages. The different grids in this
case must not be at the cathode direct current
potential, but the direct current bias of the grids
may be adjusted independently of its alternating
current voliage by the use of coupling resistances
and condensers, as is shown for the colle¢ting
grid of Fig. 5.

For perfectly aperiodic back-couplings, aperi-
odically-acting resistances are preferably used
also in the anode circuit and possibly In the input
circuit,

While, in an arrangement according to Fig. 4,
the back-coubling may be devised in such a man-
ner that it hag an amplifying effect on different
frequencies, which may be advantageous, for in-
stance, in a mixing tube for superheterodyne re-
ceivers, particularly when using aperiodie Input
cireuits, it may he desired for other cases not to
derive the back-coupling from an aperiodically-
acting member, such as the resistance 4, but, on
the contrary, to limit the back-coupling action
only to a desired frequency or a desired frequency
band.

Such an arrangement is diagrammatically 11-
lustrated in Fig. 5, Since the series resonant cir-
cuit 8, 9 has a smell resistance only for the ose



181,087

cillations to which 1t Is tuned, 1t Is clear that a
back-coupling which is effective between the se-
rles resonant circult 8, 8 and the tuned anode
circuit 3 will be effective only for the natural fre-
quency of these circults. It increases the selec-
tivity further and increases the sensitivity for the
tuning frequencies, The back-coupling, in this
case, may be effected both inductively and ca-
pacitively.

In Fig. 5, an inductive back-coupling is illus-
trated by the curved arrow 12. Whereas, as de-
seribed in the arrangements corresponding to
Fig. 4, maximum sensitivities can be obtained by
successive re-tuning of the c¢ircuits 3 or 8, 8, ar-
rangements according to Fig. 5 and similar there-
to (that is, in particular, those which work with
tuned back-coupling) are extremely stable in
tuning at all occurring degrees of coupling be-
tween the coil 9 and circult 3. In this case, ex-
tremely high selectivities can be obtalned at
somewhat reduced sensitivity,

Since the collecting grid 2, if it is directly con-
nected to the cathode can cause, with adequate
collecting-grid steepness, such a strong back-
coupling that the tube 3 oscillates, it may be pref-
erable to introduce an additlonal counter-cou-
pling for the hack-coupling adjustment between
the coil 8 and the inductance of 3.

In addition, however, the collecting grid 2 may
also be directly led to the negative pole of the
anode voltage. This may cause a gehera] redue-
tion of amplification by the negative bias of the
collecting grid which then arises.

If such an effect is feared, or if for other rea-

sons a tco strongly negatively biased collecting :

grld is not desired, then according to Fig. 5, the
collecting grid can be brought to earth potential
as regards aslternating current by means of a
high-ohmic de-coupling resistance 13 and de-
coupling condenser 14, while 1t is at cathode po-
tential or at some other desired potentiasl as re-
gards direct current.

In particular, If the internal resistances of the
tubes 2 are not very great, it is desirable, for ob-
taining maximum selectivity in the circuits 3, to
make the ratio of capacity to the inductance
large, that is, larger than usual,

Furthermotre, it 1s desirable, in the arrange-
ments discussed here, to make the ratio of capac-
ity to the inductance in the serles resonant cir-
cults 8, 9 very small, that is, in contradistinction
to the anode circults 3, to make the capacity 8
very small and to make the inductance 9 large,
without this, however, positively having to be the
case,

In particular, in the modiflcation of the in-
ventlve ldea ag illustrated by Fig. 5, with a back-
coupling having a tuned action, it is unnecessary,
owing to the high selectivity obtainable in any
case and owing to the great stabillty of the back-
coupling obtainable between the two tuning cir-
cuits, to use circults which are constructed par-
ticularly low in losses.

It has been found, on the contrary, that excel-
lent separating sharpnesses can also be obtalned
in very cheaply constructed circults. In this case
the back-coupling by no means has to be criti-
cally adjusted. With a medium back-coupling
adjustment, which already produces a very high
separating sharpness, the stability towards volt-
age varlatlons is so great that even an anode volt-
age Increase from 200 to 500 volts does not effect
any self-osclllation. Even at anode voliage var-
1ation between 100 and 500 volts, no perceptible
fe-tunings oceur In the elrcults,
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However, it is by no means necessary for the
construction of arrangements according to Fig. 4
or Fig. 5, to use only pentodes or other screen-
grid tubes, but very useful selectivifles and am-
plifications can also he obtained even with triodes
in this manner. By means of the stable back-
coupling, the damping produced by small tube
reglstance in the directly or inductively-coupled
anode oscillatory circuit can also be compensated
in this case,

This 1s a circuit which is noteworthy, aiso be-
cause It allows of using two tuning circuifs {n a
triode without self-osciilation occurring owlng to
the anode-grid capacity, as would be the case
when using tuned anode and grid circuits.

If a tuned circuit is likewise connected to the
input grid of a tube, which is provided, for In-
stance, according to Flg. 4 or Plg. 5, with two
tuned circuits in the anode and cathode supply
lead, then undesired coupling phenomena may
occasionally arise owing fo the capacity between
the Input grid, which is usually situated nearest
to the cathode, and the cathode itself. In such
cases, it may be preferable not to choose as input
grid a grid situated adjacent the cathode, but to
arrange between the cathode and input grid ohe
or more auxiliary grids. FPor instance, a space-
charge grid may be provided hetween the cathode
and input grid.

In order to supply the cathode emission cur-
rent to the tube system and in order to produce
as uniform a resistance as possible for the fre-
quencies which differ from the natural frequency
of the oscillatory circults, the serles combination
8, 9 in the constructional examples shown is
brideed over by a resistance 4, which determines
the degree of the negatlve back-coupling for the
frequencies which are not desired. However, this
resistance may also be omitted, in which case a
choke coll 1s preferably connected in parallel with
the gondenser 8, as is shown in dotted lines in
Fig. 5.

The arrangement shown in Fig. 5, as has al-
ready been mentioned, is so constant in the back-
coupling adjustment, that a rather extensive re-
moval of damping, particularly If an additlonal
screening grid 1s provided between the input grid
and cathode, Is possible even with the existence
of several stages connected in cascade.

As has already heen mentioned when discuss-
ing Flg. 4, special effects can be obtained by
de-tuning the series resonant circult 8, 8 with
respect to the anode circult 3, so that, there-
fore, different resonant frequencies are provided
for these two circuits. Also, instead of serles
resonant circuits in the cathode supply lead for
for the purpose of obtaining selective counter-
coupling in the anode circuit, parallel circuits
may be provided alone or in addlition to the
series resonances, in order to suppress particu-
larly undesirable oscillations, as may be desir-
able, for instance, in mixing arrangements of
superheterodyne recelvers. Also, Instead of
simple resonant circuits, networks which are
more complicated may be provided on thé cdth-
ode or anode side, and which hé&ve not a sthgle
but several preferred frequencles or frequéncy
ranges, or suppress or pass broader frequency
ranges. ’ .

Indirectly-heated or other equl-potential cath-
odes are partlcularly suitable for the cathodes,
but directly-heated cathodecs may also be em-
ployed. In this case, the tuning coll 9 and the
choke coil connected in parallel with. the con-
denser 8 are then preferably madeé from the
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cathode supply leads. To this end, there can he
made from these two heated leads a cable of
two twisted conductors insulated from one an-
other, from which the sald coils are wound. Any
parallel resistances 4§ need then be commected
only on one side direct to the cathode, since, In
comparison with these high-ohmic resistances,
the cathode resistance fs negligible. Of course,
however, also a connection at the real or elec-
trical centre of the cathode could be effected.

A further constructional example of the idea
of the Invention is shown in Figure 6. Here,
there is shown a possible application to a so-
called “single-span” superhet recelver, that is,
a superheterodyne recelver in which the tuning
is effected merely by the varlation of the oscil-
lator oscillation, whereas the Iinput circuit is
aperlodic, since the disturbing oscillations are
removed by the use of a fixed filter in the Input
circuit and by employing a relatively high in-
termediate frequency.

By this, however, It is not intended to mean,
for instance, that the features shown would not
glso be advisable {n ordinary superheterodyne
receivers or other sets,

The tube 16 is & mixing hexode, the tube (6
a pentode which acts as intermediate frequency
amplifier and audion, and the tube T the loud-
speaker tube. In the cathode supply lead of the
tube 15 there is provided a serles resonant
circult 18, 19, which s tuned to the Intermediate
frequency.

This has the selectivity-increasing effect for
this frequency and, in addition, has the advan-
tage that for the other frequencies, owlng to
the negative back-coupling which arises, a
linearisatlon occurs, the magnitude of which can
be adjusted by varlation of the resistance 20.
From the resistance 20, moreover, the most fa-
vourahle grid bias for the Input grid of a mixing
tube {s derlved by means of a slider.

Owling to this linearising effect, cross-modu-
lation is avoided to a great extent for all the
oscillations which reach the input grid of the
tube, so that, therefore, even when using a
somewhat curved tube characteristle, as may be
desirable for volume control purposes, the ad-
vantages of & purely multiplicative mixing are
existent to the highest degree.

Since a quartz crystal 21 is coupled to the
anode circult of the mixing tube, the tuned
anode clrcuit 22 is very poor in capacity, that is,
is only designed as a tunable choke. By back-
coupling the coils 19 and 22, an increase or re-
duction in sensitivity (according to the diree-
tion of coupling) as well as a regulation of se-
lectivity can agaln be effected.

If the tube 1§ is constructed as an exponential
tube, then a volume control can be effected In
a very effective manner by means of the slider
at the resistance 20,

The tuning is effected, as has already been
mentioned, merely by adjustment of the oscilia-
tion frequency of the oscillator 23. For the
purpose of a most favourable coupling adjust-
meht, the small coupling capacity 24 is made
vartatile,

The tube |6 contains likewlse a series resonant
circuit 28, 29 in the cathode lead, as well as a
tuned anode circult 3 in the anode lead.

The grid bias 1s derived through a high-ohmic
resisfance 28 from thé counter-coupling 25 from
the counter-coupling resistance 26. The crystal
21 as well as the remaining tuned circuits are
adjusted to the Iintermedlate frequency.
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By coupling the coils 29 and 39, a back-cou-
plng can be Introduced in the tube t6. In cer-
taln circumstances, the circuit 39 may, in this
case, be replaced by a simple back-coupling coil.
The crystal 21 therefore acts as an additional
tuning member as well as an sudion blocking
condenser.

Between the crystal and the negative bus-bar,
the variable inductance shown in dotted lines
may he Inserted. This Inductance may be ad-
justed with the capacity of the crystal 21 to
serles resonance for the frequency to be re-
celved or an adjacent, particularly lower fre-
quency, and may then have the following action:

Since the resonance curve of the couplihg in-
ductance 22 is relatively broad, then in spite of
the selective properties of the crystal, a number
of indesirable oscillations would eventually reach
the input grid of the tube I8. If a series reso-
nance path is produced by the Inductance shown
in dotted lines, between the grid and earth for
these frequencies reproduced, after amplifica-
tion, by the choke coll 22, then the grid Is prac-
tically short-circuited for these frequencles,
Only with the narrow frequency band to which
the crystal responds is the series frequency dis-
turhed and thus the input grid of the tube I8
exclted.

Therefore, in the tube 16, both an amplification
of the intermediate frequency and an audion
effect occur and the low-frequency currents ob-
tained are supplied through a transformer 21 to
the final tube 11.

In the Figures hitherto described, direct or al-
ternating current resistances inserted in the cath-
ode lead have always been shown as counter-cou-
pling means.

Figure 7 shows another formi of construction
of a counter-coupling which has similar effects.
Here, In a tube 31 which has, in & manner well-
known per se, 2 tuned anode cireuit 32, a connec-
tion 33 from the anode to the grid is provided.

Since, as Is well-known, the anode voltage is
displaced 180° in phase with respect to the grid
voltage, then by suitable return of a part of the
anode voltage to the grid, a counter-coupling can
be obtalned. By varying the resistance 34, the
level of this returned voltage can be favourably
adjusted. If this resistance is so adjusted that
the voltage impressed from the anode circuit upon
the grid is equal to the input voltage reaching
the grid, then no amplification occurs at all,
since the two voltages having, as mentioned, a
phase displacement of 180°, neutrsllse one an-
other.

If, In addition to the resistance 34, a tuned cir-
cult 35 is provided, then since this tuning cir-
cult constitutes a high resistance for its natural
frequency, only a small counter-voltage will be
transmitted at this natural frequency to the in-
put grid and, therefore, this frequency is ampli-
fled. It is therefore seen that owing to the eir-
cuit 35 a further means of selection 1s provided,
which can be used independently or together
with other tuning cireults as, for instance, the
cireult 32, for separating desired frequencles.

In tubes with a very high amplification factor,
the resonance resistance of the circuit 35 may not
be sufficlent in certaln eircumstances. It can be
then increased by a suitable back-coupling ar-
rangement, or altenatively, several circuits 3% may
be connected in series.

A further constructional example of the in-
ventive idea is lustraied in Fig. 8. As has al-
ready been mentloned, 1t 13 necessary for the obw
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taining of the highest possible selectlvity that
the counter-coupling shall be made as strong as
possible for all undesirable frequencles. How-
ever, in arrangements, for instance, according to
the constructional examples shown in Figs. 4 and
5, this means that the resistance 4 is made high
and that also the resistance 8, 9 is to be very
high for all frequencies, with the exception of the
resonant frequencles.

This resistance, however, becomes greater, the
smaller the capacity and the greater the Induct-
ance of this circult can be made for a given
wave-length,

Since it 1s essentinl that for this purpose all
stray capacities shall be reduced if possible, for
which reason also the corresponding cathodes are
to have the smallest possible capaclty with respect
{0 their heating body or other apparatus parts,
it is also preferably to make the coils 9, 19, 29 or
the like as small as possible In order to make
them poor in capacity. Since, in this case, how-
ever, the mutual spacing between the turns must
not be reduced too much for the same reason, a
small copper cross-section and thus a relatively
high effective resistance of the coils, of course,
results.

In order apparently to reduce this effective re-
slstance which, of course, is also maintalned 1n the
case of resonance and which acts for the reso-
nance frequency as a counter-coupling, the use
of back-coupling has already been recommended,
which, however, 1s not irremissible.

The construction example in Figure 8 shows a
possibility of completely avolding the occurrence
of g counter-coupling even without back-coupling
for the case of resonance.

36 is an amplifying tube, to which Input volt-
ages are supplled through the transformer 37.
To the anode of the tube 88, for instance, a tuned
anode clreuit 40 is again connected. The ampli-
fled currents are kept away from the anode volt-
age source by the de-coupling resistance 41 and
pass through a blocking condenser to a network,
from whlch the counter-coupling voltages or
back-coupllng voltages can be derlved.

In the present case, a counter-coupling is to be
effected agaln for all frequencles with the excep-
tion of a desired frequency.

The sbove-mentioned network is so arranged
that for the desired frequency even without the
use of an additional damping-reducing back-cou-
pling, no counter-coupllng' voltages can arise
at the input grid.

For this purpose, in the first instance, the serles
combination 38, 39 is again tuned to the desired
frequency. ‘Then, by means of the varlable cou-
pling 42, an adjustment 1s efiected at which for
undesired frequencies an adequate counter-volt-
age arlses at the input grid of 36. By the tuning
of the condenser 43 and adjustment of the resist-
ance 44, there can then be found upon subse-
quent correction at the condenser 38 a positlon
at which absolutely ho counter-voltage arises for
the deslred frequency at the input grid.

