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JOHN F. FARRINGTON, OF FLUSHING, NEW YORE, ASSIGNOR TO WESTERN ELECTRIC
'COMPANY, INCORPORATED, OF NEW YORE, N. Y., A CORPORATION OF NEW YORK.

SIGNAL*NG SYSTEM.

Apphca‘rlon filed March 11, 1924  Serial No. 698,358,

This invention relates to. signaling systems
and, as illustrated in the embodiment herein
descrlbed is particularly adapted for use in
radio telephone systems.

An object of the invention is to provide im-

roved methods of and means for two-way
high frequency, particularly radio; signal-
ing, whereby reception may be accomplished
efficiently and without harmful interference
either from waves simultaneously trans-
mitted from the outgoing transmission chan-
nel of the same two way system, from incom-
ing. or outgoing transmission of other. two-
way systems that might be combined with it
to constitute a multiplex system, or from
other transmissions not-related to the systein
under consideration simultaneously travers-
ing the same transferring medium, ~f01"ex-
ample, the ether. :

In a well-known type-of carrier wave swnal

ystem disclosed, for example, in. French Pat- :

ent 24,792, pa,tented June ?6 192 22, constitut-
ing the first addition of Patent 541 217, oppo-
sitely directed transmissions of a two. way

signaling channel utilize continuously trans-
mitted carrier waves differing in frequency
by an amount above that used for modulation
-in either direction. "Provision ismade where-
by the receiver at each station receives @ car-

' rier wave from its own transmitter, as well as

from the distant station. These ‘two differ-
ent frequency waves, either or both of which

. ‘may be modulated, are combined at either sta-

4
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tion to produce another cerrier wave called
the “auxiliary carrier wave”, which is modu-
lated in accordance with the modulations of
the carrier waves concerned in its production.

This modulated auxiliary carrier wave is de-- la

tected to produce the signal; or signals. * This
type of system has the henehcial attrlbutes_ of
the well-known heterodyne system, which ‘it
-in many respects resembles, namely, it pro-
vides an efficient means for signal amplifica-

tion (either in the first detector itself or in

separate  auxiliary frequency amplifiers).

Tt has the further unique advantage that the

side tone interference from the transmission
may be strictly limited. For example, if the

:same percentage of modulation is used for

65

both systems of transmission, the reproduced

normally received signals and the interfering

side tone signals have equal intensities reg ard-
less of the relative quantities of energy asso-

ciated with their respective carrier currents.

Accordingly, an adjustment to produce a de-

sired amphtude of i 1ncom1ng signal (whlch 18 |

possible of attainment for WldelV different

conditions of mterhnkane of the transmitting

-and receiving circuits) insures that the side

tone will be within permissible limits.

The

80

practical necessity on ship board and in simi- -

larly restricted areas -of using closely con-
tiguous transmitting and receiving antennz,

“or a . common ‘mtenna where excessive side

tone would otherw1se negative ‘the efficient
use of the circuits, has, f01 the above reason,
favored the use of this type of two way system

.in such places. .

a5

In another equs ﬂly Well known type of sys— ‘

tem, not necessarily limited to two way oper-

atlon the production of the signal modulated
carrior wave is accompanied, or followed, by
suppression of the unmodulated carrier with
attendant advantages, among - others,

suppression system in a two way system of the
type described above, presents difficulties,
since the product of the first stage of detection

~therein would not include a wave of the un-

modulated auxiliary carrier frequency, which.
is necessary for the reproduction of the sig-
nal in the subsequent stage of detection.

It is a further object of this invention to

provide improved means for overcoming that -

difficulty, that is, to provide a two-way system
having all of the important features of the

two-way gystem deseribed, and which hasg the.
additional advantages inherent in any system

operating on the suppressed carrier principle.
In the system, according to one mode of
operation, a mintute amount of the unmodu-

ted carrier is transmitted. - This amount is

insignificant so far as it affects the amount of

energy concerned in transmission. It is in-
sufficient to permit the reproduction of the
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sof
energy conservation and comparatlve secrecy i
The pr actical embodiment of such a carrier:
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signal by simple detection.  Tt-is insufficient -

even for signal reproduction by double detec-

tion in accordance with conventional methods
‘of operating two-way systems of the general"
type described.

