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Published May 25, 1943

Serial No. 323,450

ALIEN PROPERTY CUSTODIAN

RADIO APPARATUS

Leon Ladislaus de Kramolin, Haarlem, Holand;
vested In the Alien Property Custodian

Application filed March 11, 1940

This application is a continuation in part of
the copending Application No. 749,088, flled Oc-
tober 18, 1934.

My invention relates particularly to a method
of regulating radlo recelving sets and the like
by means of inductance variations in iron cores.

As is well-known, with sufficlently fine sub-
division of suitable types of Iron alloys, it Is
possible to provide high-frequency coils with
magnetic cores. If the cores are made displace-
able within the coils tuning can be effected by
such displacement in a manner well-known per
se. This variation of inductance, however, can
also be obtained in a different manner, e. g. by
varying the preliminary magnetisation of the
core by means of a direct current. Such a
method of varying the inductance offers a large
number of possibilities of utilization, one very
interesting instance of which comprises the pro-
vision of an automatic volume control.

In the simplest case, such an apparatus works
as follows: An oscillatory circult, tuned in some
manner to the wave to be received Is provided,
the oscillations of which are applied to an
audion. In the oscillatory circuit, a part or the
whole of the inductance is arranged on a coil of
ferro-magnetic material e. g, Perrocart. In the
anode circuit of the audion, there is provided
a slmple filtering means, which separates the
direct current component of the anode current
from the alternating current component. The
alternating current component (modulation
frequency) is supplied to the consumer, that is,
a telephone or a further amplifier, and the di-
rect current component is led through a second
winding on the ferromagnetic core of the tuning
coil.

On increase of the audion current or decrease
of the audlon current {(according as to whether
grid or anode current rectification is employed),
the result can then be obtained that, if normal
volume is employed, the coil is just tuned to the
oscillation to be received. If the volume in-
creases beyond an agreeable extent, then (as-
suming that working is belng effected with the
detector tube at the lower bend) an increase
of the anode current causes a decrease In the
inductance of the coil, which detunes the receiv-
ing oscillatory circuit to such an extent that an
agreeable volume is just restored. It is seen
that a simple volume control device can be as-
sembled in this manner. In this case it is pos-
sible, not only to decrease the volume if the re-
ception is too powerful, but also, quite simply if
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turbance level would be too high in proportion,
to obtaln a decrease of volume. For this pur-
pose, it is only necessary to balance the tuning
accurately at a mean value of the volume. If
the volume falls below this value, then by weak-
ening the direct current component of the anhode
current of the detector tube, an increase of the
Inductance and thus detuning will occur, while
with excessive volume or fleld strength of the
receiver oscillation at the receiving station, the
self-inductance becomes too smail. In normal
automatic volume control arrangements there
often exists an undesirable relationship between
the time constant of the regulating circuit and
the regulating quality or other characteristics of
the regulator. With the present construction
and also in all other possibilities discussed here,
however, it is possible regardless of the time
constant, to suppress any other action hetween
the regulating and regulated circuit by entirely
decoupling the regulating circuit from the regu-
lated ecircuit, e. g. by use well-known per se
of a three-limb transformer or the like, If due
to small asymmetries in the masses of the llmbs
or in the coll conflguration, there should be no
complete decoupling at the outset then a suhse-
quent correction can be obtained either by dis-
placement of individual convolutions or groups
of convolutions or by readjusting the core by a
slight subsequent deformation, say, by cutting
off small particles or by deformation by pres-
sure, which is quite possible in view of the rela-
tively soft consistency of such cores.

Should the prasence of a sharp resonance
curve cause an excessive instability in the
volume, any desired fiattening of the regulating
curve may be produced by increasing the damp-
ing of the circuit. It is also possible by the usc
of chain conductors to deform the resonance
curve in such a manner that the desired regulat-
ing characteristlc is produced. In order that
the selectivity of the reception may not be Im-
paired by such measures, individual Invariable,
more or less sharply tuned, circuits may be em-
ployed for the actual receiving selection and
these cireuits coupled to the detector tube by
circult variable in its tuning in accordance with
the volume in the manner hereinbefore described.
Of course, any desired number of high-frequency
amplifylng stages may also be connected in series
with the detector tube, which stages may be in-
fluenced by the receiving field strength in a
similar manner as has been herein described for
6 detector. The greater the number of stages in
which the influencing 1s effected, the greater of
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course is the effect. In order, to avoid, particu-
larly in the case of & number of circults, displac-
ing the resonance position of the whole receiv-
Ing system within the freguency spectrum in ac-
cordance with the volume, It may be prefer-
able in two successive clrcuits or else within a
single circuit, by reversal of the direction of cur-
rent in the preliminary magnetisation windings
on occurrence of the regulating action, to dis-
place the resonance positlon of the part-circuits
of a system in the opposite direction in the fre-
guency spectrum, so that the resultant resonance
position remalns unchanged. Since the regulat-
ing cireult is decoupled in relation to the regu-
lated clrcults, the same regulating current in
serfes-connection or parallel-connection may
traverse the regulating windings of the trans-
formers of & larger number of series-connected
amplifier stages without any tendency of the suc-
cesslve amplifier stages to osclllate, arlsing. To
this end, exact decoupling is alone essential, and
this can be ensured by any means well-known
per se. In order also to prevent capacitive back-
couplings through the regulating lne, it is pref-
erable to provide for good direct earthing or
earthing effected through adeguate capacities.
However, as Is hereinafter shown, volume con-
trol is not only obtalnable by means of detuning.
A very simple alternative for instance, comprises
automatically regulating the back-coupling, the
hack-coupling being effected through one of the
aforementioned ferromagnetic mass cores or the
like.

Other regulating actions can also be obtalned
in accordance with the Invention: Thus, for in-
stance, it 13 well-known that with only weak re-
production an apparent displacement of the
deep sounds occurs. Since, variation of the pre-
lminary magnetisation causes varlation of the
inductance it 1s possible with low-freguency
transformers or low-frequency sound monitor-
ing arrangements, by means of flliters etc., to en-
sure that the constants of these constructional
elements automatically vary in such a manner
that the percentage of deep sounds 1s increased
or reduced as desired {n relation to the per-
centage of high sounds, so that with changes of
volume, effected for instance, by a manual regu-
lator, provided in addition to the automatic regu-
lator, the Inductance of the low-frequency trans-
formers or the low-frequency chokes or any kinds
of smoothing members are so varled that In ad-
dition to the automatic or non-automatic volume
control, a variation of the timbre automatically
occurs in accordance with a predetermined law.
The means for this purpose are no doubt knowmn,
If it is desired to obtaln an increase in the per-
centage of desp sounds, then, for instance, in low-
frequency transformers, the resuit will be ob-
talned that due to the reduction of the general
volume and due to the preliminary magnetisa-
tlon reduced thereby, In & corresponding wind-
ing, the inductance of the transformer increases
whereby, as is well-known, the transmission of
deep sounds is slso favoured and vice-versa. If
an increase in the anode direct current, or other
current component employed for preliminary
magnetlsation, is to produce an Increase instead
of decrease in the inductance, then this can be
done simply by providing a constant preliminary
magnetisation by means of a constant direct
current or permanent magnet in addition to the
variable magnetisation, in such a manner that
the variable and fixed preliminary magnetisa-
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tions act in opposition to one another. As the
variable magnetisation diminishes, the fixed pre-
determined preliminary magnetisation is then
no longer counter-balanced and hence comes
into action.

In addition to the methods of automatic volume
control and sutomatic tone control already dis-
cussed, it is possible according to the invention
to effect tuning of an apparatus quite advan-
tageously, not for the purpose of volume varia-
tion, but for the purpose of adjustment to differ-
ent transmitters. Since it is possible to tune
oscillatory circuits merely by varying the direct
current intensity of the preliminary magnetisa-
tion, this provides, for instance, a method of ad-
justing a receiver which may be carried out with
a very small number of mechanlical parts. Since
a tuning coil having a Ferrocart or a similar
core, and a blocking condenser connected in
parallel therewith occupy an extremely small
space, & variable tunable oscillatory clrcuit can
in this case be arranged in an extremely small
space, The space which this oscillatory circuit
requires is 50 small that it can even be arranged
in the base of an electron tube or valve. The
variation of the tuning can, in this case, be ef-
fected in an extremely simple manner, since 1t is
only necessary to provide on the coil an addl-
tional direct current winding so dimensioned
that, with a core of given mass, it allows suffl-
cient variation of the preliminary magnetisation.
Since, therefore, there need no longer be any
direct mechanlical contact between the oaclllatory
circuit to be adjusted and the tuning means, this
method provides an ldeal solution for the remote
control of receivers. For the operator to tune
the oscillatory circuit from any desired distance
away, it is only necessary for him to vary the
magnetisation by means of a variable resistahce
or the like, for instance a rotary resistance or
else a carbon compression resistance which, as
1s well-known, allows a smooth variation of re-
silstance. This manner of varying inductance is
very favourable also for the arrangement of
tuned oscillatory circuit at place where a varia-
tion of tuning can be mechanically effected only
with difficulty, such as, for instance, within the
vacuum space of an electron tube, since the oscil-
latory circuit constants are varied without me-
chanical means. This method of tuning is par-
ticuiarly favourable In high-frequency amplifiers
which work, for instance, with a choke-coil cou-
pling. In such amplifiers, it is preferable, In
order to reduce stray capacity, to arrange the
coupling choke coil In the interior space of the
tube. Thus, for instance, In muitiple tubes con-
taining several systems coupled together, the
coupling choke may be arranged within the tube
in which case the wave band to be transmitted
can be displaced at will from outside, simply by
varylng the preliminary magnetisation. How-
ever, the method is also useful for the tuning of
ordinary series high-frequency amplifiers.

As has glready been shown, when using three-
Iimb transformers or similar arrangements which
prevent coupling between the tuned and the tun-
ing circults, it s possible to remove any danger
of mutual coupling taking place between ampli-
fler stages when several amplifier stages are
simultaneously tuned by connecting the prelimi-
nary magnetisation windings of gll these ampli-
fier stages in serles or in parallel. In this man-
ner therefore, it 1s easily possible to construct
8 set with single-knob manipulation, In order
that variations of the prellminary magnetisation
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may act uniformly on the individual circuits to
vary their tuning, it is possible by displacement
of turns or groups of turns to pre-arrange that
the Individual preliminary magnetisation coil
and the individual osciliatory circuit coil match
one another as accurately as possible; alterna-
tively, however, the cores per se themselves,
which are rather soft can also easily be corrected
for balancing purposes by cutting off particles
or by deformation. Finally, it may be preferable
to make the mass cores conical, whereby adjust-
ment may be effected by adjusting the extent to
which the mass cores enter each particular coil.
Likewise, the small blocking condensers which
serve for completing the oscillatory circuits may
elther themselves be rendered slightly variable
by compression screws in order that adjustment
may be eflected, or else small variable condensers,
similar to the well-known trimming condensers
provided on ganged rotary condensers may be
connected in parallel with the blocking con-
densers, to permit exact balancing. The varia-
tion of the recelving ranges in this case, may be
effected either in the normal manner by the con-
nec¢tion and disconnection of groups of turns or
else by the parallel connection of larger or smaller
blocking condensers.