If, instead of the filtering-out of a certain fre-
quency from a frequency mixiure of undesirable
frequencles, the suppression of an undesirable
frequency in a larger frequency mixture Is almed
at, then In all the arrangements described here
this can be achieved by providing a parallel res-
onant circult at the polnts where a serles reso-
nant clrcuit 1s provided, while, on the other hand,
at those points where o parallel resonant circulf
ts provided, this is replaced by a serles rescnant
elrcult.
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A very materlal advantage of such arrange-
ments for Increasing selectivity resides in the fact
that the two main functions hitherto carried out
in a resonance amplifier by the coupling osclila-
tory circuits or the like can be separated and,
thus, more favourable results can be obtained.

In a resonance amplifier working, for instance,
with tuned anode circuits as coupling means, the
case was hitherto such that the tuned anode cir-
cuit determined both the obtainable emplification
and the selectlvity of the particular stage, It
was, therefore, necescary to effect a comprormise.
Thus, for instance, if {importance was attached to
very high selectivity, the ratio of capacity to in-
duteance in this osc¢illatory eircuit had to be kept
at a certaln value, which could not be reduced.
The higher ithe inductance of this circult, the
higher is the o¢btainable amplification in general.

The highest dynamic resistance resuits (f no
excessive damping Is provided), as is wellknown,
if the osciliatory circuit merely consists of the
natural capacity of a ccil and the inductance of
this coil. However, since in such a case the selec-
tion is usually insufficient, the high amplification
which is possible in such an arrangement gen-
erelly could not be utilised.

Since it has now been found that by arranging
a tuned counter-coupling channel and, in partic-
ular, by means of a series resonance circuit, which
may be arranged at any point between the anode
and cathode, preferably between the cathode
and the negative pole of the anode voltage source,
a very substantial {ncrease of the inductance can
be otbalned, much greater latitude is oblained in
the choice of the values for tlie anode circult serv-
ing as coupling member.

In such a resonance amplifier, wiilch was tuned
to 1600 kilocycles and constitutes the intermedi-
ate frequency amplifier of a “single-span” super-
het receiver, it was found, for exumple, that the
half-value width, which was obtzined by means
of a series resonant circuit situaled belween the
cathode and negative anode voltage pele, was so
much less, than the half-value width obtainable
with a normal anode tuning circuit alone, that
thls tuned anode circuit in practice hardly con-
tributed to the obtalning of the tuning sharpness.

Therefore, without renunclation of separating
sharpness, this anode tuning circuit could be
varied at will (on the condition thal the internal
reslstance of the tube is still large in relation to
the dynamic resistance of the anode tuning cir-
cuit, a conditlon which is generally fulfilled in
normsal high-frequency pentodes) without the
tuning sharpness substantially determined only
by the cathode serics resonant cireuit varying,
and, therefore, when choosing a very small ca-
pacity and very high Inductance, it is possible to
obtaln for this anode tuning circuit amplifica-
tions with good selective properties of the ampli-
fier, which are not obtainable with normally-con-
structed gmplifiers.

The assumptlon for the best possible outbuts is
definitely that certain conditlons are fulfilled
which are generally to be fulfllled with hormal
tubes.

In the constructicnal examples discussed wlth
reference to Figs. 8 to 13, it Is assumed in this
case that the tuned back-coupling or counter-
coupling channel is formed by a serles resonant
circuit Inserted between the cathodes and nega-
tive anode voltage source; if, instead of this tuned
coupling channel, a different channel is chosen,
the constructional examples described here for
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serles resonance in the cathode supply lead are
to be sultably modified.

When using tubes usual in commerce, it has
been found that, in the first Instance, the ca-
pacity between the input grid and the cathode is
very undesirable, particularly if a tuning circuit
is connected to the input grid. By the use of a
neutralising arrangement, the effcct of this unde-
sirable capacity may be removcd.

The neutralisation may, inter alia, be so formed
that the tuned grid circuit produces, either by
purely inductive means in a coupling coil, or by
additlonally winding a few turns on the earthed
side of a grid inductance after the fashion of a
spare transformer, a counter-voltage, which now
acts through a neutralising condenser upon the
cathode, or, alternatively, In a similar manner, a
neutralising voltage may be produced by the coil
of Lthe series resonant circult lying in the cathode,
the neutralising voliage so obtalned then acting
through a neutralising condenser, a so-called
“Neutroton”, upon the control grid.

In addition to this cathode-control grid ca-
pacity, however, the anode-cathode capacity is
also very undesirable. Since a serles resonant
circuit is situated in the supply lcad to the cath-
ode according to the above, an undesirable cou-
pling or counter-coupling easily arises between
the anode of the tube and cathode, if appreciable
capacitles are eflective between these two elec-
trodes,

This becomes particularly disturbing again
when an oscillatory cireuit is connected not only
to the anode of the tube, but also to the control
grid. as is usual in tuned series amplifiers. Since
the grid oscillatory circuit in spite of neutralisa-
tion with respect to the cathode usually still has
a residual coupling to the cathode circuit and
since, on the other hand, owing to the capacltive
or other stray coupiing which exists between the
cathode and anode the anode circuit is also
coupled to the cathode circuit, the maximum am-
plification usually cannot be stably utlilsed, since
in this way energy returns through the cathode
circuit to the grid circuit and the arrangement
then commences to oscillate.

A large part of these detrimental couplings
arises within the tube, namely, in the base and In
the pinch, and it is therefore desirable also to
neutrallse or, in order to obtain best results
(when using the serles resonant circuit in the
cathode supply lead, otherwise, as already men-
tloned, variations must be sultably effected) to
use & tube constructlon according to Flg. 9,

This tube 80 Is constructed, for instance, as a
pentode with the one difference that between the
control grid 61 and the cathode an electrode 62
constructed as a screen-grid is also provided,
which by application to weakly positive potential
with respect to the cathode can slmultaneously
exert the steepness-lncreasing effect of a space-
charge grid.

This grid 62 terminates at both ends In solid
tubular extenslons 63, 64, which extend beyond
the ends of the other electrodes. The tubular
extension 64 also protects the parts of the fila-
ment 65 which are situated outside the cathode
66, so that no disturbing influence of the am-
plifying operation can be caused by them, while
the tubular extension 83 preferably merges into
a conical part 67, This conical part extends, if
possible, up to the glass wall of the tube, In order
to provide an effective screening of the cathode
supply pole 68 arranged at the upper end of the
tube envelope, from the other tube electrodes,
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Since the conical part 67 of the space charge
screen-grid 62 (but a space charge effect at this
grid may also be renounced, In which case it can
then be more weakly or more strongly negatively
biased), 1f it were to extend close to the glass
wall and were to consist of massive metal, might
easlly present difficulties in de-gassing, then in
the constructional example of Fig. 9 there is at-
tached to the conical metal part, which only has
about 5 mm, projection with respect to the grid
diameter, a conical eXtension of metallised mica
slotted in sector fashlon. This metallised mica
cone has a screening effect similarly as if it were
to consist of massive metal; since, however, on
thorough heating with high-frequency eddy cur-
rents owing to the high resistance of the thin
metal layer or other conductive layer on the mica,
the latter is not heated to a very high tempera-
ture, then no breaking of the envelope dome ow-
ing to contact with the screen can arise,

The grid 62 Is followed, reckoned as next from
the cathode &6, by the actual control grid 61.
This control grid receives its supply, contrary to
present-day practice, through the plnch. Since
the control grid Is generally connected {n any
case to an oscillatory circuit, the capacity exlst-
ing between the control grid and the other elec-
trodes in the pinch, which are earthed as re-
gards high frequency, only enters the arrange-
ments as additlonal oscillatory circuit capaclty
and is therefore halrmless,

The cathode 66, on the contrary, is to have, ac-
cording to the above, as small a capacity as pos-
sible both with respect to the control grid and
with respect to the anode 69 and, moreover, as
small a capacity as possible with respect to any
other electrodes. Therefore,as shown in the con-
structional example of Fig. 9, an outgoing lead
68 at the top of the tube envelope is advisabie.
Moreover, it is advisable to make the distance
between the cathode body 66 and filament 65 as
large as possibie In order to keep the cathode
capaclty low with respect to earth, since It is
thereby possible to give the cathode series reso-
nant circult a very small tuning capacity and
thus high selectlvity, The cathode may also be
made rather short in order to achleve thls ob-
Ject; the deficiency in steepness possibly result-
ing in this case can be removed again by the
actlion of the space-charge grid 82,

As third electrode from the outside, the well-
known screen electrode 70 follows, which is gen-
crally at positive potential and whlch is ex-
tended at the top and bottom again by plate-
shaped members 11 for Improving the screening
of the electrodes from one another. In order
Lo bring the plate-shaped members again close
to the glass wall or to the s¢reening coating pro-
vided inside and/or outside on the glass wall,
metallised milca plates or mica plates coated
with thin foil, for instance, resistance materlal,
may be used.

Reckoned as the last grid from the cathode,
a collectlng grid 12 then follows, which ln turn
is surrounded by the anode §8.

Instead of the pentode-llke tube described
here, hexode, septode or octode-like tube strue-
tures may also be employed.

Moreover, it 1nay be preferable to use Instead
of a pentode-llke arrangement, a mer¢e screen-
grid tube arrangement, in which the collecting
grid is omitted. In particular, it ls prafaergble
to work, according to the brinclples of the well-
known Harrles tube, with a critical, fairly large
distance between the anode and the screen-grid,
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Thereby, the anode-earth capacity 1s conslder-
ably reduced and, therefore, a still higher L—C
ratio may be given to the coupllng oscillatory cir-
cult to be connected to the anode, which inter
alla acts favourably for the obtalnable ampli-
fication.

A construction according to elsctron-optical
aspects glso furnishes, inter alia, advantages,
particularly in this respect. The anode 69 has
a speclal lead-out terminal T3 direct through
the glass wall. As is shown, the tube 60 is cy-
lindrically shaped with the exception of the con-
striction of the dome envelope, so that the con-
struction with the screening plates extending
close up to the tube wall can be introduced from
the bottom into the tube.

The fused seam between the plate and en-
velope therefore lles further outside, which stip-
ulates a large diameter of the tube base. How-
ever, In the present case, this Is not undesirable,
since the tube base is preferably made of metal
or is metallised and forms an additional cover-
ing of the holes serving for receiving the tube,
in the screening boxes of the amplifier, as is ap-
parent from Fig. 10.

If the tubes are introduced from the bottom
into the screenlng boXes, then the screening
boxes must liave a recess for the passage of the
lateral anode terminal 13. This passage Is then
closed by the tube base when the tube is intro-
duced.

Alsc otherwise, the larger tube base is not un-
desirable owing to the larger distances hetween
the individual feed wires and the good insula-
tion etc. thereby possible.

In order to assemble the tube in a simple way
in spite of the two envelope contacts, the supply
leads to these two contacts are made resillent,
the dome contact having a resllient pin, which
engages in a sleeve-shaped continuation of the
cathode body, while there 1s flxed to the anode
a resilient contact tongue, which comes into con-
nection with the lateral contact point at the en-
velope when the system is inserted in the en-
velope in the manufacturing operation.

Since. in practice, usually vacuum tubes or
tubes filled with inert gases will be In question,
danger to the contact by oxidation need not be
feared. Frequently, however, it may happen
that, owing to the heating of the metal parts
which is necessary for the expulsion of the gas,
the elasticity decreases and then the contact be-
comes unsafe. It is then necessary to produce
the resillent parts in such a manner that even
when using ductile material, the resillency Is
matntained, or provision should be made for a
siubsequent permanent connection of the parts
making contact in the envelope.

To produce such a permanent conrection the
following method has proved highly successful.
Those two parts which are to bhe connected to-
gether are made of a material which has a rela-
tively high melting point. The two contacting
parts or at least one of the two is then coated
at least at the point of contact, with a material
which has a lower melting point and then, after
assembly of the tube, that is, preferably in the
de-gassing operation, in which the metal parts
of the tube are highly heated by electron or lon
bombardment or by thorough heating by means
of high frequency eddy currents, the contacting
parts are so highly heated that the material of
low melting polnt, which surrounds one or both
parts at the polnt of contact or 1s applled to the
point of contaet, fuses, whereby the two parts

[H]

10

20

30

33

40

50

60

70

76

9

to be connected are then connected by a kind of
soldering process. This method can he quite
commonly employed in the construction of tubes
or the lke.

It has proved particularly successful in the
present case in fixing the anodes to the lateral
fused-in portions already previously arranged
in the envelope. The anode was made in this
case, for instance, from nickel wire network and
the end of the lateral anode supply wire fused
into the envelope also consisted of nickel. The
nickel wire end, which was about 4 millimetre
thick, was covered with fine silver wire (about
0.2 mm) and was mechanically biased in such a
manner that the wire end resillently pressed on
the anode body approximately over a distance
of 2 to 3 mms. On thoroughly heating the anode
with high-frequency eddy currents, the silver
then melted and connected the anode gauze with
the supply wire by hard soldering. If, in the
case of the connection, It 1s not a question of bod-
ies which can be conveniently heated up like an
anode from outside by high frequency, it is ad-
visable to effect the point of connection at a
small metal plate or metal ring or metal bow
specially provided for this purpose, which can be
heated up from outside by induction currents.

Although in the present case the use of this
method was chiefly described for lateral fused-
in portions at the tube envelope, the method
can accordingly be applied to all other cases in
which the making of a durable connection in
vacuec s important, that is, also in the case of
the connection of the cathode lead-in arranged
centrally on the envelope dome.

The getter pill is preferably arranged between
the upper screen of the cathode screen-grid and
the upper screening plate of the anode screen-
grid. On vapourising the getter, the resuit Is
then obtained that, firstly, these two screening
plates are metallised, which is desired according
to the above and renders It superfluous to use
already metallised mica in the assembly, where-
as, on the other hand, since this space is screened
on all sides against the remaining electrodes and
the holding wires, the result s obtained that no
getter deposit can form on insulators and glass
parts at places where it might be detrimental for
the operation of the tube.

The constructional elements mutually support-
Ing the Individual grids, as, for Instance, holding
parts of mica, ceramic material or the like, are
not shown for the sake of clearness; these parts
may, however, be constructed In such a manner
that e. g. between the anode and cathode screen-
ing plate, between which the getter is supposed
to be situated, all the other grid holding wires
or the like are covered by the said insulators; if
8 deposit forms here on the insulator, this de-
posit may merely connhect together the cathode
and anode screening plate. By means of 8 cur-
rent iImpulse between the two corresponding elec-
trodes, the conductive bridge which possibly forms
may then be interrupted. Any remaining weak
“creeping” current path, however, is harmless,
since both electrodes only carry direct current
potentlals and are earthed as regards high fre-
quency or alternating current.

Pig. 10 shows a diagrammadtic section from a
suitable arrangement for the construction of such
o serles amplifier. In this figure, only the high-
frequency circuits situated between two tubes are
shown, but, of course, such an amplifier may be
provided with almost any number of stages and,
therefore, the arrangement shown in Mg, 10 must
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be imagined to be continued to the right cr left
in the sheet of drawings in this case.

