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' (DEDICATED TO THE PUBLIC.)

To all whom it may concern: S -

Be it known that I, Georce OWEN SQUIER,
major in the Signal Corps, U. S. Army, a
citizen of the United States, and residing at
Washington, District of Columbia, (whose
post-office address is War Department,
Washington, District of Columbia,) have
invented certain new and useful Improve-
ments in Multiplex Telephony and Teleg-
raphy, of which the following is a speci-
fication.

This application is made under the act of
March '3, 1883, chapter 143, (U.S. Statute
XXIT, p. 625,) and the invention herein de-
scribed "and claimed may be used by the
Government of the United States or any of
its officers or employees in the. prosecution

of work for the United States or by any per-.

son in the United States without the pay-
ment of any royalty thereon. . :

This invention reélates to multiplex te-
lephony and telegraphy and has as its object
the simultaneous transmission of a plurality
of telephonic and telegraphic messages over
a single telephonic circuit.

A further object of the invention is the
disposition of the various elements in such
a manner as to eliminate all “cross-talk”
or other harmful effects of one message upon
another. :

A further- object is to impress electric
waves or oscillations of such different fre-
quencies upon the circuit as to make possible
the selection and complete independence of
the various messages.

A further object is to superimpose upon a
standard battery telephone circuit, as now
commercially used, one or more -additional
telephonic and -telegraphic circuits without
any interference of the various messages.

In accomplishing the above results use is
made of electromagnetic waves or oscilla-
tions of high frequency guided by wires.

In the whole range of electromagnetic

waves, which may be looked upon as a spec--
trum extending from the ultra-violet rays:

on the one hand to the exceedingly slow os-
cillations, such as are used on long subma-
rvine cables. on the other hand, use has been
made of all parts for various purposes with
the exception of two well defined intervals;
one extending from a frequency of about

- 8x10". of the extreme infra-red, to 5x10%,

which sre the shortest electromagnetic
waves yet produced by electrical appara-

tus,~—and another interval extending from

about 100,000 cycles per second to about
15,000 t0.20,000 cycles per second. Thislatter

range of frequencies represents a practically:

unexplored field which I have found by ex-
periment to be very useful in solving the
problems of multiple telephony and. teleg-
raphy upon wire circuits.

‘When reference is made in this applica-
tion to high frequency waves or oscillations,

it is understood to mean oscillations with a

frequency above human audition, or ultra-
sound frequencies. ’

The limit of audibility being a physio-
logical function is well known to vary con-
siderably, but it is in the neighborhood of
15,000 to 20,000 cycles per second.

By employing ultra-sound electromagnetic
wave frequencies as the vehicle for transmit-
ting telephonic and telegraphic messages, it
is evident that all harmful effects to any ele-
ment of the battery telephone apparatus are
immediately removed, since not orly are any
such effects very minute, in character, by
virtue of the high period of the oscillations,
but also, even ifg there were any effects in the
telephone receiver, or transmitter, or any
other part of the apparatus, it could not be
detected by a human being, since the natural
limitations of the ear afford a most, effective
and sure separation between all frequencies
above 15,000 to 20,000 per second on the one
hand, and all frequencies below 15,000 to
20,000 and down to about 16 per second,
which is the lower limit of audibility.
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Therefore, a fundamental principle of this

system may be said to be, from one view-

point, the utilization .of - this unalterable

characteristic of the human ear.

With such frequencies as are used in or-
dinary battery telephony ‘the so-called phe-
nomenon of “skin effect ” is' comparatively
small, and the current is fairly well distribu-
-ted throughout the cross-section of the con-
iductor. As the frequency increases the skin
_effect becomes more pronounced and the en-
ergy appears to be more and more transmit-
ted or stored in the ether surrounding the
conductor. For this reason the battery tele-
phone current is largely a conduction current
through metal, and the ohmic resistance of
the wire is one of the principal. eleménts
which limits long distance telephony at pres-
ent, whereas in commercial wireless telegra-
phy, in which frequencies from 100,000 up
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to several millions are used, the impressed
energy is chiefly radiated into the ether.