- In the method of receiving
such a wave practiced by this. invention,

energy from the transmitting circuit at the:

same station, ampliﬁed if necessary, is im-
pressed on the first detector through a sepa-
rate conductive connection. « The invention,
as to this feature, differs from that of apph-
cant’s U. 8. Patent 1,495470, May 27, 1924,
in that the circuit for conductmc this energy

is tapped into the: tmnsmitting circuit at a-
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- be secured by the use of resonant.circuits.

2

point between the modulator and the antenna,
so that the signal side tone is heard in the re-
ceivers, as in the more conventional forms of
two way systems of this general type.

- Partial suppression even though not suffi-
cient to prevent detection by simple means is
useful in proportion as its effects economy
in transmission.

Another feature of the invention is the use
of a band pass filter between the antenna‘ and
the first detector. - This feature is applicable
to-any two-way system of the general type
described, whether or not the unmodulated

carrier is suppressed fmd without regard to

the partlcul v means for obtaining: the re-
inforcing wave at the input of the first de-
tector. It functions, in any form of such sys-
tem, o give gre ater eeUumty from “pulses”,
or similar Pphenomena originating in the
transmission circuit or elsewhere, than can
; Tts
highly selective qualities enable it to diserimi-
nate from undesired carrier waves which are
incident on ‘the antenna. It is also useful
in a system where 1t would otherwise be dif-
ficult to limit the amount of energy trans-
mitted from the antenna to the receiving cu‘
cuit to a sufficiently small amount for ef-
ficient 1'eceptlm by the auxiliary frequency
method.

A feature of the inivention which may, in
special cases, be nsed with or without the co-
operation of the filter to completely prevent,
or to regulate, the flow of current from the
transmitting to +he rece1v1nf> ¢ircuit, where a
common antenna is used, is the connection of
the transmitting cireuit to the antenna in
balanced relation with respect to the points

.towhich the receiving circuit is connected
40 :

Complete, instead of a partml suppression

~of the unmodulated carrier may be used at

" 45

“both s

stations, if separate local Sources are
used with each stage of demodulation. If the
distant station tmnsmhs some unmodulated
carrier, of course the product of the first de-

~raodulated operation would contain an un-

HIts

®(
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modulated auxiliary carrier wave, so that in
this case; a local source, other wise used with
the second stage of demorhﬂatmn, would be
unnecessary.

The invention includes a novel means for

-producing a modulated W‘IVG characterized
by complete or any desired degree of partial
‘suppression of the. unmodula ated carrier com-.

ponent. . Two carrier- wave oscillators are

.coupled together ‘in balanced relation so as

normally to produce no output wave. The
modulating wave is diﬂeren‘oiallv Impressed
upon the space current paths of the balanced
oscillators to proporhonfﬂly unbalance the
circuit, as in the quite similar halanced modu-
lator cirenit.

A particular advantage in the use of sup-
pressed carrier transmission inheres in the
operation of two-way circuits on board ship

“ments of the several

1,892,437

or in other confined spaces in that the trans-
mitting power is not impressed on the antenna
during the non-signaling intervals. This pre-
vents the production of noises in the receiver

telephones, during the listening periods, due 7

to the production “of transient o~c111at!unq re-
sulting from sparking between the various
parts of the rigeing and other metal work
brought in momentary imperfect contact by
the swaying and vibration of the ship or by
high winds, which parts ave in the field of the
tr ansrmttmn antenna or within the influence
of the hlnh power of the transmitter.

The effect on
transient oscillations produced by sparking
dul ing thetr ansmutmo intervals when power
is on the antenna may be reduced by the use
of an efficient high frequency filter {in the po-
sition BE of the d_iagrmn) designed to reduce
the potentials impreszsed on the input of the
receiving set from the transmitter of the same
station to the desired minimum consistent
with its function of transmitting the carrier

“frequencies from the transmitters of both sta-

tions to the high frequency detector where
they are inter-modulated to produce the aux-
iliary carrier wave.

Further chjects and features will

e ap-

parent to those skilled in the art from a read-

ing of the following detailed description with
veference to the: accompanying drawing which
represents a sta wtion of a two way system hav-
ing the features of and c'xpab]e of operaimn
accordmcr to, the invertion.

In the rawing a comunon antenna AN is

d both for transmit ting and veceiving.

The elements 1, SA; OM and PA st the left
of the antenna Lue 1“e<pect1vniv a signal fre-
quency source, & signal current %mphf er, an
o¢cﬂlator~moﬂul%or and a-power amplifier.