8{ and 82 in this case are tubes which are con-
structed after the fashion of Fig. 9. 83 are the
metal walls or metallised walls of screening boxcs.
The voltage to be amplified is supplied to the
grid supply lead 84. The tuncd anode circult 85
is connected to the ancde terminal 86 of the first
tube and is connected in a manner well-khcwn
per se through a coupling condenser 87 and 2
leakage resistance 88 to the grid supply lead 89
of the next tube. The cathode supply lead 90 of
the first circuit is connected to the earthed mass
of the screening boxes 83, which is connected to
the negative anode voltage pole, through a series
resonant circuit which consists ¢f an inductance
91 and & capacity 82,

Since the cathode lead 90 only has a low ca-
pacity with respect to other apparatus or tube
parts owing to the particular construction of the
tube, the regulatable capacity 82, which is tuned
together with the coil to the frequency to be am-
plified, may be made rather small, without there
being produced by the effect of the stray capacity
of 99, a parallel resistance to the series combi-
nation 91, 92 which constitutes for the frequen-
cles departing somewhat from the resonance fre-
quency a smaller resistance than this series com-
bination itself, so that the latter becomes inef-
fective.

Cf course, there may be cases where, even if
the capacitive leakage resistance, owing to stray
capaclties, becomes relatively small with respect
to the resistance of the series circult in the non-
resonance condition, an adequate selectivity in-
crease by the serles circuit is nevertheless ob-
talned. Generally, however, the difference of the
resistance effective between the cathode and mass
may be as large as possible between the reso-
nance condition and non-resonance condition, In
order to produce resonance propertles which are
as pronounced as possible.

When choosing the tuning values, and also in
all other cases in the art, a compromise is nec-

essary. The smaller the capacity 92 becomes, the 4

greater is the resistance of the circult 91, 92 for
non-resonance frequencles. Cn the other hand,
however, a further increase of the resistance 91,
92 for non-resonance frequencies has no longer
any great purpose if there is produced by the
stray capacities from the cathode contact 99 to
other parts of the tube or of the apparatus a
parallel resistance which is considerably less
than the reslstance of the cembination 81, 92.

The losses in the coil 91 also increase with
progressive reduction of 92, and since these
losses also appear in the resonance condition as
effective resistances, the desirable large differ-
ence between the resonance resistance and non-

resonance resistance is thereby reduced. More-

over, the obtalnable amplification per stage is
reduced by the effective resistance remaining in
the resohance case as an chmic counter-coupling
resistance. Where, thercfore, a residual counter-
coupllng for the purpose of the linearisation of
the amplifier characteristic is not desired, as,
for instance, in mixing tubes in superheterodyne
receivers and the like, the reduction of the ca-
pacity will therefore only be taken so far that
only a small value results In the case of reso-
nance as effective resistance of the complete cir-
cuit.

In 1,600 kilocycle-amplifiers, for example, a
form of capaclty 92 which is llustrated in Fig.
10 has proved successful. At a threaded splndle
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which runs in a threaded bearing insulated
against the screening boxes 83 there is provided
a plane, circular plate of about 30 milllmeters
dlameter, which can be moved towards or away
from the screening wall for the purpose of tun-
ing. For safeguarding against short-circuits, the
casing wall may be protected at the point sit-
uated opposite the condenser, by an insulating
coating, as indicated by a line in the drawing.

The choki 23 and the resistance 94 are con-
nected in paraliel witlh the series combination
81, 82, The resistance provides for the produc-
tion of the required grid bias, whereas the choke
93 within the frequency range coming into ques-
tion is te represent a hizh high-frequency re-
gistance, so that the effeclivensss of the combina-
tion 91, 82, is not reduced by the parallel resist-
ance being too sniall. The fact that by means
of sach a choke, resonance positions within more
remwote frequency ranges can possibly be pro-
duced, is usually insignificant, since more remote
{requency ranges can be adequately weakened
gy the tuned ancde circuits 89 of sucli an ampli-

er.

As is apparent from the dlagrammatic circult
diagrams, it may be preferable to couple the coils
of the oscillatory circuit §5 and the cathode coils
91, which coupling, according to the sense of cou-
pling, may act as a stabilising counter-coupling
or as p damping-reducing back-coupling. 1If, for
instance, a very high frequency is amplified, then
in spite of the most careful screening measures,
the internal tube capacities may suffice to cause
a tendency to oscillation even with, in particular,
multi-stage amplification. In this case, with the
said coils, a stabilisation can ke obtained by
means of a certaln counter-coupling, so that here
the coupling serves as a method of neutralisa-
tion. On the other hand, however, by means of
a back-coupling effect between the anode and
cathode circuit, a very considerable amplification
increase and selectivity increase can be obtained.

The desired adjustment of the mutual coupling
of the two coils can be obtained in a manner
weil-known per se by making one of the two coils
rotatable, If thce desired sense of coupling is
fixed, the two colls may also be firmly arranged
and only the opening 95 in the screening wall
separating the two coils may be more or less con-
stricted by 4 screening fiap and thereby the ac-
tion of the two conils on cne another may be reg-
ulated.

Since, with the high amplification generally
occurring here, most careiul screening is import-
ant, a grid of parallel wires or the like which
is indicated by short transverse lines is provided
in the opening %%, which grid, particularly with
an arrangement of these parollel wires which is
insulated on at least one side, makes it possible
to prevent in practice an electrical action of the
two colls and corresponding circuit parts on one
ancther, wiile an inductive mutual influencing
takes place.

The tubes 8i and 82 are inserted frem below
in the corresponding screening boxes. Therefore,
in the circular opening serving for receiving the
tubes, recesses are provided in at least one
screening wall for the passage of the annde ter-
minals 8. It the tubes are insulated, these pas-
sages are covered by the base fianges 98,

If specially construcied tubes according to Figs,
9 and 10 are noi. used, the subjsct of the applica-
tlon can, of course, also be carried out, but the
cbtainable advantages are fewer. If, while using
ordinary comnmercial tubes, it is desired to derive
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the full advantages which the subject of the ap-
plication offers, this can be done in various ways.

One possibility is Dlustrated in Fig. 11. Be-
tween two tubes, which, according to this inven-
tion, work with an additional coupling channel,
in the present case with a serles resonance pro-
vided in the cathode lead as a counter-coupling,
in which case the series resonant circuits of the
cathode lead may ba Inductively coupled with
the tuning circuits provided in the anode lead,
an aperiodically-coupled tuhbe is provided.

In the constructional example of Fig. 11, the
first tube Is imagined to be a mixing tube and
therefore has, in addition to the Input grid and
the screen-grid, a grid to which the oscillator
voltage is applied, This, however, 1s immaterial;
therefore, In a tube amplifier, the first and third
tube could also be uniformly constructed.

Between the first and third tubes, an aperiod-
ically-acting tube s inserted, in the present con-
structional example a pentode., Since pentodes
or even only screen-grid tubes are on the market,
in which the anode has a special connecting ter-
minal provided on the envelope, it is possible
by means of the circuit connection shown in the
drawing, of a pentode or of an ordinary screen-
grid tube, to obtaln the result that the anode
circuit of the first tube is not coupled to the cath-
ode circuit of the third tube through a grid-ca-
pacity, since, of course, the grid of the third
tube is connected to the anode of the second
tube and the anode of the second tube is screened
from the input erid of this tube and thus from
the anode circult of the first tube by a screen-
grid.

The capacitive coupling between the anode cir-
cuit and cathode circuit of the first tube on the
one hand and cf the third tube on the cther is
definitely maintained if these two tubes have
no special cutgoing anode supply leads. These
capacitles, which are mainly existent in the tube
bases, can be removed, however, by an inductive
counter-coupling (see arrows) to the extent de-
sired. Since, in general, a back-coupling effect
in the indlvidual stages 1s desired, a complete
neutralisatlon by counter-coupling will generally
not be effected.

Since the central tube, particularly at higher
frequencies, does not contribute much to the
amplification, it is desirable to limit the expendi-
ture for this as much as possible.

Fig. 12 shows an example of how cheap single-
grid tubes can he used for this purpose, in which
case, to obtain the hest effects, 1t Is desirable that
the anode supply lead shall be specially led out
of the envelope. The output voltage of the first
tube in Fig. 11 is applied here to & high resistance
lying in the cathode lead.

A favourable grid bias for the screen-grid con-
nected as regards high fretuency to the negative
pole of the anode voltage and thus to earth is
produced by & branch resistance, This is neces-
sary, as the cathode resistance must be high in
order not excessively to damp the preceding anode
elreuit (a certain damping is not detrimental,
sinee it can be compensated by back-coupling in
the first tubel.

Since, due to this high cathode resistance, the
high negative grid bias which would be produced
by directly connecting the grid with the negative
pole of the anode voltage source, would lock the
tube, the arrangement shown in Fig, 12 is chosen,
which allows of choosing the grid bias Independ-
ently of the potential drop in the cathode resist-
ance. From the anode of the three-electrode-

10

20

]
t

40

60

n

60

15

11

tube, the output voltage is again passed on to the
third tube of Fig, 11, The grid of the three-elec-
trode tube connected to earth as regards high
frequency effects the desired screening betwzen
the output circult of the first tube and the input
cireult of the third tube in Flg, 11,

A further embodiment employing tubes usual
in commetrce is shown In Fig. 13. Here, two tubes
are connected in serles, in which case, as has
already been mentioned in British Specification
No, 415,079, attention should be paid to the fact
that by the cathode heating of the upper tube,
no appreciable leakage to other apparatus parts
or to earth takes place. This can be done, as de-
scribed in the sald prior application, by heating
the eathcde with transformers poor in capacity
arranged near to the cathode, or, alternatively,
by indirect heating of the upper tube as poor in
capacity as possible, as well as by any other kind
{photo-emission, secondary emission, virtual
cathodes or the like) which allows of producing
an emission without an excessive detrimental
leakage.

Both tubes in Fig. 13 therefore act practically
similarly to a tube with a correspondingly high
number of grids. The lower tube may be a three-
electrode tube, In which case the control grid
is connected as regards high frequency to earth.
The nature of the grid-bias variation as shown or
some other similar arrangement at this grid may
be used for volume control, particularly if one of
the two tubes or tube systems Is constructed as
an exponential tube.

In the cathode supply lead of the tube, further-
more, the serles resonant circuit is provided. The
anode supply lead 1s again separately led out of
the tube if possible.

The input voltage is then applied to the control
grid of the upper tube, while the anode of the
upper tube Is screenhed agalnst this control grid
by a screen-grid kept at a positive potential. The
desired screening between the control grid and
anode is then produced again by the last-men-
tloned screen-grid, whereas by means of the con-
trol grid which is earthed as regards high-fre-
gquency in the lower tube, a screening hetween the
upper control grid acting as input grid and the
serles resonant circult situated in the lower cath-
ode supply lead is obtalned.

Instead of the upper tube, the lower tube may
8lso be provided with two control electrodes; the
upper tube may then be a single-grid tube, This
case s illustrated by the second grid shown in
dotted lines In the lower tube.

In the case of Fig. 13, the additional expendi-
ture of a special tube is also necessary for the de-
coupling; however, since both tube systems fully
amplify here, an advantage exlsts over the ar-
rangements shown in Plgs. 11 and 12 with aperi-
odlcally-acting coupling tubes, which may be de-
glred in many cases.

In the description of Figs. 9 and 10, it has al-
ready been pointed out that it is advantageous
to avold as far as possible the capacity bhetween
the cathode and the cathode heater. This re-
guirement can be complied with by means which
bring the cathode to emission in a different man-
ner. There may be mentioned here photo-emis-
sion, thermal emission by radiation, secondary
emlssion or virtual cathodes, etc.

A further means consists in reversing the usual
practice and inserting the coupling resistances,
which connect together the indlvidual stages of
an amplifier, that is, In the present case, for ex-
ample, the tuned anode circuits, in the cathode
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lead, and transferring the series resonant circuits
into the anode Iead. In this case !t may be pref-
erable to earth also the anode side instead of the
cathode side of the amplifier.

Since the anodes, of course, do not necessitate
ahy heating leads, then, particularly if care is
also taken by the other construction of the am-
plifier (fcr instance, after the fashion of the
Harrles tube) that the eapacity of the anode to
screening electrodes etc. remains small, the con-
dition of the existence of minimum leakage ca-
pacities al the series resonant circuits which is
sometimes deslrable as already explained above,
can be produced. Moreover, particularly when
using fubes customary in commerce, an unde-
sirable coupling between circuits can often be
avoided by the coupling circults in the case of
successive amplifying stages lying alternately in
the cathode supply lead and anode supply lead,
while series resonant circuits also lie alternately
in the cathode and anode supply lead of the in-
dividual stages.

In the case of octodes, hexodes and septodes
ete, it is often possible, merely by an alteration
in the arrangement of the base or of the leads led
directly out of the envelope, to produce the
sereening desirable in the case of the present
application, without introducing further addi-
tlonal electrodes and without coming into con-
flict with the usual mode of operation gnd the
fields of application of these tubes.

In order not to obtain any detrimental cou-
plings through the heating leads at the voltage
sensitivity of the cathodes which is existent In

the case of maximum utilisation of the advan- :.

tages of the subject of the invention, 1t may be
preferable to arrange the heating leads in such
a manner that all the heating leads, while
screened from the individual tubes, are led to a
common connecting point, at which the leads are
connected through large condensers to earth or
chassis. Possibly, special de-coupling means
may be provided in the supply leads of the In-
dividual heaters to this common connection to
the source of lieating voltage.

The screen, of course, need only extend so far
as the heating leads must be passed through non-
corresponding screening spaces.

Since the series resonant circuits provided In
the cathode leads are bridged over either by
choke coils or resistances, the values of which are
determined by the degree of the counter-coupling
desired in the case of non-rescnance and,
therefore, there may arise in the resistances a
potentlal drop which does not colnecide with the
desired grid biases, care should be taken that
the grid bias can be derived from these resist-
ances independently by tapplngs or the like, as
1s shown in Fig. 12. If variable grid bias 1s de-
sired, the grid bias 1s therefore to be variable
independently of the value of the resistances
lying In the cathode supply lead.

If, for certain reasons, the arrangements of
Figs. 11, 12 and 13 or similar arrangements are
preferred to the arrangements of Fig. 9 or 10 or
the like, it mayv be preferable to combine the
tube systemg serving for de-counling or screen-
ing (central tube of Fig. 11 or tube of Fig, 12)
with a preceding or succeeding tube system to
form a multiple tube. The same applies to the
two systems of Pig. 13.

Instead of two tube systems, of course, a larger
number of tubes according to Fig. 13 may also
be connected together,
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Among other advantages, only small stray ca-
pecities exist in multiple-tube structures.

If there exists between two circults, for in-
stance a cathode series resonant circuft and an
anode tuning circuit, a coupling which is un-
favourable for the amplifying operation in the
whole amplifier, while the anode circuit in ltself
still shows an undesirable broad tuning, it may
be preferable to produce a neutralisation by
counter-coupling between the serles circuit and
the anode eircuit, and to eliminate the damping of
the anode circuit by additional damping-elimi-
nating means, for instance, a back-coupling, on
the collecting grid from the anode circuit.
Therefore, in this case, too small a damping at
one point fs compensated, whereas at another
point too great a damping is reduced in the same
tube.

Hexodes or the like are still more favourable
than pentodes for such cases, since the third
grid, reckoned from the cathode, that is, the sec-
ond control grid of a hexode is more suitable
than the collecting grid.

Other counter-coupling channels may just as

- well be advantageous, of course, under altered

circumstances. Thus, for instance, a counter-
coupling through the second control grid of an
hexode may be advantageous. Likewlse, such
counter-coupling arrangements may bhe inserted
in the screen-grid leads.

In the case of very sensitlve arrangements, it
may be important to screen the cathodes agalnst
the filament by additional metal envelopes or
grids earthed or brought as regards high-fre-
quency to earth potential.

