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Lo all whom it may concern:
Be it known that 1,

Joun C. Gasrinn, a

subject of the King of Great Britain, resid-
ing at New York city, in the county of New
5 York awnd State of New York, have invented
certain new and useful Improvements in
Two-Way Communication Systems, of which
the fellowing is a full, clear, concise, and

_exact deseription.

This invention relates to two-way commu-

nication systems.

An object of the invention is to avoid the
production of side tone in a receiver at-a
two-way communication station by energy
from the local transmitter. :

A further object is to control the respon-
siveness of the receiver and the operation of
the transmitter dirvectly by sound energy
without the use of manually operated

switches.

The success of two-way -comimnunication
systems is dependent on the efficacy of the
means used for avoiding side tone in the re-
ceiver from the local transmitter. The de-

5 velopment of satisfactory means to accom-

plish this result has been attended by cer-
tain difficulties which are peculiar to high
frequency, and especially to radio, systems.
For example, distributed and certain other
forms of casual and unavoidable capacity,
are substantially non-effective as impedance
elenments except at relatively high frequen-
cies. In radio systems, the relatively great
difference between the energies concerned in
the transmitting and receiving functions,
and the consequent relatively great differ-
ence in the sensitivity of the respective trans-
mitting and receiving apparatus, makes the
presence of side tone currents especially haz-
ardous to the receiving apparatus.

One type of practicable means involves
the use of commutating devices to render the
transmitting and receiving circuits alter-
nately operative and in which the necessary
commutating functions are accomplished by
relay actuated switches, the relays them-
selves being actuated by a portion of the
sound or other form of energy used for sig-
nal modulation. In such an arrangement,
the speaker’s voice, in a radio telephone gys-
tem, performs a. function that otherwise
would be performed by manually operated

wieans. The neans, by
utamatieslly applisd,

setuatlig ensrgy s

% S )
virtue of which the

makes the control inherently more positive
and efficient than by manually operable
means, and in fact, makes the ultimate re-
sult of the operation of such a system com-
puarable with. that of the ordinary low fre-

‘quency lelephone circuit.

However, the sensitivity of the rélays or-
dinarily necessary for the efficient operation
of such systems, results in at least two func-
tional defects. When the circuit is in trans-
mit condition, a very slight pause or momen-
tary great decrease in the amplitude of the
impressed sound waves, such as might read-

ily ocenr during regular transmission, may -

result in-a momentary actuation of the
switches to receive condition with corre-
sponding loss of transmission. A somewhat
similar result occurs in the particular form
of the system in which the speech rectifier
and relay are arranged so that the impressed
sound energy results in a decrease in the cur-
rent through the relay. Certain explosive
sounds, such as the consonants p and t, have
peculiar effects in such a system in that they
cause a momentary increase instead of a de-
crease in the rectifier output (and hence re-
lay current), and consequently a chattering
of the relay contact or even an actuation of
the switches to their alternative positions.

It is a further object of the invention to
provide a system otherwise as deseribed in
which these two effects are avoided.

‘These objects are realized, for example, in
circuits in which the switching operation
affecting the signal condition is performed
by the secondary relay of an arrangement
of primary and secondary relays having a
lost motion means between, whereby the
movable element of the primary relay is
capable of considerable movement without
aflecting the second relay.

The timing element provided by this fea-

ture results 1n the substantial elimination of

the first mentioned defect. If the primary
relay is actuated so as to have a falling char-
acteristic when sound waves are impressed,
so that the last mentioned defect may tend
to be present, this defect may also be sub-
stantially eliminated.

In an alternative arrangement, in which
the primary relays (ov if only one relay is

used, the relay) are actuited so as to have a
visiig charactevistic; the timing element 1is

providad by a shoit éivenited coll ofi the ras
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113 core.. This coil resists the (Leeneloua—
tion of the core, which seuld otherwise re-
sult when there 1 1% a momentary’ cessation or
extreme decrease. in amplitude of the im-
precsed specch waves.