They cooperate to producs asignal modulated

wave having '111 or any.desived part of its un-
modulated carrier wave suppre; ssed. Throt ugh
the medium of suitable filters in the input of
amplifier PA, either side band o f‘the modu-
lated wave nny be suppressed if desired.
For convenience, the systern will be assumed

to be used for %Def‘ch signaling

"The elements, BF, DM, RmD' L. LT and

9, at the right of the antenna are resnective-
ly, a high frequency band pass ﬁlter high
frequency - demodulator, an suxiliary fre-

quency -band pass fi ].*er an auxiliary fre-
quency demodulator, a low pass flter and an
indicator. They cooperate with co,c'h other
and with the transmitting circuit in the man-
ner-to be described to-receive spench roodu-
lated waves transmitted from o distant sta-
tion and to reproduce therefr om a D“Of:u]‘v
ing component. The carrier frequencics for

the receiver - output of

zr
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transmission and reception  differ by an -

amount abeve audibility. :
Denendmg upon  the- partmuhr Whl

elements, 4nd in some

1nsmncos, on the choice of elements used,

130



10

20

[
=1

30

33

+0

60

1,892,437

the system as a whole and its contained ele-
ments are capable of widely different func-
tions. The elements will first be described
without special reference to their respective
possible functions in the system as a . whole
and this will be followed by a description of
the operation of the system. o

The oscillator-modulator OM is similar to
oscillator-modulators generally in that it in-
cludes means whereby the current from the
signal frequency source 1, after amplification
in signal or speech amplifier SA, is employed

to vary the condition of oscillation of a car-

rier wave oscillator to the extent that- its
variations are impressed on the resultant
high frequency current of the oscillator.

It  differs from conventional oscillator-
modulator circuits in that the oscillator when
not subjected to signal modulation, delivers
no carrier wave to its output circuit. . Klec-
trical discharge devices 8 and 4 with their
associated circuits -each constitute a  feed
back oscillator of the well-known tuned in-
put type. The input circuit of oscillator 3
is constituted by circuit 5, 6 containing the
frequency determining resonant circuit 7,
the orid leak resistance 8 and the grid con-
denser 9. . The input circuit is coupled with
the output circuit, which includes conductor
10, conducter 11, coupling coil 12, and trans-
former primary 13. The circuit of oscilla-

tor 4 is stmilar and includes in common there- -

with ‘the elements 5 and 7 to 12 inclusive.
The input and output ¢circuits are completed
through paths distinet from those used by
oscillator 3 including respectively, conduc-
tor 14 and transformer primary 15. Since
the ‘oscillators have a common frequency de-
termining circuit they oscillate at the same
froquency. However, the transformer pri-
maries 138 and 15 are wound in the same direc-
tion, considered as portions of a single wind-
ing, and are traversed by currents in respec-
tively opposite directions, so that if the out-

* put currents are in the same phase within the

common portion of their circuits, andof

‘equal value, their effects in the secondaries 16

and 17 are balanced, assuming that the in-
dividual transformer constituted respective-
ly by windings 18, 16 and 15, 17 have equal
ratios of turns.
tion of the currents in secondaries 16 and 17
is insured by the arrangement of the respec-
tive input eircuits whereby the input energy
is impressed from coupling coil 12 and trans-
slated to the respective input elements in the
same phase. The relation of input and out-
put currents is perpetuated by constituting
coupling coil 12, a portion of a circuit which
is common to the two output circuits.

Space current for the two. oscillator tubes
is supplied by source 18, which also supplies
the space current for amplifier SA, through
circuiits 20 and 21 respeetively, Condenser
19 by-passes the generated high frequency

The desired balanced rela- -

transmitter may be -

3

currents around this battery. By prelimi-
nary-adjustment the output circuits may be
made balanced or not, as desired. If bal-
anced, the oscillator normally produces no

carrier wave in the output circuit 16, 175 if

unbalanced, a wave whose amplitude is pro-
portional to the degree of unbalance.  If the
space current circuit of one of the oscillator

