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To all whom & may conce?%.- _ |
Be it knownthat 1, GRORGE A. CARDWELL,

acitizen of the United States,residing at Brook-
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- ferent currents.

lyn, in the county of Kings and State of New
York,haveinvented certain new and nuseful Im-
provements in Multiplex-Telegraph Systems
and Apparatus; and I do hereby declare the
following to be a full, clear, and exact descrip-
tion of the invention, reference being had to
the accompanying drawings, which form part
of this specification, in which— |

Figure 1 is a planview or diagram of a tele-.

graphic receiving apparatues embodying my
senting a key-board transmitter. '

This invention has relation to certain im-
provements in that peculiar system of multi-
ple telegraphie transmission outlined in an

~application filed by me September 4, 1883,

Serial No. 105,5625. Insaid application I have
detailed a method and meansior effecting what
I have termed a ‘‘permutation or multiple tele-

“graphic transmission,’’ and I have shown how,

for instance, the Gray harmonic system of
sending diiferent currents simultaneously over
a single line, when applied to the printing or
recording of separate signals, may be per-
mutated by employing the diiferent pulsatory
currents or ‘‘tones’’ in couples, thereby caus-
ing certain receiving devices to respond to
two simultaneously-transmitted currents and
produce a definite signal in response to the
conjoint action of such currents.
Previoustotheinvention ofthesystem of per-
mutation described in my said application, the
harmonie system had been employed in print-
ing-telegraphy to the extent of causinga given
character to be printed in response to a single

tone-current, and likewise in causing a series

of characters to be printed from a succession
of Intermissions 1n a single tone-current,
through the medium of a rheotome-transmit-
ter and a type-wheel controlled by an escape-
ment. According to the first method—that
18, the recording of a character in response to

each tone-current—the number of different

characters was limited to the number of dif-
Thus, supposing that six

tone-currents were available, but six different .

Fig. 2 1s a diagram repre-

r

characters could be printed. According to

the second method, involving the rheotome

transmission, each current required a number
of impulses corresponding to the alphabetical
order or position of each letter, and hencethe
speed of transmission was very much limited.

- My system of permutation contemplated the
printing of a large number of different char-
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acters by the use of a limited number of tone
or equivalent currents, but differed from the

second method alluded to,in that each charac-
ter was to be printed in response to a single
act of transmission or impulse, instead of in
response {0 a succession of impulses corre-
sponding to the alphabetical order or position

~ofthe character;and Iaccomplished this object

by a peculiar combination of relays in the re-
celving-instrument, these being se arranged
that, while each responded to a single tone-

current and effected the printing of a corre-

sponding character, any two relays, when
made to respond to two currents transmitted
by a single impulse—as by the depression of a
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key controlling two different currents—would
effect the printing of  another character.

Thus, there may be as many different charae-

-ters printed as there may be permutations in

couples of the different currents, each char-
acter being printed in response to a single im-
pulse of the proper key.

In carrying out the system deseribed in my
application I made use of six tone currents,
and a corresponding number of combining-re-
lays. I have found, however, that I can re-
duce the number of combining-relays, and
that I can still further enlarge or extend the
permutation principle, so as to operate effect-
ually with less than six tone-currents, and the
improvement constituting the subject of the
present application has for its object the pro-
vision of suitable devices for this purpose.

In an application of even date herewith I
have, conjointly with Frederick K. Fitch,
shown and described a special construction of
key-board or transmitter, adapted for use in

connection with my receiver, and comprising.

aseb of keys, each of which is so contrived that
1ts depression will control the transmission of
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certain impulses of tone or equivalent cur-
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‘rents in a definite and determinate order. I
- will therefore only describe this transmitter
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in such specific terms as may be necessary to
clearly describe the system. The apparatus

which embodies my present invention I term
a ‘‘distributer,”” its function being to select
and relay the proper currents for each print-
ing or recording operation, and to distribute
such relayed currents through their proper

courses. -

My invention consists in the novel construe- :

tion, combination, and arrangement of devices
for carrying my invention into effect, as here-
inafter described and specifically elaimed.

- In order to fully comprehend the nature of
the distributer and its mode of operation,let it
be assumed that the harmonie transmitter has
a capaclity of four tone-currents—forinstance, C
E G B. The receiving apparatus is furnished
with ‘‘analyzers,”’ so that when any of these

tone-currents are sent over a single line it will

be so diverted as to act uponits own relay,and
upon no other. -

" In Fig. 1 of the drawings, which shows the
distributer, 1 23 4 derignate, respectively, the

four receiving -relays, which are normally

- closed, the armature-tongues a b ¢ of relays 1
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2 3 having contact-points a’ &’ ¢, closing cir-

cuits from a local battery through opposing |

contacts a” b” ¢, while no circuit whatever is
made through parts d'd” ef.relay 4, such parts
merely serving as mechanical stops to limit
the movement of the armature-tongue,

- 1" 2" 8 4, represent four double-coil electro-
magnets having pivotal tongues A BCD to
their armatures A’B'C'D’. Each tongueter-
minates at its rear end in a block of insu-
lating material, & F' G H, respectively. To
these blocks are attached, on opposite faces,
the contact-springs ' E" IV F” G’ G H' H",
respectively. In the rear of each tongue
stands a post, %k, supporting a bracket, ¥,
of insulating material, through the arms of

- which pass the upper and lower contact-

45

screws, h” I, opposing the spring-contacts
E E'F F’, &e., as shown. When the arma-

tures are raised from the poles, the springs B”

5O
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- K, of insulating material.