In the drawing, Fig. 1 illugtrates a two-
way teleplione svctun employing the prin-
ciple of the m\'ennon

Figs. 2 and 3 illustrate a civeuit which may
e used alternatively to the portion of the
cireuit of Fig. 1 which is enclo &ed in dashed
lines, the two figures differing only as illus-
trating different phases of operation of the
c1rcmt and

Fig. 4 illustrates
tive circuit which n
tuted for the same portion
of The. 1.

neieruvlo to Fig. 1, tuned antenna 1 is
associated with a {hrec-clement electrie dis-
charge device 2 in such a manner that the
combination of the elements constifutes an
oscillator G of well known t\'pe (S(‘"
for example, page 360, \ol 38 No. 3 of the
Proceedings of the A. 5. 1) The char-
acteristie feature of hxs '_‘\'pv-oi oscillator
is that the antenna, including the capaeity
of the acrial to ground, constitutes its fre-
qieney determining cireuit.  The space enr-
rent circuit of the oseillator may b(_ traced
from the cathode, through space current
source 3, (O.ldddor 4, contact 5 of normally
open relay switch 6, conductor T, constant
current choke coil 8, high frequency chioke
coil 9, to the anode of device 2.

The output current of the ozcillator is
modulated by modulator AL in accor danca
with variations of the s;gnal current 1n cir-
cuit 10. The system of modulation Which
is used is that usually dmmmumfetl ‘eon-
stant current modulation system”™.

a still further a
ay be similarly substi-
of the cireuit

It is de-
seribed in the paper of the Proceedings of
the A 1. I E. supra.

In brief, {he operation is as follows: Sig-
nal \Hllidi’i()n“ are impl'owe] on the input
cireuit of the modilator and are reproduced
in its output civenit i amplified form. This
.«15411(11 variation current flows through choke
coil 8, which Is common to the space eurrent
paths of hoth the oscillator and medulator,
and accordingly, produces a corresponding

potential drop hmcm which resulls in a
corresponding vaviable polential heing ir-
pxcssed from space current source 3 on the

anode of the oscillator fube. "These varia-
tions of potential ave reproduced as ampli-
tude variations of the generated high fre-
quency wave. IHigh frequency choke coil
9 prevents the high frequency curvents from
fowing 1n the low frequency modulating
cirenits.  FHowever. the coil 9 does not have
sufficient imwpedance to prevent the flow of
carrent of the modulatine frequency there-
through.

The receiving cireunit includes detector D

and indicator 11,

1,579,299

The detector is normnally
connected to coil 12, which is coupled to the
antenna, through armature 13 and contact
14 of pelay 15, The relay iz normally en-
rgived to actuate the armature

to be ex plained Lu“l JArmintire 15 oof the
velay is biased upwardly Dby spring 16
W lien relay 15 15 dec 11"1‘”1/0( ﬂm recelving
circuit is nponod at contact 14 and the trans-
mitting civenit is closed at contuet 5, the

transmitting and receiving cirenits aceord-
ingly Dbeing made alternately  operative.

Side tone in the receiver vesulting from the

Tocally  transmitted  energy  is thereby
avoided.
To further insu

re a complete absence of
side tone, coincidental with the opening of
the reeeiver cireuit, or shortly thereafter,
the grid-eathode cirenit of the defeetor is
short <uu1,uod. This 1s 'u"u.q\h&hoﬂ by the
contact 17. which iz connecied o the eathode
side of the coil 120 The (fi]'wx"u is (h)‘el
through contact 17 before the hm\'m“]rm
cireuit is made operative and iz opened ad
the transmission civenit is made n \; erative,
so that, so far as the short circuitine means
can prevent it, the receiving civenit i af no
time subjected to the hazards of <ide tone
currents.

The op

ter

ration of relay [0 s made respon-

sive to signal variations {rom cirenit 10
throngh rectifier R and primary relay Is,

The coil of reley 18 is energized by the shace
current of reetifier IR, which lmnnlll\ =
suflicient (o hold up its armature to close a
circuit through the velay 15 at contact 19.

