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To all whom it may concern:

Be it known that I, Stepaexy D. Firrp,
a citizen of the United States, residing at
Stoekbridge, in the county of Berkshire and
State of Massachusetts, have invented cex-
tain new and useful Improvements in Multi-
plex Telegraphs, of which the following is a
specification. '

My invention relates to improvements in
nmltiplex telegraphs, and particularly in
gquadruplex telegraphs, and consists in means
whereby a quadruplex system may be oper-
ated sueeesstully and at high speeds on lines
of high resistance and static capacity; all
four “sides ™ of the quadruplex working sat-
isfactorily.

It is well known that the quadruplex tele-
graph systems heretofore used have proved
unsatisfactory in practice, particularly when
used on lnes having high resistance and
static capacity; and that on such lines they
rarely give the equivalent of more than

about two and a half “Morse” or simple

lines. A “IR” (capacity and resistance)

factor of 20000 has been supposed to be the

theoretical limit of successful quadruplex
operation. I have found that this is by no
means the limit, provided suitable means be
employed for overcoming disturbances due
to static discharge through the coils of the
instruments; provided the instruments have
Proper relative inductance, and provided
suitable means be employed for insuring full
movement of the armatures of the neutral
relays, once such armatuves are started in
motion, and for counteracting as to the ar-
matures of these neutral relays, the effects
of static discharge. The improved system
herein described has been operated success-
fully and at high speed, as a quadruplex,
upon lines having a KR factor in excess of
50000, without the limitation of the system
being approached.

The objects of my-invention are to permit
suceessful and rapid operation of quadru-
plex systems, on lines having high resistance
and static capacity, to obtain 1n snch lines
the full equivalent of four Morse or simple
lines, to obviate disturbances due to static
and inductive discharge from the main line,
artificial line, and the instruments them-
selves, to avoid false signals or failure of
signal at the neutral relays, and to make the
system simple, easy to understand and easy
to operate. . - :

Sﬁeciﬁcation of Letters Patent.
Application filed June 17, 1909.

Yatented Dee. 7, 1909.
Serial No. 502,687,

According to my invention I employ, at
each end of the line, a neutral relay and a
polar relay; together with transmitting
means adapted to vary the strength of the
line current, for the operation of the neutral
relay at the distant end, and with means for
reversing the polarity of the line current,
for operating the polar relay at the distant
end. One relay at each end of the line is
differentially svound, according to common
practice, but in addition is provided. with a
holding magnet, acting upon its armature;
through the coils of which holding magnet
a static or inductive discharge, or both,
passes. Said discharge enrrent energizesthe
holding magnet and thus provides a means
whereby the neutral relay armature is held
in place during .the “mno-line-current” pe-
riod incident to current reversals. Saidneu-
tral relay is also provided with another mag-
net which insures full travel of the arma-
ture of such rvelay in case of reversal of the
line current just following the initiation of a
forward movement of such armature. The
polar relay at each end of the line is con-
nected in bridge relation to the line and ar-
tificial line, and is, or may be, provided with
an extra winding in the circuit of the hold-
ing magnet of the neutral relay, before re-
ferred to; the discharge in this circuit, due

to inductance in the said extra winding of .

the polar relay, serving to energize the said
holding magnet at proper times. The in-

‘ductance of such polar relay exceeds that of

the corresponding neutral velay. = This I
have found to be a very important point, as
if the contrary is the case, the system is in-
capable of working satisfactorily upon lines
having a high KR factor.