In the intermediate range from say 20,000
to 100,000 and above the energy is largely
carried by the.ether; but is still sufficiently
linked to the conductor to prevent excessive
radiation into the ether. The conductor
while carrying but a small part of the en-
ergy at its surface nevertheless acts as an
efficient guide for the high frequency elec-
tromagnetic waves. Inaccordance with these
principles, use is made of these efficiently
guided electromagnetic ether waves as a ve-
hicle to carry the telephonic or telegraphic
message. :

In accomplishing the above it has been
found necessary and sufficient to combine the
engineering practice of wireless telegraphy

- and telephony with the engineering practice
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of wire telegraphy and telephony. Since
wireless engineering deals with frequencies
much higher than ordinary telephony, it is
obvious that different dimensions for capaci-
ties and inductances must be used, for in-
stance, whereas the - ordinary telephonic
practice makes use of condensers with ca-
pacity of several microfarads it is here neces-
sary to use capacities of the order of magni-
tudes of thousandths of a microfarad and
inductances “of millihenries.

The present invention makes use of the
types of apparatus, engineering methods, etc.,
now practiced in the wireless art and applies

‘them to the transmission of electromagnetic

waves along wires, with the result of an
enormous increase in efficiency of such trans-
mission over the ordinary method employing
antenna at transmitting and receiving sta-
tions.. The circuits employed in this inven-
tion are ordinary telephonic circuits, such as
now used in wire telephony and telegraphy,

 and are very poor radiators of electromag-
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netic energy; in fact, the regular twisted-
pair paper-insulated lead-covered telephonic
cable affords a circuit for such electromag-
netic waves which produce a very closely
bounded system and the energy is princi-
pally conveyed in such a circuit in the minute
layer of ether separating the two' metallic
conductors. In this manner, and by these
means, a most, efficient system of directive
high frequency telegraphy and telephony is
attained, and also any interference between

" neighboring circuits operated by this system

is eliminated, so that a plurality of such cir-
cuits may be brought to the same switch
board with no harmful interfering effects.

It is old in the art to use high frequency
oscillations and modify these in accordance

-with speech vibrations by affecting some elec-

tromagnetic constant or constants of the cir-
cuit in which the oscillations take place. It
is possible to change the capacity, the in-
ductance or the resistance of such a circuit
or combinations of these, and while I do not

being in the form of rapid oscillations, can-

880,357

‘wish to limit myself to any one of these, I

have found that it is very convenient and
effective to change the resistance by a suit-
able telephone transmitter such as a miero- °
phone transmitter of the usual types em-
ployed -in ordinary telephonic work. Hav-
ing modified these oscillations suitably they
are transmitted over the line to a receiving
station wheve they are then received in a
suitable selective circuit containing a de- .
tector for high frequency oscillations, any ‘°
detector, such as used in wireless telegraphy
or telephony, being satisfactory so long as -
it is a quantitative or integrating detector.
By means of suitable translating meains the
oscillations are then transformed into tele-
phonic currents, all of which is described
more in detail hereafter.
" Since a plurality of high frequency waves
of different frequencies may be impressed on
the same line and since these may be selec-
tively separated from each other by suitably
tuned cirenits, it is obvious that multiplex
telephony may be accomplished. Also, for
the reasons stated above, it has been found
that these high frequency waves may exist
on the same line with ordinary battery tele-
phone currents without in any way affecting
them, and thus this system of multiplex te-
lephony may be applied to the usual tele-
phonic circuits without the.presence of harm-
ful effects, such as “ cross-talk ” or other dis-
turbances. ‘ ) : '
It has been found necessary, in order to
obtain efficient results, to make use of such
detectors as are commonly found in the wire-
less telegraphic art. Attempts have been
made at multiplex- telephony, but I have
found these - inoperative for the reasorn,
among others, that no detector or equivalent
device has been used. These detectors are
not used because of any greater sensitiveness
to electrical energy than resides in the tele-
phone receiver itself, bit because the energy,
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not affect the telephone or other indicat-