Rectifier R functions in such a manner
that impressed alternating cuirents, as {rom
gource 10, result in a decrease of its space
current.  In order to give the tube this full-
ing characteristic, vse iz made of the reeti-
fying charvacteristic of the input civeuit in
conjunction with the grid condenszer 20 and
Teak resistance 21. '

The operation of the vectifier is similar
to thai of a detecting civenit havinge the
same clements and 1= well known, Tle ree-
tilving chavacteristic of the inpul cirenit
results inoa preponderancy of incerease over
decreaze of grid-lilament cerent. The re-
sulting incremient of negative charge an the
artd, after cach evele of impressed potential
is trapped thereon on acceonnt of the con-
denser 200 The charge on the orid

hope-

fore tends fo accumulate and continnally
to depress the potential of (he grid from its
normal value when no potentinl s -
pressed, the space earrent decrensing cor-
respondingly.

When the space current hecomes snfli-
ciently low, traction of spring 22 exceed-
the mwagnetie traction of Ih cotl el the

the armature
'_’,-3. The call of
arimature 13, which

conlaet 19,
to its stop
15 releases its

civenit i closed
falling hack
relay

13 by means
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is actuated upwardly by spring 16 to change
the eondition of the cireuit as a whole from
receive to transmit. :

Any momentary cessation of the im-
pressed signal, not sufficient to cause actua-
tion of the armature of 1élay 18 to its cir-
cuit closing position, will not be effective
to change the condition of the transmitting
and recelving circuits. - Further, the time
constant CR of impedance elements 20 and
21 is made sufficiently large so that a rea-
sonable - time -must elapse, after the cessa-
tion of signals, before the current in the coil
of relay 18 is sufficient to initiate a move-
ment of its armature away from its stop;
and so that the acceleration of its movement
between stop 23 and contact 19 is small. . In
other words, the relay 18 is, in effect, a link
Detween the source 10 and relay 15, the op-
eration of this link being characterized by
lost motion.

Tt has been found that the influence on
the microphone of explosive sounds, such as
the consonants p and t, results in an effect
somewhat similar to that of a cessation of
signal current. That is, it causes the space
current of rectifier R to increase instead of
decrease. This results from the fact that the
waves corresponding to these sounds (and
accordingly the potential waves impressed
on rectifier R) are highly damped. Accord-

.ingly, even though by the operation of the

rectifier the potential of the grid is progres-
sively lowered by successive cycles of im-
pressed potential, a preponderant positive
impulse, such as might characterize the first
half cycle of a highly damped wave might
drive the grid so far positive that an appre-
ciable time, measured by many cycles of im-
pressed potentials, would have to elapse be-
fore the space current were again sufficiently
lowered to actuate the relay 18. The spacing
of contact 19 and stop 23 is made so great
that impulses of this kind are insufficient
to actuate the armature to contact 19.
Although in the description of Fig. 1 par-
ticular means for alternately rendering the
transmitting and receiving circuits oper-
ative have been assumed, there are many

-other means for accomplishing an equivalent

resnlt. In particular, any one of the means
digclosed in U. S. patent to Heising 1,488,006,

March 25, 1924, over the invention of which

the present invention may be considered an
improvement, may be used without requiring
any material change in-operation of the sys-
tem or the relation of the relays and their
associated cireuits. Also, the falling char-
acteristic of the space:current can be ob-
tained without the grid condenser and leak
by operating over a particular portion of
the grid-potential-space-current curve.
Tgs. 2 and 8 illustrate an alternative lost
motion means which may be substituted for
that in Fig. 1, the circuit of Fig. 2 being

substitufed for that portion of Fig. 1 en-
closed in dashed lines. ¥ig. 2 illustrates the
cireuit when in receive condition and Fig. 3
a portion of the cireuit of Fig. 2 when the
cireuit as a whole is in transmit condition.
Ilements having functions similar to those
of Fig. 1 ave similarly labeled.