If, as has already been mentioned above, tubes
according to Fig. 9 or the like are constructed,
then the space-charge grids serving as screen
or intermediately positioned grids may be used
for modulation purposes or the like, since such
functions of addltional erids, of course, gener-
ally do not prevent the latter from acting simul-
taneously as screen.

Therefore, for instance, in transmitting ampli-~

+ flers, such auxillary grids may be used at the

same time for modulation purposes ag well as In
intermediate-frequency recelving arrangements.

As has already been mentioned, an arrange-
ment ln which tuning means substantially ac-
cording to Fig. 10 are provided in the cathode
and also In the input and output circuit has the
great advantage that there iz a material selec-
tivity Increase with respect to Lhe simple anode
cireuit coupling.

For many cases, so-called band-filter couplings
are known, in which therefore at least two reso-
nant circults are provided between the output
side of a tube and the input side of a next suc-
ceeding tube. Such amplifers, however, have the
drawback as compared with simple anode circuit
coupling, that in the best case only 50% of the
total amplification otherwise possible can be ob-
tained, while this limitation does not exist in the
present arrangement.

However, the other advantages of the band-
filter coupling can also be obtained with the sub-
fect of this invention, for instance, an almost op-
tional broadening of the resonance eurve, with-
out the flank steephess being highly affected in
this case. This can be achieved in itself by em-
ploying in the counter-coupling channels, that Is,
for instance in the cathode supply lead or in sup-
Ply leads to a screen grid, instead of the simple
serles resonant circuits, chain conductors, such
as coupled circuits or the like.
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However, such effects can also be obtained with
the simple arrangements according to Fig. 10, if
the circults are somewhat detuned with regard
to one another within one or more stages. In
particular, at very high frequencies, say, in the
amplification of broad bands for television pur-
Poses, such arrangements are very useful owing
to the hieh obtainable band widths at relatively
good total amplification beoth ag straight ampii-
flers and also as intermedlate-frequency ampli-
fiers.

When working with superheterodyne receivers
of high intermediate frequency, that is, in par-
ticular, “single-span” superhets, it has also been
found that it Is particularly important to provide
good screening of the Individual electrodes from
one another in the mixing tube.

Thus, for example, the practice generally car-
rled out at the present day, of separately leading
out only the conirol grid In the envelope In a
mixing hexode or mixing octode 15 usually not
sufficlent. 8ince, in such receivers, particularly
on the reception of long waves, the oscillator fre-
quency shows only quite srnall (10% and less)
detunings with respect to the intermediate fre-
quency, Instabllity easily occurs on the reception
of long waves owing to accompanying phenomena
or the like. This instability appears to arise in-
ter alia through the base capacities between the
control grids, to which the oscillater frequency is
supplied, and the anode circuits, which, of course,
are tuned to the intermediate frequency.

This detrtmental infiuence 1s manifested par-
ticularly if, as described above 11 various con-

structional examples, the cathode circult is also .

tuned. Therefore owing to the base construc-
tlons or the capacities present therein, an influ-
eiticing between the osclllator circuit and tuned
intermediate frequency circuits or the like In-
serted in the anode or cathode lead can then par-
ticularly easily arise, which has the unfavourable
result of & whistling tendency, whistling points
etc., especially on the reception of long waves.
Therefore, according to the present applica-
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tion, as Is shown In a constructional example in -:-

Figs. 9 and 10, care is to be taken that the con-
trol grid, anode and cathode are screened agalnst
one another as well as possible and separately
led out, a separate lead-out of that control grid

to which the osclllator voltage is applied belng -

provided in the case of mixing tubes. One of
the outgoing leads to be separated, however, for
Instance, as shown in Figs. 9 and 10 for control
grids, may bhe led out of the envelope together
with the screen-grid leads.

A further constructional example of the pres-
ent Invention applled to a mixing tube and inter-
mediate frequency amplifier of a ‘“single-span”
superheterodyne receiver is shown in Fig. 14.

In this example, the resistance 101 connecting
the cathode of the mixing tube 100 with the neg-
ative anode veltage lead serves {or counter-cou-
pling. By means of a slider 182 which connects
the grid-leak resistance 103 to any desired point
of this cathode resistance, the most favourable
grid bias of the mixing tube can be adjusted;
with the slider 104 shown opposite, which Is con-
nected to an earthed condenser 108, the degree of
counter-coupling can be adjusted to the desired
resistance.

This counter-coupling has a double effect. On
the one hand, it acts in a linearising manner
with regard to the frequencies reaching the input
grid of the mixing tube and, furthermore, it acts

through the agency of the series resonant clreult 7

13

108, 107 connecting the cathode to the tuned an-
ode clrcuit 100, to increase the selectivity. This
serles resonant circuit, as 1s indicated by the dot-
ted arrow, may be adjustably coupled with the
tuned anode circuit.

By the arrangement of the series resonant cir-
cuit as shown here, which acts to increase the
selectivity, two larger condensers are saved,
namely, on one hand, the bridge-over condenser
usually arranged between the cathode and earth
and, furthermore, the de-coupling condenser
leading from the anode de-coupling resistance to
the earth lead. Thereby, the additional Alter
effect which otherwise arises owing to these de-

; coupling condensers and which contributes to the

smoothing of the anode current is removed, but
since, of course, the counter-coupling is effective
also for the alternating current component pos-
sibly contained in the anode voltage, such super-
imposed alternating voltages are conslderably
less harmful here than in normal arrangements.

Since this is chlefiy obtained owing to the ab-
sence of the cathode resistance bridge-over con-
denser, the teaching results therefrom, also is
normally constructed high-frequency amplifiers,
to choose such an arrangement acting as coun-
ter-coupling also for low-frequency disturbances.
In a normal high-frequency amplifier, therefore,
the bridge-over condensers of the cathode resist-
ance producing the grid bias or of another cath-
ode resistance would intentionally have to he
chosen so small, contrary to the former practice,
that they are probably sufficlent to pass approx-
imately without resistance the high-frequency
voltages between the cathode and earth which
are to be ampllfied but that, on the other hand,
they are so small that they still constitute a very
high resistance for low-frequency disturbing
voltages contalned in the anode supply current
and, therefore, act here as counter-coupling re-
sistance.

This means, as compared with the use of larger
cathode condensers of often one or even more
micro-farads as is customary at the present day,
not only a substantifal economy but alsg & con-
siderable reduction of the alternating current
hum and similar disturbances.

The anode tuning circuit 108 of the mixing
tube is then coupled through a small capacity
189 to the input tuning clrcuit 110 of the inter-
mediate-frequency amplifier tube (1t. The cou-
pling between both tuning circuits is to be so
loose that no broadening of the resonance curve
occurs since at these high frequencies the neces-
sary selectivity is not obtained otherwise. Also
with the tube {111 & series resonant circuit 112,
i13 connecting the anode circuit (14 with the
cathode is provided, which acts to Increase the
selectivity.

Since thce series resonant circuit 112, 103
couples the cathode to the anode circuit, then
owing to the control-grid-cathode capacity
through this series resonant circuit, a coupling
between the grid circult and anode circult may
result, which would then cause an Instability of
the amplifier. In order to remove this, there is
inserted between the cathode and control grid an
auxiliary grid 116 which has & screening effect
between these two electrodes. Since, with the
serles resonant circuits serving for Increasing
selectivity, it may lead to difficuliles iIf also the
anode current of the oscillator tube flows through
the cathode resistance of the mixing tube, as
may be the case with combined oscillator and

. mixing tubes (for example, type ACH ) fre-
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quently used at the present day, it is preferable
either to use a separate oscillator tube or to
transmit the oscillator oscillation inductively to
the mixing tube grid.

In order to avoid the undesirable coupling
which may arise between the anode and input
circuit of the tube 111 owing to the cathode con-
trol-grid capacity, without being constrained to
employ a separate tube with a screened cathode,
a circuit according to Fig. 15 may be advisable.
Here, the series resonant circuit is placed be-
tween the anode tuning circuit and the positive
pole of the anode voltage source. The counter-
coupling is effected here by a special condenser
C, which only requires a low capacity. In order
to supply voltage to the anode, the series reso-
nant circuit in the anode supply lead must be
bridged over by a resistance which acts as de-
coupling resistance. A choke connected in par-
allel with the series circuit condenser could also
serve this purpose, However, since the above-
mentioned resistance would be connected in par-
allel with the input circuit of the tube and,
therefore, has a damping and selectivity-worsen-
ing effect, it is preferable to connect a choke
with the resistance, as is shown in Fig. 15, The
series circuit and tuned anode circuit may again
be coupled together, as is Indicated by the arrow,
in which case by adjustment and possible re-
versal of polarity of the coupling, care Inay
be taken that a removal of damping increasing
the selectivity, but no self-oscillation, occcurs.

Fig. 16 shows a further possibility of connec-
tion. The series resocnant clrcuit is connected

here again between the upper ancde circuit con- 3:

nection and the cathode. The counter-coupling
channel contains, in addition to a condenser, a
variable high-ohmic resistance, which serves for
adjusting the counter-coupling. The anode cir-
cuit and series circuit may then again be cou-
pled together. The cathode may be bridged over
with respect to earth by a condenser, which is
indicated by the dotted line in the drawing.

Since, a5 has already been discussed In refer-
ence to Pig. 18, a connection of the input cir-
cult with the anode circuit through a condenser
C may cause an add!itional damping of the input
circuit, since the resistance serving for supply-
ing the anode current is connected in parallel
with this circuit through the condenser C {In
an arrangement according te Fig. 16, neutrall-
satlon may also be effected by a coupling con-
denser connected according to Pig. 15, if this
neutralising condenser has an approximately
equal capacity to the anode grid capacity) the
circuit according to Fig. 17 has proved to be
useful, where the counter-coupling channel is
effected through the capacity C not on the input
grid but on another grid, in the present case
on the collecting grid of a pentode. Instead of
the collecting grid of the pentode, a second con-
trol grid may also be employed in the case of
a hexode, octode or the like; possibly the screen-
grid of a screen-grid tube is also already suffi-
cient. Here also the cathode may again be
brideged over by a condenser with respect to
earth.

If, for screening of the input grid against the
cathode, an additional grid arranged between
the cathode and the control grid is employed,
as in the tube 111 of Fig, 14, then it is desirable,
in order to obtaln adeguate steepnesses, to bias
this grid positively as a space-charge grid. In
this case, however, certain difficulties arise. If
the “Durcherifi” of this cathode-screen is made
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small encugh to obtain a very effective screening,
then this cathode screen, if it acts as a space-
charge grid, must itself pass an amount of cur-
rent which is very large In proportion, in order
to obtain a desirable high control-grid steepness
in the'tube. If, however, the “Durchgriff”’ of
this space-charge grid is made large enough, in
which case desirably high steepness can be oh-
talned at the control gride without inconven-
iently high space~charge grid current, the screen-
ing effect is small,

It has therefore proved to be preferable to sepa-
rate the screening effect and the space-charge
grid efiect and to arrange direcily in front of
the cathole a pure screen-grid which is approxi-
mately at cathode potentlal or negative poten-
tial and which undertakes the prevention of ca-
pacitive coupling between the cathode and con-
trel grid; then, outside this grid, an actual space-
charge grid with a relatively high “Durcheriff”,
whereby the necessary steepness is produced at
the control grid without the space-charge grid
having to receive disproportionally high currents
and then to arrange the actual control grid on
the ocutside of this space-charge grid.

A normal pentode would then have to be con-
verted into a seven-electrode tube as shown in
Fig. 8.

The leading-out of the cathode and anode
Is preferably effected directly at the glass en-
velope, whilst the remalning feeds are normally
effected in the pinch of the tube.

The arrangements shown here, however, al-
through they were only indicated for high-fre-
quency amplification are suitable for mixing cir-
cuits (in which case preferably at least one grid
should also be provided for the introduction of
the oscillator voltage) and for all other purposes.

A further interesting use of the geries resonant
circuit is shown in Fig. i8. Here, a normal pen-
tode amplifier stage Is shown, in which instead
of a single anode tuning cireuit, two such tuning
circuits are provided. In this case, care Is taken
that the two circuits are de-tuned by a small
amount with respect to one another and with
respect to the frequency to be amplified. The
capacity C1 with the inductance Iz then forms
one series resonant clreudt, whilst ithe capacity C:
with the inductance L1 forms a second series res-
onant circuit. These two series resonant cir-
cults effect for frequencies which are displaced
to quite & small extent in hoth directions with
respect to the frequency to be amplified, channels
of low resistance. The result is thereby ob-
tained that the resonance curve of the ampli-
fler in both directions has & very step fall or
rise whereby the selectivity of such an arrange-
ment is greatly increased. This circuit is also
particularly advantageous in the so-called “sin-
gle-span” superhets, where very high selectivity
is important owing to the high intermediate fre-
quency generally used,

Fig. 20 shows a complete circuit arrangement
of a single-span superheterodyne receiver em-
bodying the selectivity arrangements accerding
to thig invention.

At the tube A, the series resonant circuit is
formed by the coil In and the capacity Ci, while
La, Cz constitutes the normal anode tuning cir-
cuit. The cireuit Li, C: forms a counter-cou-
pling channel, since, of course, it constitutes a
considerable resistance for all impulses which do
not arrlve with its natural frequency, and there-
fore, for such impulses, like any other resist-
ance inserted in the cathode supply of an ampli-
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fter and not bridged-over by condensers or the
ke, acts as a counter-coupling resistance,
However, since the circuit L:, C1, of course, can-
not be constructed without reslstance, a cer-
taln resistance also remalns for the resonant
frequency, namely, the effective resistance of the
circuit, and has a counter-coupling effect. This
residual resistance deteriorating the resonance
properties can be removed by a back-coupling,
for instance, between the coils Li, L2, which, how-
ever, also offers other advantages as regards
selectivity and sensitivity.

If this circuit is constructed in a tube which,
as is the case, for example, in the intermediate-
frequency part of & superheterodyne receiver,
generally is to fulfil no other functions than the
amplification of this one frequency, this arrange-
ment can be fully utilised.

If, however, it is used in circuits in which an
amplified tube or other amplifier unit has to
fulfil several functions simultaneously, as is the
case, for example, in & mixing tube in a super-
heterodyne receiver, ineonveniences may arise,
which may be removed as foliows:

As long as the back-coupling Li, Lz is not fully
utillsed, nothing particularly disadvantageous
is manifested In a superheterodyne receiver. If,
however, it is endeavoured to turn to account
the advantages of this coupling to a higher de-

gree by more critical adjustment, an instability :

{s manifested on traversing the receiving wave-
range. Investigations have shown that it 1s at-
tributable to the infiuence of the =econd control
grid, al which, as is well known, the locally gen-

erated auxiliary oscillations are applied. The .5

amplitude of the superheterodyne has not the
same magnitude at each oscillation of & trav-
ersed wave range and the amplitudes of differ-
ent magnitude cause a variation of the mean
voltage effective at this grid or of the resultant
biag of this grid, whereby the stecpness in the
tube A and, thus, the effect of the back-coupling
between Ly and Ia is varled.

An attempt, instead of the automatic grid
bias production by blocking condensers and grid
leak resistances, as is usually employed in the
generator of a superhet, to produce a fixed grid
bias, for instance by means of cathode resist-
ance or by means of a tapping at a special volt-
age divider of the anode voltage has a partial
success, but is not satisfactory in all cases.