ing device. These rapid oscillations cannot
sensibly affect the telephone because the dia-
phragm in its motion must reverse with the
reversal of the current and the deflecting
impulse if applied directly to the telephone
receiver will be first in one direction and
then in the other with a frequency so high
that the diaphragm cannot. follow or respond.
Furthermore, if the diaphragm should re-
spond with this frequency the effect would
not be andible. Also, in the case of the ordi-
nary telephone, on account of the large self-
indactance of the instrument, the high fre-
queney E. M. F. generated by the waves
would produce in a telephone receiver only
extremely weak currents. I have found it
necessary, therefore, and consider it an im-
portant part of my invention to make use
of some form of integrating detector to
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transform these rapid oscillations into effects
which can be manifested by the indicating
instrument. '

In the drawings forming a part of this

‘specification several modifications” for the

circuit connections are shown.

This application is closely related to
my co-pending -application, Serial Number
ovember 5, 1910, in this, that
use is made of high frequency electromag-
netic waves or oscillations to act as a vehicle

for the telephone or telegraph messages’

which oscillations are impressed upon the
same line as carries the telephonic currents

5 from an ordinary local battery telephone set.

This application differs from said co-pend-
ing application essentially in this, that the
various sources of high frequency -current
modified in the proper manner are inserted
directly in series with the line circuit, where-
asin the co-pending application these sources
of high frequency currents are bridged across
the line. -

In the drawings forming a part of this

_specification several modifications for the

circuit connections are shown, and in said
drawings, Figure 1 illustrates a form of
circuit in which a single high frequency

-oscillatory telephonic message is impressed
30

upon the line by a series connection. Fig. 2
shows a modification of Fig. 1 and contains
a plurality of- transmitters and receivers
connected to the line. Fig. 8 illustrates still

.a further modification.

Referring to these figures in detail Fig. 1
shows a common metallic cirenit for ordi-
nary telephony, across which is bridged the

ordinary telephone sets B and B”  These

telephone sets include the usual apparatus
as in_present use in local battery telephone
circuits, there being shown a microphone

" transmitter 1 with its local battery 2 and the
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primary of tlhie transformer 3. Also there
1s shown connected in the usual way the

" ringing circuit 4 and the switchhook 5 with

the receiver 6. The secondary of the trans-
former 3 is bridged directly across the line
wires A and A’ when' the receiver is off the
hook. The invention is not in any way con-

-nected with the details of this telephone con-

nection, any of the usual circuit connections

. being suitable and the one described being

55

given merely as an illustration. In series
with the telephone sets B and B’ and con-
nected directly in the line circuit is the sec-
ondary S of the transformer 9, the primary
P of which transformer is contained in a
circuit including the high frequency gener-
ator &, the microphone M, the variable con-

“denser C and the variable inductance L. ~ At

another point of the line, which represents
the receiving station, is placed the primary

- P’ of a transformer 10, this primary being

=
Wi

“directly in series-with the battery sets in the
“:same manner precisely as the secondary-S of

the transformer 9. The secondary S’ of the
transformer 10 is connected in series with a
variable inductance L’ and.a variable con-
denser C’.. In shunt to the condenser C’ is
placed a detector D of any suitable type,
such as, for instance, the Audion.
tive connection to the detector D is the tele-

phone head-piece ¥. Bridged across the

line as shown are the two variable con-

densers K and K’. - These condensers are of

such small capacity as to interpose very high

impedance to the ordinary telephonic cur-

rents set up by the telephone sets B, but,
being of dimensions of some thousandths of

a microfarad, interpose practically no im-

pedance to the high frequency currents de-

veloped by the generator G.

