PUBLISHED L. L. DE KRAMOLIN Serial No.
ARRANGEMENT FOR TRANSMITTING MESSAGES WITH

MAY 18, 1943. THE AID OF LINE-DIRECTED CARRIER 340,599
PREQUENCY CURRENTS
BY A, P. C. Filed June 14, 1940
[l Q
7
WLEL

Jrventor

L.L . de KRAMOLIN

QUtornaenys

t



Published May 18, 1943

Serial No. 340,599

ALIEN PROPERTY CUSTODIAN

ARRANGEMENT FOR TRANSMITTING MES-
SAGES WITH THE AlID OF LINE-DIRECTED
CARRIER FREQUENCY CURRENTS

Leon Ladislas de Kramolin, Gross-Glienicke, Ber-
lin-Kladow, Germany; vested in the Alien Prop-

erty Custodian

Application filed June 14, 1940

The present application relates to an arrange-
ment for transmitting messages with the aid of
line-directed carrier frequency currents, particu-
larly to an arrangement of this kind for trans-
mitting messages in a building, in adjoining
buildings or In a group of buildings belonging to
an enterprise,

Hitherto, it was the custom with such private
telephone installations to use exclusively tele-
rhone apparatus connected by special individual
lines and the simplest way of calling or com-
municating with different statlons was by speclal
grranged signals or by a line-finder device which,
in extensive installations, had the very great dis-
advantage that each telephone connected to the
system required & special line to each individual
telephone, making it necessary to have a consid-
erable number of lines connected to each tele-
phone,

In order to obviate this disadvantage, an auto-
matic telephone exchange was often provided
which, however, constituted an expensive lnstal-
lation.

During the last few years these disadvantages
were more and more obviated, especially In the
United States of America, by introducing a car-
rier frequency system using existing private lines,
including strong current lines, for transmitting
carrler currents so that no speclal lines were re-
quired or it was sufficlent to Install one single
wire to which the individual stations were con-
nected.

In this case, the selection of different stations
wag effected with the ald of tuning devices, each
connected statlon having a certain length of
wave for recelving, and the station desiring to
communicate with a certain other station trans-
mitted a earrier frequency tuned to the statlon at
the other end.

However, this system has various disadvantages
which prevent its introduction in a large number
of European countries.

In order to ensure a reliable communication
between the stations, the transmitted energy
must not be too small.

Consequently, the comparatively strong signals
required cause considerable disturbances of ad-
joining installations, particularly wireless appa-
ratus, and furthermore it is difficult to accom-
modate several separate installations in a bulld-
Ing so as not to dlsturb each other.

For example, if the offices of one firm are in
the first fioor of a bullding and another firm has
its offices in the third ficor, this type of installa-
tion makes it very difficult for the offices of each
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firm to communicate in a satisfactory manner
and to prevent the transmission of communica-
tiong from the system of the one firm to that of
the other, in case it is necessary to use substan-
tially equal wave lengths in hoth systems, which
generally will occur owing to the limited number
of channels available. It is also necessary to
consider that, with the khown systems, the ind!-
vidual channels must not be too near to each
other in the scale of frequencies as, for economy’s
sake, the individual recelving devices cannot op-
erate with g very great selectivity.

According to the present Invention, these disad-
vantages will be avolded by replacing the usual
amplitude modulation in such line-directed car-
rier frequency systems by the phase or frequency
modulation, known per se.

Thus, the following advantages are obtained:

As In the case of frequency or phase modu-
lation, for obtaining a certaln recelving intensity
of sound with otherwise egqual conditions, only
about one quarter of the emlitted energy is re-
quired, llke with the amplitude modulation, the
possibility of disturbing other devices, especlally
wireless apparatus in the neighbourhood, 1s con-
siderably reduced, even with equally good condi-
tions of communication between the individual
stations. Apart from this, the probabllity of dis-
turbing near wireless apparatus is also consid-
erably reduced by the difference between the
modulation in wireless apparatus etc. and the
frequency ot phase modulation, as installations,
such as wireless apparatus ete., are not adapted
to recelve phase or frequency slgnals and will,
therefore, respond to such signals in a very lim-
ited degree.

