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UNITED ST ATES PATENT OFFICE.

 LAWRENCE CONNELL, ‘JR., OF PGRTLAND, OREGON.

" QUADRUPLEX OR MULIIPLEX TELEGRAPHY.

oo . No. 876,312. - Specificafiion of Letters Patent, ~ Fatented Jan. 7, 1808.

R Original lapp_liq:-.itiﬂn filed July 2 1906.:_381‘:131 No. 324,305, Divided and this application filed March 29, 19_0’7; Serial No. 365,339

To. all whom it may concern:
+ - Beit known that I, LawreNcE CONNELL,

-

©dracitizen of the United States, residing at
0 Portladd-Alultnomah county, State of Ore-
5 gomn, have invented certain new and useful
o Imprevements in Quadruplex or Multiplex
o Helegraphy, of which the following is'a speci-
~+atication. o T

[

Ll Phis Invention relates to improvements in |

210-quadruplex or multiplex telegraphy, and this
. ‘application is a division of my prior applica-
< fron, Serial Number 324,305, filed July 2,
1906, for improvements in electro magnets.
-+ The invention is adapted for use in various
15 connections, but finds a special application
- when employed in quadruplex or multiplex
- telegraphy.
- ~Thesalient object of the invention when so
-+ applied is, to overcome or obviate false sig-
20 mnalsin the neutral relay incident to the work-
+ ~1ng.of the pole changers on the polar side of -
« v the yuadruplex, such signals being due to
what are technically termed ‘“moments of no
. magnetism” in the line. I accomplish this
25 end by so constpucting my improved relay
-+ that 1t depends for its operation on no force
“.. other than the magnetizing forces developed
. therein." Thatis to say, I so construct the re-
~lay that it 1s unnecessary to employ a spring,
- 80 gravity, or-other outside force, to -pull the-
©armature back from the front stop, as has

heretofore been usual. e
It 1s well understood that in quadruplex
‘telegraphy the common side is subject to

85 false signals and that the system is quite sen-

~ sitive to unfavorable weather conditions, so
- that nothing but an extremely perfect ad-
Justment of instruments and conditions on
.~ both common and polar sides will permit of
- 40 1ts successful operation. The chief and most

~ frequent fault inherent in the instruments of |

. the common side is the false signals induced

.. by moments of no magnetism. Moments of |

..o magnetism are caused by the operation of
45 _the pole changers, which in placing first one

and then the other pole of the battery to the
.. Iime, mevitably produce intervals when either

.. heither pole is to line. These moments, al-
.50 .though exceedingly brief, are nevertheless
" gutficient to cause talse signals, and this 18
... particularly true in operating long lines, in
... .which the flow of current in thé main line
7. does not reach its maximum and minimum

. both poles are placed to line at once, or |

55 strength instantly but the current assumes a |

. . . .
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| wave-like aspect which magnifies the mo-

ments of no magnetism.
1t will be obvious that a relay, so con-

structed that 1ts armature is free from the ac- -

tion of external force, such as a Spring or
gravity and which responds only to variation
i the strength of the magnetism induced
therein, will be free from the fault of giving
false signals, since its armature will remain
passive during the moments of no magnet-

1sm.  The underlying principle which T em-

ploy In constructing such a relay is the dis-
proportionate magnetization of a mass of

strengths.  To explain more specifically, it is
found that in magnetizing soft iron the in-
crease or decrease of magnetism induced in
the iron is not at all proportional to the in-
crease or decrease of current used.. If, com-
mencing with an extremely small magnetiz-
ing force, this force is gradually mncreased,

the corresponding increase in magnetic den-
sity would be as follows: At first the magnetic
density would increase more slowly than the

magnetizing force until the latter had risen
very constderably, ‘but presently the mag-
netic density would increase faster than pro-
portional to the increase of current and so
continue through a considerable period of

Increase until the iron approached magnetic
saturatien, whereupon the increase-of density

would again fall off and be less than propor-
tionate to the increase of-current, and as the
pomnt of saturation. was more and ore
nearly reached the density would fall off cor-
respondingly more and more rapidly until
presently increase of current would he un-
accompanted by any increase of magnetic
density. IHustrating this principle: If a
magnet be wound so comparatively low as

to induce only 10,000 lines of force per square

inch when magnetized by a twenty milliam-
pere current (tiue small end of the battery
commonly used In quadruplex telegraphy)
and this current were then increased to sixty
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1ron under 1nductive currents of varicd |
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milliamperes (representing the large end of !

the battery) the magnetic density would be

found to have increased to 55,000 lines of
force per square inch, or five and one-half

times its former strength while the current-

strength had been increased only three
times. If another magnet be wound so high
that when excited by the small end of the
same battery it would induce 100,000 lines

of force per square inch, it would be found
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that when the large end of the battery was
applied the magnetic density had increased
to only about 120,000 lines of force per square

inch, or an increase of about one-fifth while-

the current strength had been trebled. If,
now, these two magnets were opposed to
each other and excited by the same current

it will be cbvious that a soft iron amature

nlaced between them would be vibrated to-
ward the one or the other depending upon
the ‘increase or decrease of current strength,
and this in fact is what occursin a relay con-
structed in accordance with my invention.