70

In opera- .

75 °

80.

The operation of this system is as follows: *

Currents set up in the usual way by the tele-
phone transmitter set B will be transmitted
over the line to the receiving station placed
at any desired and convenient point.. High
frequency currents developed by the gener-
ator G and modified by the microphone M
are also impressed upon the-line simultane-
ously therewith. = Although these currents
exist on the line at the same time, they exert
no .influence upon each other whatsoever,
and the ordinary telephonic messages pass
through the primary P’ of the transformer
10 without in any way operatively affecting
the tuned circuit I/ C’, this circuit being
tuned to the frequency of the oscillations
developed- by the generator G. The high
frequency currents, however, are unable to
affect the transmitter B, being of ultra-
sound frequency, and furthermore are prac-
tically, if not totally, unable to pass through
this set because of its high impedance. . The
high frequency oscillations set up in the cir-
cuit, I’ C’, retaining the modifications im-
pressed upon it by the microphone M, are
then transformed by the detector D, giving
a reproduction of speech in the telephone ¥.
As shown in this figure, the local generater
circuit may be tuned to the frequency of the
generator G by means of the condenser C
and the inductance L, and this is particu-
larly desirable where the power of the gen-
erator is limited. This also affords.a con-
venient method of diminishing the output
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of the generator, this being accomplished by :

throwing the circuits slightly out of tune.
The transformers 9 and 10 are also made in
such a manner as to give a variable coupling,
this being most readily accomplished, by
making one coil slide within the other or one

-coil swing within the other, although any

other well known method may be used.

The generator circuit may be modified in
various ways without in any way affecting
the principle of the invention. The same is
true also of the receiver circuit. Various

120

modifications for both the generator circuit '

“and the receiver circuit are given in my co-
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pending application, Serial Number 590,801
cited above. ‘It is to be understood that any
of the circuits there shown may be substi-
tuted for the ones herein. If desired, choke
coils E may be placed in series with the tele-
phone circuit to give this a higher impedance
for the high frequency circuits, In practice,
however, this has not been found to be nec-
essary. , , '

‘Fig. 2 shows a circuit in which a plurality
of transmitter and- receiver circuits are con-
nected in series in the line, the action of each
one being similar precisely to that described
in connection with Fig, 1. The transmitters
and receivers have been indicated diagram-
matically only and are indicated by the ref-
erence characters T and R, it being under-
stood. that any suitable form of generator
circuit or recelver circuit, such as shown in
Fig. 1, or in my co-peiiding application Se-
rial Number 590,801 being useful in this re-
lation. The telephone battery sets B and B’
are indicated diagrammatically only, but it
is to be understood that such connections as
are shown in Fig. 1 should be used. In
practice it would be desirable, of course, to
have an equal number of transmitters and
receivers at each end of the line, and for
each transmitter circuit there will be a re-
ceiver circuit tuned to the same frequency.

Fig. 8 shows still a further modification,
which is a combination of series connected
high frequency circuits in Figs. 1 and 2,
with the bridge connections shown in my co-

pending application, Serial Number 590,801

mentioned above. In this figure there are
shown connected in series relation the two
“transmitters T and the receivers R, and con-
nected across in bridge to the line are shown
two transmitters T/ and two receivers R’.
In these bridge connections there are shqwn
variable inductances L, in series with vari-
able condensers C, and transformer coils H.
These  bridge connections are the same
‘whether used in connection with a transmit-
ter circuit or a receiver circuit. A typical

" form of transmitter circuit .is shown at T’

. 50

. where G’ indicates the high frequency gen-

erator in series with a variable inductance -

L’’, variable capacity ¢’/ and signaling in-

strument K’’. This circuit is then induc-

 tively connected to the bridging circuit by
¢ the transformer H. The receiver circuit

65

shown at R’ is similar in every respect to-

the receiver circuit shown in Fig. 1, being
tuned to the frequency of the transmitter
with which it is to communicate. By means