Hevetofore quadruplex and sextuplex sys-
tems have been proposed comprising, at each
end of the line, a receiving relay in bridge
relation to the line and artificial line, and a

larality of other receiving rélays connected
tn series in the line and artificial lines, the
total inductive capacity of the relays so con-
nected in series in the line and artificial line
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of necessity greatly exceeding the inductive -

capacity of the relay in bridge relation.
Patents Nos. 242,411, and 853,128 granted to
me on Muay 31, 1881, and on Nov. 23, 1880,
respectively, illustrate such systems: and
Patent 24241 also illustrates a similar
“triplex” syswém, 4. ¢., a system arranged

for simultaneous transmission of three mes--
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sages in one direction only. Such a *tri-
plex? system' is operative; bub when “du-
plexed ” for transmission in both- directions
it becomes practically inoperative, because
at instants of sudden decrease in cwrent
strength, there is a discharge-of current, in
the main and artificial lines, due to seif--
induction in the coils of the velays con-
nected in series in the main and artificial
lines, such discharges in the main and artifi-
cial lines being cumulative and passing
through the closed local loop foriad hy the
main and artificial lines and the bridge con-
nection in which the third relay is located,
and being opposed, in such bridge connec-
a lesser discharge in the oppo-
site direction due to self-induction i (he
coils of such third or bridged relay. The
effect of such discharge is, not enly. to pro-
long the period of encrgization of the relays
connected in serigs-in’ the line, bat also, in
many cases, to-overpower the ihird relay,
locafed in the bridge connection, so dausing.
such relay to give a false signal. A similar
effect is experienced on sudden increases in
current strength, the currents induced being,
of course, of opposite sign. And sumilar

- effects would be experienced if there were

30

but one differentially wound relay located in
the main and artificial lines, and but one

" relay in the bridge connection, provided the

35

40

45

50

55

650

65

inductive capacity of the differentizlly

‘wound relay were greater than that of the

relay connected in bridge. Since the trouble
referred to varies as the square of the am-
pere turns producing it, and sines, - when
there are differentially wound vulugs con-

nected in series in the main and aviificial |

lines, the line current must for that very
reason be greater than if there were hut one
such relay, it is clear that systemss suclh as
illustrated. in my said pricr patents, in
which the relays in the main and artificial
lines have a higher total inductive capacity
than the relay in the bridge connection, ave
not practicable. In my present system,
however, I employ a single relay only, at
each end of the line, in the main and arlifi-
cial lines, and malke this relay of considaer-
ably less inductive capacity than that in the
bridge connections; which being so, not only
is the discharge, due to self-indaction b the
coils of the line reluy, unable to overcome

the -similar but opposite discharge due to ]

self-induction in the coils of the hridged res
lay, but the discharge from the latter relay®
overcomes the discharge from the line relay,
in the coils of that line relay, making the
responses by that relay more prompt, and
so 1mproving its working. :

Tn the .accompanying drawings T illus-
trate diagrammatically a quadruplexsystem
embodying my invention.

In said drawings: Figure [ shows dia-
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tem embodying my invention. Figs. 2 and
3 are fragmentary diagrams illustrating
alternative modifications.

Referring first to Fig. 1, A, A, desigrate
Jine nentral relays, one at each end ot the
line, L designates the line conductor, 1.7 the
artificial line conductor, and B, B designate
polar relays counected in bridge between the
Jine and aréificial line, and cach connected
to the line and artificial line, with respect to
the corvesponding neutral relay A, on the
line stle thereof.

157 designate transmitters, at each end
of the Tine, transmitters K being pole-chang-
ing tran=mitters and transmitters K being
corrent varying trismitters, L have indi-
cated  a of the well-known

moditication
Field key systenn, comprising current gener-
ators D und D7, connected to opposite con-
fnets of key K oand to ground, but uppositely
connceted, intense hapedaness 1 and 2 being
irnerposed hetween the genertors. and their
ey contacts: mud comprising also, resist-
ances R oand R, with respect to key K,
whiclt regixtances nre cut out when key K7 is
depressed, so inereasing the strength of the
line current.  The modification in the ordi-
nary Field key systew, illustrated in the
drawing, consists in the provision of con-
densers 0 and ¢’ bridged -between gener-
ators D and D, respectively, and the line,
the purpose of which condensers is to bridge
over the “no ewrrent” period while the key
is passing from one contaet tothe othier; the
effect of which is to connect the line to carth
through the condensers when the key 1s pass-
ing from one contact to the other, which is
cgnivalent to a momentary dead carth at
sueh times, as the condensers termiinate in
equal potentials of opposite sign,  The im-
pedances 1 and 2 are, in practice, of but
about one ohm, in ohmie resistance, but are
of magnetic value sufficient to obviate dur-
ing their momentary charging, any tendency
to welding of the key contacts.” The result
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of this arrangement is, that when the key K '