“units is interrupted the other units function
in a conventional manner as a single tube -

oscillator. : ,
Modulating currents are impressed from
amplifier SA on the space current paths of
the modulator tubes by means of transform-
ers 22 and 23. . The current flows through the
primaries of the transformers in the same di-
rection relative to circuits 20 and 21 and ac-
cordingly differentially affects the potentials
of the plates of the two tubes. Accerdingly,

if the circuits are initially adjusted to givea -

perfect balance of generated ctrrents, modu-
lation results in an unbalance proportional to
the impressed modulating current and conse-
quently, the production of a resultant wave
whaose amplitude and frequency vary in ac-
cordance with the modulating current. 'The

output accordingly includes signal modulat-

O

ed side bands without any
rier. :

The modulation product is amplified by
power amplifier PA and impressed on anten-
na AN. - g ’ - :

Flements in the transmitting system which
have not been specifically mentioned are well-
known in the art and need no description.
Modulation by the method of impressing
modulating potentials on the plate of a mod-

unmodulated car-

“ulator tube is old, and is disclosed, for ex-

ample, in British Patent 15,237 of 1915.
The transmitted energy is impressed on the

antenna circuit between ground and a point

between the ends of inductance 24. The en-

70

80
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100

ergy accordingly flows between these two

points in parallel paths, one of which in-

cludes the aerial and its capacity to ground-

and the other the artificial network N which
is designed to simulate the electrical char-
acteristics of the first path. - Accordingly,
with a particular critical positioning of the

ntermediate point a balance can be effected:

for the potentials across the indnctance,
across which the recelving circuit is connect-
ed, so that transmission does not result mn
an interfering current in the receiver. Con-

denser 25 may be adjusted so that the anten-.

na system as thus constituted is tuncd to the
transmitted wave. ‘ :
By a slight adjustment of the point away
from the balancing position a predetermined
amount of reinforcing energy from the local
permitted to flow to the
recelving circuits. S v
Tilter BF may be of any type capable of

10
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passing with negligible attenuation curvents -

in a definite band of frequencies, such-as one
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or more incoming carrier side bands with or
without some unmodulated carrier, and to
substantially completely attenuate currents
of all.other frequencies. The type illustrated
is disclosed in U. ‘S. patent to Campbell
1,227,113, granted May 22, 1917. 'Depending
upon the degree of perfection of the balance,
or the degree of perfection of the filter in ex-
cluding currents of frequencies outside of its
normal band, or upon both of these means, ail
or any desired amount of the energy from the
transmitter may be excluded from the receiv-
ing cireuit. »

The signal modulated wave from the dis-
tant station which is passed through the filter
together with carrier energy transmitted
through the filter from the transmitting cir-

c¢uit or, in the alternative, transmitted there--

from through auxiliary circuit 26 including
amplifier A, if necessary, or from a separate
local source 27, is impressed on the high fre-
quency demodulator DM. TIf both of the last
two mentioned sources of-carrier frequencies
are: provided, a proper choice therebetween
then may be made by switch 28.

Demodulator DM is of the balanced type
which is completely disclosed in U. S. patent
to Carson 1,343,306, granted June 15, 1920.
Any other type of demodulator using one or
more tubes may equally well be used. It is
characteristic of the balanced type that, if
critically adjusted, the demodulated output

‘contains no component having any of the fre-

quencies of the currents impressed onthe com-
mon path of the divided input circuits or any
component resulting from the combination of
these currents. Accordingly, if the reinforec-
ing current is transmitted through the filter,
the demodulator circuit must be unbalanced
or the circuit of one tube made-inoperative so
as to effectively constitute the circuit a single

tube demodulator.

The resultant auxiliary carrier frequency,
together with the side bands, are selected by
band pass filter BF,, which may be similar
to band pass filter BF, and combined in aux-
iliary frequency demodulator DM,. This de-
modulator instead of being of the balanced
type illustrated may be of any conventional
type. If the incoming high frequency wave
does not include an unmodulated carrier com-
ponent, so that the high frequency demodula-
tor does not yield an unmodulated auxiliary
carrier wave, this wave may be supplied by
local source 29. '

The resultant signal component is selected
and transmitted through low pass filter LE
and indicated in telephone receiver 2.