In the accompanving drawings 1 have

illustrated (partly diagrammatically) a prac-
tical and what 1 deem a preferred embodi--
ment of the invéention; only one end or-sta-

tion of the line being showm.

Referring to the drawing, A and A’ desig-

nates a pair of low voltage generators having
their negative and positive poles connected
to line respectively; B and B’ a similar pair
of high wroﬁage generators having their nega-
tive .and positive poles connected: to lne,

each of the series of generators having one

pole connected to ground, as indicated at 1.
(* and (7 designates a pair of pole-changers

(these two instruments are usually made as

s single instrument having one armature
which controls two pairs of contacts) the

armature, as 2, 3, of each of which operates
“between a pair of front and back contact

secrews as 4, 5 and 6, 7 respectively. Con-
tacts 4 and 5 are connected with generators
A and A’ through resistance D) and contacts

5 and 7 are connected similarly with genera- -

tors B and B’ respectively through other re-

‘sistance D. The coils of the pole-changer

magnets C, ( are included in series 1n a local
circuit comprising a conductor 8, a battery 9
and a kev 10, so that the armatures 2 and 3
move together and in the same direction.
B designates as a whole the common trans-
mitter, the armature 11 of which operates be-
tween the usual pair of contacts 12 and 13,

‘which are respectively counected. with the
armatures 2 and 3 of the pole-changers. The -

coil of transmitter B 1s included in a local
circult comprising a conductor 14, battery
15 and key 16.
are all constructed

and- arranged in & usual
manner. | | T

I' designates as a whole a relay connected
in the system shown In & manner correspona-

ing to the connections of the usual neutral
refay, and accordingly hereinafter designated

‘as the neutrsl relay. This relay comprises
two main magnet spools 17 and 18, each

differenitially weund as indicated at 19, 19
and 20, 20"; an armature 21, interposed and
pivoted to vibrate between the poles of the
two spoois, and a pair.of steadying ma%'nets
22 and 22’ connected in series in a local cir-
cuit comprising a conductor 23 and a battery
24. Armature 21 vibrates between contacts

The parts thus far described

876,312

95’ and 25, the former of which is included in
a local sounder circuit compnsing a con-

ductor 26, battery 27, and sounder G.

- H designates as a whole the polarized re-
lay comprising the usual opposed magnet
spools 28 and 29, armature 30, and back

Contact 32 is included in a local sounder cir-
cuit comprising a conductor 33 having one

end connected with a contact 34 carried by’

the armature and its opposite end connected
with the contact 31 and including a battery

‘34" and a sounder 1. - | _
M designates the main line, which 1s con--

nected with armafure 11 of the transmittter

E,; extends thence to and includes the wind-
ings 19 and 20’ of the neutral relay: (both
I wound in the same direction), thence extends
to and includes the windings of magnet 29

of the polarized relay and thence to the dis-
tant station. R PR
N designates the artificial line which

branches from the main line at a point be-

tween transmitter' E and the neutral relay,
includes the windings 19 and 20 of the neu-

tral relay, extends thence to and includes the

winding of the magnet 28 of the polarized re-
lav, and thence passes to ground at 35

70

and front contacts 31 and 32, respectively. .

80
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through the usual rheostat 36; a condenser |

being arranged in shunt with the rheostat, as
usual. | | x

95

The differentially wound spbol 17 of t}m |

neutral relay ¥ is constructed with a core

containing a relatively large amount of iron,
and 1s wound low as to both windings 19 and
19’ so that a small current will have com-
paratively. small magnetizing effect upon
this speof while 1t 1s capable of taking a com-

paratively large current and becoming mag-

netized to a relatively high degree of density.
Accordingly this spool is shown as made rel-
atively long and the turns of the windings

100
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comparatively fewin numbeér, as indicated by

the small diameter of the spool heads 17.
The spool 18, on the contrary, 1s so construct-
ed as to have a relatively small amount of

iron in its core, and the core is wound high as
to both windings; this construction being in-
dicated by the short core and the spool heads
18’ of relatively large diameter. .