is operated, the line is put, momentarily, to
what might be termed a “phantom carth”
between the.changes of current, instead of
passing abruptly from one potential to the
other. T have found that by so doing it is
possible, in a measure, to diminish the dis-
ruptive discharge hetween adjacent cirenits,
and so to make the transmission of signals
mueh more smooth, .

The nenfral rvelays, Ay have the usnal op-
positely-connected or oppositely-wound line
and artificial line coils, 3 and b, respectively,
comeeted through resistances 6, 6, to w wire
7 leading to the keys. These resistances 6,
6 are equalizing non-inductive resistances,
of equal value; and arranged when the ap-

“paratus is installed to determine a fixed in-

dnetive value of highest amoint between

grammatically a quadruplex telemraph sys- Leoils3 and 5 and the coils 4, 4 of polar velay
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B, after which they remain unaltered under
all current conditions.  In practice, they are
resistance coils of somewhat greater value
than are actually required. The correct
points of connection of wires 7 to them are
found by test and then the wire ix soldered
at such points.

The neutral relays. A, are cach provided,
in addition to the main magnet on which are

' coils B and 5. with a holding magnet 10, in a

bridge cireuit extending from the line con-
duetor through an extra coil 9 of the polar
relay B to the artificial lines and this bridge
cireuit may contain a condenser 8, Said re-
lays A are also provided with an additional
magnet 15, having a permanently magnet-
ized core, and a coil thereon bridged to-
gether with a condenser 16, across a loeal
circuit including a local battery 14, a sounder
13 or other instrument to be controlled by
relay A, and the armature 11, and rear con-
thet 12, of the relay.

The operation of the system is as follows:
Arriving signals from the distaut station
find paths to earth via the coils 3 and 5 of
neutral relay A and the coils 4—4 of the
polar relay B.  Assuming a current impulse
of full strength to arvive from the line L, at
one of the two stations, it will divide be-
tween the neutral and polar relays in pro-
portion to their respective resistances, both
relays being energized, the armature 11 of
relay A being attracted and the armature of
relay I3 Deing reversed in position only in
case said current impulse is accompanied by
a reversal of current.  If now the current
be reversed at the distant station, this re-

versal should affect only the polar relay, B,

while the armature of the neutral relay, A,
should remain stationary. Tt is well known,
however, that in ordinary quadruplex sys-
tems the armature of the neutral relay usu-
ally falls back during tlie “no current” pe-
riod accolipanying enrrent reversal. In the
neutral relay herein illustrated, however, at
the instant of reversal there is a discharge
of current in the local circuit including the
coils of magnet 10, such discharge dué to the
combined action of condenser 8 and of selt-
induction in coil- 9 of relay B (thongh either
of these discharges may be in itself sufficient,
so that either coil 9 or condenser 8 may be
omittéd provided the other be rétaied).
The effect of this discharge is to energize
magnet 10 at the instant when energization
of that magnet is required to hold the arma-
ture 11 in proximity to the magnet poles.
By the time this discharge has passed the
opposite current has been established in the
cotls of the main- relay magnet, so holding
the armature in its attracted position. In
case of reduction of line current strength, as

by release of transmitter K’ at the. distant

station, there is a similar but lesser discharge
through the coils of magnet 10, which, how-