- ‘of the variable inductatice and ‘variable ca-

60

pacity in the bridging cirduits, it is possible
to tune a pair of these with the line to the
frequency of the oscillations to be used, and,
‘of course, a different period or frequency

will preferably be used for each and every

65

transmitting circuit, whether it be connected-

in bridge or in series with the line. It is

980,357

apparent from the above that by the ar-

rangement of this Fig. 3 I am enabled to
transmit simultaneously a large number of
telephonic messages and obtain thereby an
efficient and useful multiplex telephone sys-
tem, the whole being attained by impressing
high frequency currents upon tﬁe usual me-
tallic circuit for.local telephone sets without
in any way affecting the transmission or re-
ception of these ordinary telephone circuits.

Although T have described my invention
as being ‘adapted for telephonic work, it is
obvious that the same may be used for tele-

70

75

graphic work. This is indicated in Fig. 3, .

where a signaling instrument is shown as an
ordinary telegraphic key. In many cases
it is not desirable to completely break the
circuit of the generator G’, and in this case
various expedients may be used, such, for
instance] as shown and described in F' ig. 3
of my co-pending application, Serial Num-
ber 590,801. In Fig. 3 it is not necessary to
use the condensers K and K’ shown in Figs.
1 and 2, for the bridging circuits afford
paths of low impedance for the oscillations
developed by the series connected generators
and the condensers C, prevent short circuit-
ing of the sets B and B’.

1t is obvious that the telephone sets B and
B’ may be dispensed with, 1n which case all
the communication will be carried on by
high frequency currents, still making multi-
plex telephony possible. In this case, the
Figs. 1 and 2 may be modified by eliminat-
ing the condensers K and K’ and short cir-
cuiting the line wires at the extreme ends.

Although séveral modifications have been
described in detail in this specification, it is
obvious that many changes may be made
without departing from the spirit of the in-
vention, and I therefore do not wish to be
limited to the exact connections shown, but

What T claim as my invention is the fol-
lowing: " )

L. In a multiplex telephone and telegraph
system, the combination of a pair of line
wires, battery telephone sets bridged across
said wires, a high frequency generator con-
nécted in series in said line; a receiver for
high frequency oscillations connected in se-
ries in said line as and for the purpose de-
scribed. S

2. In a multiplex telephone and telegraph
system, the combination of a pair o% line
wires, battery telephone sets bridged across
said wires; a source of high frequency elec-
tric waves connected inductively in series re-
lation in said line, means for modifying said
electric waves; a receiver tuned to said high
frequency electric waves and connected in
series relation in said line. S

3. In a multiplex telephone and tele aph
system, the combination of a pair of line
wires, battery telephone sets bridged across

-said wires, a source of electric waves of
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ultra-sound frequency connected in series re- |

. lation in said line, a signaling instrument for
“modifying said oscillations, a receiver tuned

" ed tosaid detector.
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- Jations and connected in series relation in the

20

* ed to eadh detector.

- system, the combination of a pair of line
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~ cuit and the secondary of the transformer,

55

‘a detector for electric waves in said receiver

primaryof said transformer being connected

" combination of a pair of line wires; a vari-

“cluding a mierophone transmitter for mod-

to said source of high frequency electric waves
and connected in series relation in said line,

circuit-and a telephone operatively connect-

4.0 a multiplex telephone and telegraph
system, the combination of a pair of line
wires, a plurality of sources of high fre-

uency oscillations connected in series rela-
tion in said line, a signaling instrument for
each source of high:frequency oscillations
for modifying said oscillations; a plurality
of receiver circuits, each tuned to the fre-
quency of one source of high frequency oscil-

line, an integrating detector in each receiver
circuit and a telephone operatively connect-

5. In a multiplex telephone and .telegréph‘

wires, a condenser of small capacity bridged
across each end thereof, battery telephone sets
bridged across said wires, a high frequency
dynamo in series with a variable condenser,
a variable inductance, a telephone trans-
mitter and the primary of a transformer the
secondary of said transformer being in series
in the line, a réceiver circuit comprising a
variable condenser, a variable inductance
and the secondary of a transformer, the

in series in the line; an integrating detector
in shunt to the condenser ard. a telephone
operatively connected thereto. = . . .

