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To all whom 6 may coneceriv:

Beit known that I, STEPHEN DUDLEY FIELD,
o citizen of the United States, residing at
Stockbridee, in the county of Berkshire and
Qtate of Massachusetts, have invented certain
new and useful Improvements in Quadruplex
Telegraphy, of which the following is a full,
clear, and exact description. .

In the operation of that class of diplex tele-
oraph systems which when duplexed become
capable of transmitting four simultaneous
communications upon the same circuit and
which depend upon one transmission by po-

larity and the other by strength of current a

defect is observed when attempts are made to
introduce the apparatus on circuits having
oreat impedance or great static capacity, such
as long-buried conductors or on what are
known as ‘‘composite” circuits in telephone
service. Theprolonged *‘ variable period” ot
such circuits causes a sluggish action of the
receiving apparatus in such a manner that the
repeated signals in the local circuit become
blurred. For example, in the apparatus now
in use suppose a neutral relay to be just
starting from its contact to the extent of
breaking its local circuit. If at thisinstant
a reversal of line-current occurs, the armature
falls back and the sounder having started on
its armature excursion responds to the re-
newed contact, the result being a fluttering
or jarring false signal, which is usually unin-
telligible and productive of errors. Attempts
have been made to bridge over this so-called
““ variable period” of the circuit by the intro-
duction of induction-coils in the line-circuit;
but such introduction by bringing in magnetic
impedance in the line-circuit increases the

static capacity thereof to an extent which 1s

rather more than an offset to the benefits con-
ferred by the devices mentioned.

In the present invention I_proceed in a di-
rectly opposite manner. Instead of increas-
ing the line impedance I diminish it as much
as possible, and instead of holding the relay

quiescent at the moment of current change I

locally augment its action as much as possible.
In carrying out my invention I so arrange the
apparatus that a break once started in the
local or receiving circult is caused to locally
react on the relay-armature in such a man-
ner as to force it to make its full excursion
o matter how slowly the line-current may 1n-
crease nor how soon a reversal of polarity
takes place.

In order to facilitate the understanding of

the present invention, I willnow describe the
same in connection with a certain embodiment
thereof as illustrated in the accompanying
drawings and will then set forth the special
features of said embodiment whereby the ad-
vantages above referred to are obtained. In
this connection it may be said that the em-
hodiment illustrated is merely given by way
of example and that I do not confine myselt to
the precise arrangement of apparatus shown.

In the draswings, Figure 1isa diagram of a

set of circuits and apparatus adapted to the

carrying out of my invention, and Fig. 2 1s a
detail of the sounder connections at a recelv-
ing-station.

Referring to the drawings, 1 1sa permanent
magnet serving to hold the line-coil 2 In a
strone magnetic field. The terminals of the

line-coil are shown at 3 and 4. The coil 2 1s

supported upon trunnions, to which is also
secured an armature-lever 5, of magnetic ma-
terial. The armature 5 turns with the coil 2,
as will be readily understood. Cooperating
with the armature-lever5 is a companion lever
6, supplemental thereto and adapted to con-
tact therewith. The lever 6 1s held against
the lever 5 by means of an adjustable retract-
ile spring 7. A similar retractile spring 3
acting on the lever 5 tends also to hold the
levers 5 and 6 together. The levers above
referred to are provided with contact-points,
(shown at 9,) such points being preferably ot
platinum or other good conducting material
not easily corroded. On the lever 6 1s a con-

tact-point 10, which engages in one position

of the said lever with an adjustable contact-
point 11, as shown. The last-named contact-
point is connected by a wire 12 with a coil 13
on a core 14, and the said coil is connected
with a battery 15, the opposite pole ot which
is joined to the pivotal point of the lever ©.
The said battery is also connected with a coil
16, the opposite end of which coil 1s joined
to the lever 5. The coils 18 and 16 consti-
fute di

erential windings on the core 14. On-
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the core 14 is wound a third coil 17, which is -

connected in a closed circuit with the coils 13

and 19 of the polar magnets 20 and 21. This

closed circuit is controlled by the armature 22
of a sounder 23, the circuilt of which sounder
contains a battery 24 and is itself controlled
by the position of an armature 29, arranged
in operative proximity to one end of the core
14. When the said core 14 is not energized,