A further advantage of the dcvice according
tc the invention is the known demodulating
property of frequency modulated signals.

If a more intensive frequency modulating sig-
18] encounters a weaker frequency modulating
signal, a difference in amplitude of about 1:3 or
1:4 between the two sighals is sufficient to se-
curely eliminate the weaker signal and to ensure
an undisturbed reception of the more intensive
signal. This means, however, that for ensuring
a separation of the various indlvidual channels
in such g private telephone system, consider-
ably shorter distances between the Individual
channels are sufficient in the scale of frequen-
cies.

As in such systems it ls not the question of
transmitting music or the like in & first class
manner, and as it is only necessary to ensure a
good communication, a wldth of about 5000 kHz,
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for a channel will generally be perfectly suffi-
cient so that in using, for example, the compara-
tively long wave band of about 100 to 150 kHzs.,
this could contain about 10 channels, which
should be sufficient for most purposes.

Though the band widths occurring in [re-
quency modulation may be broader than the cor-
responding band widths in amplitude modula-
tion, this is no speclal disadvantage in the pres-
ent case, as, even If such outer bands should oc-
cur In a nearer or more remote nelghheouring
channel, they will not disturb {f this nelghbour-
ing channel is used at the same time, because
the above mentioned demodulating effects of a
stronger sienal upon a weaker signal will sup-
press the disturbance in a high degree.

In order that temporarily not used nearer or
more remote nelghbouring channels should not
be disturbed by such more remote or nearer side
bands, it Is preferable, at least while a channel
1s not used, to protect receiving or c¢all signals
receiving devices connected to this channel by a
certain negative liminal voltage of the tubes used
therein or of a portlon of same, or by other de-
vices responding only to impulses exceeding a
certain limit (for example current limiting con-
nectlons, or nolse eliminating devices, or capac-
itors constructed along the line of a copper oxlide
or selenium photo cell, or glow tubes, polariz-
ing cells, biasing triodes or similar arrange-
ments) so that such side bands will not have a
detrimental effect.

In this manner, or by means of devices which
will only let one side band pass through whereas
the other side band is suppressed (which also
may be advantageous in applyving amplitude
modulation In the present case), it 13 possible to
accommeodate quite a number of communication
channels in a comparatively narrow frequency
band.

If the entire [requency band utilized by the
system amounts to only about 50 kHz. for about
10 channels, 1. e. In the case of the present con-
structional example 100 to 150 kHz,, it is also eas-
ily possible to provide an effective blocking in
this comparatively narrow frequency band
agalnst these high frequency carrier currents at
the points where the carrler wires, for example
the electrle strong current line, leave the respec-
tive building or offices.

If, in order to avold the expenses of a highly
selective arrangement and to prevent mutual
disturbances of the Individual channels In the
older types of installations with amplitude mod-
ulation, 1t should be necessary to adhere to a
distance of up to 20 kHz. between the individual
channels, this, in the case of 10 channels, would
require a total wide of about 200 kHz., and natu-
rally an effective blocking, for example at the
meter of the strong current line, would be ex-
tremely complicated.

If mere chokers are used for blocking, the
great width of the band of about 200 kHz. In the
case of the present constructional example, 1. e.
of a frequency band of 100 to 300 kHz., will be
realized but very imperfectly.

However, 1f the width of. the band is reduced
to 50 kHz., a somewhat more damped single os-
clllatlon eircult or two highly coupled circuits
will be sufficient to ensure a very effective block-
ing of such a line for the frequency used. An
arrangement as shown In Fig. 1 may serve as
a very effective blocking system,

In the present case, I and II are the two
main lnes of a strong current installatlon,
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Two oscillation circults a and b are, for ex-
ample, tuned to a mean frequency of the fre-
quency band used (for example with 100 to 150
kHz. about 125 kHz.