‘The construction of tuning variometers is also
very much easier to carry out by means of ferro-
magnetic iron cores. since the coupling can be
varied by changing the position of the coils to a
much greater extent if the flux is concentrated
by ferromagnetic cores, The various attempts
to construect receivers which allow of receiving

the whole wave band, by simultaneous variation 3

of capacity and inductance, on a single revolu-
tion of the interconnected variable tuning ele-
ments, therefore, become much more promising
here without having to resort to such dimensions
of the condensers that strong damping and thus
unfavourahle reception results.

The method of automatic volume control
already mentloned abave can, of course, also be
combined with the descriked method of tunlng by
varylng the preliminary maghetisation, In which
case very simple apparatus are then obtalned in
which both tuning and volume control are ob-
talned merely by varylhg the preliminary mag-
netisation In different windings. Since very few
mechanically moved tuning means are required,
this provides ideal apparatus, particularly for re-
mote control, since manual volume control can
also he effected by variation of the prellmlnary
magnetisation. An apparatus is thus obtained
whereln single-knob tuning of almost any desired
number of oscillatory circuit together wilth both
manual and automatic volume control 15 merely
by varying the current Intensity of preliminary
magnetisation currents, an operation which can
be effected from any number of points located
at any distance from the recelving spparatus.
Such apparatus are particularly suitable in com-
bination with amplifiers constructed ln accord-
ance wlth Britlsh Patent No. 415,078. The use
of saturating tubes In the anode circuits as de-
scribed in the above British Patent considerably
simplifies the construction of the main parts of
the apparatus and the decoupling arrangements.
owing to the intense filtering action of these
tubes against mains alternating current and also
due to the mutual decoupling actlon of the indi-
vidual stages, so that an extremely simple appa-
ratus is obtained. In order to prevent the emis-
sion from the cathodes, when using photo-cath-
odes in the saturating tubes from belng depend-
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ent tpon the gereral intensity of lumination at
the receiving -gtatibn, artiftcial 1llumination is of
course used for ‘this purpdgse. This can be ob-
tained, for instance, in an apparatus which is
provided with indirectly heated tubes having
high voltage oathodes for -direct connectlon to
dirget and alternating current, by using for the
production of the artificial illumination that part
of the mains wvoltage, which must be taken up
in breaking down the malns voltage to the volt-
age requiréd for the cathode operation. How-
ever, since mains fluctuations are manifested in
a disturbing manner in this case by fluctuating
disturbance of the photo-cathode current, it Is
dekirable to use light radiators which are very
inert thermmelily, such as for instance, lamps, con-
structed in the manner of the well-known Nernst
lamp. This form of illumination s desirable in
all cases where normal lamps cause excessive dis-
turbances in cooperation with photo-cells, such
as, for instance, in the reproduction of sound
films, ete.

By the combination of the above described tun-
ing and volume control by variation of the pre-
limlnary magnetisation with the suggestlon last
mentioned, which are described in the present
Applicant's British Patent above referred to ap-
paratus are obtalned which are of extrabrdinary
simpliclty and reliability. However, by employ-
ing the method of tuning based on a variablc
preliminary maghetlsation, it may be difficult in
some circumstances to cover a sufficiently large
range of receptlon without the connection and
disconnection of condensers or coll parts. In this
case, the range to be received may be subdi-
vided into a relatively large numhber of wave
ranges in the manner descrlbed In British Patent
No. 408,737, In which case, as has been descrlbed
In detail in that patent, this subdivision has the
further advantage that the balancing of several
simultaneously tuned oscillatory circuits is sub-
stantially simplified, so thiat a particularly simple
form of single-knob manlpulatlon is thus ob-
tained.

The variation of the preliminary magnetisation
can also be employed even to obtain the adapta-
tion of the malns transformer to incidentally
occurring meains fluctuations or else to construct
a mains transformer which can be employed
without change of connections on different mains
voltages. To this end the effective Inductance of
the core is varied by means of rectified current
from a secondary winding for instance, the cur-
rent from the secondary winding supplying the
anode current which must, In any case be rectl-
fied in such a manner that as the main voltage
increases, the secondary voltages decrease, at
least 1n those windings where excess voltages are
dangerous, that is, particularly in the heating
windings. A fluctuation of the anode voltage s
generally not so detrimental, owing to the fact
that the grid bias is usually produced at the pres-
ent day by the voltage drop in a resistance,
whereby the grid bias automatically adapts ltself
to the changed anode voltege and automatlc con-
trol of the volume can be effected In any case.
Hence, a small auxiliary transformer which mere-
ly supplies the heating current for the tubes, can
ke regulated by means of & maing transformer,
which supplies the anode voltage and the like.
The tuning and regulation becomes very simple,
of course, when superheterodyne receivers -are
employed, particularly of the kind according to
British Patent No. 301,498 and the addition
thereto No. 313,414, since in thig case only the
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tuning of a single circuit is to be varied, which
of course renders any type of balancing super-
fluous. Automatic nolse suppression in combina-
tion with automsatic fading compensation can
also be obtalned in simple circuits even with a
pure form of magnetization curve, since the curve
exhibits a mean stralght part, which would then
serve for maintaining the sound volume within
certain limits while the first fiattening which oc-
curs at the beginning of the curve may be used
for nolse suppression while the second fiattening
which occurs at saturation may be employed for
the compensation of fading. In the same way,
of course, the constructional examples described
here primarily for fading compensation can he
used accordingly for the correction of amplitude
in sound film and sound disc recording and such
cases,

The method of inductive tuning herein de-
scribed may be used also in the case of ca-
pacitative tuning, whereln a tuning capacity is
used which is varied by a bias. To this end use
may be made as tuning condenser of an arrange-
ment such as an electrostatic loud-speaker,
wherein by varying the bias the capacity is
varied. The ahove description as applied to In-
ductive influencing may then be read as applying
to capacitative influencing.

A number of further possibilities which arise
when using mass cores of the nature of Ferro-
cart material may be mentioned. In the first
place, it is possible to obtain mechanical attrac-
tion of such cores as with normal alternating cur-
rent magnets, ‘This fact enables for instance,

high-frequency relays to he constructed for use :

in transmitting and receiving circuit, particu-
larly in receiving circults, wherein a mass core
attracts an armature of an !dentical ferromag-
netic high-frequency mass. However, telephone
receivers, loud-speakers, sound recording Instru-
ments and the like can then also be directly con-
structed, which enable direct conversion of high-
frequency oscillations into mechanical oscilla-
tions and vice versa. Similarly voltmeters and
ammeters adapteq to be directly operated with
high frequency, galvanometers, power Ineters,
etc., may be constructed in which, however, the
normal types of Iron are replaced with such mass
material. In this case, amplification of the ac-
tion may be effected by introducing back-cou-
plings, by means of discharge tubes or other
amplifying means. Therefore, for instance, In &
telephone, the mass core of which is directly
energized by high-frequency currents, amplifica-
tion can be obtained by the use of high-fre-
quency back-coupling. Of course, low-frequency
back-coupling would also be possible per se.
Nevertheless, the high frequency back-coupling
in this case has the advantage that no appreci-
able distortion is Introduced thereby. Since,
however, as has been shown above, tuning may
be effected by varying the preliminary magnetisa-
tion or the coll-spacings with respect to one an-
other or to the iron core or the like, it 18 possible
in this manner to combine both the tuning cir-
cuit and the reproducing instrument and possibly
also a volume control all into one constructional
element.

In the devices mentioned for the conversion of
mechanical into electrical energy, it is possible,
for Instance, with sensing members, elther to
vary the coupling at more or less constant fre-
quency by varlation of the preliminary magneti-
sation or the like, or else to vary the frequency
whereby the transfer of energy hetween two cir-
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cults is then varied due to the detuning between
two elrcults. The above suggestion for the con-
struction of high-frequency instruments operat-
ing directly in high frequency by the method
usual for low-frequency ls also of particular ap-
plication in directional reception, since in such
apparatus the goniometers can then be con-
strucied in like manner to soft-iron Instruments.
Thus, by more or less intense prellminary mag-
netisation, which can possibly be obtained by per-
manent magnetic flelds, assymmetry of the mag-
netic fields may be obtalned on change of direc-
tion of the high-frequency current, so that in-
struments can even be produced on the system of
moving-coil direct current instruments.

By virtue of the asymmetry of the magnetic
fields in the reversal of polarity of the current
in a sufficlently pre-magnetised iron core, de-
modulations and modulations can also be effected
with such mass cores. Therefore, such a mass
core with corresponding windings and pre-mag-
netising coil ete., may also act as a demodulator
in receiving circuits and thus fulfll the function
of detector tubes. Since, for Instance, in hetero-
dyne recelvers, two tubes acting as detectors are
required then in such a case by means of the
use of suitable coil or transformers, two tubes
may hbe replaced by a mass core. This con-
stitutes a considerable simplification. In order
to replace the first tube, such an arrangement
would have to act hoth as a modulator and dc-
moedulator, but in the second case, for the con-
version of the intermediate frequency into the
low frequency merely as a demodulator. Another
tube is deflnitely required for the local genera-
tion of oscillations in heterodyne reception.
Since, however, for the generation of oscilla-
tions work can be done on the straight part of
the characteristic of a tube, then a low-fre-
quency tube, preferably the output tube, in re-
flex connection, may be used for the generation
of osclillations since in this case, owing to the
great flexibility of control complications should
least be expected. If the reflex system is also
used elsewhere in such receivers, heterodyne re-
ceivers may be constructed with very few mem-
bers. Since the tuning in such receivers can also
be obtained by varying the effective Inductance
in accordance with the aspects given above. a
receiver may be desighed of a simplicity hitherto
not known.

For the remote operation of receivers, it is
important that the change-over of the individual
wave bands should be effected with the same cur-
rent as effects the variation in tuning. This can
be effected In a simple manner by Interrupting
and reinserting the current employed for varying
the inductance or for volume control, the inter-
ruption and re-insertion -electro-magnetically
setting Into motion in the receiver an escape-
ment wheel which sets a wave-band changing
shaft into rotation. Since, as above described
the actual tuning circult may be completely de-
coupled from the circuit effecting the preliminary
magnetisation it is immaterial in which direc-
tion the preliminary magnetisation current flows.
By means of a polarised driving mechanism for
the escapement wheel the latter may be rotated,
[or instance, clock-wise, on the passage of a cur-
rent in one directlon, while on reversal ol the
direction of the current the escapement wheel is
moved In the anti-clockwise directlon as the cir-
cuit is broken and remade, Therefore, by means
of a sultable commutator switch arrangement in
the remote controlling apparatus in cooperation
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with the escapement wheel mechanism descriked,
it 1s possible to effect rotation of the wave band
change-over switch in the actual receiving ap-
paratus in either direction from the remote con-
trolling apparatus.

Since, the direct current component of the
anode current in the demodulation devices owing
to the selectivity of the recelving circuits, varies
with variation of the tuning when a given trans-
mitter is being received, this current variation
may also be employed for the subsequent auto-
matic correction of the tuning, since the direct
current component of the anode current can
then be used to vary the preliminary magnetisa-
tion to effect correction of the tuning circuits.
Hence, it is possible in this manner to construct
automatic self-tuning apparatus, or apparatus
which, once tunlng is effected, automaticailly
adapt themselves to variatlions of frequency of
the oscillations received.