An arrangement which, on the contrary, pro-
duces a complete stability even at a very critical
adjustment is shown {n the form of construction
given by way of example in Fig. 20. The os-
cillator tube B has here a diode path D, which
is connected in parallel with the oscillator oscil-
latory circuit Ls, C: and is negatively biased by
a battery J. Instead of the battery J, the blas
may also be derived in any well-known manner,
that Is, for instance, by means of a voltage di-
vider from the anode voltage, by special recti-
fication and filtering from an auxiliary winding
of the mains transformer or by cathode reslst-
ances, also from the mains or other source of
anode voltage, or in the case of tubes heated by
direct current, also from a source of heating
voltage.

The biased diode path D, which could also be
repiaced by some other biased rectifier, for in-
stance, a “Westector”, or by some other current
or voltage-limiting arrangement, has the effect
that the amplitudes of the circuit La, C: cannot
be increased above the value determined by the
dlode blas. For this purpose, however, it is de-
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slrable to keep the internal resistance of the
diode path as small as possible. Likewise, 1t is
desirable to choose the grid bias at the tube B
greater than at the diode D. This requirement
which is not absolutely necessary, may, however,
be fulfilled also by corresponding choice of the
transformation ratio at the coil Iz with respect
to its primary winding or similar measures.

In the present constructional example, the
core of the coll Ia is arranged between the poles
of an additional magnet M. which enables both
the automatic tuning and the remote tuning of
the set.

In order to cover as wide a tuning range as
possible with a given controlling output at the
magnet, it is preferable to give the high-fre-
quency core of the coil Is g permeability which
ig relatively very high for high-frequency cores.
This may be achieved inter alla by increasing,
under otherwise equal circumstances, the com-
pression pressure in the production of the core,
by reduclng the thickness of the insulating layers
separatlng the individual cors particles, or by
somewhat increasing the core-particle size with
respect to normal high-frequency coils, although
the last-mentioned possibllity must not be ¢xag-
gerated owing to the rapidly increasing daiaping
losses. The use of starting materlals of very
high permeabllity, as, for instance, iron-nickei
alloys, is also advisable for the same reason both
for the magnet and for the core material.

Moreover, the use of these materials for the
core and also for the magnet has the further
great advantage that these materials are ex-
tremely poor in remanence, whereby the calibra-
tion error which otherwise frequently arises in
magnetic tuning is reduced. It is, however, es~
sential to employ both for the core and for the
magnet, materials which have very small coer-
cive force.

As has already been menticned above, it is a
question in the described receiving set of a so-
called “single-span™ superhet. Instead of sharp-
ly tuned preselection circuit coupled to the os-
cillator circuit mechanically or otherwise, ihere
will therefore be used either, in general, only
permanently tuned filters or, insofar as variable
circuits are employed, only broadly-tuned cir-
cuits, in which an exact observancc of synchro-
nism is not important.

In the constructional example of Fiz. 20, F
is the filter which consists of three T-members,
In this case, the Inductance of the middle T-
member 15 sub-divided into a primary and sec-
ondary winding, which is preferably arrangec on
a high-frequency mass core. By the sub-divi-
sion of an altcrnating current resisiance in a
fllter member, for instance, by sub-division of
the mean inductance, it is possible to obtan a
favourable matching of the ouiput values of the
antenna cireuit to the input values of the first
tube. Since it is important in superheterodyne
recelvers and particularly in these with aperviedic
input cireuits, to avoid as far as possible over-
control of the mixing tube, which could sroduce
undesirable combination oscillalions by rectjfier
or modulation action, it is advisable to effect the
volume control in the input, even in spte of the
use of the negative back-coupling shown here, by
cathode resistances, which has a linearising ac-
tlon.

Since, however, in the constructional example
of Fig. 20. which shows a set adapled to he re-
motely operated, a simple regulatable high-ohm-
ic resistance or high-ohmic potentiometer can-
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not be used, but a remotely-controllable variable
high-ohmic resistance must be used.

In the example given, a tube E is used as input
resistance, in which a pure ohmic resistance 121
is used for the regulation. 7This ohmic resistance
is provided with a spring 122, which can be so
pressed agalnst the reslstance 121 through a le-
ver fixed to a stronger leaf spring 123, that it
completely bridges-over the resistance. At
heavier or lower pressure exerted by the spring
123, a larger or smaller part of the spring 122 is
caused to roll off at the resistance 121, so that
the effective value of the resistance 121 is regu-
latable by the spring pressure (23. The pressure
of the spring 123 is determinzad by a filament 124,
which expands more or less on heating and thus,
by regulation of its heating current, allows of
regulating the effective value of the resistance
121. Instead of a filament (24 there may also
be used for resistance regulation in any deslred
manner a bimetallic strip, which can be elec-
trically heated, possibly, such a bi-metallic strip
may be used directly instead of the spring (22,

The regulation of the resistance in the tube
E is effected at the operating post by a regulat-
ing resistance.

Furthermore, there are also provided in the
input circuit a rejector circult S and an acceptor
circuit T. These serve for blocking-out a lcecal
transmitter and for preventing the penetration
of the intermediate frequency into the Input cir-
cuit. S and T may also exchange the functions
just described. Furthermore, with the existence
of several local transmitters, several circults S or
T may also be provided.

The tube A or its anode clircuit is coupled with
the grid circuit of the tube G by a small con-
denser, such as a Neutrodon.

It has already been mentioned that the dlode
path D may also be replaced by a “Westector”
or the like; however, it is also t0 be polnted out
that when connecting up such a voltage limiter,
ah increase in the volume, that Is, an inrrease
of the amplifying effect of the tube A is obtained.
This volume Increase can be particularly oh-
served in & mixing tube of the type of the well-
known tube ACHI, is a blased “Westector” Is
connected in a2 normal manner to the generator
circuit connected to the triode part of this tube.

Instead of connecting the diode or an equiva-
lent element which, as has already been de-
scribed, is to have as small as possible an internal
resistance, to the inductance Lz, the connection,
as is shown in Fig. 20 in dotted lines, could also
be made to the primary winding of this iron core.

In the tube G there takes place a further am-
plification and a further selectivity increase, par-
ticularly owing to the action of the cathode se-
ries resonant circuit Is, Ci. A choke with a se-
ries-connected resistance is connected In paral-
lel with the condenser C4. The resistance serves
for producing the grid bias and the chokc for
keeping high frequency from this reslstance.
The tube G is provided with three separated lead-
in wires, the cathode preferably being separately
led out at the top of the envelope or in some
other manner at the envelope; likewise, the an-
ode or the grid recelves a separate lead at the
envelope, while the last of the high-frequency-
carrylng electrodes, that is, eitlier the remain-
ing control grid or the remaining anode can be
led out through the pinch together with the elec-
trodes which are at a fixed potential as regards
high frequency. Of course, the cathode could
also be led out of the pinch in the normal way
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and then the grid and ancde can be scparately
led out at the envelope; since, however, il has
proved to be preferable to make the capacity of
the cathode with respect to earth and other ap-
raratus parts as small as possible, it 1s sometimes
desirable, particularly in the case of amplifica-
tion of shorter wave-lengths, to lead out the
cathode separately in order not fo Increase still
further the capacity which is unavoidable in any
case owlng to the heater.

On amplification of particularly short-wave
currents, it may be preferablc specially to di-
mension the indirectly-heated cathodes substan-
tially in such a manner that the cathodes re-
ceive a greater diameter and a smaller length
than usual, whereby the capacity between the
heater and the cathode itself can be reduced.
The linearity of the characteristic which falls
owing to the larger cathode diameter under oth-
erwise equal circumstances forms no great draw-
backs In the case of use in the intermediate-
frequency part of a superheterodyne receiver.

For the rest, however, it is also possible, par-
ticularly when amplifying short-wave currents,
to supply the cathode heater through the coil
of the series resonant circuit. In such a case,
the conductor of the coll s would then consist
of at least two individual conductors insulated
from one another, which may be twisted to-
gether. These individual conductors carry the
heating current in opposite directions, while they
are traversed by the high-frequency currents in
the same direction. In this way, iron-containing
inductances may also be employed, even with
relaiively high heating currents, instead of La,
without modulation phenomena occurring owing
to thc heating current, since the heating cur-
rents, owing to the bifilar effect of the winding,
do 1:.01; result in any magnetlsation of the core
of Ix,

When using high-frequency strands, different
sets of the strands may he used for the supply
and return of the heating current. If three sets
of high-frequency strands are provided, the third
set may be used for earthing of the cathode en-
velope In the manner of low-frequency, while the
other two sets supply the heating input to the
filament and remove same. With directly
heated tubes, for instance battery tubes, of
course, two conductors or sets of conductors are
sufficient.

As has already been described, by coupling be-
tween Lus and the corresponding anode clrcuilt in-
ductance, an additional selectivity and sensitivity
increase in the case of back-coupling, or a band
broadening (selectivity regulation) in the case of
counter-coupling can he obtalned.

Since a coupllng between the anode clrcult
of the tube G and Ia would also cause a coupling
between the anode circuit of the tube G and the
grid clreuit of the same tube by capacity between
the cathode and control grid, still a further
screening grid is provided between these two
last-mentioned electrodes. Since, furthermore,
for the selectivity-increasing effect of the series
resonant circult lylng in the cathode supply lead,
the greatest possible steepness of the tube is de-
sired, this additional screening grid is brought to
a posltive potentlal with respect to the cathode
and acts as space-charge grid, which, however,
is not absolutely necessary.

If the “Durchgriff” through this space-charge
grid iIs small, as is, of course, desirable for the
purposes of a very effective increase of steepness
and screening of the control grid from the cathe
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ode, then a large emission current is absorbed
by this positive grid. Since it is not rational to
derive this large emission current, which in a
constructed model with a very low Durchgriff
through the space-charge grid amounts to a
value up to 20 milli-amperes, directiy from the
anode voltage source, since otherwise a large por-
tion of output in series resistance must be neu-
tralised, which not only unnecessarily loads the
anode current source, but, what is important, for
instance, particularly in mains sets, also very
heavily pre-loads the filter means associated with
ancde voltage and thus necessitates more expen-
slve filter means, it s advisable in such a case
to derive the space-charge grid current from a
point before the anode side of the filter means,
particularly before the anode current mains
choke. There may then be connected directly
behind the rectifier tube a resistance which pro-
duces the necessary potential drop, in order to
reduce the anode voltage, which of course
amounts normally to several hundred volts, to an
amount of about 10 to 20 volts.

Since rather high resistances are necessary
for the reduction of thls voltage resistance and
since on the other hand, at voltages of only 10
to 20 volts, very cheap electrolytic condensers can
he used without danger, as Is usual, for instance,
for brideing the cathode resistance, the filtering
produced by this resistance and the said con-
densers is usually already sufficient. If neces-
sary, two or more of such resistance capacity
members may be connected ln series in order to
produce a higher degree of filtering.

If no particular safety precautions are pro-
vided, it is advisable in such a case, however, to
heat the rectifier tube indirectly, in order to pre-
vent excessive voltages from arislng, on heating
the tube cathodes, at the electrolytic condensers
of the space-charge grids. If economy in cur-
rent consumption is important, the space-charge
grid voltage may be derived from a separate rec-
tifier. In this case also, the eXpenditure on ad-
ditional filter means ls not very great, since for
very small means at the low voltages employed,
high capacities in the form of electrolytic con-
densers are available, so that as further filter
means, possibly reslstances sufflce, but at least
only very small inductance are required. In such

a case, the rectifier tubes which supply the ancde 5

tube may possibly be provided with an additional
auxiliary electrode possibly arranged at a smaller
distance from the cathode.

In the constructional example of Fig. 20, how-

ever, there is used for the feeding of the space- .

charge grids of the intermediate-frequency tubes
G and H another method which can be carried
out entirely without additional expenditure of
energy for the feeding of the space-charge grids.
Here, the potential drop is used, which in any
case Is necessary in order to bring the cathode
of the loudspeaker tube to a higher potentlal by
the grid bias of this tube,

Modern loudspeaker tubes require, as is well-
known, rather high anode currents. Thus, for
example, the well-known speaker pentodes, type
Al4, works with an anode current of 36 to 490
milli-amperes, to which the screcen-grid current
is added, so that in the cathode resistance pro-
ducing the grid bias, a current of about 45 milli-
amperes flows. Since the sparce-charge grids of
the tubes G and H, as already mentloned, may
each have 10 to 20 milll-amperes current absorp-
tion and since, furthermore, thelr voltage may be
about 4 to 10 volts positive with respcet to the
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cathode, then by suitably dimensioning, the grid
bias of the final tube on the one hand, and the
space-charge grid voltage and space-charge grid
current of the high-frequency tubes, on the
other, the output otherwise to be neutralised in
the cathode resistance of the final tube may be
advantageously utilised here for the feeding of
the space-charge grids. The bridging-over con-~
denser K, which is existent in any case, together
with a further condenser N preferahbly also con-
structed as an electrolytic condenser, and a de-
couplying resistance or a de’coupling inductance
O take care that the low frequency from the
cathode circuit of the final tube is kept away
from the space-charge grids. If necessary, the
space-charge grids of the {wo tubes G and H may
also be coupled with one another,

If at P a potentiometer or other voltage regu-
lator is inserted, then by means of the space-
charge grid voltage, an additional regulation of
the amplification or back-coupling in the tubes
G and H may be effected, which, since a volume
control by the tube E is already existent, can
either be utilised on replacement of the manually
cperalted potentiometer P by an automatic ar-
rangement, for automatic volume control or, al-
ternatively, by variation of the back-coupling In
the circuits of the tubes G and H, may also be
utilised for manual or automatic band width reg-
ulation. For the rest, of course, the tubes G and
H may, however, also be used, particularly on
suitable comstruction of their control electrodes,
as norimal exponential tubes (hexodes) for a
manual or autematic regulation at the control
grids.

The alternating voltage amplified by the tube G
is transferred through a blecking condenser to
the grid of the following amplifier tube H. The
arrangement at the tube H corresponds substan-
tially to that of the tube G. Only the series cir-
cuit in the cathode supply lead is coupled here
through a transformer. The cathode is at first
connected for direct current again to the negative
anode voltage pole through a resistance preduc-
ine the grid bias, and a choke constituting a high
resistance for the high frequency to be amplified.

Connected in parallel with this branch is the
primary of a high-frequency transformer @ in
series with a condenser, which “blocks’’ the direct
current, so that the resistance connectcd in the
parallel branch for grid bias production is not
short-circuited. On the secondary side there is
connected to the transformer the series reschnant
circuit Ls, Cs, which is again so tuned that it con-
stitutes as high a resistance as possible for all fre-
quencies with the exception of the resonant fre-
quency (intermediate frequency of the receiver).

Of course, the condenser Cs must not be s0
sraall and the inductance Lis must not be made so
iarge that the stray capacities already constitute
an esszntial short-circuit path to the resistance
formed by the series resonant circuit in the non-
resonance case, since otherwise the purely chmic
resistance of the circuit Ls Cs existing in the res-
onance case is unnecessarily increased,

The transformer Q is so dimensioned that the
cchdilions existing in the circuit Ls, Cs are trans-
ferred almost without alteration to the cathode
circuit. It is preferable to dimensicn the induct-
ance Ls or the condenser Cs for low voliages,
since then the stray capacities, of course, are neg-
ligible in thelr action, and to produce the required
high-chmic action in the non-rcsonance case
mercly by transfcrmer matching with the aid of

!



18 181,087

the winding ratio at the transformer @ in the
cathode circuit of the tube H.