The steadying magnets 22 and 22’ of this

relay simply serve the purpose of holding the

armature steady against vibration dur-
ing moments of no-magnetism in the main
spools. ‘Te this end these magnets are
of equal strength, symmetrically disposed
with reference to the vibrating end of the
armature;, so wound that they.oppose each
other, and 1ncluded in a closed circuit so that
they are constantly energized. -

110
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The operation of the apparatus construct-

ed and arranged as described should be en-
tirely ebvious from the foregoing description
but may be described as follows: Assum-

ing & message to be sent over the polarized 130




~ing key 10 1s operated.
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that it overpowr:ra the opposing high wound
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the station shown, key 16 is operated.

| armamre 5

~eround at 33 over the
-th(, other half over the main line, it follows

stood manner.

876,312 | i

side from the qtatmn shown the 3010 ch -

When this Key s
open, armatures 2 and 3 engage contacts 4
and 6, rebpmtwely and, arlrmwre 11 of
tra. mmittel L being at this time in ,engage-
ment with (*mmct 1? the negative e generator
A of low voltage 1s )laeed to lme When
key 10 15 dose{l,, mmatu.’re 2 and 3 030%@
tius pmcmﬂ the vpositive generator A’ of
low voltage to line. Inaamuch as the cu"cu 1t
from the twu high voltage generators is at
this time open at contact 13, thc latter gener-
ators are not concerned in the tmusmlsqmn
over the polarized side.
be tranmmtwd over the COMIMON, side from

in

the normal or open posmon of this key the

negative low voltage-generator A is pla,ced-

to lLine thmurfh centact 4 arnmture
tact 12, and ammtuu, 11.

COﬂ-

voltage 1s plﬁmq to 111 e through contact 6
contact 13, and armature 11.
In other words, current of 130 volts and. cur-
rent of 375 volts i is placed alternately to line
without changing the polarity. Neutral re-
lay IF bemg r_ml{,rﬂntmlh wound as to both of
1ts spools and half of the current going te
“artificial lme an.|

that the neutral relay is un&hected by cur-
rent sent from the home station whether 113
be increased or decreased, or reversed in

‘polarity. Furthermore because the artifi-

cial and the main hne ineludes the windings

28 and 29 of the polarized relay H which are

opposed to each other, the latter instrument
is unaffected by signals of either strength or
polarity sent from the home station.
When the pole-changing key at the distant
station 1s operated, the polarized relay H
will respond in the ufaua} and well undu-—
In transmitting a message
over the COMMON fﬂ(fe the low VOltaO‘B oen-

“erator 1s normally closed to line as herem—

before "described, and ‘wcmdmolv the low
voltage current ﬁowmﬂ' throuwh the coils of
the nedtml relay w il magnetlze the high
wound coil to a ”'l"eithI’ dewree than 1t (]0(,@.
the low wound co;ll with th@ result that the

armature 21 will nomlally be closed with
front contaet 25 and the sounder G held in
open position.

“When the distant trans-
mitter key 16 is closed, and the generator
of higher Vt)lt&ge placed to line, the increase
of current flowing through the two coils of
“he neutral relay will bring up the magnetic
density of the low wound le to such extent

coil and the ar mature 21 wili bedrawn away
h om contact 25, thus closing the sounder
circuit- and causing the 51gnal The man-
ner in which the current of higher voltage
causes the low wound coil to overpower the

‘high wound coil h&b been hereinbefore hﬂly

| u;phuned

_J"‘S
.JIL& rld
| but ]1tﬂe while. ‘the opposed coil, owing to

,(‘f‘}il |

1 a message is to

VWhen kev 16 1s
closed the negative {re,nerator B of high

T & word, the low voltage cur-
rent whieh 1s ﬂUI‘Hld”"“’ ﬂowzm ‘f’“’hmmh the

“coils of the neutral relay enegizes the high-

wound coil to a degree ‘Lﬂ"‘ﬂ@d(hlﬂff satura-
tion, and when the hig oh voltage generator
D Esli*%"(l to line, the hloh WO 1d L, being
' oa lyaammmd Increases in btren;,’rh

ifs larger ﬂ-1?f3 increases 1n strength approxi-
mately propor tionatpl}r to the increase of
CULT m‘-
At the moments of no magnetism

auring the operation of the nole changer kev,

the armatum oi the neutral relay Obvmush |
remalns *)aw-qvo or without movement bp-—ﬁ

Ccause thure is no exterior force acting upon

and tending to move 1t.

As hereinbefore stated, the induatiwh‘*
opposed windings, .and the iron or fields
magnetized heiebv may. be
Ianﬂ"ed to effect the wbratlon of an armée-
tv*e under the inductive force weneraled in

two windings opposed to each other in ac-

cordance with the principle of this inven-
tion.  For instance, it will be obvicus that
polarization of ‘::}:m
by including it in a field subjeet to the in-
ductive action of oppoked high and low wind-
1ngs, in accordance with this in vention.
Therefore the appended claiims are to be m-

terpreted broadly except in so far as they
~are made %pemﬁf* In térms.