Since the inductances provided with mess cores
herein described may be used to replace modu-
lation tubes, they also can be used in arrange-
ments made in accordance with a prior invention
of the present applicant to replace discharge
tubes by inductance coils or transformers. In
the arrangement for multiplex telegraphy ac-
cording to the prior invention use is made of fwe
parallel tubes. the prids of which are energ!sed
in opposite phase by a local osclllation. These
tubes can be replaced by corresponding trans-
formers of the type herein descrlhed. In the
prior arrangement relays are shown connected
in the anode circuit of the tube. These can now
be dispensed with, since the mass cores of tha
said transformers may themselves be designed as
relays and so permnit converslon of the oscillatory
energy Iinto mechanicel energy directly. The
arrangement according to the prior invention
may algo be used for the analysis of frequency
mixtures, by applying a control frequency vari-
able in accordance with a weill-known law to the
control grids, whereupon a pointer or the like
connected to the relay armature employed there-
In gives a strong defiection when the control fre-
quency conforms with the frequency of a com-
ponent of the current mixture supplies to the
anode circuit, by application of the principle
herein discussed, the tubes may be replaced by
mass cores provided with a suitable winding and
an instrument can therefore he constructed
which acts dircctly as frequency analyser with-
out the ald of discharse tubes, if a known vari-
able auxiliary frequency is supplled. The differ-
ent constructional examples Indicated in the
above application can be comhined amonsg them-
selves, so that an cxtremely lerge number of
possibilities of use is obtained.

A further application of the invention relates
to heterodyne receivers and more particularly
those which agre constructed in accordance with
British Patents Nos: 301,498 and 313,414, where-
in an aperiodic input or, at least, an input which
acts aperiodically over a part of the recelving
range is employed as far as the mixing tube, this
aspect of the invention however, being in no way
limited to those special types of recelvers. In
such receivers, one of the most important draw-
backs is the strong crackling often complained
of, which arises from {he mixing tube and is
then amplified o large amplitudes by the sub-
sequent, usually powerful, Intermediate frequency
amplifieation. This amplification following the
frequency changer was previously deslred when
ﬁiﬁlc‘ulties still existed in the amplification of
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short waves. At the present day, these difficulties
are obviated to a great extent, and 1t is therefore
now proposed to arrange the entire amplification
hefore the mixing tube whereby the noises arising
in the mixing tube can be rendered small in rela-
tlon to the recelving oscillations which reach
this tube already fully ampilified: In this case,
of course, it is ilmmaterial whether the amplifi-
cation is effected by discharge tubes or by a
back-ccupling effect.

In addition to the suppression of the crackling
tendency, however, other considerable advan-
tages are also obtained by means of this arrange-
ment. For instance, a finer anode rectification
can easily be used, since the amplitude of the
receiving oscillations applied to the control grid
of the mixing tube after amplification can in
any case be made 50 large that work Is no longer
done on the changing curvature at the lower bend
of the characteristie, bui the half-waves to be
rectified extend into the stralght part of the
characteristic, so0 that a linear instead of an
exponential action results, which is desirable for
many cases. However, it is also advantageous
in this receiver to employ the recent mixing ar-
rangements employing pentagrid or hexode tubes
such as described in British Patent No: 409,756,
with multiplicative Instead of the. additive or
subtractive intermediate fregquency formation.
Since, in accordance with the present proposal
it 1s important to avoid any considerabkle ampli-
fication after the mixing tuhbe, it 1s also desirable
to avoid subsequent powerful low-frequency
amplifieation. It may therefore be preferable to
apply the output from the rectifler directly to
the loud-speaker or even, as described above to
dispense with all low-frequency parts and allow
tlie high frequency to act directly on an electro-
static or electromagn=tic high frequency loud-
speaker (brovided, for instance, with Ferroeert-
like mass cores. Between the rectifler or high-
frequency loud-speaker and the mixing tube in
place of the usual Intermediate frequency- am-
plifler, merely an intermediate frequency fillter
chiefly comprlsing several members should be
arranged, which may be constructed in a manner
well-kEnewn per se as a chain conductor or may
comprise mechanical resonators such as quartz
crystals.

Particularly if, aperiodic or seml-aperiodic in-
put circuits are employed as suggested above, it
is desirable to use for the amplification effected
before the mixing tube, tubes or combinations
thereof according to British- Patent No, 415,079,
since these tube combinations provide very high
amplifications in combination with relatively low
internal tube resistances. This Is an important
point in aperlodic or semi-aperiodic amplifiers
owing to the relatively low dynamic resistances
which may be given to such circults for the
adaptation thereof to the tube resistances. As
has been mentioned In the last mentioned pat-
ent, in the case of high-frequency amplification,
such series connected tubes must be arranged so
that the capacity of the connecting leads of the
successive systems, Is as low as possible, and to
this end tubes with indirectly heated cathodes,
which eliminate the capacity of the heatiug cur-
rent source, and multiple tubes, which keap the
capacity of the connections between the indi-
vidual systems low, are employed. If several
systems are used in this manner, the construc-
tion of a multiple tube may become rather com-
plicated and thereby give rlse to a.large quantity
of waste. In this case therefore, instead of coms
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bining the whole in a single multiple tube, it is
desirable to provide each system or small group
of systems In a separate tube, but to construct
the Individual tubes so that they can be connected
one to another with supply leads led out directly
instead of through a base, so that In practice, the
advantages of the short direct connectlons pro-
vided in multiple-tubes are obtained but in manu-
facture the advantages of the production of sin-
gle or two-system tubes exist, the tubes belng
combined at all into multiple-system units,

Since, when using a comparatively large num-
ber of serles-connected systems, very high volt-
age amplification is obtained and also since an
anode current source, i. e. say, the mains-trans-
former etc.,, ls deslgned for operation on high
voltage and relatively small current, this type of
apparatus s particularly suitable for combination
with electrostatic loud-speakers.

In these methods of reception with aperlodic ox
seml-aperiodic input circults, there is the ad-
vantage already emphasised in the prior patents
referred to that single-knob manipulation is
thereby obtainable In a very simple manner. It
is very desirable for the constitution of these cir-
culis to use coils with ferromagnetic cores at least
for the construction of the multl-element filters
in order to avold stray fields and in consequence
undesirable couplings, and if this Is done it is
possible to go a step further and, by the use of an
adjustable preliminary magnetisation to use these
ferromagnetic cores in the manner abhove de-
scribed In place of rotary condensers, for tuning
in to various waves to be recelved. The difficul-
tles with this method of tuning, I, e, by prelim-
Inary magnetisation, in the case of a plurality of
tuned circuits arise from the necessity of keeping
the Individual circuits in resonance over the en-
tire recelving range, and these difficulties are
avoided here, since when using aperiodie input
circults, only one continuously variable tuning
means is provided and when using semi-aperiodic
input efrcults, the necessity of observing absolute
accuracy of the tuning between the individual
clrcults is dispensed with.

The necesslty for accuracy of tuning can be
still further reduced In the latter case by di-
viding the total wave range into a large number
of small ranges according to British Patent No.
409,737. In particular, If several simultaneously
tunable circuits with variable permeability tuning
are provided, this 1s of advantage. With this
type of tuning ,which is particularly suitable for
the remote control tuning of apparatus, the de-
slgn of the tuning scales at the recelving ap-
paratus or at the Individual remote-operating
place can then also be very convenlently de-
slgned. Since in this method of tuning, as al-
ready described in British Patent No, 408,737 the
delicate mechanlcal adjustment is replaced by
a form of electrical vernler, a very simple me-
chanical equipment 1s sufficlent at the Individual
remote-operating places,

The tuning scales are preferably constructed
as “panel scales”, At the front of the recelving
or remote control apparatus there Is provided a
plate of, for instance, opal glass of sultable dl-
mensions (say 10 by 20 c¢ms} which is divided
into horizontal and vertlcal strips. If the plate
is placed crosswise, strips are obtained which
owing to their elongated form, are of sultable
shapes for the inscription of station names.
Each eolumn then corresponds to one of the rela-
tively small wave bands and the individual strips
constituting & column correspond to the indl-
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vidual stations to be received within this band.
The scale may be illuminated from the rear and
there may be arrenged on the apparatus as a
wave switch, a plane sliding switch, the switching
arm of which Ls movable behind the scale in such
a manner that when connection 1s made for the
reception of the shoriest wave band, it i1s situ-
ated just behind the horizontal row which cor-
responds to the shortest band and, when the
wave band connection is changed it comes into
the corresponding position behind the wave band
now switched in, If a small lamp is fixed to the
switching arm, the range switched in at any time
1s always illuminated, By means of the knob
effecting the tuning within a selected range, the
lamp may then be moved to and from in a ver-
tical direction behind the scale plate on a run-
ner or the like, 50 that the strip bearing the name
of the station being recelved is then illuminated.
Alternatively a long horizontal pointer may be
provided which moves In front of or behind the
scale and which Indicates the station in the col-
umn lluminated at the time, to which the ap-
paratus is tuned. Such a panel scale, as will be
hereinafter described can also be suitably con-
structed for use at a remote-controlling post.

Remote tone control by the variable induction
of pre-saturated low-frequency chokes or trans-
formers may also be employed.

The remote tuhing mechanisms lierein de-
scribed are, of course, not limited to the provi-
slon of a panel scale as hereln described any
more than the panel scale 1s Imited to this man-
ner of application, since It is suitable generally
on sub-division into a larger number of indi-
vidusl ranges, particularly in the arrangements
according to the prior British patent No. 409,737
above mentioned. The methods of execution of
the limited tuning or operation herein described
are not only applicable to the speclal methods
of reception described here and in the last men-
tioned patent although they are particularly suit-
able therefor.

The method according to the Invention, can
be used with very great advantage for yet an-
other element in the tuning of a set, namely, not
for operation of a continuously variable tuning
element 1. e, for replacement of the rotary con-
densers, but may also be used to replace the step-
by-step tuning of an Inductance by wave change
switches. In this case, special advantages are
obtelned. As is well-known, it 1s 2 great dis-
advantage of all apparatus working with a wave
change that change-over switch contacts must
be provided in the high-frequency circuits, since,
firstly, the connection of the lines from and to
the contacts causes difficulties, since all capacita-
tive effects In such circults are to be avoided to
the greatest posslble extent. In addlition, the
lines to the change-over switches and the change-
over switch contacts glve rise to additional damp-
ings, apart from the Undesired capacitative cou-
plings, and finally also the mechanical structure
of these multlple swiliches Is complicated and
expensive.

All this can be avolded by the step-by-step
switching or pre-magnetising currents, which
offers great advantages, In particular, when a
large number of changes of connection Is to be
effected, such as, for Instance, In an apparatus
constructed according to British patent No.
409,737.

All tunings effected by saturation such as here-
inbefore mentloned and more particularly, those
Just discussed permlit In other respects the use
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of much higher permeabilities than, for instance,
are obtained with the Ferrocart-like materials
wherein during operation, the inductance value
remains unchanged. This is due to the fact that
in the case of the materials the permeability of
which remains unchanged, the permeabilities
must be so chosen, that even at the simallest wave
length arising, the damping is not too great,
whereas in carrying out the present invention,
the permeability is so chosen that in the condi-
tion of the maximum preliminary magnetisation,
the permeability Is a minimum, the damping is
kept within the desired normal limits for the
smallest wave lengths, while in the case of higher
wave lengths at which a higher permeability does
not bring any objectionable increase in damping,
this increased permeability can then also be ef-
fectively utilised. This applles particularly to
the step-by-step inductance switching here de-
scribed, since here the maxXimum permeability
comes into action at wave lengths which behave
particularly favourably as regards the damping
with ferromagnetic cores.