This is advisable, however, only if the circuit
Ls, Cs, exactly as has been described in the case of
the tube G, is used only for the purposes of the
selectivity increase or sensitivity increase.

In the case of the tube H, however, the series
resonant circuit Ls, Cs together with the rectifier
tube R is also used for automatic tuning control.
Since high voitages are desired for this case at the
clrecuit Ls, Cs, the series resonant circuit itself is
to be used here with a small capacity and large
inductance.

In itself, for example, when using “Westectors”
or the like rectiflers, it weuld be possible to ob-
taln the regulating voltage by rectification also
directly at a series resonant circuit inserted in
the cathode supply lead of a tube. If, however,
a normal diode 1s employed, then in this case the
cathode-filament capacity may be disturbing and
then it may be advisable to excite the series cir-
cuit through a transformer, in order that the
resting potential of the circuit Ls, Cs can be
chosen at will. The increased losses caused by
the transformer coupling can be compensated to
the desired degree by a back-coupling indicated,
for instance, by the double arrow shown in dotted
llnes.

However, even {f, as is shown in the Figure by
way of example, the series resonant circult Is not
directly connected in the cathode supply lead, but
is connected thereto by transformer, particularly
attention should be paid to the capacitive condi-
tions, since already small irregularities may dis-
turb the clearness of the resonance position, The
centre of the series resonant circuit, that s, the
point of connection between Ls and Cs is con-
nected to the diode cathode, which In turn may
be earthed for high frequency through a con-
denser.

Since the parallel capacity to the series circuit
inter alia is not to be too large for the reasocns
set forth above, relatively small condensers Cs
and Cy are provided for the coupling of the diode
path. 8ince these small condensels, moreover,
are connected In series with one another with re-
spect to the serles circuit, the disturbances by
these condensers may be kept small.

If resonance exists between the intermediate
frequency coming Into action at the circult Ls, Cs
and the natural frequency of the circuit, then at
Ls and Cs equal voltages arise and the resistances
W1 and W3z are therefore traversed by equal but
oppositely directed currents. Since, in the pres-
ent case, an Increased time constant Is no draw-
back and the circuit Ls, Cs is to be loaded as little
as possible, the resistances Wi and Wa are pref-
erably chosen as very high-ohmic resistances.

Since the centre of the series resonant circuit
Is at earth potential as regards high frequency
and the difference of the voltage values at the
resistances Wi and Ws is to be employed for con-
trolllng the tube U, that is, must be conducted
outwards, then further resistances Wiy and Wi
are provided, which in the manner of high fre-
quency, preserve the symmetry of the circuit Ls,
Cs with respect to earth or the other apparatus
parts, but, on the other hand, allow of supplying
the difference of the voltages at W1 and W2 to
the grid of the tube U.

Preferably, the tube U recelves a negative blas
which, in a manner well-known per se, can be
produced by any method known according to the
state of the art, from the heavy current supply
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feeding the apparatus. No particular hegative
grid bias is, however, shown for the tube U,

In the anode circuit of the tube U, the winding
of the magnet M is provided, which by pre-mag-
netisation of the corresponding high-frequency
core allows of influencing the inductance of the
coil La. If a frequency now impinges on the
circuit Ls, Cs, which departs from the theoretical
frequency, then, according as to whether the
wave length is greater or smaller than the theo-
retical frequency, a differcnt voltage will arise
at Cs or Ls and, therefore, the control grid of
the tube will be more or less negatively biased.
By this means, a smaller or greater anode cur-
rent is driven through the winding M and there-
by the frequency of the osclllator circuit is de-
creased or increased until the theoretical fre-
quency is practically again existent in the cir-
cuit Ls, Cs.

The small residual remanence still existing for
the magnet M and the core of the coil La has
the effect, in this case, on favourable dimension-
ing of the amplification factor of the tube U
and of the other elements, that hy this auto-
matic sharp-tuning sarrangement, a very com-
plete correction of tuning errors is effected.

In addition to the automatic tuning correc-
tion, however, the magnet M serves simultaneous-
ly for the remote operation of the set. To this
end, the screen-grid voltage of the tube U is made
variable hy the potentiometer V. The poten-
tiometer V in this case should be imaglned to
be arranged at the place of operation, In the
same way as the regulating resistance X used for
the volume control. These circuit elements were
not arranged separately from the corresponding
tubes merely for the sake of clearness.

In order, when operating the potentiometer
V, to prevent a drawing phenomenon of the
tuning which is caused by the action of the
automatie sharp tuning, a switch Y is provided
which short-circuits the automatic tuning device
when the potentiometer V is operated. The ele-
ments V and Y may be positively connected to-
gether, so that an operation of the potentiometer
automatically puts the automatic tuning correc-
tion means out of action.

In order to make the tuning or tunine indi-
catlon at the potentiometer V independent of
possible fluctuations of the current sources, a
glow discharge stabiliser Z is provided, from
which the sereen-grid voltage of the tube U 15
derived. The tube U is so dimensioned that
by traversing the resistance of V with the cur-
rent tap, the entire wave-range of the receiver
can be utilised.

The cathode circuit of the tube H is therefore
utilised here with the aid of the series resonant
circuit not only for the obtaining of a selectivity
increase, but also for the purposes of an auto-
matle tuning correction.

As already mentioned above, it may be pref-
erable for the purpose of economy of space-charge
grid current, to divide the function of the first
grid employed In the tubes ¢ and H, which grid
at the same time causes the screening between
the control grid and cathode and a space-charge
removal, and to provide a separate space-charge
grid and cathode screen-grid. In this case, the
separate space charge grid can then be particu-
larly advantageously employed as an auxiliary
anode for a direct current smplification, while
the particular cathode screen-grid can be used
as a control grid of the direct current regulating
operation, The two grids can easily be kept at
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zero potential as regards alternating current by
blocking condensers and other de-coupling
means, so that then such a tube performs two
funections without being constrained in any way
to concessions and compromises, which are other-
wise necessary in refiex circuits.

The low-frequency voltages produced at the
last-discussed ‘diode are now supplied in the
loudspeaker tube or in the loudspeaker tube unit
taccording to whether the two tube systems I
and II are arranged in a common tube envelope
or not), which consists of two systems connected
in serles. Such series-connected systems have,
as has also already been set forth in a prior
application of the present Applicant, similar
characteristics to screen-grid tubes or pentodes,
In which case, however, the series-connected tube
systems present the advantage that it is unnec-
essary to arrange a partlcular collecting grid in
order to remove secondary emissions of the upper
grid acting as screen-grid and in which case,
furthermore, practically a negligibly small out-
put 1s received by the upper grid, whereas, as
is well-known, the output consumption of the
screen-grids of normal multi-grid tubes may be
very conslderable.

These advantages result in extremely high rec-
tilinearity of the characteristics and, thus, slight
distortions, as can hardly be achieved in pen-
todes.

The present invention can also provide advan-
tages for transmitters or transmitter amplifiers.

It has been found that a substantial pro-
gressive advantage when using such circuits in a
transmitter is the immunisation from higher
harmonics. It is well-known to use additlonal
filter circuits for the filtering-out of higher har-
monics [n transmitter circuits. For this pur-
pose, chiefly parallel circuits have hitherto been
employed. According to the present application,
one or more series circuits are to be employed
for the achievement of the said object. Fig. 21
shows a construction by way of example In
a seif-excited transmitter. 131 is the tube of
the transmitter with the control grid 132, the
anode 33 and the cathode {34. In the cathode
supply lead a series resonant circult is inserted,
which consists of the coil 135 and the condenser
136. In parallel with the condenser 136 a choke
coil is provided which serves for supplying the
direct current.

The tuned anode circuit 1371, 138 serves for
coupling to the radiating antenna 139, The back-~
coupling for generpting the oscillator oscillation
can be carried out in any desired manner.
the present constructional example, a back-cou-
pling between the coils 135 and 138 is used for
oscillation gencration. This has the advantage
that the grid (32 remains at a steady potential
as regards high-frequency, end any modulation
currents can be supplied to this grid without re-
gard to any high-frequency voltage. However,
all other well-known methods of modulation may
also be employed.

In Fig. 22, the arrangement of the series reso- ¢

nant circuit 135, 36 in a transmitting amplifier
is shown in a further constructional exempie.
The oscillator produces here an oscillation in the
oscillatory circuit 141 which, through the coil 142.
transfers the oscillation to the control grid of the
tube 143. The tube 143 is essentially 2 high-fre-
quency transmitting pentode but, moreover, has
an additional erid 144, which effects a screening
of the control grid connected to the coil 142,
against the cathode.
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This screening grid 144 is not absolutely neces-
sary, but Is preferable. It may receive according
to the dimensioning and the construction of the
tube, & positive voltage, in which case it simul-
taneously exerts a space-charge grid effect, or the
grid 144 may have cathode potential, or it may
have a negative potential with respect to the
cathode.

The grid 144 or a further auxiliary grid ar-
ranged at this point or elsewhere may be used
for impressing a modulation. In addition to the
grid 144, a second grid would then be provided
between the cathode and control grid.

From the antenna circuit 145 the amplified os-
clllation is then transmitted to the antenna cir-
cuit 147 through a coupling condenser (46, The
antenna may be adiusted by a variometer 146 to
exact resonance with the transmitted oscillation.
Since here also the series resonant circuit (35,
136 again produces a strong counter-coupling at
all oscillations which do not coincide with the
natural wave of the series resonant circuit, all the
disturbing oscillations, but particularly for in-
stance, overtones, which might disturb, are sep-
arated out, and therefore the effect is obtained
which otherwise is obtained by special filter
meahs for suppressing harmonic oscillations,
without appreciable losses having to be Involved,
since the circuit 135, 136 constitutes for the de-
gired useful oscillation a practically negligible
resistance, which corresponds only to the effective
resistance of this circuit, which resistance is to
be kept small.

Since a gquartz crystal electrically corresponds
to a series resonent circuit, that is, a circuit
having very small capacity, then according to a
feature of the invention, the series resonant cir-
cuit is constituted by a quartz crystal.

Fig. 23 shows a constructional example of this
idea of the invention, The idea of the invention
is illustrated here in a remotely-controlled set,
the control quartz being situated in the cathede
circuit of the tube II. The quartz itself with its
holder is dencted here by 201, Since the static
capacity of the quartz with its holder would con-
stitute a parailel path for the undesirable oscilla-
tions, this perallel capacity is tuned out hy a ¢oil
202, which is preferably made variable, The
tuning-out has the effect that the static capacity
of the quartz and of the support as well as the
remaining stray capacities together with the coil
202 form an oscillatory circuit, which is tuned to
the oscillations to be recelved. Connected in
series with the coil 202 is the resistance 208,
bridged over by a parallel condenser, which re-
sistance serves for producing the grid bias. This
resistance 203, it is true, damps the oscillatory
circuit 201, 202, but this is not detrimental in the
present case, since the oscillatory circuit 20(, 202
of course is to serve for tuning out undesirahle
frequencies. Its resonance curve becomes SO
broad owing to the resistance 203, ithat for all
frequencies which are at all still amplified by the
anode circuit 204 of the arrangement, an eTective
blocking in the cathode lead is produced. which
is only interrupted by the narrow freguency band,
which the quartz crystal 261 passes., Since the
selectivity of the quartz crystsal is extreme'y great,
that is, the band which is passed by il Is only very
narrow, an extremely selective receiving set can
be produced in this manner.

If the reception of speech or music iz to be pro-
vided for, which, as is well-known, reguires a
certain band width for its transmission. then in
principle two methods can be used: either the in-
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termediate frequency of the receiving set may be
placed so high that also the frequency band
passed by the quartz is broad enough to repro-
duce speech and music well, or by the damping
of the quartz, a broadening of the band passed
is effected.

This damping can be effected either by en-
closing the quartz in pressure gas or in a liquid
which consumes a part of the oscillating energy
by friction losses, which can be effected, for ex-
ample, by enclosing the quartz in small ampules,
or the quartz may be electrically damped. For
the purpose of the electrical damplng, resistances
may be connected in series or in parallel with
the quartz, these resistances being either effec-
tive resistances or reactances, As reactances,
preferably series or parallel resonant circuits are
employed which are connected either in parallel
or in series with the quartz and which may be
suitably back-coupled or counter-coupled with
the corresponding anode or other circuit of the
amplifier. It is then possible, by varying the
coupling or by varying the tuning of such cir-
cuits, to vary the quartz damping or the band
width passed, so that a set with variable hand
width is then obtalned in a simple manner.

In itself, the method described here is, of
course, applicable to any type of receiver. How-
ever, since the quartz, of course, only permits a
variation of the received wave-length on quite
a small scale, it is necessary to insert the quartz
in a circult which, in operation, does not vary
its tuning even on the receptlon of different
transmissions. From this results the preferable
use of the superheterodyne principle.

In Fig. 23, therefore, the apparatus is con-
structed as a superheterodyne recelver, it being
a question here of a superheterodyne receiver
with remote tuning by the influencing of pre-
magnetisable coils, but it is to be readily under-
stood that any other type of superheterodyne
recelver may also be employed.

The input circuit of the superheterodyne re-
celver consists of the coil 206 to which the an-
tenna circuit is also coupled at a tapping, as
well as the rotary condenser 209, which serves
for the adjustment of the wave-range as well as
for the approximate establishment of synchro-
nism between the Input circuit and oscillator
circult. The oscillator circuit is formed from
the coils on the core 206 and the condenser 210.
The cores 205 and 206 consist of a Ferrocart-
llke material, it belng, however, preferable to
glve these In 4 manner described above, a some-
what higher permeability than is otherwise
usuyal for high-frequency cores. The cores are
situated between the poles of two magnets 20T
and 208, the magnetism of which can be varied
by & regulatable magnetising direct current for
the purpose of the tuning of the set. The re-
ceiver is arranged in a manner well-known per
se, with the aid of the diode VII and the cir-
cults 211 and 212, which are somewhat detuned
in opposite directions with respect to the inter-
mediate frequency, for an automatic tuning cor-
rection. The difference voltage arising at the
resistances 213 and 214 issued In a manner
well-known per se for the regulation of the auto-
matic correction of the tuning, this difference
voltage being effective at the grid of the auxiliary
tube VI.

In the anode clrcult of the tube VI, the excit-
ing windings of the two magnets 20T and 208 are
inserted in parallel connection. The anode volt-
age for the tube VI may be derived at the oper-
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ating post through the slide 215 from the resist-
ance 2168 which therefore acts as potentlometer.
The resistance 216 is connected, on one hand,
through a smaller resistance 21T to the negative
pole of the anode voltage source, while, on the
other hand, it is connected through the lead
218 to the positive pole.

A certain difficulty in a remotely-tuned set
resides In obtaining a suitable and cheap ar-
rangment for remote volume-contrel. In itself,
it would be obvious to provide for the high-fre-
quency amplifying tubes, that is, in this case,
for the tubes I and II, an exponential character-
istle, and to effect the volume control by means
of a more or less strong blas. However, this is
difficult to carry out when the set, as is fre-
quently required in modern sets, is to be provided
with an automatic volume control, for which
then the sald two tubes are employed while uti-
lising an exponential characteristic.

In the present case, therefore, for this pur-
pose, the tube IIT is employed which is a duo-
diode-triode, that is, a tube which is relatively
cheap and, owing to the simultaneously existing
two dlode paths, can be employed both for auto-
matic volume control and for demodulation.
The control grid of this tube {s connected here
through a blocking ocndenser direct to the os-
cillatory cireult 204. The oscillatory circuit 220
is inductively coupled to the anode circuit of the
tube I by means of the coupling coil 221, and
in normal tubes, for instance, a coupling ratio
of 1:5 to 1:10 Is advisable.