3

ever, is not sufficient to prevent or appre-
ciably retard retraction of the armature of
the relay. When, while the armature 11 is
in its retracted position, a current impulse
of full strength arrives from the distant sta-
tion, condenser 8 charges, producing a flow
of current in the local cireuit of magnet 10,
and self-induction in coil 9 has the same ef-

i fect; the result being to assist, slightly, for-

ward movement of the armature 11

In the operation of quadraplex systeins
there frequently comes a time when, just as
the current strength in the line increases suf-

iciently-to start the armature of the neutral

relay moving forward, the line cnrrent is re-
versed. In former quadruplex systems, this
generally causes the armature of the nentral
relay to fall back to its rear contact stop, so
making a false sigual. To obviate this T
have provided, in my nentral relay, the mag-
net 15, the core.of which is permanently
magnetized, as already stated, and the coil
of which is bridged across a local cireuit
including sounder 13; condenser 16 being
included in the bridge connection. The in-
stant armature 14, in its forward movement,
breaks the contact with rear contact stop 12,

Ait-dednergizes the magnet of sounder 13, and

the resulting diseharge through the coil of
magnet 15, due to self-induction in the coil
of the sounder, and to the charging of con-
denser 16, augments the strength of magnet
15 sufliciently to carry the armature 11 over
toward its- attracted position, giving time
for the restoration of current in the line to
occur and so cause the main magnet of the
relay to catch and hLold the armature, with-
out any false back contact being made,
Magnet 15 does not impede backward motion
of the armature, upon decrease of line cur-
rent strength, because the discharge from
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condenser 16 momentarily demagnetizes the -

cores of magnet 15, s0 contributing, -mo-

mentarily, to firmmess of contact between 11°

and 12. :
In this system the cores of the various

magnets should be highly laminated as in.

this system the operation of the apparatas
is greatly benefited Ly lamination of the
cores, whereas the contrary is the ease in
most former quadruplex systems.

As indicated in Fig. 2, T may dispense
with the condenser 8 in the local hridge eir-
cuit. of holding magnet 10,-the discharge
from the coil 9 of the polar relay being re-
lied upon to energize said magnet at suitable
times, or as illustrated in Fig. 8, T:may em-
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ploy the condenser 8 in this local circuit,
dispensing with the extra coil 9 of the relay -

4. In general, however, I prefer to employ
both the condenser 8 and the extra coil 9 in
this cireuit.’ , ’ '

I do not in this applieation illustrate the
mechanical structure of the relays A and I,

-as,such structure will be readily apparent to
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those skilted in the art, from the diagram-
matic iHustration, Inoa companion appli-
cation filed June 17, 1909, =r. No. 502,688,
T have iHustrated and described one me-
chanival structure of such a relay, and
elaimed the same.

What T elaim isi—

1. A maltiplex lelegraph system compris-
ing in combination wain and artificial Tines,
a differentially wound relay. having its dif-
ferentinl windings, one in =nch main ne
and the other in such aviificial Jine, and
another relay having its coils connected to
the namin amd artificial lines in bridge vela-
fien with respect to said first relay and hav-
ing au hulnetive eapactiy greater than that

of the main line and artificiad Hoe coils of

said fimst nientioned relay, » :
2.\ mnltiplex telegraph system compris-
ing in combination mahe and avtificial hnes,
a difterentiaily wound™relay, having its dif-
forential windings, one in such main line
anil the other in el artifieial line, and av-
other relay having its coils connected to the

Tanin and artificial Hines in bridge relation

with respect to said first relay, and con-
necled to the line on the line side of said
first mentioned relay, and having an induct-
ive capucity grester than that of the main
line aid artificial line coils of said st
mentioned relay.

Aomultiplex telegraph system compris-
ing in combination main and avtificial lines,
a differentially wound neutral velay having
its difterential windings, one in such main
Jine and the other in such artificial line, and
a polar relay having its coils connected to

st
2N

‘the main and artificial lines in bridge rela-

tion with respect to said neutral relay, and
having an inductive capacity greater than
that of the main line and artificial line coils
of the neutral velay.

4. A mualtiplex telegraph system compris-
ing in combination main and artificial lines,
a differentially wound neutral relay having

Cits differential coils, ove in sueh’ main line

and the other in such artificial line, and a
polar relay having its coils connected to the
main and artificial lines in bridge relation
with respect to said neutral relay, and con-
nected to the line on the line side of said
neutral relay, -and having an inductive
mpacity greater than that of the main line
and artificial line coils of the neutral relay.