The system may be operated in accordance
with various modes as follows:

Sparking between metallic parts of a ship
subjected to the influence of the strong out-
going power would result in transient oscilla-
tions being produced by an otherwise un-
modulated transmitted carrier. The effect of

‘reinforeing current therethrough.
other hand; reinforcing current may be sup-

1,692,487

these extraneous disturbances may be totally
prevented from affecting the receiver by criti-
cal adjustment of the oscillator-modulator to
completely suppress the carrier. For this
case, that is when there is'no outgoing energy
to create a field which would tend to result in
spark modulation, the filter B is useful in
protecting the receiving circuit from other
mterference effects, but might be replaced by
a less selective means. Reinforcing current
for the receiver is supplied from local source

27 which must produce a frequency which dif--

fers from the incoming carrier frequencies by
an- inaudible -amount, but does not have to

have a frequency identical with the cutgoing.

carrier frequency. A second local source 29
is used if the current is suppressed at the dis-
tant station. » TR IR T RN

If the carrier is not suppressed the effect in
the receiver of noise modulation of the ear-
rier can be reduced by means of the filter BF.
Reinforcing current can.be supplied by the
local source 27.- The choice as to the use of the
second local source is the same as for the first
mentioned case: e P

The balanced connection of the transmitter
to the antenna, with or without the filter, may
be relied on to prevent disturbances originat-

ing in the transmitting circuit from affecting

the receiving circuit, a separate lecal source 95

of reinforcing waves being used. . This ar-
rangement can similarly be used whenever it
is desired to prevent the transmitted carrier
currents, or this current modulated, from en-
tering the receiving circuit. The modulator-
oscillator may be adjusted to give an insuffi-
cient unmodulated carrier to yield a signal by
simple demodulation. However, reception

by the auxiliary frequency demodulation

method provides an auxiliary frequency car-
rier ‘which may be separated from its side
bands, amplified, and combined therewith in
the second demodulator as disclosed in appli-
cant’s U. S. Patent 1,495,470, May 27, 1924.
Alternatively, sufficient auxiliary current
may be obtained by using the auxiliary cir-

cuit 26 and amplifier- A,.  Circuit 26 is con-.

nected to the transmitting circuit in such
manner as to impress a side tone on the re-
celving circuit during signal transmission
from the same station. A local source 27
can be used alternatively with circuit 26, as
above explained, or the auxiliary circuit can
be connected directly to either oscillator 8 or
4, as in the similar arrangement described in
U. S. Patent 1495470, May 27, 1924, above
mentioned. : o
Obviously the auxiliary circuit 26 or the
local source (or sources) could be effectively
used even if the unmodulated carrier is trans-
mitted. . For example, conditions might re-
quire such a degree of selection by filter BF
as to prevent the transmission of suficient
“On the
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plied from the transmitting eircuit to the re-
ceiving circuit: through the antenna by re-
spectively unbalancing the connection a pre-

_determined small amount or by.using a filter

which will transmit a sufficient” quantity of:
current. of the transmitted carrier wave fre-
quency. Use of the balanced connection in

a similar ¢ircuit is disclosed in Fig. 5 of
‘French Patent 24,792, patented June 26, 1922,

constituting the  first  addition of Patent
541217, ST -
What is claimed is: e
1. In a radio system ‘comprising a station
having an incoming wave receiving circuit
including a broad band filter selective to the
frequencies of the incoming: wave, a source

of high frequency-carrier waves for trans-:

mitting outgoing signals, means for combin-
ing waves from said sourcé with incoming
waves whereby waves of an inaudible fre-
quency -different from that ‘of either of said
frequencies are produced, and means for de-
riving audible incoming signals from said
last mentioned wave." -

2. A radio station comprising means for
producing a signal modulated carrier wave,
common means for radiating said wave and
for receiving a signal modulated carrier
wave whose frequency differs by an inaudible

amount from that of said first mentioned car- -

rier wave, means for deriving signals from
said received wave, a band pass filter selective
at the frequency of the received wave between
said common means and said signal deriving
means, said signal deriving means compris-
ing means for combining energy of the out-
going wave with energy of the incoming wave
to produce an inaudible frequency ‘signal
modulated auxiliary carrier wave, and means
for deriving incoming signals from said aux-
iliary carrier wave.

3. A radio station comprising means for
producing a signal modulated carrier wave,
means for radiating said wave and for re-
ceiving a signal modulated carrier wave
whose frequency differs by an inaudible
amount from that of said radiated wave,
means for deriving signals from said received
wave, a band pass filter selective to the re-
ceived wave between said receiving means
and said deriving means, said deriving means
comprising means for combining energy of.