The step-by-step tuning by varying the current
intensity or voltage of a pre-magnetising current
in steps may even be used in the case, owing to
its special advantages, in arrangements which
are otherwise normally tuned, that is tuned by
rotary condensers or variometers or in combina-
tlon with the methods of tuning hereinbefore
described, so that the step-by-step and also con-
tinuous tuning can then be effected by the same
or even different preliminary magnetisation coils
on the same or on different cores.

It is also very sultable, parttcularly for remote
tuning, however, to combine the continuous tun-
ing (described above) with a step-by-step tuning
by variable preliminary magnetisation by means
of electric biasing of condensers, for instance
Seignette salt condensers, for the purpose of
remote operation of receiving installations hav-
Ing several tuning circuits by a slngle-knob.

In particular, for such cases in which a high
degree of curvature of the magnetisation curve
15 desfred In addition to a high degree of varla-
tion of the permeability at the working point,
that is, especially In those cases where a modu-
lation phenomenon is desired, there is a certain
drawhack, with cores such as Ferrocart cores,
havilng a fine subdivision in the distribution of
direction of the lines of force, tlie magnetisation
curve presents only slight curvatures. According
to a feature of the present invention therefore,
a magnetic core is provided which is hereinafter
described, and which has proved to be particu-
larly suitable in such cases, and also in all the
other cases which are mentioned in this appli-
cation.

Bince very sharp bands can be obtained in the
magnetisation curve even with relatively small
magnetomotive forces, If the ferromagnetic ma-
terial is suitably chosen, this material is also
particularly suitable for the construction of mag-
netic amplifiers which operate on the principles
well-known per se, such ampliflers could only be
constructed for relatively low frequencies in the
past, owing to the high iron losses.

In order that the various aspects of the inven-
tion may be more clearly understood, a number
of embodiments thereof will now he described
with peference to the accompeanying drawings in
which

Fig. 1 shows & simple velume control arrange-
ment,

+Pig: 2-shows g modified form-of volume con-
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trol arrangement similar to that shown in Fig. 1,

Fig. 3 shows an arrangement for obtalning au-
tomatic volume control,

Fig. 4 is stili another form of volume control,

Fig, 5 is a section of a form of core suitable for
use in carrying into effect the varicus features of
the invention,

Fig. 6 is an elevation,

Fig. 7 shows an arrangement for effecting siep-
by-step alteration of an inductance,

Fig. 8 shows diagrammatiecally the circuit ar-
rangement of a superheterodyne radio receiver
embodying a feature of the invention,

Plg. 9 shows a tuning indicator arrangcment
and remote controlling apparatus for use in con-
junction with the invention,

Fig. 10 is a remote control circuit whizh may be
employed, according to the Invention, in eon-
junction with the other remote control arrange-
ments described,

Fig. 11 shows g reactor having the high fre-
quency core arranged between the poles of an en-
ergising magnet,

Fig. 12 shows the inventicn applied to capaci-
tative tuning,

Fig. 13 shows a modification of Fig. 12,

Fig, 14 shows a circuit for obtalning automatic
tuning control,

Fig. 15 shows a more detailed circuit for ob-
taining automatic tuning,

Fig. 16 shows another circuit for obtaining au-
tomatic tuning,

Fig. 17 shows a modification of Fig. 16 in which
the automatic tuning is effected by means of a
variahle capacity,

Fig. 18 shows a push-button remote control cir-
cuit,

Fig. 19 shows a remote conlrel circuit with a
sub-divided wave range,

Fig. 20 shows the lay-out of a control panel.

Referring first to Fig. 1, which shows a volume
control arrangement a tube | is shown adapted
to operate, for Instance as an anode current rec-
tifier, so that an increased amplitude at the grid,
broduces an increase in the anode direct curreni
component., An oscillatory circuit 2 is connected
to the grid of the tube. ‘The anode circuit of the
tube is provided with a back-coupling coil 3 and
a variable leak condenser 4. According to the
invention, the back-coupling coil is coupled Lo the
oscillatory circuit through a ferromagnetic core 5,
the inductance of the ferro-magnetic core being
of such a value that favourable operation of the
back-coupling is just obtained with the prelimi-
nary direct current magnetisation due Lo the an-
ode current which passes at the desired volume.
The adjustment of such a close back-coupling is
effected by means of a varlable condenser 4. If
the capacity of the condenser 4 is made very large
the high frequency component Is mainly con-
ducted to the cathode without traversing the coil
3 and a slight back-coupling action takes place,
while on the other hand, if the capacity is re-
duced, the back-coupling effect increases. If
strong signals are now recelved, which cause a
substantial increase in th anode current, the ac-
tlon of the back-coupling decreases according-
ly since the increased preliminary magnetisation
reduces the mutual inductance of the coil 2 and
3. The reverse actlon may also take place. In
this case, therefore, a very simple type of volume
control 1s obtained. Any re-tuning of the circuit
2 which occurs may be compensated in any sult-
able manner if it 1s undesirable, although as stat-
ed phove; additional volume.conirol may be 6b«
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talned thereby. Any desired adjustment of the
time constant of the regulating operation can be
obtained by condensers and resistances or the
Hke, suitably incorporated In the anode circult.
In Fig. 2 a modification of regulating device for
the regulation of back-coupling is 1llustrated,
which has an even more intense action to some
extent. In this case, a three-llmb core of ferro-
magnetic materiel is provided, which -carries
three different coils or groups of coils. The coils
1, 2 are connected in a tunable oscillatory eircuit,
which as in the Fig. 1 arrangement, may be con-
nected to a tube acting as rectifier. These two
colls are wound In such & manner that the fleld
they generate In the coil core are In series. The
field produced by them, therefore, does not sub-
stantially penetrate the centre imb of the trans-
former. On the centre Imb of the core there is
arranged a coil which is traversed by the high-
frequency components of the anode current of
any succeeding high-frequency amplifier or the
detector tube to which the oscillatory eireuit I, 2
may be connected. As long as the inductance in
the two symmetrical portions of the three-limb
transformer I and II is uniform, no back-cou-
pling effect will occur at all, since the oscillatory
cireuit is decoupled from the back-coupling coll In
this condltion, The core of ferromagnetic materi-
al or the oscillatory circult coil may be so designed
that complete mutual decoupling occurs when a
certain normal current flows through the turns
8, 4 connected in opposltion to one another which
are traversed by the direct current component of
the de-modulation tube. If the volume falls be-
low this desired degree, then the consequent re-
duction in the preliminary magnetisation by the
two coils, 3, 4 unbalences the symmetry in the
two magnetic circuits I, IT so that coupling takes
place between the oscillatory eircuit 1, 2 and the
back-coupling coll, such coupling being intended
to act 1n such a manner that the back-coupling
has an amplifying action. If, however, the field
strength of the incoming osclllations becomes
very great, so that the anode current in the recti-
fier tube conslderably increases, the symmetry of
the arrangement is displaced in the opposite di-
rection and the back-coupling coil now acts as
additional damping, that is reduces the volume,
For this effect to be produced, of course, it 1s nec-
essary that initlally, that is without the action
of the coils 3, 4 asymmetry exists between the
circults 1, 2 so that & close back-coupling is then
already present, this asymmetry being gradually
removed as the direct current in the coils 3, 4 in-
creases, extending increase in the current in the
colls 8, 4 leading to asymmetry in the opposite di-
rection. The arrangement just described owing
to mutual compensation of the action in the colls
I, 2 provides automatic volume control without
any variation of the tuning. A third exatnple of
an arrangement providing automatic volume con-
trol Is shown in Fig. 3. In this case, the coupling
per se 1s varied in place of the back-coupling. I
is, in this case, the Input circuit of a coupling ar-
rangement, while IT is the output circult. The
arrangement may be a transformer coupling two
high-frequency amplifier stages or the Hke., As
can be seen, the transformer has 3 groups of
windings, namely, a coil | which is connected to
the Input circult, a centre-tapped coil 2 from
which the output eircult is so derlved that, if the
coll 18 tapped symmetrically no oscillatory energy
can reach the Input circult and, furthermore, &
second two part winding 3, 4 through which the
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tube flows. In this case also the tapping of the
coil 2 may agaln be made asymmetrical at the
outset or the mass core may be asymmetrically
designed or both, so that normally, without di-
rect current in the windings 3, 4 or with only a
small direct current component, & considerable
asymmetry is present, whereby an essential part
of the input at I may be derived at II, while as
the prellminary magnetisation by the coils 3, 4
increases the asymmetry is gradually removed
and finally the bridge or the differential system,
on very strong preliminary magnetisation, grad-
ually approaches balance, so that the current
component which is transferred from I to II con-
tinuously diminishes.

If the colls | and 2 are parts of tuned cou-
pling transformers between individual amplifier
stages, where the detunilng may be undesirable,
this de-tuning may be counterbalanced s has
already been described in connection with the ex-
ample shown in Fig. 2 by the counterconnecilon
of similar elements so that no undesired de-tun-
ing of the circuit then occurs.

The great advantage of such volume control
arrangement resides in the fact that although
no special tubes and no special grids in the tubes
are employed, a varlation of the volume can be
obtalned which, in muiti-stage apparatus, such as
multi-stage amplifiers, where a regulating stage
may be arranged before each amplifying tube,
multiplies the action in the individual tubes, and
so allows of obtaining regulation within very wide
limits. In the arrangement described in PFig. 3
wherein the prellminary magnetisation only acts
to vary the energy transmitted from circuit T to
clrcuit II it is also possible since there are no
tuning problems in this case to effect the regula-
tlon in the low-frequency part or else In the
high-frequency and low-frequency part together.
If the regulation is effected In the low-frequency
part, it is posslble to dispense with the use of
speclal types of iron.

A further development of the invention idea is
shown in Flg. 4. In this case, I is against the
input circuit of a coupling arrangement which is
variable for the purpose of volume control! and
II the output circuit. | and 2 are normal fixed
inductance coils, while 3 and 4 represent two in-
ductances varlable by preliminary magnetisa-
tlon. The bridge arrangement comprlsing the
four resistances I, 2, 3, 4 is Initially balanced,
that is, when only the preliminary direct current
megnetisation by the battery 5§ is effective In the
colls 3, 4 and there is no preliminary magnetisa-
tlon by the centre tapped colls § and 1, then the
bridge is in equiltbrium. If preliminary mag-
netisation arlses in the coils § and 7 the equilibri-
um of the bridege is disturbed, since the induct-
ance of the coll on the core 3 is Increased and
the Inductance in the coil 4 1s decreased to equal
extents, A conslderable flow of current will then
take place In the arrangement from the input
part T to the outbut part II. The preliminary
magnetisation of the cores 3 and 4 is effected In
the followlng manner. The two tubes 8 and 8
agaln represent rectifiers, which are energlsed by
an oscillatory circult 10, which may be assumed
to be connected to the output of a high frequency
amplifier. The circuits I and II may he the cou-
pling hetween two or more stages within this
high-frequency amplifier. The tubes 8 and 8
then act as rectiflers and in the present figures,
for the sake of clearness, the part of the Hnes
which leads to the low-frequency amplifier {s
omitted and only that part of the lines of the an-
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ode circult of the tubes 8 and 9 is shown, which
carries direct current. In this case, means not
shown, may also be provided which effect the 111-
tering of the alternating current component.