5. A multiplex telegraph system compris-
ing in combination a main line, an artificial
line, a differentially wound relay having its
differential coils connected, the one in wald
main e and the other in said artificial line,
qaid relay having also an armature and a
holding ‘magnet thevefor, and connecting
means bridging the coils of such holding
magnet between the main and artificial lines,
menns in suel bridge connection for creat-
ing a flow of current through such holding

942,814

magnet coils. during times of current change
in the line. and another relay connected  to
the main line and artificial line in - bridge
relation with respect to said first relay.

6. .\ multiplex telegraph system compris-
ing in combination a main line; an artificial
line. a differentially wound relay having its
difforential coits connected, the one in said
aain line and the other in said artificial
Jine, said relay having also an armature and
a holding magnet therefor, and connecting
means bridging the coils of such holding
magnet between the main and artificial lines,
mens in sueh bridge coimection for creat-
ing a tlow of awrrent through. such holding
magnet coils, during times of current change
in the line, and another relay connected to
the fuain line and artificial line in bridge
relation with respect to said first relay, and
having inductive capacity greater than that
of the naiu line and artificial line coils of
the first wmentioned relay, '

7. A multiplex telegraph system compris-
ing in combination a main line, an artificial
Bne, a differentially wound neutral relay
having its differential coils connected, one
in said main line and the other in said ar-
tificial line, said relay having also an arma-
{nre and a holding magnet therefor, and con-
necting means bridging the coils of such
Lolding magnet between the main and ar-
tificial lines, means in such bridged connec-
tion for creating a flow of current through
such holding magnet coils during times of
current change in the line, and a_polar re-
lay connected to the main line and artificial
line in bridge relation with respect to said
first relay, and having inductive capacity
ereater than that of the main line and ar-
ificial Tine coils of the first mentioned relay.

8. A multiplex telegraph system com pris-
ing in combination a main line, an artificial
line, a differentially wound relay having its
differential coils connected, the one in said
main line and the other in said artificial line,
said relay having also an armature and &
holding magnet therefor, and being con-
nected to the line on the line side of said
first mentioned relay, and connecting means
bridging the coils of such holding magnet
between the main and artificial lines, means
in such bridee connection for creating a flow
of current through such holding magnet
coils, during times of curvent change in the
line, and another relay connected to the
main line and artificial line in bridge rela-
{ion with respect to said first relay, and hav-
ing inductive capacity greater than that of
the main line and arfificial line coils of the
first mentioned relay.

9. A multinle telegraph system compris-
ing in combination a main line, an artificial
fine, a differentially wound relay having its
differential coils connected, the one in said
main line and the other in said artificial line,
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said relay having also an armature and a
holding magnet therefor, and connecting
means bridging the coils of such holding
magnet between the main and artificial lines,
a condenser in such bridge connection for
creating a flow of current through such
holding magnet coils, during times of cur-

“rent change in the line, and anocther relay
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connected to the main line and artificial line
in bridge relation with respect to said first
relay, and having inductive capacity greater
than that of the main line and artificial line
coils of the first mentioned relay.

10. A multiplex telegraph system compris-
ing in combination a main line, an artificial
line, a differentially wound relay having its
differential coils connected, the one in said
main line and the other in said artificial line,
said relay having also an armature and a
holding magnet therefor, and’ eonnecting
means bridging the coils of such holding
maguet between the main and artificial lines,
and another relay connected to the main line
and artificial line in bridge relation with
respect to said first relay, and having a coil
inductively influenced by change of strength
of the magnet of the relay and included in
the cireuit of 'such holding magnet of the
other relay.

11. A multiplex telegraph system compris-
ing in combination main and artificial lines,
a differentially wound relay, having its dif-
ferential windings, one in such main line
and the other in such artificial line, another
relay connected .to the main and artificial
lines in bridge relation to said differentially
wound relay; said differentially wound re-
lay having a holding magnet and a circuit
including the coils of said holding magnet

and connecting the main and artificial lines, |

and including a condenser.