The various private telephone instruments
may, for example, be connected at the side of the
line installation indicated by a double arrow.

By means of the mutual inductance of the cir-
cuits ¢, b, and the condensers Cl and C2, a cou-
pling is obtained (if necessary, for example If

. €l and C2? require too high a coupling, the In-

15

20

20

35

40

45

50

65

a0

65

70

7

ductive coupling and the capacitive coupling may
act opposite to each other) in such a way that
the resonance curve of the arrangement will have
& form similar to that shown in Fig. 2, the width
being so as to approximately correspond to that
of the total band.

‘The series resonance circuit C3, 13 may also be
assumed to be tuned to the mean frequency of
about 125 kHz,

Such a simple and cheap arrangement is in a
position to very effectively suppress the com-
paratlvely narrow frequency band of a width of
50 kHz. and also to suppress disturbances of a
neighbouring similar carrier frequency system as
well as of nelghbouring wireless apparatus,

The conditions will be still more favourable if
higher frequencies are used, for example between
300 and 600 kHz.

Although the arrangement according to the
invention, as shown in Figs, 1 and 2, is particu-
larly suitable for the catrier frequency system
described above, 1ts application to amplitude
modulated systems, especially with only one side
band, shall not be excluded.

The effectlveness of the arrangement accord-
ing to the Invention may also be assisted by using,
especlally at the receiving end, electro-mechani-
cal resonators as resonance bodies.

With the frequencles mentioned in the pres-
ent constructional examples of about 100 to 150
kHz, it Is possible to use electro-mechanically ex-
clted oscillators of steel or the like (elther by
pure attraction between an armature and a high
frequency magnet or by electro-stricture reso-
nators) In which, with a certain amount of feed
back via a tube, the sensitivity may be consider-
ably Increased.

In case It is necessary, artificial damping
should be applied in order that the speaking fre-
quency band picked up is not too narrow.

By means of compensating devices, known per
se, which will be mentioned below, the cutting
of the slde bands may be partly compensated in
an effective manner.

Ingtead of the usual magnetic resonators it is
possible to use such of non-magnetic material,
such as glass, quarts, ceramic material or the
like, If they are provided with magnetically or
electrostatically effective parts so that the high
frequency magnetic actlon of a coil may exert a
mechanlcal effect upon them or so that the elec-
tro-statlc effects of a condenser may be trans-
mitted to them by electro-statical mechanjcal at-
traction,

As resonators, 1t iz also possible to use piezo-
electric erystals or other bodies in & manner
known per se.

Apart from quartz, tourmaline, ete., Seignette
salt is also suitable for this purpose.

In this case, the rmechanical motion of the
resonator, i, e. elther an oscillating magnetic or
& magnetic-stricture body, or a plezo-electric
body or the llke, may directly serve for sound
production.
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For this purpose, the respective body, i, e. el-
ther one of the first mentioned magmetically
effective bodles or, for example, a Seignetts salt
body, may ba connected in a suitable manner,
known per se, to & loudspeaker diaphragm or the
like.

With a suitable arrangement, it s also possi-
ble that the amplitude variations of the oscillat-
ing crystal or other oscillating body are trans-
mitted to the loudspeaker or other telephone
diaphregm and are there heard as sounds.

‘The caupling between the osciblating material,
i, e. for example the Selgnette salt crysial and
the loudspeaker dlaphragm, may be constructed
so as to act like a mechanical low pass filter
and, therefore, not to transmlit the high fre-
quency oscillations in a considerable degree to
the diaphragm, whereas the low frequency am-
plitude variations, which are within the range
of hearing, reach the diaphragm and cause it to
resonate.

By a suitable arrangement of the loudspeaker
resonances so as to prefer high frequencles,
which, if necessary, may also be assisted by elec-
tric tuning to high sound frequencies, and by
corregponding high frequency arrangements,
known per se, (preference of high frequencies
being also obtained by using screen grid tubes
and pentodes and the like for sound amplifica-
tion), it 1s possible to prevent cutting of the side
hands by too high a seleetlvity of the mechanical
resonators.