The two tubes 8 and § are intended to work
with somewhat different bilases, e. g. tube 8 with
normal negative bias, so that It acts as a normal
anode rectifler tube, and the tube $ with so great
8 negative blas that the tube begins to funciion
only at considerable amplitudes. When signals
of very low intensity are received, so that it is to
be feared that the material part of the audion
only comprises strongly reproduced disturbanees,
then owing to the small anode direct current oi
the tube 8 and the tube 9 In the eoils 6 and 7, ro
appreciable direct current at all will flow, so that
the original equilibrium of the bridge is not dis-
turbed and practically no ocutput is transmitted
from I to II, that is, not even the intense dis-
turbing noises, which are otherwise always pres-
ent as g disturbing factor in a sensitlve receiver
oh adjustment to maximmum volume. If signals
of a moderate sound intensity occur, the anode
direct current of the tube 8 increases and, hence
an increasing magnetisation 1s produced in a half
of each of the colls 6 and T, which as hag already
been mentioned, act in the opposite sense on the
cores 3 and 4 so that In one core the preliminary
maghetisation proceeding from the battery 5 is In-
creased and in the other, it is decreased. Thus
the equllibrium of the bridge is disturbed and a
good transmisslon of the energy from the input
circult from T and II is effected. If the signal
intensity considerably increases the tube 9 will
also come Into action, so that if the signal ain-
plitude becomes greater than the negsative bias of
the tube 8, this tube then also passes an anode
dircct current. Hence anode current is now sup-
plied to colls 6 and T from both tubes 8 and 9.
Since the two halves of the coils 8 and 7 act in
opposition to one another, however, simultaneous
operation of the tubes 8 and 9 acts to remove the
prelilminary magnetisation in the coils 6§ and T
and the bridge is again balanced so that the
amount of energy which is supplied from the in-
put circuit I to the output circult IT is kept con-
stant,

Here sgain therefore an arrangement 13 pro-
vided, wherein automatic volume control and
automatic nolse suppression is provided. ‘The
coil combination shown here ¢an &lso be arranged
in several steges of a multi-stage high-frequency
amplifler or even a low-frequency amplifier, so
that regulation within very wide limits can take

place. In this case, it is noteworthy that the -

input circuit I can be tuned, since the total In-
ductance of this circuit (if no considerable ioad
is applied to circuit II, that is, for instance, only
the input of a2 tube amplifier) does not vary.
The total inductance consists of two part-in-
ductances connected in parallel, i. e. the part-
Inductance of the coil in series connection with
the iron-core coill 3 and, the part inductance of
the c¢oll 2 in serles with the iron core inductance
4. Blnoe, however, In the regulating operation,
the Inductances of the coils 3 and 4 are varled in
oppasite sense, then provided this variation takes
place to some extent in a linear manner, as may
be obtained within wide limits of time by & suit-
able coll and core arrangement for instance, coni-
cal iron cores or the like may be used, the total
inductance wll not vary during the regulating
operation, go thdat these colls may be parts of a
tuning circuit,

Referring now to Fig, 8 this shows 4 super-
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heterodyne radlo recelver constructed according
to a feature of the inventlon. As is readily ap-
parent from the drawing, the apparatus com-
prises two stages of series conne¢ted amplifier
tubes, each comprising two tubes 21, 22 and 23,
24 connected In the manner according to British
Patent No. 415,079 the two stages are coupled
through a band-pass tuned circuit 25, The out-
put of the two stages of high frequency ampli-
fication is applied through a further band-pass
tuned circuit 16 to the mixer tube 27 shown as
a hexode or four-grid tube. The intermediate
frequency from the mixer tube 21 1g applied by
way of transformer 28 and filter 29 to a second
detector 30 in the anode clrcuit of which the
loudspeaker L is connected.

The high-frequency signals picked up by the
aerial 31 are amplified in the two stages of high
frequency amplification to such an extent that,
after frequency changing by the tube 2T and de-
tectlon by the tube 30, a suficlent output 1s de-
rived to drive the loudspeaker L without low-
frequency amplification.

Preferably, the tuning arrangements are con-
structed according to British Patent No. 409,737,
whereby the condensers forming part 6f the cou-
pling circuits 23 and 28 and the tuning con-
denser for the local oscillation generating clrcuit
32 may all be ganged together without difficulty
and may even be condensers of the solid dielec-
tric type.

In Fig, 9 a further development of the Inven-
tion is shown, In this figure, T is an instrument
which is traversed by the pre-mbagnetising cur-
rent and indicates its gtrength. However, since
this current is proportional to the recelving fre-
quency, the instrutient can be directly calibrated
In wave-lengihs., By means of a second lever
pivoted at D, 3 parallel ruler mechanism is formed
whereby the long pointeér Z may be maintained
horlzontal and guided up and down in front of
or behind a panel scale divided, for example into
flve parts. Connected In serles with the instru-
ment T is » regulating resistance R, which en-
ables the intensity of the pre-magnetising cur-
rent and thus the tuning of the recelving ap-
paratus to be effected. The resistance R is oper-
atbd by & knob K which 18 mounted on g long
spindle, which may be of squate or other cross-
gectlon so that on rotatioh of the knob, the con-
tact arm of the resistance regulator R is turned,
but on movement of the knob in the direction of
the spindle, the latter may slide freely.

The spindle A may therefore be used to dis-
place the contaet Y on the slide 8 by push or
pull, so that it can be brought Into engagement
successively with the contacts 1 te 8. This con-
tacting causes circult interruptions or closures
which cause the rotation of an escapement wheel
in the reecelving apparatus in the manner de-
seribed above, said whesl causing the wave range
change-over in the apparatus,

In this ¢ase, pressurc on the knob X in the
axial direetion, moves the member M sliding fric-
tionally on the spindle to effect a contact closure
between the elemerits of the controlling apparatus
and the lead U, while a pull on knob K, moves
the metiiber M In the reverse direction and makes
contact between these elements and the lead V.
The Individual curretit impulses produced by con-
tact of the contact Y with the individual con-
tact polats cause rotation of the escapement
wheel effecting the wave range change in the
BDPAratus In either one or the other direction,
according to whether the impulses are transmit-
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ted to the receiving apparatus through the lead
T or V, since the two lines U and V are connected
either to different- lif{ing magnets or drive a po-
larised escapement wheel mechanism in either
direction, The result is thus obtained that the
position of the escapement wheel corresponds
at any time to the position of the contact Y.

On the contact Y there Is arranged a small
lamp La which illuminates the area below which
the contact for the time being in operation is lo-
cated. The arrangement is preferably so de-
vised that by means of vertical screens or the like,
ithe adjacent flelds are prevented frem being no-
ticeably illuminated, only the one area, corre-
sponding to the wave band in use belng itlus-
trated, and the shadow of the long transverse
pointer Z being seen on the opal glass or like
plate only at that locality. The sixth contact
point is shown in the present constructional ex-
ample as an idle econtact, so that by shifting the
knob K into its end posltion, the apparatus can
be switched off by Interrupting the current in-
terruption. It is preferable to ensure, by means
of resilient stops or the like that the contact can-
not remaijn in an intermediate position between
two contact poinis. Furthermore, a change-over
to gramophone reproduction, for Instance, at the
receiving apparatus may be distingulshed at the
remote-control apparatus by reversal of the di-
rection of the current or the like or by means
of a special signalling lamp or by deflection of the
instrument in the opposite directlon, whereby
the pointer is moved out of the range of the
tuning scale and replaced by a template with an
Inscription which is deplcted on the scale.

If remote control is to be effected from more
than one point, the remote control line may be
permanently connected up to the several points
(if a movable wire is not employed) and plug
connections mey be provided at these points into
which a remote control apparatus of the above-
described kind can be plugged. It is then only
necessary, for instance In a dwelling-house with
several living rooms from which the operation is
to be effected at will, to carry about the small
and light remote-control apparatus to the room
from which control is deslred. Alternatively a
remote control apparatus may be permanently
installed at each point which shows on per-
manently connected ammeters or voltmeters,
which are calibrated in wavelengths in the above
described manner, the wavelength adjusted at
the time from that or another place. In the
latter case, however, 1t is preferable to provide
a locking arrangement, whereby an adjustment
cannot be made from one point if the apparatus
is already being controlled from another point,
since otherwise the escapement wheel mechanism
in the spparatus might fall out of step. The
connection and disconnection of the apparatus,
however can be effected in this case from any
number of points by means of a circuit similar
to the “series clrcuit” in lighting installations.

The individual operating points can be made
more dependent of one another by the following
arrangement. Means such as a holding magnet
as used in the selectors for automatic telephones
may be provided arranged on a device which may
resemble the above-described remote control,
which holding magnet, retains the knob K by
means of a braking action of a pawl and stops, in
each position into which it 1s placed by means of
the adjuster, in opposition to a restoring force
formed e, g. by two springs. If the current is
interrupted, the holding magnet or the holding
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magnets become currentless and the two springs
1. e. & torsion spring and a liting spring acting
as restoring forces, rotate the resistance R into
its zero position or initial position in which the
circuit is broken, and move the contact Y into the
idle contact 6. Since, by the use of a *“serles
circuit” as in illuminating installations, the cur-
rent interruption can take blace at any operat-
ing point, this provides a possibility of effecting
the operation at each point independently.

In this case, as described above, the reading
instruments may remain connected at each polnt
if desired, in order that the station to which- the
apparatus is adjusted may be observed at each
point. If several wave hands are employed, a
device must also be provided to Indicate the par-
ticular wave band. This could be effected, for
instance, by the arrangement of a separate sig-
nalling lamp under each scale section correspond-
ing to a wave band, the lamps corresponding to
each section being connected in serles or in some
other interconnection with the corresponding
lamps at the other operating points. Loudspeak-
ers may be permanently installed at the indi-
vidual operating points or may be plugged in, in
the same manner as the remote control appa-
ratus. Alternatively a loudspesker may be in-
corporated in the transportable control appa-
ratus. When the apparatus is to be employed as
a gramophone connection the changing of discs
will necessitate providing the sound pick-up at
the remote points, and talking machine connec-
tions may therefore be provided at these remote
controlling points, in which case care should be
taken in the manner desctlbed above that the
use of the apparatus for the time being as a
talking machine is indicated at the other operat-
ing points.

The method of remote control above described,
is not, of course, confined to its use for living
rooms but may be used also when for any con-
gtructional reasons, the apparatus to be oper-
ated must be arranged at a place, which is in-
accessible to the operator, thus, for instance, on
automobiles, aircraft, boats and the like.

In such cases also if may happen that the op-
eration is to be effected elther from the pilot’s or
driver’s seat, or alternatively from the back seats,
in which case at least two independent operating
posts may be effected in the manner already de-
scribed or else by connecting all the lines con-
cerned to each operating post as in a house tele-
phone line-selector.