- the outgoing and incoming waves to produce

an inaudible frequency signal modulated aux-
iliary carrier wave, and means for deriving
incoming signals from said auxiliary carrier
wave. :

4. The method of signaling between two
stations which comprises generating at each
station a carrier wave, at intervals modulat-
ing said carrier wave in accordance with sig-
nals, continuously transmitting said carrier

waves modulated at intervals, radiating at

least a portion of the transmitted wave at
each station, receiving a wave incident on at

5

least one station from the other station, re-

ceiving a portion of the transmitting wave

-at the local station independently of the ra-

diation and of the first mentioned receiving

~step combining said received waves to pro-

duce an auxiliary carrier wave modulated at
intervals in accordance with the signal modu-
lations at both stations, and reproducing a
signal from said auxiliary carrier wave, -~

5. The method of secret signaling bhetween
two stations which comprises continuously
transmitting carrier waves from each  sta-
tion, at least part of the time transmitting

from each station signal modulated side.

bands of said waves, the unmodulated car-

rier component transmitted from at least one .
station being too small to reproduce a suffi- .
-ciently perfect signal by single detection;. :

selectively receiving the waves incoming on
each station, combining the received modu-
lated small-amplitude carrier waves with a
wave derived from the signal modulated
wave at the same station to produce an aux-
iliary carrier wave modulated by the signal
at both stations, and reproducing the signals
from said auxiliary carrier wave.

6. A station of a signaling system compris-
ing a generator of carrier frequency waves,
means for modulating said waves in accord-
ance with signals, means for radiating said
modulated waves-and for receiving incoming
waves, a demodulator, a non-signaling cir-
cuit between the output circuit of said modu-
lator and said demodulator, means for select-
ing a signal modulated combination compo-
nent from the demodulator product, and
means for reproducing the signals from said
modulated combination component.

7. A station of a signaling system compris-
ing a source of carrier frequency waves,
means for modulating said waves in accord-
ance with signals, a common means for ra-
diating said modulated waves and for re-
ceiving modulated incoming waves, a de-
modulator, a band pass filter between said
common means and said demodulator sharply
selective to the incoming waves, a non-sig-

naling circuit between the output circuit of

said modulator and said demodulator, means
for selecting a signal' modulated combina-

tion component from the demodulator prod-

uct, and means for reproducing the signals
from said modulated combination product.
8. In a station for communication systems,

a grounded antenna comprising a radiating

member an impedance member and an arti-
ficial network, a transmission -circuit con-
nected between two points in said antenna,

one point being between the ends of said im--

pedance, a receiving cireuit associated with

86 -
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sald antenna in such a manner as to derive”

its potentials from points therein in respec-
tively opposite directions from said interme-
diate point, the positioning of said interme-
diate and receiving circuit points and the
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impedance “of the balancing' network to--

gether being such that a minimum of energy
From the transzmttmn cireiit is impressed
on said receiving mrcmt a local:source hav-
ing a frequency dlﬂermcr by an ‘inaudible
amount from that of the received waves,
means for combining the received waves with

waves Trom said source to produce a modu-

lated auxiliary carrier wave, and means to
reproduce a signal h"om said auxiliary car-
rier wave.

9. A system for generating .a modulated
carrier wave havmg substantially “no. un-

modulated carrier component comprising a-

pair of electric discharge devices each includ-
ing a filament, an anode and a control elec-
trode, input cireuits respectively. connected
to the filaments and control electrodes of said

device-and including *a common portion, a
tuned circuit in'said portion, output circuits
respectively connected to the filaments and

1,602,437

anodes of said devices and each including a -
common portion and an individual portion, a:

feed back -circuit-in the common portion of

-the output circuit coupled with said tuned:
circuit, a coupling coil in each of said indi--
vidual: portions; an-outgoing eircuit includ-
‘ing a winding coupled with said coupling
coﬂs, the mqonetlc circuits of said eoupling -
“coils and Wmchnfr being so arranged, and

30

the constants of the remaining-parts of the -

mally oscﬂlatmg condition of ‘the: system
there s~ a resultant. difference of potential
across -said winding corresponding to a de-
sired degree of unbalance, and means for im-

pressing modulating currents on the anodes

of said devices in relatively opposite phases.

In witness whereof, I hereunto subscribe::
' my name this 4th day of March A.D. 1924.

J OHN F. FARRINGTON

-system being so determined that in the rior- |
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