In the operation of the system wliich in-
cludes the cirenit of Figs. 2 and 3, the circuit
through relay 15 is normally broken at con-
tact 19, so that spring 16, instead of relay 15,
norinally maintains the switches in receive
position. Relay 15 is energized when the
space current in the coil of relay 18 is de-
creased sufliciently to permit spring 22 to
actuate its armaturve to circuit closing posi-
tion, when the relay 15 will actuate the
switches to transmit position. Contact 19
1 vesiliently held against stop 24. When the
cirenit is closed through this confact it is
resiliently forced bhack a distance approxi-
mately equal to the spacing hetween 19 and
23 of Fig. 1 (about {; of an inch in a prac-
tical case). When the space current momen-
tarily increases, as by either of the causes
described, the armature can accordingly
move this distance without disturbing the
condition of any of the circuits. When con-
tact has been made at 19, subsequent pulses
of current, which would otherwise flow in
the relay, are by-passed around it through
condenser 25. This tends to prevent chat-
tering when the contact is made. This con-
denser is effectively disconnected when the
armature of the relay is in its normal posi-
tion, so that it does not retard the operation
when the signal is applied.

In the alternative circuit arrangement of
Itig. 4, the incidence of the signal current on
the rectifier resuits in an increase in space
current on account of the rectifier character-
1stic of the space current circuit under vary-
ing grid potentials. The primary relay ac-
cordingly operates on a rising characteristic,
That the rectifier may operate in this man-
ner is apparent from the absence of a grid
condenser and leak. The increase in space
current is sufficient to actuate the relay 18 to
circuit closing position. The subsequent
operations are the same as in the system of
Fig. 2.

The additional winding 26 on relay 18 has
the effect of a damping coil. “Its purpose is
to prevent a reverse actuation of relay 18
by a momentary cessation or change in am-
plitude of the signal currents impressed on
the rectifier. This winding is preferably of
very low resistance, and may, for example,
be a single turn of copper conductor or a
copper sheath. It tends to oppose any
change of flux threading therethrough hy
setting up an opposing flux.

The impedance elements 27 and 28 to-
gether constituts what 18 commonly called
an impulse ecircuit. Condenser 27 has low

3

70

80

90

100

110

120

[
o]
<



tQ

[{9]
<

w3
511

<
<

G0

&

impedm(g to the first impulse of the alter-
nating current mmponent of space current,
whiclh will accordingly flow ther ethmmh
:md lhrough the relay coil. After the 1‘el‘~y
has been actuated, the much smaller average
un\nt through ‘the vesistance 28 will be
sufiicient to h')l the relay in opehioq posi-
tion. By the use of this arrangement, since
the current through the coll of the relay for
the steady state will be less than that corre-
sponding to the initial impulse, and since it
is o steady current that determines the neces-
sary biasing pull of spring 22, a smaller
biasing sprimg can be used w ith umsequmt
mcerease in [lexibility and cmsmvlq From
another point of view, the use of the resist-
ance makes possible the use of a space cur-
rent souree having a Aunc pmultml without
unduly increasing the rvelay currvent during
the steady state. On account of the con-
denser 27 the whole of this large potentiai
is momentarily available to actu \(L the relay

when the first ipulse of current isimpr es:ed
on the rectifier. A somewhat similar use of
an mpulse civeuit is disclosed in Fig. 12 of
T. 5. patent to Deardorll XNo. 1, Hl-L(b
granted November 20, 1923

Obviously, the various features disclosed,
respectively, as applied to individual cir-
cuits can be used in others of the circuits,
or a combination of features disclosed in
ceparate circuits may be used in a single
civeuit.  For 0\(11111)10 the lost motion con-
{act member of Fig. 2 can be used in the
svstem of Fig. 4 by making contact 19 re-
silient: the nnpu]&e civeuit of Fig. 4 can
he 11)1)1101 to a civcuit having the Jost mo-
tion means of ecither Fig. 1 or Fig. 2; the
system of Fig. 4 can be cansed to oper ate
on a falling characteristic, the contacts be-
my 10‘111&11%(1 ‘l(C’)l‘d’n“]\ in a manner
taeht by Fig. 2; ete.