A further possible arrangement for inde-
pendent operating posts is shown diagrammat-
ically in Figurs 10 by way of example. In ihis
fizure two such posts, are shown, in an installa-
tion such as for a motor-car wherein the appara-
tus is to be controlled from the back seats or
from the driver’s seat alternatively. The prin-
ciple of the arrangement conslsts in using resist-
ance branches, wherein by adjustment of regu-
lating resistances, potentiometers or the like at
different controlling posts, voltages or current in-
tensities for the preliminary maghnetisation may
be derlved. By this arrangement adjustment at
one controlling post need not be varied or brought
into the econdition of rest before another con-
trolling post can be employed, this result being
achieved by the fact that the current consumers
of the regulating resistances or the like which are
provided at the various controlling posts are con-
nected in a common circult. Referring to Fig. 10
B is the current source required for obtaining the
preliminary magnetisation, for instance the bat-
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tery of the motor-¢ar. The pre-magnetising
winding in the apparatus, should be s¢ arranged
that the whole wave band for the time being con-
nected up may be covered by variation of the
voltage from zero up to half the avallable battery
voltage. In other respects the windings may he
constructed in all respects in accordance with the
information set out above. The voltage applied
to the pre-magnetising windings may be read off
at either of the two controlling posts I and II
from a voltmeter VI or V2 calibrated in wave
lengths or frequencies or station names, per-
manhently connected in eircuit. In the position
shown, the sliders of the two regulator tappings
Rt and R2 are approximately at the centres of
their corresponding resistance strips. In this
position they hoth have the same potential and
zero voltage is therefore applied across the wind-
ing S connected between them. The longest wave
is therfore tuned in. If one slider R is moved out
of its position of rest, then independently of the
position of the other slider, at least half the bat-
tery voltage may be applled to the winding S.
The fact that, in this arrangement the direction
of current may change is immaterial for the
effect, since the winding S is completely de-
coupled. However, It is necessary to use volt-
meters V, which give the same pointer deflection
whichever the direction of the current, unless op-
posite defiections are expressly desired for special
purpose. The wave range change, however, cah-
not be effected by means of change of direction
of current and polarised escapement wheel mech-
anism, but must be effected in some other man-
ner, such as has been described absve, The con-
nection and disconnection may also be effected
independently of one another at the control posts
by “series-connection”. Very often, & volume ad-
justment is required which may also be effected
in the manner descrlbed above by ineans of sat-
urating windings or in the same way as the tun-
ing by electrostatic biasing of condensers de-
pendent on voltage (for instance, Seignette salt
dielectric condensers).

Turning now to Figure 7 this figure shows by
way of example an embodiment of a further fea-
ture of the invention according to which the step-
by-step variation of an inductance is effected

by step-by-step variation of the preliminary mag- ;

netisation applied to a core with which said 1n-
ductance Is provided. In this figure, B is the cur-
rent source, employed for preliminary magnetisa-~
tlon, which is shown here as a battery but which
in mmost cases will be replaced by a connectlon

to the mains. R is a resistance variable in steps, '

which however, if continuous tuning by satura-
tion is to be obtained in addition may also have
a contlnuously variable regulator connected in
series therewitl. Alternatively the resistance R
may be continuously variable between the steps,
and may be provided with stops, so that sub-di-
vision into several separate wave bands, even with
& large tuning range of an apparatus, for instance
from 200 to 2060 metres or more, is then dispensed
with. X is the ferromagnetic core which carries
the relatively de-coupled premagnetising and
oscillatory circuit windings, Further oscillatory
circuits or back-coupling tircuits of the appara-
tus, not shown here for the sake of simplicity are
connected to the terminals X. Finally, Z is an
additional resistance regulating arrangement the
value of which may be adjusted to balance the
initlal values pre-magnetisation of the individual
cores agginsi one another, If the pre-magnetis-
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ing windings of the cores are connected in par-
allel and not in serles as shown here, the addi-
tional resistances Z should not be arranged in
parallel but in series with the pre-magnetising
turns.

Figs. b and 6 show diagrammatically a form
of core particularly sulted to the varlous pur-
poses of the present invention. Referring to
these figures 11 1s a coil body of-thick pasteboard
or other insulating material, which serves not
only as a former for the coil, but also to ensure
that the winding on the core 1s sufficlently spaced
from the conductive core materlal, at least, where
it is desired to provide a high-frequency winding
disturbing capacity couplings through the core
material are to a great extent avolded. The coil
former, which is shown homogeneous in the
drawing may also be in the form of a framework
structure, so that the H, P, turns touch the in-
sulating materia! only at a small number of
points, a sufficlent air spacing for the reduction
of capacitative nolses telng provided elsewhere,
Since the finished core in the form herein de-
seribed forms a self supporting whole, the insu-
lating former can therefore be mechanically re-
lieved to a great extent.

On the coil former there is wound a layer of
thin ferromagnetic wire, for instance, iron wire
or better an alloy such as permalloy, in such a
manner that a small air space is left between the
individual turns, which considerably reduces ca-
paclty coupling between the individual wire turns.
The thickness of the wire should not greatly ex-
ceed g diameter of 0.03 mm. thinner wires being
still better.

After a layer of wire has been applied in the
manner deseribed, leaving sufficient spacings
between the individual wires, this layer is prei-
erably fixed and coated by a lacquer of zood
insulating qualities and of the lowest possible di-
cleciric constant. Following this is an insulat-
ing layer, such for instance as paper, which is
also fixed and then again, in the same manner
as has just been described, another layer of wirs
or strip is applied. The wire or strip mey pos-
sibly be produced electrolytically by deposition on
a conductor base which is tlten dissolved away.

In the drawing 12 denctes the intermediate
paper layer, and 13 the individual wires; 14
shows the arrangement of a layer of the H. F,
coll winding. Since Lhe core, as mentioncd ebove,
has sufficient mechanical stability after harden-
ing of the lagquer, a direct current winding
which is necessary for obtaining a prelimiuary
megnetisation may be wound directly on the
core. Mence, at the point wiiere the direct eur-
rent winding is arranged, (he coil former is pref-
crably removed since no reduction of the ca-
pacitative coupling is required, and a highly de-
sirable gain in winding space is obtained,

Owing to the relatively low iroen or the like
content of the core, the permeability of course
becomes considerably less than in solid cores or
cores normally made of laminated material, but
this is desirable for high frequency PUurposes
owing to the consequent reduction in fron losses
to tolerable limits. Moreover, sufficient satura-
tion can be ohtained in the matter with less cur-
rent,.

If the preliminary magnetisation is of an ad-
ditional permanent or electromagnet nct pro-
duced by an applied winding but by arrangement
of the core in the field, then of course by re-
moving the insulating body st the particular
points, provision shomld be made for good mag-
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netic contact where the flux enters and leaves
the core.

The cores descrlbed can be most simply pro-
duced economlically in the form of closed cir-
cular rings since they can then be madc on a
simple coll winding machine with an arrange-
ment well-known per se for the srrangement of
intermediate paper layers between the turns,
and it is therefore desirable to use two such
cores for carrying out the various connection
hereinbefore described, The direct current
winding may then comprise two separate wind-
ings eaeh arranged on & core, instead of the
single winding illustrated in the figure. This
last form of cohstruction should even be the
better one In regard to the attainment of a
favourable fllling factor.

The direct current winding and alternating
current winding may generally be interchanged.

Referring to Fig. 11, the reactor comprises an
electromagnet 4! which is energised by the en-
erglsing winding 3. The magnet 41 is con-
structed of waterial of relatively high permea-
bility, such as from iron laminations or solid
iron, It may be made from material known
commercially as “Permalloy.”

Between the pole pieces of the magnet 41 is
arranged an Inductance 2 wound upon a ferro-
magnetic core § of low magnetic permeability.

This inductance may be constructed as deseribed .

with reference to Figs, 5 and 6. It Is preferable
to provide a good magnetic contact between the
poles of the magnet and the core.

By varylng the current flowing in the wind-

ing 3 the fleld strength between the poles of the 2

magnet 41 1s varied whereby the saturation of
the core 9 may be varled and thus also the in-
ductance of the coil 2. In this way the reactor
provides a simple means of adjusting the in-
ductance of the cojl 2 to any deslred value witk-
out any moving parts beinz neccssary. The
inductance 2 may form part of a high frequency
oscillatory circult of a radlo recelver so that by
means of the reactor according to this invention
it is possible to effect the tuning of the clreuit
by merely varying the current flowing through
the winding 3. This may be effected from the
remote point by simpie varletion of a potentiom-
eter as ilustrated in Fig. 7.

It has furthermore been mentioned above that
the statement made for inductive operations
when using cores of ferrcmagnetic material may
also he applied to capacitative operations when
using condensers dependent on voltage. Suitably
constructed Seignette salt condensers are par-
ticularly suitable as such condensers.

Mg, 12 shows an embodiment employing such
a condenser, the circult arrangement is sub-
stantially identleal with that shown in Fig, 7
with the exceptlon that the reactor 5 is replaced
by the condenser 50 and the condenser 6 by the
inductance 60. R is the resistance, which in this
case Is arranged as a potentiometer across the
battery B, whereby the potential applied to the
plates of the condenser 50 may be varled to vary
the eapacity of the osclllatory circuit compris-
ing the condenser 50 and the Inductance 68, The
condenser 50 may be of the type which has a
plezo-electric dielectric or in whieh the elec-
trode spacing ls a funection of the potential dif-
ference therebetween,

Fig. 13 is & modifleation of Fig. 12, The con-
denser with plates 50, 51 has an inductance coil
53 connected across the plates, sald condenser
and coll forming an osclliatory circuit. The
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condenser Is connected to a source of continu-
ous current, for example a battery 56 through
two choke coils 54, 55, and a resistance 371 ca-
pable of variation by means of a sliding contact
58 brideges the battery terminals, Variable voit-
ages are thus available whereby variable poten-
ials can be selectlvely applied to the two plates
50, 51 of the condenser, causing the capacity
thereof to change with the result that the tun-
ing of the oscillatory circuit 50, 51, 53 can be
varled.

By deriving from a receiver a controlling po-
tential dependent upon the frequency of the sig-
nals received or the varlation of the frequency
of the received sighals, this controlling potential
may he used for automatically tuning the oscil-
latory circuits of the recelver in the same man-
ner as described above for automatic volume
control whereby an automatic correction of the
tuning to a desired frequency may he obtained.
Sinee the direct current component of the anode
current in demodulating devices, owing to the
selectivity of the receiving clreuits, varles with
variation of the tuning when a given transmitter
is being recelved, then this current variation may
be employed for the purpose of automatic tun-
ing. The direct current component of the anode
current would be used to vary the preliminary
magnetisation to effect correctlon of the tuning
circults. Any of the arrangements deseribed
above for automatiecally controlling the tuning in
dependence upoh a controlling current or poten-
tial may be used for this purpose, This possi-
bility of automatic tuning correction is of par-
tlcular advantage in the case of remotely con-
trolled receivers which are particularly simple to
construct with the arrangements according to
the present invention.

When two tuned clrcults are provided in the
recelver one of the clrcuits may be provided with
automatic tuning correctlon means whilst the
other circuit may be provided merely with man-
ual control means whereby the first circuit is
kept in tune with the received slgnal independ-
antly of the variation of the second elrcuit,
whereby accurate ganging between the two cir-
cuits may be dispensed with.

The principles employed for automatic tuning
control will be explained with reference to Fig.
14 in which the incoming signals pass through
the condenser I1t5 and the resistance i16.
Shunted across the reslstance 1s a rectifying de-
vice 117 which 1s in series with the magnetising
winding (16 on the magnet 118. The preliminary
magnetisation may be produced by a second
winding (18! arranged on the magnet and fed
with current from a battery 161. The energising
current may be controlled by the resistance 162
which may be arranged at a remote point and
serves manually to adjust the tuning to recelve
any desired station. Alternatively, the winding
118 may be the only winding on the magnet, and
have both the automatic controlling current and
the preliminary magnetising current passed
through 1t. Arranged in the gap of the magnet
#19 is the inductance coll 120 which forms part
of an oscillatory eircuit, for example the tuning
circuit or the local oscillator elrcuit in a super-
heterodyne receiver,

It is known that if the frequency of the in-
coming signals Increases, more energy passes the
condenser 115 and thus more current is passed
through the winding (18 on the magnet Ha,
thereby increasing the field and increasing the
frequency to which the inductance 120 15 tuned.
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whereas if the frequency becomes lower, that is
the wave length of the Incoming signals in-
creases, the reverse action takes place and the
frequency to which the oscillatory circuit Is tuned
also decreases.