If a preliminary amplification is used, which
is practically aperiodte, letting at least the re-
celved frequency band pass practically unlform-
ly, it is possible that, If using an electro-me-
chanic resonator, i. e. for example a Selgnetie
salt crystal, it may at the same timne serve as
tuning instrument of the recelving device and
8ls0 as demodulating device for the frequency
modulatlon and as driving part of the repro-
duction instrument, (for example the loud-
speeker).

If, by means of a spesking or hearing switch,
it is intended to speak and hear alternately, the
same electro-mechanical instrument may alse
serve s microphone, for example s¢ that, by
means of an ordinary or an electro-mechanically
fed back tube oscillating device, the respective

electro-mechanical resonator is kept osclllating, -

the speaking oscillations touching the dlaphragm,
causing varied mechanical stresses in the respec-
tive resonator, such as a Seignetie salt crystal,
whose natural oscillation is varied, thereby mod-

ulating the frcquency of the emitted high fre- ;

quency oscillations or at least of thelr position of
phase.

If it 1s desired to use a mere phase mmodulation
instead of a frequency maolulation, It will be ad-
visable, in the present case, to follow the Instruc-
tions given in the German Letters Patent No.
670,306 of the applicant, in which case the total
frequency band required for & certain number
of channels may be conslderably reduced.

The synchronizing frequency required or at
least advisable in this case may lie In any free
band and may be entirely different from the band
comprised by the individual communicating
channels. The highest possible harmonic of the
current in the strong current line may, for exam-
ple. serve as synchronlzing frequency.

If & loudspeaker, Independent of the electric
resonator, is used, 1t is advisable, as mentioned
above, to have the loudspeaker tuned as high as
possible for compensating side band losses.
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For this purpose, a loudspeaker according to
German Letters Patent No. 638,181 ¢(Kramolin
and Masché) has proved (o be suitable, because
electro-siatic loudspeakers very much favour
high frequeneies, and if they are excited by an
aceordingly connected pentode as loudspeaker
tube, they wili very considerably favour high fre-
quencies,

If the modulation is not effected as mentloned
above by direct acoustical Influence, but if either
a separate microphone is used for speaking or if
a constructional part, such as a Seignette salt
crystal acting as electro-mechanical oseillator In
recelving connection, is used In transmitiing
merely as eleetro-static microphone, ar if a con-
structional part operating in listening position
serves as electro-dynamical loudspeaker in trans-
mitting, & special constructional part s required
for effecting a frequency or phase madulation.

Such & constructional part may be premag-
netizable ferro-magnetic cores, altering the self-
inductance or mutual Inductance of high fre-
quency cotls whieh co-operate with the premag-
netigable ferro-magnetic core.

Devices of this kind are, for example, de-
scribed in the British Letters Patent Nos. 449,240,
451,097 of the undersigned.

The premagnetizing windings of such a pre-
magnetizable iron core may be used for frequency
or phase modutlation as well 838 for tuning to dif-
ferent lengths of communication waves by pro-
viding, for example, a premagnetizing current se-
lectively variable by different push button
switches or the like, but being fixed while com-
munlcating with another station, the premag-
netizing current effecting the tuning to a certain
communication channel, whereas, apart from
these operating but fixed current values, adjust-
able hy & push button and corresponding to dif-
ferent communication channels, there are super-
posed in a speclal exclting coll or in the same
exciting coil other suitably weaker varying cur-
rents, originating elther directly or after being
amplified from a microphone and, therefore caus-
ing frequency or phase variatlons in tune with
the speaking oscillatlons to be transmitted.

Instead of such magnetic influencing devices 1t
is also possible to use varlous electro-static influ-
encing devices, for example as described in the
British Letters Patent Nos. 451,098 and 501,238
for modulating as well as for tuning purposes.