V{hat is ('lain‘el is:

. A station of a two-way signal system
comprising means for trans mttn‘ﬂ' a stonal
means for lo(onmg a signal, and relay-in-
cluding means actuated in response to the
initiation and ¢ '&sntmn of said signal trans-
mission to respectively render said station
cperative for signal transmission and re-
ception. said means ncluding civeuit clos-
ing mvnm wherehy said relav (mnm es to
mitiate the change in condition of said sta-
tion pwuot(‘zlnlnod tine after the cessation
of the previous condition of signal opera-
tion.

2, A station of a two-wayv signal system
comprising means for transmitting a signal
wave. means for recelving a signal wave,
and sional actuated means for rendering
said station exclusively operative for trans-
mission during signal fransmission. said
means comprising mechanieal lost-motion
means whereby said station hecomes inon-
erative for transmitting a predetermined t

time after the cessation of signal transmis-
sion.

3. A sound controlled relay system com-
prising signal transmitting means, signal re-
ceiving means, circuit closing means for
rendering the signal transmitting means op-
erative when in civenit closing position, cir-
cuit closing means for rendering the signal
receiving means inoperative when in cireunit
closing position, a normally energized re-
Iny in coopera itive relation to both of said
weans to normally render said transmitting
means 12mpcrunc and said receiving means

perative, a cirenit closer in cirenit with

Ud relav. a normally energized relay for
;,.m‘.tammg saidd  Iast mentioned circuit
cloger in cirenit closing position, biasing
means for cach of said circnit closers, means
respensive to signal {ransmission for de-
energizing said last mentioned relay where-
by osaid Tast mentioned  eireuit. closer is
i
1
(

wﬂ to open civenit condition, and a stop
o it the traverse of said Jast mentioned
ireuit closer hetween its normally open and
novmally clozed positions,

4. A sound controlled relay system coin-
1 o a source of modulating current, an
electrical discharge device for generating
high frequency waves, an o lectrieal  dis-
charge device for modulating said high fre-
freney waves in accordance with said mod-
atine current, & space current eireuit in-
cluding a switeh for at least one of =aid de-
vices, a normally operative receiving cir-
cutt including an electrical discharge de-
viee, cireuit means including a switch for
shorteiveniting at least a portion of said

wising

{
1

receiving device, o biased normally ener-
. a " * 0 ]
oizedd velay for maintaining each of said

switches in non-circuit closing position, an
clectrical  discharge deviee confaining a
cathode, an anode, and an impedance con-
trol clement. an input cirenit in encrey
transfer velation to said modulating cur-
rent gource and to said eathode dnd Ccon-
trel element. and m(hu]m“ a capacity cle-
ment in series with said control element,
and a high imped:mw induction path be-
tween said cathode and control element, a

space current circuit hetween said eathode
and =ald anode. and including a rvelay, a
switeh in civeuit with said fivst mentioned

relay and in energy transfer relation to the

o
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Inst mentioned velay, and a slop to Hmit (he

raverse of said last mentioned swifch he-
tween its actuated and non-actuated posi-
tions.

5.4 zound confrolled relay svetemr com-

prising an antenna, means for producing
and radiating from said antenna a signal

modulated high frequency wave inelnding
an  clectrieal diseharge device havine a
switch-containing space enrrent circuit. :
civeuit including an electrical discharge de-
tector for receiving signal modulated high
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frequency waves in energy transfer relation
to said antenna, a switch connecting said
receiving circuit with said antenna, a Switeh-
contalnmo short-circuiting means for said
detector, Ll'mno means for each of said
°W1tches a 10T mally energized relay, said
switches and biasing means being so ar-
ranged that, when said relay is eneromed
the second mentioned switch is in circuif
closing position and the first and third men-
tioned switches are in open circuit position,
a circuit closer in circuit with sald relay,

S

a normally enﬂromed relay for maintaining
said circuit closer in actuated position, means
responsive to signal transmission to deen-
ergize said last “mentioned relay, whereby
sald switches and circuit closer are biased
to their respective alternative positions, and
a stop to determine the open position of
said circuit closer.

In witness whereof, I hereunto subscribe
my name this 31st day of January A. D.,

1994,
JOHN C. GABRIEL.
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