The circuit illustrated in Fig. 14 is given for
te purpose of explanation and it is assumed
that the incoming signals from different stations
have the same energy. In practice, of course,
the control wouid be effected through a device
{or producing equal amplification of the incom-
ing signals, such as for example the last stage
of an automadtic volume control circuit, or a volt-
age or current limiting deviee shouid precede the
amplifier.

Fig. 15 shows a more detailed diagram in which
the output from the valve 121 passes through
the condenser 122 and the resistance 123, the
current in which varies with the frequency due
to the variation in energy which passes through
the condenser 121 with frequency changes. The
currcnt passing through this circuit is rectifled
by the rectifier 124 and fed to the magnetising
winding 125 of the permanent magnet which
automatically adjusts the tuning of the input or
Jozal oscillator circuit 128.

Fig. 16 shows an alternative circuit diagram
for automatic tuning contrel in which the con-
trol is effected by balanced circuits. The prin-
riple is illustrated in the drawing as being ap-
plied to a superheterodyne receiver. The inter-
mediate frequency signals are fed to the grid of
the valve and the signals in the inductance 127
in the anode circult oscillate at the same fre-
quency. Coupled to this inductance are two
tuned circuits I and II, the circuit I being tuned
to a wavelength slightly below that which is to
pass the intermediate frequency stage and the
circuit IT to a wavelength slightly above that to
ke passed. The outputs from these two circults
are fod through the rectifier 128, the cathode of
which is connected to the mid-point of a wind-
ing 129 on the permanent magnet. The opposite
ends of this winding 129 are respectively con-
nected to the circuits T and IT as shown. This
winding 1239 may be arranged on the magnet
which has a second winding 30 which produces
the field which may be varled to adjust the tun-
ing to different transmitters. In the gap of
this magnet is positioned the Inductance which
15 in the local oscillator circudt $31.

The operaticn of the device is as follows.

If the intermediale frequency slightly increases
Lt cireuit I would be more energised than cir-

cuit 1T thus upsetting the bglance in the induec- ;

tance 122 and causing more current to pass
throveh ihe half 128z than the half 1290, which
thus has the effect of altering the local oscillator
frequency to retune the circult. On the contrary
ir the intermediate frequency bccomes slightly
lower the reverse effect takes place due to the
circuit IT heing more strongly energised than
circuil I. -

Fig. 17 shows a modification of Fig. 16 in which
the reetified output from the two circults I and
II is used to conirol the freguency of the loeal
oscillator eireuit by varying its capacity. To this
enid the outputs from the circuits I and IT vary
Ihe potentials produced in resistances 132, 133,
which are in circuit with the contrel electrodes
124 which adjust the capacily of the condenser
£33 in accordance with the potential impressed
upon those control elcctrodes. The battery (83
and potentlometer 164 serve for manually con-
trolling the potential applied to the control elec-
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trodes 134, for the purpose of manually tuning
the condenser §38 to receive any desired station.
The arrangement shows the control electrodes
quite independent of the condenser electrodes so
that there is no coupling between the control
circuit and the oscillator circuit. More broadly
speaking the arrangement avoids coupling be-
tween the controlling and controlled circuits.

In one particular form of construction of the
condenser, the dielectric may comprise a piezo-
rlectric crystal having the two condenser plates
arranged oh opposite surfaces thereof. By ap-
piying a potential, which may be applied to elec-
trodcs separate from the condenser plates, the
cryslal may be deformed to vary the capacity be-
Lwepn the two plates.

The methods of tuning by altering the induc-
tance or capacily of an oscillatory circuit by
varyving an applied bias, lends itself particularly
Lo the remote control of radlo receivers by means
of a series of push-buttons which are so con-
necied to points on the controlling resistance or
potentiometer that a desired station may be re-
ceived by merely depressing the corresponding
push-button. Such push-button receivers were
first described by me in my U. S. Patent No.
1,969,209, patented Ttli August 1934.

One such embodiment is shown fn Fig. 18 in
which the remote tuning or other tuning of a
receiver E is effected by varying at the control
panel a regulating resistance R which alters the
pre-magnetising current of ohe or more mag-
netic variometers serving for the tuning of the
circuits, then a press-button control may be
achieved by providing, in addition to the slider
5 on the regulating resistance R for effecting
rontinuous tuning, further adjustable sliders
having connections leading to the individual
press-buttons Di—Ds.

By pressing in one cf lhc press-butions, the
resistance corresponding to the setting of the
slider will then he switched in, and the receiver
tuned in to the station corresponding to the ad-
Justed current or voltage. The advantage of this
crrangement over ordlnary press-button controls
ur press-button remote controls, resides jn the
fach that only one single conductor for the regu-
lating current is required for an unlimited num-
ber of press-buttons and therefore of stations to
which the set can be {uned, Purthermore, the
rossibility is provided of having a continuous
chanze of wavelength availabic at the control
panel in addition to a number of pre-selected
staticns, TIf there is provided o large number of
permanenily pre-selected stations, it is particu-
lariy expedieni to provide stabilisers, voltage
governors or the like for Lhe scurces of the
regulaling current.

If as tuning means there be employed devices
which are substantially free of after-effects, no
further complications of the arrangement are to
be cxpected. This applies for example when
valves arc used as tuning elements, provided these
valves serve as variable inductive or capacitative
resistances. If tuning is effected with the aid of
magnctic variometers, that is to say for instance
by utilising saturation phenomena, or if mechani-
cal driving means be employed, that Is to say for
instance driving means working on the principle
of a voltmeter or ampere-meter, these means be-
ing adapted for instance to turn a rotary con-
denser to a greater or less extent in dependence
on the adjustment of the regulating resistance,
precautions must be taken to counteract thesc
after-effects, such as coerctve force or friction.
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‘The outcome of these after-effects may be elimi-
nated with the ald of any means by which an
increase of the relative accuracy is achileved.
For this purpose there is contemplated more par-
ticularly the sub-dividing of the total frequency
band to be covered by the set into a large number
of sections, as described, for example, in British
patent specification No. 409,737.

Assuming, for example that a remote-tuned
set of this kind, designed to be tuned with a pre-
maghetisable self-inductance equipped with a
ferro-magnetic core, that the normal broadcast-
ing range of say 500 to 1500 kc/sec is to be cov-
ered, and assuming further that the registering
error isreduced by the use of heavily alloyed trans-
former sheets to about 2 to 3%, then this means
that at a medium frequency of the set range, that
is to say, at about 1000 kc/sec, there will stlll
be a difference of 20 to 30 ke/sec between the
wave length to which a remote-controlled ar-
rangement adjusted by means of a regulaiing de-
vice Is supposed to be adjusted and the wave
length to which the set is actually adjusted.
‘This, however, means a displacement through two
to three receiving channels, with the result that
an arrangement of this kind is bound to be
equipped with a separate compensating indicat-
ing device or the like. By the use of nickle-iron-
alloys, such as “Permalloy” or the like, this regis-
tering error may, it is true, be reduced very con-
slderably further still, but the high price of mate-
rials of this kind sets a strict limit to its use,

If, however, the wave length range up to 1000
kc/sec be sub-divided, for instance, in such a
menner as to provide five sub-ranges of ahout
200 kc each, the same registering error of about
2 t0 3% in each sub-range will only amount to 4
to 68 ke/sec. This means that the minimum
deviation from the mean value amounts to only
2 to 3 ke/sec. Now since s transmisslon chan-
nel has a breadth of ¢ to 10 ke/sec, it follows
that in spite of the registerlng error tuning
will always be effected to within the required
channel, and it is possible to callbrate the set
correctly for particular statlons inscribed by
name on the control panel without the use of
additional compensating arrangements or the
lke, the control panel being provided for in-
stance with a vartable resistance or the like for
the purpose of selecting the individual stations
within the sub-ranges.

Since a varieble resistance of this kind allows
of continuous, 1. e. non graduated, tuning, any
loss of quality in the reproduction due to the
residual detuning of the order of 2 to 3 kc/sec
may be compensated for by merely turning the
tuning knob at the control panel without, how-
ever, causing the index pointer coupled with
the knob to move away from the position on
the dlal representing the station concerned.

If a set of this kind is provilded with auto-
matic sharp tuning, this latter will effect cor-
rect adjustment of the set without additional
tuning, since the error lies within the limits of
%2 =3 a deviation with which automatic sharp
tuning arrangements can cope.

Arrangements which do not work perfectly
continuously are capable of giving satisfactory
results when using this princlple. If, for ex-
ample, the rotary condenser spindle of a receiver
be driven by a ratchet wheel mechanism which
in its turn is set in motion by means of a dialling
disc or the like as in automatic telephone sets,
it will be clear that with an arrangement of
this kind, provided the teeth of the ratchet
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wheel mechan!sm -be made fine enough, or pro-
vided a sufficlently high transmission ratio is
provided between the ratchet wheel mechanism
and the condenser spindle, it would be possible
to select each station with sufficient accuracy.

Such flne sub-division of the ratchet wheel
drive would, however, necessitate an extremely
large number of contacts for use in selecting a
statlon., In this directlon again a remedy is
provided by the sub-dividing of the wavelength
range.

If the total wavelength range be first sub-
divided into a number of sub-ranges, it becomes
possible to select any deslred station within
these sub-ranges without an excessively large
number of impulses, since the registering error
due to the fact that the selecting of a station
{s no longer effected continuously but in small
stages, becomes so small, as expressed In kc/sec,
owing to the preceding sub-division of the wave
length range {nto & considerable number of sub-
ranges, that the resldual deviation can be com-
pensated for by means of automatic tuning
control.

It thus becomes possible in this case, {n con-
trast to arrangements such as those used in
automatic telephony where only a certain def-
inite receiving polnt can be selected at a time
owing to the use of preselectors and maln
selectors, by the use of automatic tuning control,
to select any statlons comprised withln the sub-
ranges, the wavelengths of which need not be
known at all at the tlme the set Is built.

If in the first mentioned constructional exam-
ple, the variable resistance be tapped at cer-
tain intervals and the tappings be connected
to press-button contacts, or In the case of the
last mentioned example if arrangements be pro-
vided which transmit a certain previously ad-
justable number of impulses, either magnetically
or electromagnetically or otherwise when a press-
button is operated, then the described arrange-
ments may also be used in connection with press-
button control. For this purpose the arrange-
ment may be such that when a certaln press-
button Is operated not only is a certain station
selected within a sub-ranege, but the sub-range
ttself is also selected.

The sub-ranges may in their turn either be
switched on llkewise by means of ratchet wheel
mechanisms, as Indicated by way of example
in Fig, 19 of the accompanying drawings, or
they may be selected by means of separate leads
connected severally to principle relays; or al-
ternatively there may be provided arrangements
working on & principle similar to that of the
transmission of signalled orders on ships, where-
by an indicating and 4 switching lever are always
in corresponding positions in the recelver and
control Instruments respectively. .

The described indlvidual cmbodiments may
also b¢ combined in any desired manner.