as when the coils 13 and 16 are both traversed
by counterbalancing currents from the bat-
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tery 15, the armature 25 is held by a Spring
26 against a back stop 27, thereby maintain-
ing the local sounder-circuit closed and causing
contact to be made between a contact-point
28 on the armature 22 and the front stop 29
of the said armature. The armature 28 is
subject to the influence of a spring 30, tend-
Ing to draw it away from contact with the
stop 29.  Assuming a current to arrive by
way of the terminals 3 and 4 and to traverse
the coil 2 and cause it to turn with the lever
o—say to the right, as shown in Fig. 1- thus
overcoming the tension of the spring 7 and
opening the contact between the points 10 and
11, 1t will be seen that the first action will be
toopen the circuit from the battery 15 through
the coil 13. The coil 16 is accordingly in a
position to energize the core 14 and attract
the armature 25. The magnetization of the
coil 16 in this manner sets up a momentary
current in the coil 17, which current passine
through the coils 18 and 19 attracts the lever
o momentarily to the right, thus perpetuat-
ing the initial impulse which first separated
the contacts 10 and 11. Once separated the
sald contacts cannot again come together until
the signal has been executed in its entirety.
Should the arriving current be in a direction
to deflect the armature-lever 5 to the left, a
separation will take place between the con-
tacts shown at 9, in which case the coil 18
will be cut out and the coil 13 energized. In
this case the coil 17 will be momentarily af-
fected, as before, by an induced current, but in
a reverse direction. Consequently the mag-
net-coils 18 and 19 will exercise g momentary
inductive influence, tending to urge the arma-
ture-lever 5 to the left, thereby perpetuating
the signal intended. as in the previous in-
The springs 7 and 8 are put under
such tension that weak potentials cannot over-
come the force thereof. Accordingly such
potentials will haveno effect in bringing about
a separation of the contacts as described
above. Solongasthesecontacts remain closed
the entire arrangement is maintained in a
state of rest. Limiting-stops 31 and 82 are
provided and so adjusted as to oive any de-
sired range to the excursion of the armatire-
lever 5. In general it may be said that the
longer and slower the line-circuit is the far-
ther apart these stops should be separated.
1The object of having the incduction-circuit,
including the coils 17, 18, and 19, pass through
the contact-points 28 and 29, controlled by the
sounder or recording apparatus 238. is to pre-
vent any action ot the induction-coil 17 on the
magnet-coils 18 and 19 at the instant when
the contacts at 9 or the contacts 10 and 11
come together. If it were not for this breal
in the circuit, the closure of either of these
sets of contacts would result in the passage of
a current from the coil 17. In the case of a

closure of the contacts 10 and 11 this curreng i

of the contacts at 9

substantially equal ways.
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would be in a direction to force a separation 55

oy virtue of the action of
the coils 18 and 19 on the armature 5. Since,
however, the contacts 28 and 29 cannot come
together until after the local relay has per-
formed its function of closing the contacts at
25 and 27, it will be seen that the inductive
elfect on the coil 17 will have passed before
the points 28 and 29 come together. Conse-
quently the coil 17 is quiescent or inoperative
at the time of the closure of the contacts, but
1s highly energized after the closure when the
local relay has performed its function and
brought the contacts 28 and 29 together.
The special features of the apparatus above
described, which, as has been stated, may be
varied as to details, may be summarized as
follows: The apparatus consists of a coil float-
g 1n an intense magnetic field and hung on
trunnions to which an armature of magnetic
materiat 1s attached. This armature makes
contact with contact-points mounted on a com-
panion lever in such a manner as to form 1
contlnuity-preserving key, all points of which
are in contact during the time of low-line po-
tential, being held together by suitable re-
tractile springs. Trom the relayv-armature
lever on the one hand and the companion le-
ver on the other I lead wires to separate
branches of a differentially-wound local relay.
the same being for convenience so connected
that a single battery operates on either or both
branches of the local relay in opposite and
As a result when
either branch of said local relay is opened its
opposing branch will magnetize the core and
attract the sounder-armature which is in op-
erative relation to the said core. Wound on
the core of the local differential relay is a
third coil, all the coils being preferably wound
in the same plane and occupying as nearly as
possible the same magnetic position on the
relay-core. Assuming that the armature of
the hine-relay starts in either direction in re-
sponse to a line-current of full potential, one
or the other of its contact-points will he moved
away from the codperating point, thus leav-
ing but one of the local relay-coils in cirenit
with the local battery. This coil will then
energize the local relay-core, attracting the
armature of the local sounder or recording
circult and make a signal or a record thereon.
At the same time the current in this local re-
lay-coil sets up an induced current in the third
coil upon the local relay-core, which induced
current passes through the polarized magnet
set on either side of the line-relay armature.
Accordingly the said armature receives a mo-