Between the two circuits 204 and 220, an
electrostatic screen 223 is provided, which may
consist, for instance, of a number of parallel
earthed wires arranged close t0 one another and
has the effect that the two circuits 220 and 204
can be Inductlvely coupled together, without ap-
preciably influencing one another capacitively.

In this way, a neutralisation of the capacitive
coupling within the tube IIT, which, of course, is
not a screen-grid tube, can be obtained, in which
case this neutrallsation must only be taken so
far that an adequate elimination of damping is
effected in the circuits 204 and 220 in order to
compensate for the damping produced at these
two circults by the connected diode paths. This
damping compensation serves here primarily for
obtaining a large amplification, since, of course,
provision {s made for an adequsate selectivity by
means of the quartz crystal 201 and the tuning
circults 204, 220 and 222 do not have to produce
the main selectivity, which is already achieved
by the crystal 201, but merely provide for the
remote selectlvity. In dimensioning these cir-
cults, therefore, an extremely small capacitive
resistance and a very large inductive resistance
can also be used, so that & verv large dynamic
resistance and thus a high gmplification results.

Should the amplification be affected by exces-
cive damping of the clrcuit 222, then here a rem-
edy may be provided by back-coupling this clr-
cult with the serles resonant circuit In the cath-
ode, as Is indicated by the curved arrow, while
the circults 220 and 204 are, of course, un-
damped by mutual coupling.

By means of the resistance 217 at the operat-
ing post and the corresponding slider, the bias
for the tube IIT may be made negative to such
an extent that practically no more sound comes
through, whereas, on the other hand, by reduc-
tlon of the negative bias, the back-coupling con-
ditlon can be reached, that 15, the set can be
adjusted to maximum volume and sensitivity.
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In order to make the automatic volume con-
trol independent of the adjustment of the volume
at the operating post, the diode is connected for
the volume control direct to the circuit 204,

In order that the back-coupling between the
clreuit 222 :nd the correspondine cathode circuit
shall not bz influenced by variations of the oscil-
lator voltag=e, the oscillatr veliage is limited by
a diode in the tube V. This is effected by nega-
tively blasing the particular diode path by means
of a biasing battery 225 or other source of bias,
that is, no damping of the circuit whatsoever is
caused, as long as the oscillator voltage does not
exceed the bias, If, however, the amount of the
hias is reached, then from this polnt onwards the
diode path acts practically as a short-circuit and
thus prevents a further increase of the voltage,
so that the oscillator voltage is kept constant
over the entire range.

The secoud dlode path of the tube V is also
connected ‘0 the oscillator voltage through a
relatively large blocking condenser 226 and a
cheke coil 227, The choke 227, with respect to
which the capacitive resistance of the condenser
226 is negligible. forms together with the capac-
ity of the corresponding diode path a member
dependent upon frequency, so that at the corre-
sponding dicde path a voltage is effective which
is merely dependent on the frequency of the os-
cillator. This voltage is rectifled and produces
at the resistance 228 a direct current voltage,
which acts through the resistance 229 on the grid
of the tube V and therefore controls the anode
current of the tube V in accordance with the

oselltator frequency, so that the instrument 224, -3

whirh measures the eurrent of the tube V, can
be calibrated in frequencies.

It has already been mentioned above that it
is preferable for the dimensioning of the serles
resrnant circuit, which is to be situated in a
counter-counling channel, that is, for instance,
in the supply to the cathode of an amplifying
tube, to make the capacity of this circuit as small
ns passible In order to obtain as small a band
width as possible.

As mentioned above, however, in amplifiers, for
cxample thnse which work according to the prin-
cip'e of gril control, any desired reduction of
the tuning capacity of the serles resonant circuit
lying in the cathode supply, or of a eorrespond-
ing four-pole, which may then, of course, con-
sist of a larger number of capacities and Induct-
auces, is not possible because the stray capacities
themselves already become equally large partic-
ularly at o certain minimum value of the tuning
capaeity, and then a reduction of the tuning
capacity can practically bring no further advan-
tages.

In Fig. 12, the conditions which arise, in par-
ticular, at very small tuning capacities Ci, are
pictorially iilustrated. E is here the common
earth lead or an equivalent zero lead of the ap-
paratus and K the cathode, in the supply of
which the sald tuning cireuit is to lie. L. is the
tuning inductance.

It is now found that, in the first instance, two
kinds of stray capacities are existent, firstly, the
capacity Cz shown In dotted lines, which there-
fore primarily constitutes the stray capacity be-
tween the cathode and that end of the coll La
which is connected to the cathode, with respect to
earth, and, Turthermore, the stray capacitles Cz
and Ca. If ihe stray capacity Cz2 becomes rather
large this means that, in addition to the path
through Ia and Ci, a further parallel path to the
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cathode is existent, and it is apparent that {he
selective properties of the circuit Li, C1 must be-
come ineffective if the parallel path C: receives
such a small resistance in relation to the resist-
ance provided by the actual tuning elements
themselves, that this last-mentioned resistance
is useless for the operation of the apparatus,

This drawback may then be obviated, as has
already been mentioned above if there is con-
nected in parallel with the capacity Cz a coil La,
preferably a variometer, and the inductance of
this variometer La is varied until this cofl to-
gether with the siray capacities is tuned to the
desired frequencies.

Since the selectivity of the arrangement is al-
ready roughly produced hy the usual anode cir-
cuit or grid cireuit tuning means and the tuning
of the stray capacity Cz and the ¢oil Lz is effected
to the same frequencies as those of the said se-
lection means, the following ease is then glven:
By the said tuning means on the anode or con-
trol-grid side, only a certain frequency band is,
in general, conducted to the arrangement, and
substantially the same frequency band is tuned
out again by the counter-coupling resistance,
which is formed by the tuning means Ca, Lo, so
that, if only this capacity Cz and Lz were pro-
vided, practically nothing at all is ampllified.

It is seen that the pass range of the amplifler
is now exclusively determined by the tuning of
In, Ci, and it should be assumed that no differ-
ence whatever exists any longer in making Ci
as small as may be desired. This is no true, how-
ever, owing to the stray capacities C+ and par-
ticularly Cas.

These two last-mentioned stray capacities lie In
parallel with the actual tuning capacity Ci, and
it is obvious that therefore the tuning capacity
Ci can never be made smaller than the value
which is determined by the eapacities Ci: and
particularly C:;. Practical experiments have
shown that the smallest effective value of CI
which can be obtained in this manner lies at ap-
proximately 2—4 cms. capacity. These values are
Just sufficient to obtain in a tube with suffieient
steepness, even at 1600 kilocycles, band widths
which lle at about 10 kilocycles or even less. The
adequate steepness may also be obtalned, re-
gardless of Lhe fact that the geometrical arrange-
ment of a normal tube is correspondingly chosen,
by utllising a space-charge grid effect, as has also
already been deseribed.

However, cases may arise where it is undesir-
able to use tubes of such high steepness and,
moreover, it would also be desirable to reduce
the band widlhs materially, since then the pos-
sibilities arise of obtalning in the short-wave
range substantially more favourable selectivities
than hitherto. This may also be valuable for
the ranges in longer waves, since, for instance, an
apparatus according to the so-called “single-
span” superhet principle can then be constructed,
which receives a very high intermediate fre-
quency and vet is sufficiently selective,

It is shown in Fig. 25 how this can be carried
out. This flgure corresponds substantially to the
arrangement of Flg, 24, except that a screen S
is also provided over the tuning circuit Li, Ci or
at least over the coll Li. This screen i1s shown
in chain-dotted lines, whereby it is to be indi-
cated that it is not made of solid material, but
that for many cases, particularly when the coil
Ly is to couple to some other coll, it is prefer-
able to meake it of a wire network of parallel
wires or the like, so that an electrostatic screen-
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ing takes place, but an inductive coupling with
another colil is possible.

If this screen S: were now connected to earth
potential, the conditlons would not be improved
but worsenhed, since, of course, the stray capaclity
of the cofl Li towards earth is then further in-
creased. The screen 51 1s therefore kept at cath-
ode potential, as indicated in the drawing. Al
stray lines of force which issue from the coll Ia
ahd would otherwise discharge on the earth lead
E are then intercepted by the screen 8. and,
therefore, an increased capacity of the coil Li
towards the cathode side develops, which, how-
ever, o5 is to be shown In the following, is not
detrimental for the present purpose.

Seen from the cathode side, the two stray ca-
pacities Cs and Cs, which correspond to the first-
mentioned stray capacitles C; and C4, how no
longer lie in parallel with the condenser Ci hut
in series with this condenser. Since, howcver,
a serles connection of condensers, as is well-
known, always has a smaller capacity than the
smallest Individual capacity of the series circult,
it 1s now possible to adjust any small capacities
with the condenser Ci. WIlth respect to the in-
ductance of the coil Li, the stray capaclties Cs
and Cs cause an apparent lnductance lncrease,
which can be compensated by suitable dimen-
sloning of the coil L.

Since, as has already been previously pointed
out, 1t 1s absolutely necessary that the screening
should be as complete as possible between the
individual clrcuits whilst the coll L shall be ca-
pable of coupling, for the purpose of the neu-
trallsation of existent residual eouplings or for
obtaining a removal of damping or the like, to
the anode circuit coll or grid-clreuit coil, the
difficulty &rises that owing to the screen Si,
which 18, of course, at cathode potential, a ca-
pacitive coupling could arise towards a further
coil, with which the coil Li Js to be coupled.
In order to avold this, a further earthed scraen
8z is arranged at some distance from the screen
81. By the two screens 81, 83 or by the mutual
capaclty of these two screens, which, If it be-
comes very disturbing, can of course be reduced
by arranging the two screens at a somewhat
greater distance from one another, no drawback
is generally obtained, because the capacity of the
two screens Si, S2 to one another is, of course,
only connected in parallel with the stray capacity
Cz: which exists in any case, and can be tuned
out by corresponding adjustment of the variom-
eter,

The varjometer Lz may, In this case, be of a very
simple construction. Usually, ordinary honey-
comb winding coils which are variable in their
relative position are sufficlent. Therefore, for
example, a fixed coll may be provided, with re-
spect to which a second coil may be moved, to-
wards or away from it, by means of a spindle
or the like. The two colls constituting the vari-
ometer Lg need not be of particularly damping-
free construction, since it may be favourable, if
the band tumed out by the tuning means Ls, C:
is rather broad, whereby the tuning is then little
critical.

Ag preat a dynamic resistance of the tuning
circuit Ca, Lz as possible i3 also uninecessary, since
a dynamic resistance of 10 to 20,000 ohms is al-
ready sufficlent to suppress amplification practi-
cally eompletely.

On the other hand, a large demping again
has the advantage that possibly a particular sub-
sequent correction of the tuning at the coll 1a
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or at a small tuning condenser cohnected in par-
allel with the capacity Cz is no longer necessary.
For this reason, it may be preferable to wind the
coll or thie coils L2 from very thin or resistance
wire, in which case then this high resistance or
this relatively high resistance of the colls Lo pre-
sents the additional advantage that it can be
used for producing a certain direct current po-
tentlal drop, which produces the grid bias of the
control grid with respect to the cathode K.

An example of a constructional arrangement
of the individual parts in an arrangement ac-
cording to Fig. 25 is given by Fig. 26, Ln is here
agaln the tuning winding of the serles resonant
circuit, which in the present construetional ex-
emple is arranged on a double-T-shaped coil of
high-frequency iron. Such a high-frequency
iron may be, for instance, the well-known H-
core made of “sirufer.”” The iron core of the
coll Lt projects through corresponding recesses
in the two plates P1 and Pz in such a manner that
thereby the coil core undergoes a firm support
within a Bakelite tube Ri. The Bakelite tubes
Ri1 and Ra are fixed to corresponding recesses of
a metal plate Ti. The metal plate Ty has a tubu-
lar extension which projects through the screen
83, which is earthed and may represent the
screening wall of some screening box or the like.
By means of a spring Fi, the plate Ti is pressed
against the screening wzli in such a manner that
it can be rotated about the tubular member pass-
ing through the screening wall Sa.

Between the two friciton dises S« and 8s, which
are resiliently pressed together, the tapered edge
of the plate T: is gripped in such a manner that,
by rotation of the driving wheel A, thé whole
body contalning the tuning core with winding I
can be rotated about its axis, whereby a variable
coupling can be obtained between the coil L; and
the coil Ls, which may belong to the anode cir-
cuit or any other circuit of the receiver.

One end of the coil L is connected to the plate
Ta, which in turn is connected by a screened lead
Le to the cathode. The other supply lead to the
coll Ly terminates at the pin St. ‘This pin forms
together with the metal tube Rs3, which is fixed
to the drive Tr1 a capacity which corresponds to
the capacity C: in Figs. 24 and 25 and can be
varled In Its value by more or less screwing-in
of the drive Try,

The tube R: carries at its outer side & wire
spiral 81 which preferably has a medium pitch.
The winding preferably has a free end and s
connected also to the plate Tz and one feeding
end of the coll L1 or through the lead Ls to the
cathode of the tube, and corresponds fo the
screen 81 in Fig, 25. The large pitch of the coil
51 prevents it having an gppreciable inductance.
If, however, the whole apparatus is intended for
the reception of rather short waves, or if it is a
question of short-wave transmitting apparatus
in which the inductance also of a coll of large
pitch could already lle within the resonance po-
sition of other constructional elements, then it
may be advisable to provide, Instead of a coil,
only Individual wire rings on the tube Ri, which
may possibly be slotted and all electrically con-
nected together by a transverse lead and con-
nected to the plate Ts.

Likewise, the tube Rz also carries a wire coil
82 which 1s constructed substantlally in accord-
ance with the wire coil Si1, but is electrically con-
nected to the plate T: Instead of Ta.

If desired, a quartz stage in a cathode clreuit
may be combined with cathode circults in other
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amplifier stages, which are constructed In ac-
cordance with the above detalls, since the advan-
tage of a cumulatively-acting selectivity increase
is then obtained, without necessitating several
exactly equal quartzes which as 1s well-known,
cah ohly be manufactured with extreme diffi-
culty.

This can also be used for the construction of
the well-known quartz filters, in which therefore
several circuits are coupled together by a quartz
acting as serles circuit. As iz well-known, a
variation of the band width in such quartz fil-
ters is possible by varying serles or parallel resist-
ances or varying the tuning of the coupled cir-
cuits. The advantage just mentioned then ex-
ists, however, that the selectivity figure of g sin-
gle quartz stage is no longer sufficicnt and sev-
eral such stages would have to be provided for
obtaining the required high selectivity, How-
ever, this is again difficult because exactly equally
tuned quartzes can only be made with great difi-
cuity. A remedy may be provided here also by
means of an arrangement according to the appll-
cation.

One stage of a quartz fiiter with a normal oscil-
lating quartz may be designed again as coupling
member of the two circults, which are usually
tuned circuits, and the remaining stages of the
wholc amplifier are then provided with series res-
chant circuits Instead of quartzes, sald serles res-
onant circuits being designed after the fashion
of the arrangements described in Figs. 24, 256 and
286.

If it is a questlon of relatively large band
widths, which are to be transmitted, then the use
of an ordinary serles resonant circuit as coupling
member between the individual circuits of the
filters or as coupling member between two tuning
circults of the filters is possibly sufficient; if,
however, small band widths are to be obtained,
then the parallel capacities according to Fig. 24
and possibly also other stray capacities accord-
ing to Fig. 25 must be tuned out.