Motor drives may also be embployed for se-
lecting the sub-range or for fine tuning within

3 the sub-range, or for both purposes: In every

case the advantage of sub-dlviding thc wave-
length range which is achleved that any inac-
curacles resulting from the running on of the
motor due to inertia or to idle movement in the
gearing used, and any registering errors due
to these causes are rendered harmless in their
effects by the sub-division of the wavelength
range, it belng possible to use automatic tuning
devices for compenssting the residual errors.
Since with the sald arrangements it Is essential
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to avoid registering errors, it is desirable, in
order to obtain the desired result with a min-
imum number of sub-ranges, to take steps to
ensure that the relative inaccuracy within the
individual sub-ranges remains the same. In an
arrangement providing for graduated switching
of the sub-ranges of the type shown in Fig. 19,
care must therefore be taken to ensure that
the sub-ranges have as nearly as possible an
approximately equal extent expressed in kc/scc.

If in the case of a set in which flne tuning is
effected by saturation, and in which therefore
the inductivity is variable gradually and not in
steps {(which may be effected not only by means
of premagnetising but equally well, as in the case
of varying capacity, by the use of capacitive or
imductive apparent resistances with the ald of
appropriate valve circuits), the switching of the
ranges being effected solely by connecting larger
or smaller condensers to this variable inductance,
then this precondltion will be only very imper-
fectly fulfilled. This is the casc since when larger
or smaller condensers are connected in, the
range of variation of the inductivity, expressed
&8s A percentage, remains always the same, from
which it follows that when small condensers
are cpnnected in, on alteration of the induectivity
in certain proportion, very much greater wave-
length ranges are swept through than when
larger condensers are connected in, owing to the
lower wave ranges to which adjustment is effect-
ed when the smaller condensers are connected in.

To overcome this difficulty the circuit arrange-
ment shown in Fig. 19 is provided, which shows
only & single oscillating circuit suitable for use
for example in a single span superheterodyne set.
I{ a superheterodyne receiver with one or more
preselection circuits be employed the tuning ele-
ments shown in Fig, 19 must be provided in an
appropriately larger number,

This applies to a still greater extent to muiti-
clreuit in-line receivers, which however are for
other reasons less suitable for the purposes of the
present invention although their use is not in-
tended to be precluded.

Ll in Fig. 19 denotes the variahle sclf-induct-
ance proper. In the positlon shown in the draw-
ing, Ll is connected to the condenser Cl to form
an oscillating circuit and in thls case the entire
range of operation of the coil Ll is utilised.
When the eontact segments are advanced to the
extent of one contaet by means of the ratchet
wheel mechanism Si, the coil Lt is coupled with
the condenser C2 to form an oscillating circuit.
Owing to the relatively small sub-ranges (which
incidentally affords the further advantage that
the range of variation of the variometer Ll used
or of corresponding capacity varying means can
be kept small) the amount of transmission chan-
nels coverad in the second range will not be sub-
stantially different compared to the first range,
although C2 should be somewhat smaller than
Cl so that the sub-range corresponding to the
next frequencies is then switched on.

If however on further movement of the switch-
ing arm to the third contact, the next higher
range e then switched in, the range of frequency
would nevertheless be gradually increased to
such an extent that the pre-condition set forth
above as being desirable can no longer be re-
garded as then being approximately fulfllled. To
overcome this drawback there is employed the
switching arm B. This switching arm connects
in parallel with the coll Ll a coil L2 which has
the ciflect of causlng the alteration of inductivity
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to be less in the next two switching positions
than in the preceding switching positions, since
the total inductivity of the cireuit then eonsists
of o fixed inductivity L2 withh which a variable
inductivity LIl is connected in parallel.

On further reducing the frequency by switch-
ing over to fresh ranges there are then switched
in a first tapping and later on possibly one or
more subsequent tappings of the coil L2, Al-
thouzh, owing to the switching operations affect-
ing the c9il 1.2 a reduction of wavelength likewise
occurs, whereby the switching over of condensers
might be avoided or the number of condensers to
be swilched in by means of the switching arm A
mignt be reduced, it is nevertheless advisable in
many eascs to provide separate condensers for
each individual contact of the switching arm A,
since it is possible by adjustment of the con-
denser Cl, C2 and Cn to effect a synchronising
equilisation bhetween the individual cireuits of
the set in the case of muticircuit sets. Connect-
ing a fixed coil L2 in parallel with the variable
inductance Li has the further advantage that
the quality of the coil may thereby be adapted to
the individual wavelengths.

If, for example, coils having ferro-imnagnetic
coils be used, it is possible, for the long wave
ranges, to employ coils having cores of relatively
high permeability, whereby Inter alia the ex-
penditure involved in pre-magnetising can be
reduced; when the wavelengths are decreased,
however, c¢ails cf this kind would exert a very con-
slderable damping action. Now since the coil
L2 is connected in parallel with them, and this
coil beccmes morc and more decisive for the
damping c¢f the clrcuit as the length of the re-
ceived waves becomes progressively shorter, this
cffect can be kept within favourable limits.

What is here sald in regard to variatlon of in-
ductivity also applies, with appropriate modifica-
tion, to arrangements working with alteration of
capaclty for tuning purposes, as also to all the
other embodiments mentioned above, as in fact
all the individual embodiments discussed in the
present application may be combined in any de-
slred manner, it being understood that all such
combinations fall within the scope of the inven-
tion for which protectlon is sought,

The-connecting of the controls of the sct to the
set proper may be effected in a variety gf ways.
Either separate leads may be provided or exlsting
conductors, for instance, the heavy current con-
ductor may be used for control purposes by
superposing high frequency currents or low fre-
quency currents on the conductor current, or
alternatively by tapping direct currents In alter-
nating current leads with the aid of the point
switching arrangements. The embodiment cf a
direct high frequency radiation known per se be-
tween the control device and the receiving or
transmitting set to e controlled, for the purpose
of directing the eontrolling and regulating cur-
rents, is likewise possible. In this connection, for
the purpose of varying amplitude or frequency,

5 continuous regulation of a capacitive or Inductive

tuning element associated with the receiving or
transmitting set to be controlled may be effected,
while the switching over from one wave length
range to another, and the like, may be brought
about by varying the number of transmitted im-
pulses.

.In these cases, however, it is neccssary to pro-
vide a lead for transmitting the sound cutput
from the recelving set to a control device when
the receiving set is not in the same place or room
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as the controlling devicc, but if the remote con-
trol Is to afford all its advantages, it is expedient
to set up the recelving device remote from where
the control device is operated, for instance, {rom
a dwelling room but even in a case of this kind
it is possible to do without a connecting con-
ductor provided, for instanee, by means of a short
wave or uitra short wave connection maintained
in & certain fixedly adjusted canal, the transmis-
slon recelved by the recelving set can be radiated
to the place from which it iz desired to hear it,
where it can then be received by a receiver which
is adjusted to a fixed wavelength and therefore
does not require any additional controlling
means.

In this case also, the radiation may be ef-
fected slong cxisting leads, for instance, along
mains current or power current leads. Installa-
tions of this kind are particularly suitable when
it 15 desired to receive various transmissions in
several rooms, and it is then possible for various
reproducing sets, to which the programmes are
fed In different short wave channels or even long
wave channels, to be operated in conjunction
with different receivers proper remote controlled
with or without wiring connections and placed
for Instance in a central or storage room. The
short wave retransmitting of a recelved trans-
mission to the reproducing device proper affords
particularly great advantages in the case of seis
to which oniy a limited numbher of persons are
required to listen-in, After a transmission re-
celved by a receiving set and particularly by g re-
mote control receiving set be retransmitted on
an ultra-short wave which is Intended to be
fixedly or at least practically fixediy adjusted, it
becomes possible to provide the individual oc-
cupants of a house with headphones on which a
smal]l ultra-short wave receiver is directly mount-
ed or otherwise combined in g simple form. In
the case pf a valve recelver, it is generally sufli-
clent, since the transmitting distance 1s but
slight, to provide a single valve which may be
operated by means of a pocket lamp battery.

In many cases, however, a detector set will
suffice, say that for example when a one or two
meter wave Is used merely a short length of wire
on the headphone will suffice as the receiving
antenna which feeds its energy to a crystal de-
tector or the like which converts the ultra-short
wave energy into sound that can be directly heard
in the headphones.

Sound generators are also known which con-
vert high frequency outputs directly in the sound
output with the aid of a hearing wire which is
extremely thin and therefore has a negligible
amount of thermal inertia. If the wire of a
thermal telephone of this kind, which as is well-
known can be made extremely small and light
so that it can be introduced Into the ear passage
in the form of a small plug, be directly inserted
in the antenns circuit of an ultra-short wave re-
ceiver, the complete arrangement will consist of
a conductor which will be of a length of ahout
half a meter when the wavelength used 1s one
meter, the wire of the thermal microphone be-
ing conhected approximately to the middle of this
conductor.

'This arrangement or & similar arrangement
enables the recelving apparatus to be extremely
light and small, ¢ven smaller than an ordinary
headphone, and enables the wearer of such a
headphone to receive broadcast programmes in
any of the rooms of 8 house equipped with the

_described installatlon wlthout other persons in
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these rooms heing in any way disturbed by these
programmes.

The employment of this principle 1s not re-
stricted to the arrangements described in the
present application, although it becomes par-
ticularly advantageous In connection therewith.

‘The control device for one of the arrange-
ments described above may take the form illus-
trated in Fig. 20. On the left 1s shown a dial-
ling disc serving for the selection of any one
of for Instance ten sub-ranges. When a sub-
range has been dlalled the appropriate wave of
the divisions | to 10 on the scale 8k is Mumi-
nated, which may be effected by means of con-
tact mechanism coupled with the dialling disc,
whieh causes the division of the scale concerned
to remain illuminated until the sct 1s switched
off or a new sub-range selected. For this pur-
pose there is coupled with the dialling disc W
a contacting mechanism which, on the dialling
of a number, carries a contact arm or the lke
along with it and leaves this arm in its switch-
ing positlon until a new number is dialled,
whereupon it 1s restored to its position of rest,
as the mechanism of the dialling operation, by
means of spring force or other agency and then
on the dialling of a new number assumes a fresh
position corresponding to the new number
dialled.

As 1lluminating means there may suitably be
used speclal glow lamps which may, for in-
stance, be constructed after the manner of the
known amplltude valves and which may be
placed in suitable positions beenath each of the
divisions —ID of the scale.

K1 denotes a knob coupled to a potentlom-
eter or varlable resistance whereby the fine ad-
Justment of the statlons withih a sub-range is
effected. Coupled with the knob Ki by means
of a cord or the like is a pointer Z which can be
moved up and down as indicated by the double
arrow, thereby indicating which of the stations
marked up in the divisions I—I0 has been se-
lected.

K2 denotes a loudspeaker regulating poten-
tiometer or variable resistance which may be
inserted in the lead to the loudspeaker, or which
may be arranged to vary the grid blas of one or
more valves in the recelver for the purpose of
volume control, or which may effect the volume
control in any other known manner.

There is further provided at any sultable
point in the control device a switeh which con-
trols, either directly or through the intermediary
of a relay, the switching on and off of the cur-
rent supply which will generally be taken from
the mains.

Instead of the dialling disc W it is also pos-
sihle to provide beneath the divisions —i0,
press buttons which when operated select a
sub-range through the intermediary of appro-
priate relays, or alternatlvely, when operated
cause, with the aid of a mechanical or electro-
magnetic mechanism, a number of impulses to
be transmitted which 1n their turn effect the se-
lecting of a particular sub-range in the recetv-
ing set.

As selectors for the switching of the individual
wavelength ranges there may be employed con-
ventional pre-selectors such as are commonly
used in automatic telephone installations. The
same applies also to the dialling dises used in the
eontrol device.
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