12. A multiplex telegraph system com-
prising in combination main and artificial
lines, a differentially wound relay, having
its- differential windings, one in such main
line and the other in such artificial line, an-
other relay connected to the main and arti-
ficial lines in bridge relation to said differ-
entially wound relay, said differentially
wound relay having a holding magnet and a
circuit including the coils of said holding
magnet and connecting the main and arti-
ficial lines, and including an extra coil of
the bridged relay. A

18. A telegraph system comprising in com-
bination main and artificial Fines, a differ-
entially wound relay having its differential
windings, one in such main line and the
other in such artificial line, and having an
armature and contacts operated thereby, a
local circuit controlled by said contacts and
including inductance, and & source of cur-
rent and an auxiliary magnet for said arma-
ture, normally magnetized and having in ad-
dition coils, and a bridge connection across

3

said loeal circuit, including said, coils, and
means for discharging current thérethrough
during change of current in such local cir-
cuit. '

14. A telegraph system comprising in
combination main and artificial lines, a dif-
ferentially wound relay having ‘its differ-
ential windings, one in such main line and
the other in such artificial line, and having
an armature and contacts operated thereby,
a local circuit controlled by said contacts
and including inductance and a source of
current, and an auxiliary magnet for said
armature, normally magnetized and having
in addition coils, and a bridge connection
across said loeal cireuit, including said coils,
and means for discharging current. there-
through, during change of current in such
local circuit.

15. A telegraph system comprising in
combination main and artificial lines, a dif-

ferentially wound relay having its differ-

ential windings, one in such main line and
the other in such artificial line, and having
an armature, and a holding magnet for said
armature and a bridge connection connect-
ing the main and ar{ticial lines and includ-
ing such holding mafnet, and means for dis-
charging current therethrough upon current
change in the lines. *

16. A telegraph system comprising in
combination main ahd artificial lines, a dif-
ferentially wound relay having its differ-
ential windings, one in such main line and
the other in such artificial line, and having
an armature, and a holding magnet for said
armature and a bridge connection connect-
ing the main and artificial lines and includ-
ing such holding magnet, and a condenser.

17. A telegraph system comprising in
combination main and artificial lines, a dif-
ferentially wound relay having its differ-

ential windings, one in such main line and

the other in such artificial line, and having
an armature, and a holding magnet for said
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armature, and a bridge connection connect-

ing the main and artificial lines and inclnd-
ing such holding magnet, and including a
coil having a core provided with means for
varying its magnetization upon change of
current in the hne.

18. A telegraph system comprising in
combination main and artificial lines, a dif-
ferentially wound relay having its differ-
ential windings, one in such main-line and
the other in such artificial line, and having
also an armature and contact means oper-
ated thereby, a holding magnet for such
armature, a bridge connection including the
coils of such holding magnet and extending
from the line to the artificial line and in-
cluding means for discharging current
through the coils of such hozfding magnet
upon change of current in the line, a local
circuit confrolled by said contacts and in-
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cluding a source of current and inductance,
and an auxiliary magnet for said armature,
having a normally magnetized core and
coils, and means connecting same in bridge
across such local cireuit and including a
condenser. .v

19. A telegraph system comprising two
sources of current of ditferent potentials, a
current reversing device provided with a
line connection and with separate contacts
connected to such sources of current, and a
condenser cireuit connecting the line con-
nection to both such sources of current, the
connections being such that both sources of
current are ab all times in connection, di-
rectly or inductively, with the line.

20. A telegraph system comprising two
sources of current of different potentials and
a current reversing-deviee having a line con-
nection and opposite contacts connected to

sald sonrces of current, and condensers.

bridged around said contacts and connecting
the line connection with such sources of cur-
rent, and vesistances of low ohmic and high
impedance value, interposed between said
contacts and said sources of current.

In testimony whereof, I affix my sigra- .

ture, in the presence of two witnesses.
- STEPHEN D. FIELD.
Witnesses: '
H. M. MaRBLE,

Frank E. RarraN.
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