6. In a multiplex' telephone system, the

able condenser of small. capacity bridged.
across each end of said line wires, battery
telephone sets bridged across said line wires,:.
a plurality of transmitter circuits, each con-
sisting of a high frequency dynamo with a
circuit adapted to be tuned, each cireuit in-

ifying the oscillations and the primary of
a transformer, the secondaries being con-
nected in series in said line, a plurality. of
receiver circuits, one for each transmitter -
circuit,containing a condenser,an inductance
for tuning the same to its transmitter cir-

the primary of said transformer being in
series in the line, an audion detector in shunt
to. the condenser-and a telephone operatively
connected to the audion.

7. .In a multiplex telephone and telegraph

o 980,357 -3

system, the combination of a pair of line .

wires, battery telephone sets bridged across
said line wires, a plurality of transmitter

‘circuits, each consisting of a high frequency

generator with a circuit adapted to be tuned,
each circuit including a signaling instru-
ment for modifying the oscillations and the
primary of a’transformer, the secondaries
being connected in series in said line, a plu-
rality of similar transmitter circuits, the
secondaries of the transformers being con-
nected in circuits bridged across said lines;,
said bridges including a variable capacity
and inductance for tuning; a plurality of

‘receiver cireuits, one for each. transmitter

circuit, containing a condenser, and an in-
ductance for tuning the ‘same.to its trans-
mitter circuit and the secondary of a trans-
former; the primaries of a portion of said
transformers being in series with -the
line, and the primaries of the others being
in circuits bridged across the line, each
bridge circuit being similar to the trans-

60
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mitter bridge circuits, a vacuum detector in '

shunt to the condenser in each receiver cir-
cuit and a telephone operatively connected
to the detector. .

_ 8. In a multiplex telephone and telegraph
system, the combination of a pair of line
wires, a plurality of transmitter circuits,

_each consisting of a high frequency genera-

tor with a circuit adapted to be tuned, each
circuit including a signaling instrument for
modifying the oscillations and the primary
of a transformer, the secondaries being con-
nected in series in said line, a plurality of
similar transmitter circuits, the secondaries

‘of the transformers being connected in cir-

cuits bridged- across said line, said bridges

‘including a- variable capacity and induc*
tance for tuning, a plurality of receiver cir-

ts, one for each transmitter circuit, con-

e .
_taining a ‘condenser, and an inductance for

tuning the same to its transmitter circuit
and the secondary of a transformer, the
primaries of a portion of said transformers
being in series with the. line, and the pri-
maries of the others being in -circuits
bridged across the line, each bridge circuit
being similar to the transmitter bridge cir-
cuits; a vacuum detector in shunt to. the
condenser in. each receiver and a telephone
operatively connécted to the detector.

 GEORGE OWEN SQUIER.
Witnesses: o

P. 1. Worp,
E. R. Cram.
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Correction in Letters Patent No. 980,357.

Letters Patent No. 980,357, granted January 3; 1911,> upon the application of

- George Owen Squier, of the United States Army, for an improvement in'‘ Multi-

plex Telephohy and Telegraphy,” it is hereby certified that an erTor appears in

the printed matter at the head of the specification of this pt;tent in that it includes
“Dedicated to the Public.” - These words should have been omitted ;xnd the words
Filed under thé act of‘ March 3, 1883, printed in lieu thereof, and the patent should
be read as so.corrected. _

Signed and sealed this 20th day of April, A. D., 1920.

* [sEAL.]
, M. H. COULSTON,

Acting Commissioner of Patents.
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