I elaim as my invention:

- 1. In a multiplex telegraph syt em, the
combination with a line wirerextend ng pe-

tween stations, of a receiving and
mitting app&ra,tus at each station,
prising a neutral relay having an armature,

or &ﬂb"_‘

and the other of two dif! erentm]]y—dw}osed

low windings, one of said high Wmdmas 214 -

the low w mdmg of similar dlremmn being
meluded in serites 1 said main ]me an
artificial Iine connected with the ms 111 hne at

‘_e,:u,h station, including- the remaining two

and- thus OVErpowers the smaller

rartously ar-

wmature may be effected

COI-

80

55
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“and two main energizing (mls one composed |
of two dlfferentmlly chspasea hwh winddings,

104

116

main wmdmf"rs of said neutra ! relay in series

and connected to ground, a sounder anﬂ
sounder-circuit controlled by said neutra

relay, a source of variable strength eumem |

connected with said main line a.t esch sta

| tion, and transmitter mechanism comprising

) maﬂ'net an armature therelor, 3 trans-
mlttmﬂ' key, and a transmitting Lej}r cireult
eontmllmﬂ' the flow of current t::} Iine.

2. In .a multiplex telegraph system, the

bOIﬂblH‘%thIl with a line . ere e u,mmw be-
tween stations, of a receiving and

mitting apparatus- at each sta tion, com-

prising polarized relay and a neutr: il Ielzw

hamng an armature and two main energizing
coils, one composed of two differentialiv-

| dlspe:)sea high windings, and the other of two

dif}

erentmlhr--dmposed low windings, one of

]
g
o

tra us—' |

said high wmdmgs fmd the low Wmdmg of 134
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-

similar du‘ectmns bem,:, & ineluded in series in

said msin line, and’ one coil of said polarized

relay bejng also included in" series in said |
main line, an artificial line. connected with
the main line- at each siation, mclu.dmcv the |
rejpaining two maip windings of said neutral |

relay in s&nes and the second coil of said |
polerized reiay, ard connected to ground, a
sounder- and soundel-m ouit coptrolled” by |
said neutral relay,

8 socunder. and s

~circuit controlled by said polarized relay, a

15

29
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38

combination wit

| 1ngb1

source of variable strength current con-
nected with said mein line at each station, a
comIaon or non- polanzed transmitter mech—-
aniSm .comprising & inagnet,” an armature

therefor, s transmitting key and transmit- | n
ting. ke.y cireuit, and a polar transmitter |
mechanism comgmsmg a magnet, an arma-

ransmlttmg key and trans-

ture therefor,
mitiing key—mrcmt )
- 3. In 2" multiplex. telﬂ-gmph system, in

means for transmitting current of two or

rnore differentiated kinds over said circuit, a
.rela,y comprising an armature actuated solelv -
by imductive forces and . mounted to remain |
passive irr'all positions when not subject to

inductive force, 8 main energizing cotl hav‘mg
two equa] but oppomtely—woun high wind-

said windings with said artificial line. ¢
4. In a multiplex telegraph system the
combination, wit 2 main line, of a station

sowrnder-
other high and low wmdmcr of the neutral

& hne wire circuit and !

a second main eneryizing coil having
two equal but oppomtely—wound low wind-

ings, suitable circuit-conductors connecting
two of said coils of similar direction with the .

‘main line, an-artificial line, and suitable cir-
cuit-conductors connea,tmg the other two of !

i

i

}

B

!
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" apparatus compnsm.g a neutral relay, sald

relay comprising &n armature, two main
energizing coils’ arranged at opposite sides of
‘the armature, one ot said coils being com-
‘posed of two dlﬁerentlal high wmdmgs and
the other, of two differential low windings,

one of S&ld high windings and the low Wmd-_

ing of similar direction being included 1in
series in sald main line, an artlb cle) Jine con-
nected to the main !.me and including the
relay in series and connectea to crround

relay during instants of no magnetism, and a

| receiving m%tmmbnt contmtflea by salid

neutral relay.

5. In s mult1plex ‘relecrraph system the
combination, with a main line; of a station
apparatus corprising a polarized relay, a
‘neutral relay havmﬂ' an armature and bwo

Inain energizing coﬂs one of said u:uls bemcr-

composed of two differential high winuings
and the other, of two differential low wi nu-

| ings,; one of the high windings and the low

winding of sirailar dlI‘PCtioIl bemg connected
inv series in said main line and one coil of the

polarized relay, an artificial line connected.

‘with the main lme, said artificial line m—
cluding in series the other two windings of
the neutral relay and the other coil of the
polarized relay, means for, steadying the
armsture of the neutral relay during in-

stants of no magnetism, and a receiving in-
strument controlled by the ol&rlzed relm

LA\VRE\TCD CO NNELL, Jz.

Witnesses:
| W. R. L]TZE\TBERG

LAWRENCE CO\NELL.
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