‘mentary 1impulse from the induced current

in the polarized magnet, said current being
of such a character as to develop magnet-
1sm 1n the magnet in such a direction as to
continue for an instant the initial movement
of the line-relay armature. This causes the
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sald armature to make an excursion of any
predetermined length before restoring the
Plainly., then, the relay-
armature having once commenced 1ts excur-
sion is forced by local means to complete the
same to the fullest extent. This being the
case, the time occupied on this return jour-
ney to the original position of contact will
prove ample to allow the line-current to ob-
tain sufficient strength on the occurence of a
full potential reversal to promptly separate
the points, and thus prevent a false signal on
the sounder or recording instruments. The

retractile springs which are connected with

the other relay-armature lever and its com-
panion lever are put under tension to a point
sufficient to overcome the attraction of the
polarized magnet and also to overcome the

bias given to the armature-lever by a low-

20

30

35

40

45

current, potential.

It will be understood that the system here-
in deseribed is adapted to relays having elec-
tromagnets as actuating elements for the ar-
matures in place of the permanent magnet
shown in Fig. 1 of the drawings. In such

cases also it will be found advantageous to

provide means for foreing the armature-lever
to malke a complete excursion for each signal.
I claim as my 1nventlon— |
1. Inareceivingapparatus, an armature-le-

ver, means for affecting the armature-lever

through the medium of the line-current, and
local means controlled by the armature-lever
for continuing the excursion of the said lever.

9. Inareceiving apparatus, an armature-le-

'yt

ver, means for affecting the said lever through
the medium of the line-current, and local
means for continuing the excursion of the said
lever when once started by the line-current,
such local means consisting of a local relay
wound with two differential windings, means

for cutting out one of the said windings on

the initial movement of the armature, thereby
energizing the other winding, a coil 1n opera-
tive proximity to the said energized winding,

o}

and a polarized magnet in operative relation
to the armature-lever.

3. Ina telegraphic receiving apparatus, an
armature-lever adapted to be affected by lne-
currents, a companion lever making contact
therewith, compensating or balancing means
for the said levers, a local circuit including
the contacting parts of the said levers and
also ineluding two differential windings on a
suitable core, and means whereby on a move-
ment of the first-named armature-lever i re-
sponse to line-currents one or the other of the
said differential windings will be cut out, and
the other winding macde e
ing a local sounder or recorder.

4. Ina teleoraphic receiving apparatus, an
armature-lever adanted to be affected by line-
currents, a companion lever making contact
therewith, compensating or balancing means
for the said levers, a local cirenit including
the contacting parts of the said levers and
also including two differential windings on a
suitable core, and means whereby on a move-
ment of the first-named armature-lever in re-
sponse to line-currents one or the other of the
said differential windings will be cut out, and
the other winding made effective for operat-
ing a local sounder or recorder, all in combi-
nation with a coil wound on the same core
with the differential windings, and a polarized
magnet adapted to be operated by induced

currents developed in the said coil.

5. Inareceiving apparatus, anarmature-le-
ver adapted to be actuated by line-currents,
in combination with local means set into op-
eration by the armature-lever for continuing
the excursion of the armature-lever when
once begun, and adjustable means for limit-
ing the said excursion in either direction.

Tn witness whereof I subscribe my signature
in the presence of two witnesses.

STEPHEN DUDLEY FIELD.

Witnesses:

(G E0. SEYMOUR,
ADAM SCHILLING.

Tective for operat-
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