As has already heen pointed out on several oc-
casions, the arrangements described here are not
restricted to receiving circuits, but can of course
also be applied to transmitters of any clrcuit ow-
ing to thin selectivity-increasing effect.

In transmitters, in particular, the removal of
the higher harmonics by such means will often
be very desirable.

TFig. 27 shows such a filter in simplest construc-
tlon, the same references as in Figs. 24, 25 and 26
having been used for the coupling member be-

tween the two maln circuits constituting the fil- ;

ter,
As hag already been mentioned, the obtainable

band width depends hot only upon the choice of
the capacities C1 In Figs. 24, 25 and 26, but also
upon the steepness of the tube employed. If,
therefore, at a glven adjustment of the oscillat-
ing circult in the cathode supply lead, for In-
stance, a band width of about 5 kilocycles is ob-
talned, if the tubes have full steepness, then, of
course, on regulating down the steepness, for in-
stance, by means of an automatic volume control,
which may then be effected by more or less large
negative grid blas at the control grid or at an-
other negative grid, or, alternatively, which may
be effected by variation of the positive bias, say,
at the space-charge grid, simultaneously also the
band width is regulated. If the instantaneous
steepness {s small, then the band width is auto-
matically increased. This effect arises when, by
‘metng of the automatic volume control, in the
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case of the existence of loud signals, the sensi-
tivity is regulated back. It Is therefore found
that, here, without substantial additicnal means,
a very effective automatic band width reenlation
can be achieved if only one automatic volume
control is provided.

The selectlvity curve of the receiver or of the
amplifier (if the latter Is not arranged in a re-
celver but in a transmitter or the like) may,
moreover, be varied at will. It has already been
stated that instead of a simple circuit, four-
poles, which consist of a larger number of eir-
cuits, may be employed. In addition to this
method, there is moreover yet another, simpler,
method of obtaining, for instance, a resonance
curve fiattened at lts peak.

If, by cholce of the anode circuit and the tube
data, the result is obtained that in the case of
resonance the tube or the anode cougling re-
sistance is over-matched, the following remark-
able phenomenon occurs: As long as the anode
circuit resistance is small as compared with the
internal resistance of the tube, the steepness
of the tube at different frequencies may be as-
sumed as constant, independently of the anode
circult. If, however, owing to the fact that the
resistance of the anode circuit is made very high
for the desired frequency, which can be achieved,
for instance, by back-coupling of the anode cir-
cult and/or by making the capacity of the anode
circuit small in proportion to the inductance
and, furthermore, by mgking the internal re-
slstance of the tube also relatively small, the
result is obtained that in the case of resonancc
the anode circuit coupling resistance becomes
large in proportion to the internal resistance of
the tube, then In the case of resonance a con-
slderable reductlon of the effective steepness
occurs, that is, the statically measured steepness
is reduced by change-over to a dynamic steep-
ness of substantially lower value. However,
since, on the other hand, as has been pointed
out, the steepness of the selectivity eurve caused
by the series resonant circuit or the like in the
cathode lead is dependent upon the tube steep-
ness, that is, npon the eflective tube steepness,
it follows from this that at the fianks of the
curves, that is, at points which depart to some
extent from the resonance value, a great steep-
ness will exist, whereas dlrectly at the resonance
point, at which the dynamic sleepness of the
tube is small owing to the high anode resistance,
the steepness of the resonance curve is flattened,
which then results in a characleristic of the
nature of a band filter. In this case, these values
may be adjusted at will by varying the blas at
the control grids or even by varyinz the positive
voltage at the space-charge grid or by some
other voltage variation.

Since the tube has at least two grids, at which
such voltage variations may cause deformations
of the resonance curve, a grid, for instance, the
control grid, which may underso a formation
after the fashlon of an exponential tube, may
serve for automatic selectively regulation, where-
as, for example, the voltage variation at the
space-charge grid may cause a manual selectivity
variation. For the correct working of such an
automatic or manual selectivity regulation, it is
desirable that the band width of the selection
means connected on the anode side shall be sub-
stantially broader than that of the selection
means arranged in the cathode supply lead.

Since, moreover, in most cases, an additional
back-coupling is provided between the circuit in
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the cathode supply lead and, for instance, the
anode clreuit, the first-mentioned effect can be
further extended and increased by a variation
of the voltage at these grids. If the instantane-
ous steepness of the tube is great, then a strong
back-coupling action also occurs, which still fur-
ther increases the resistance of the anode circuit,
whereas with tubes regulated down, the anode
circult of the tube is also reduced in its resist-
ance by the reduced back-coupling. It is seen
that, therefore, this action may be utillsed both
a5 an increase of the regulating capacity for the
volume control and for assisting the automatic
selectlvity regulation.

If, in the constructional examples hitherto dis-
cussed, screened cathodes were usually men-
tioned, this is a consequence of the arrange-
ment of the counter-coupling oscillatory circults
in the cathode supply lead. If these counter-
coupling cireuits are not provided in the cathode
supply lead, that is, If special counter-coupling
channels are arranged, which lead to special
control grids, then these particular control grids
themselves must be secreened from the other
grids and from the other tube parts by screening
electrodes; therefore, all that has been sald for
the cathode construction can then he applied
accordingly to these other electrodes.

On the other hand, If the cathode capacity Cz,
that 1s, the stray capacity in Figs. 24 to 26 is
tuned out by an guxiliary Inductence La or the
like, the cathode itself may be constructed with
somewhat higher capacity than Is otherwise ex-
pedient, since, of course, an increase of the stray
capacities is no longer so dangerous. Therefore,
in this case, the separate leading-out of the
cathode supply lead at the envelope itself may
be disregarded, and the cathode may be led out
as usual through the pinch. But, of course, In
spite of this, if the oscillatory cireuit Is provided
in the cathode supply lead, a sufficlent screening
against the other electrodes must be used. For
the purpose of pure regulation, as 1s usual, for
instance, in hexodes, there may also be provided
in the tubes further grids for supplving regu-
lating voltages, which may then simultaneously
take over the function of screen-grids.

As has already been previously pointed out
the screenlng of the cathode Is necessary chiefly
when, &s is usual in a cascade amplifier, the grid
clrcult and the anode circult as well as the eir-
cults used in the cathode for increasing selec-
tivity are tuned to the same frequency. If, how-
ever, the frequency to which the grid circuit of
a tube Is tuned is not ildentical with the fre-
quency to be amplified, as may be the case, for
example, in the mixing tube circuits of the super-
heterodyne arrangement, in which case, of
course, the grid circult of the mixing tube is
tuned to the frequency to be recelved but not
to the intermediate frequency to be amplified,
this screening may in some cases be dispensed
with.

In this case, however, another pecullarity Is to
be observed. In particular, in those mixing tubes
which, moreover, contain a triode system for the
production of the local oscillator osclliatlon, but
also In the other ordinary mixing tubes according
to the multi-grid system, a certain capaclty exists
between the cathode and that grid at which the
osclllator oscillatlons arlse or are applied, How-
ever, since the cathode, in the circults discussed
here, usually does not have earth potential, but
is at high-frequency potential owing to the os-
clllatory circult situated In the cathode supply,
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then through thls capacity disturbances are
easlly initiated between the grids carrying the os-
cillator oscillation and the cathode, which dis-
turbances are manlifested as undesirable accom-
panying phenomena. These phenomena act par-
ticularly detrimentally when the tuning circuit
located In the cathode supply, that 1s, for ex-
ample, tlie serles circuit L., Ct is back-coupled
with the corresponding anode circuit which in
1tself, of course, causes an increase of the amplifl-
cation and selectivity,

In this case, on adjusting the oscillator oscilla-
tion, which is necessary, of course, when tuning
transmitters or receivers, a self-oscillation of the
circults may suddenly be caused. To avold this,
either the electrodes carrying an oscillator volt-
age, parficularly the oscillator grids, are to be
screened against the cathode, cr the detrimental
capacity must be compensated by a neutralising
circuit. The neutralisation can be carried out,
for example, in such & manner that opposite the
cathode point, still further windings are provided
on a coil body, which 1s connected on one side to
the cathode itself, and there Is derived from these
additional turns a neutralising voltage which is
also connected through a regulatable neutralls-
ing capacity to the cathode.

Since, in this case, no particular adjustment of
a neutralising point is necessary, the screening
of these electrodes from the cathode by the ar-
rangement of additional screens and screen-grids
is still more favourable, These screen-grids, if
it i1s expedient for the process of amplification
in the tube, may reecive a positive potential in
order to act in this way as a space charge grid or
actual screen-grid.

They are to be earthed as regards alternating
current by the arrangement of capacities. In
this way, usually, the detrimental base capacities
cannot be removed and, therefore, in such cases,
it 1s also expedient to lead out these grids sepa-
rately at the tube envelope.

Reference will now be made to the particular
circumstances, the consideration of which Is im-

5 portant, If it is desired to utilise counter-coupling

channels for the obtalning of selective properties.
In particular, this applies in the use of tuning
means, as, for Instance, series resonant clrcuits
In the cathode supply lead of amplifying tubes,

When, in the present application, however,
amplifier tubes were mentioned, this expression
15 by no means Intended to cover here only the
Incandescent cathode vacuum amplifiers most
customary at the present day, but Is to be ap-
plied accordingly to all other types of amplifiers;
In particular, all amplifiers based, for instance,
on the principle of electron multiplication as well
as gas or vapour-fllled ampliflers are also to be
covered thereby. An arrangement, which in the
present case, for instance, is preferably arranged
in the cathode supply lead, does not necessarily
have to be provided in such a case also in the
cathode supply lead,

As will be shown further below, e, g. when
using tuning clrcults, say serles resonant circuits,
in the cathode supply lead of a pentode-like tube
or multi-grid tube construcied In some other
manner, particular advantages result owlng to
the fact that this circuit is traversed by the sum
of all the emisslon currents which pass to the
main anodes and also to the auxillary electrodes,
Therefore, on sultable applicatlon of the subject
of the Invention to electron multipliers, It may
be preferable In such a case to arrange g stmilar-
ly-acting circult not in the cathode supply lead,
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which, ol course, in this case, carries the lowest
current intensity, but in the circuit of the last
anode or in a circuit which is traversed by the
currents of individual or a number of auxiliary
anodes, which already carry greater currents.

Returning to the case of an amplifying tube
constructed according to the aspects usual at the
present day, if we observe the efiects arising
owing to a series rcsomant circuit which Is in-
serted in the cathode supply lead, the following
is to be observed. If the tubec employced is a tri-
ode, then a relative voltage variation between the
cathode and control grid, no matier how this
voltage variation occurs, will result under other-
wise equal conditions in equal controlling actions,
Therefore, in such a case, if at first the simplified
assumption Is made that the voltage difference
between the cathode and anode is kept constant,
it is immaterial whether the cathode polential is
kept constant and the control grid potential is
varied by a certain amount, or whether the con-
trol prid potential is kept constant ard the cath-
ode potential is varied by the same amount wilh
respect to the control grid potential,

1f, on the contrary, we consider, for cxample,
a pentode in usual conncction, it is by no means
material whether merely the potential of the
control grid is varied with the cathode kept con-
stant or whether the contrel grid potential is
kept constant and the cathode potential is varied
by the same amount.

Whereas in the case of the cathode kept con-
stant there arises mercly owing to the varialion
of the control grid polential a controlling action
which was hitherto generally utilized for ampli-
iying purposes, there arises, en the contrary, if
the control grid potential is kept constant and
the cathode voltage is varied by the same amount,
a considerzbly greater control acticn which is ex-
plained by the Tact that also the other electrodas
of the Lubz, for instance, tha screcn-grid and col-
lecting grid alsc exert in such a case an additional
controlling action, since, ¢f ¢ourse, they are kept
at flxed poteniiai already Ly the usz of the well-
known circuits.

Therefore, if the cathods alters its polential,
for instance, by 1 volt, then not oniy a relative
voltage variation of 1 v2il oecurs between thc
cathode and contrel grid, but at Lhe same time
there alsn occurs an equally large voltage varia-
tion, contrclling in ihe same sense, belween Lthe
cathode and screen-grid and cathode and collect-
ing grid, so that the total alferaticn of the emis-
sion current of the cathiode ot an altcration of the
cathede potential by ithe #ame amcunt is much
larger than if enly the eontrol grid is altered
while the calhodz is kept conslant.

Since the selectivity-increasing effects ¢of a tun-
ing circuit arranged in {he cathodec supply lead,
for instance, a series resghant circuit are due to
the fact that, owirg to {hz potential drop cccur-
ring in the cathode supply lead, the cathode car-
ries out voltage fuctuations relatively to the
other electrodes of ithe tube, it is seen that when
using multl-grid tubes, the effects of such a cir-
cult can be extremely increased.
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It is {furtliermcre known ihat with the aid of
the principle of the space-charge grid tube by
the production of virtual cathodes, which can be
brought near to the controlling cathodes, ex-
treme steepnesses can be obtained, Such a case
of a control of a virtual calhode exists, however,
c. €. in a normal pentode already with some ap-
proximation, if the calhode potential is varied
relatively to Lthe polential of the other electrodes.
Between the screen-grid and collecting grid, a
potential threshwold develops which may act as
virtual eathode, pariicularly on favourable di-
mensioning ¢f the tubz, Now, if the voltages at
these electrodes are suitably chosen, the result
can bc obtained that on varying the cathode po-
tential by two such successive auxiliary elec-
iredes with a high potentjal diffcrence, guite con-
siderable additional steepnesses with regard to
the contro! by cathode potential fluctuations can
be achieved. In this case, for example, the col-
lecting grid or olher electrodes may perhaps be
conhected with the cathode.

t is therelore particularly prelcrable, in ar-
rangemcents which work with negative back-cou-
pling for Lthe purpose of increasing selectivity and
particularly with ncgative back-coupling by tun-
ing means in the cathode supply lead {or accord-
ingly in the ancde or auxiliary electrode supply
lead, for instance, in electron multipliers) to use
tubes which have potential thresholds after ihe
Tashion of those existing between the screen-grid
and the coileeting grid of a pentode, in which
case it is favourahble that, as e, g. in an hexode or
octode, several such polentiometer thresholds fol-
low one after the other and ik is furthermore fa-~
vourable in such a case to adjust the voltages be-
tween these successive elecirodes in such a man-
ner that virtual cathodes forming high steep-
nesses arc formed with cathede pelential fluctua-
Lions.

What is said here [or multi-grid discharge ves-
sels also equally applies to such discharge vessels
or discharge system arrangemenis in which a
plurality of discharge vessels or discharge sys-
tems are employed in series connection (see, for
cxample, tube I and tube IT in Fig. 20) in order 1o
chtain similar effects as in multi-grid tubes.

In the above, different types cf counter-cou-
pling have been shown, but it is to be pointed out
ihat the existing pogsibilities are net exhausted
thereby and that according to the particular
problem which happens to arise, il may be pref-
crable to choose any other type of counter-cou-
pling instead of that shown, in which case by se-
lection n:eans inserted in the counter-coupling
channel, either desired frequencies may be select-
ed from a freguency mixture or undesirable [re-
quencies in n [requerncy mixtire may be sup-
pressed.

Fig. 28 shows an cileimative arrangement em-
ploying ammeters or veltmeters for giving indica-
tion of the adjusted frequency in magnetically
tuned receivers. The circuit L3 €3 and the diode
D correspond to those shewn in Fig, 20.

LADISLAS pe KRAMOLIN.