The tuning and modulating variations by vary-
Ing the values of a direct current or by other
devices operatable from a distance have the fur-
ther considerable advantage that the casing con-
taining the amplification tuhe need not be placed
on writing tables In offices, where they take up
too much room owing to their comparatively
large dimensions and also because they develop
heat, but they may be arranged anywhere near
the speaking apparatus on the wall or heneath
a table so that only the actual speaking appa-
ratus and a comparatively small caslng con-

. talning the operating buttons and the like are

placed on the table of the operator.

With Instruments as those described above,
which effect the tuning by varying the current
value of a tuning current (for example a pre-
magnetizing current), but also in cases where
such devices are used for phase or frequency
modulation, it is very desirable that the volt-
ages or currents used should remain constant
at least as far as they Influence the tuning ele-
ments.
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For this purpose it is advisable to provide sta-
bilizing devices,

These stabilizing devices may, in a manner
known per se, consist of combinations of resist-
ances with more or less positive or negative tem-
perature coefliclents or of comblnations of re-
sistances with negative and positive temperature
coefliclents, or there may be used glow tubes or
tubes with saturation characteristic for this pur-
pose, or devices according to British Letters Pat-
ent No. 448,049 (Schottky), or also stray or sat-
uration transformers and chokers of the type of
the known voltage regulator by Siemens.

However, In most cases a device described by

the applicant at another occasion 1s the most -

suitable for this purpose, owing to its simplicity
and cheapness, in which the respective modulat-
ing or tuning arrangement is supplied with the
anode current of a tube with a very low magnifi-
cation factor.

For this purpose, screen grids or other mul-
tiple grid tubes are suitable, whose positive grid
biases, 1. e. especially the screen grid voltages of
a glow tube or any other stabilizing device, is
tapped by connecting between the anode volt-
age lead of a serles connection of a resistance,
having no considerable temperature coefiicient,
and a glow tube, the latter being connected with
respect to said screen grid tube or pentode at the
silde of the cathode and the screen grid lying
at the connecting point of the resistance and
the glow tube,

Such an arrangement also has the further ad-
vantage that occaslonal voltage impulses in the
line will not cause a disturbing noise, This ef-
fect may be further increased if the heating
voltage of the tubes is at the same time reduced
a lttle so that only when a speaking switch is
operated, such as by taking off a recelver or
microphone from a hook or stand, the full anode
or heating current will automatically become ef-
fective.
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Apart from the advantages fust mentioned,
such a method has the further advantage that,
in the state of repose, less heat is developed, the
consumption of energy s reduced and the life
of the tubes Is lengthened.

But all the same, it must be seen to that the
call signal arrives well.

In order to ensure this, it is advisable, es-
peclally in the last mentoned case, to connect,
b¥ an automatic switching operation to the
loudspeaker circult and to any preliminary cir-
cuits, tuning elements in preliminary stages of
a reduction of the absorption of energy by the
tubes, so that there will be in the loudspeaker
elrcuit and In any such preliminary circuits an
acoustic as well as (in the respective circuits) a
highly frequent frequency characteristic, ensur-
Ing that, also with reduced absorption of energy
by the tubes, such a ¢all signal will arrive in a
satisfactory manner.

For example, the tube acting as high frequency
generator tube, when speaking, may be connected
and arranged in the state of repose in such a
way that it will seize to oscillate owlng to the
reduction of the energy supplied, but will then
constitute a fed back and, therefore, highly sen-
gitive recelving instrument tuned to an artiv-
ing slenal of the correct frequency. This feed
back or tuning may be of high or low frequency
according to circumstances. One tube may also
be fed back at high frequency (but suitably not
oscillating) adjusted to a receiving signal, where-
as one tube, suitably located behind the demod-
ulator and fed back ag well as tuned at low fre-
quency but not oscillating, may be prepared to
receive the call signal arriving with the correct
frequency.

The apblicant desires a protection for each of
the constructional examples described or men-
tioned above as well as of any combination there-
of.

LEON LADISLAS pE KRAMOLIN.
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