F” G" H" rest upon the lower contact-screws,
h'’, and when the armatures are attracted this
contact 18 broken and a contact made between
the upper springs, B' IV G’ H', and the upper
contacts, #”. The forward ends of the arma-

ture-tongues carry metallic bars J J' J” J” op-

posed to the ends of insulated contact-springs

J, &c., which respectively lead to the differ-

ent printing-magnets, and thence to a battery
or batteries, adjusted as hereinafter more fully
described. Thearmature-tongues of the mag-
nets 1 2 3 4 each carries a block of insulating
material, K, with insulated contacts ¢ ¢, &e.,
opposing contacts ff’,&c., instationary blocks
The block on ar-

- mature-tongue of magnet 1 carries two con-

65

tacts, e ¢, opposing contacts £ f’. That of mag-

net 2 carries three contacts, ¢ €° ¢!, opposing

contacts f* f* f*, while those of magnets 3 and
and 4 carry, respectively, four and five con-

[
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10 1ts armature.

335,661

tacts, the opposing stationary blocks _ha-ving-

corresponding points. |

- When an armature is released, the contacts
of the moving block touch those of the oppos-
1ng stationary block; but while the armature
1s against the poles or attracted the contact-
points are separated. 5 designates a sapple-
mentary magnet having a pivotal tongue, 5/,
At its forward extremity
this tongue carries a platinum stud, o, on its
under side and a stud of insulating material,

P, on its upper side. A standard, P, facing

this end of the tongue, carries a pivotal U-
shaped bracket, P”, against which bears a
spring, P”, and between the ends of this brack-
et the ends of the tongue extend. -

While the armature is unattracted, as when
the distributer is inactive, the platinum point
0 rests upon the lower arm of the bracket P”,
S0 as to compiete a circuit through the same
from the tongue.
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The printing-instrument, it may be here

briefly stated, consists of a series of magnets

QO

mouanted 1n a frame, the armatures being con-
nected to levers which are adapted to strike a

common center, as in a type-writing machine.
The paper is in the form of a strip or rib-

bon supplied from a reel and fed by means of

an electro-magnetic feeding device, similar to

-that employed in “stock-printers.’’

As the printing-instrument does not Ccon-

application relates, it will not be more particu-

95

stitute a part of the invention to which this

I00

larly described or illustrated than is necessary

to show its relation to the distributer. |
The connection wires or conductors are

shown in the diagram, and will be specifically

traced as the description of the operation pro-

Let it now be supposed that the letter A is
to be printed. As will be inferred, the allot-

‘ment of the letters to the keys and the rela-

tion of any given letter to any particular suec-
cession of impulses is arbitrary, since any let-
ter may be assigned to any operative combi-
nation. The depression of a single key con-
trols several current-impulses—that is, dur-
ing its depression it controls certain magnets,
the energizing of which bring the tone-cur-
rents into play. T'he keys are so constructed
that when depressed each closes a circuit from

‘a local battery through such of the four mag-

nets as have lines or branches leading to the
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key, and thus effect the transmission of the

tone-currents depending onthe energized mag-.

nets. |
In the diagram, Iig. 2, I have shown the

four magnets 1 1L 111 IV, by which the tone-
current circuits are closed and opened, and T
have also shown the courses of the branches
leading from said magnets to the key-board
and their terminals through which circuit is
made in depressing the keys. If, now, the
key bearing the letter A be depressed, a eir-
cuit is first closed from the local battery V

I25
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through the key, and through the contact1

into and through magnet I.- Instantly mag- - '
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net I produces the transmission of a-tone-cur- |

rent, which may be C, and as a result, follow-

ing the well- undelstood action of such a cur-

A 1
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screw f
through the second bobbin by way of con-

to the battery 2.

rent, the armature of “dlstrlbuter magnet’’ 1
1S relea%ed and the contacts ¢ fe’ f' brought
together. A current from a local battery, Z,
now tlows through the points e fin the course

of the dotted lines and in the direction of the

arrows thereon, and passes through one bob-
bin of the electm magnet 1, whence the cir-
cuit is to one pole of the battely Z, which may
be the negative pole. From the pomtwe pole
the mrcmt 13 through each of the lower spring-
contacts, B” F’ G” H"”, and the contact-screws
K", as seen, thence to ‘the contacts e f. 'The
armature of magnet 1’ is thus attracted.  Im-
mediately, however, the circuit through the
first bobbin is broken bythe separation of the
contact-spring B’ from its opposing contact-
"5 but a circuit is at once established

tacts B ', the current flowing from battery

7/, first through said contacts then through |

the second bobbin to the bFaC]{Pt P”, to arma-
ture-tongue 5 of said magnet, and back again
This current now retains the
armature of magnet 1’ against its po'es. While
thischange of circuitistaking place,the magnet

1 bas been restored to its normal position, and .

the contacts e f separated, the key A of the

transmitter having broken circuit through the

magnet I, the making and breaking of such
circuit being almost simultaneous, and being
performed by the partial depression of the
key. When the key is still further depressed,

“it-closes circuits from the battery V through

the points 1 2, and immediately magnets I II
are energlzed Two tone-currents, C E, are

now sent over the line, and mag nets 12 af-
fected so as to release their ammtures and
make contacts between the pomts in front

thereof.

The action of the magnet 1 under the first
impulse was preparatory—that is, it effected
an adjustment or preparation of 'the distribu-
ter for the performance of its principal fune-
tion—mnamely, the direction of a current to the

proper printing-magnet. Now, underthe two

new impulses, the circuit in the distributer is
as follows: To the copper pole x of battery Z”,
through contacts ¢ f’ of magnet 1, by way of
maﬂ*net 5, and from zine pole y to binding-
p(}st L, from which leads a line to the nnﬂuet
of the paper-feed in the printing- 1nstrument
and thence returns to binding-post I, From
the latter the circuit continues through the
bars J J'J” J’ until it reaches the spring-con-
tact j, which is in circuit with the printing-

~magnet of letter A. The circuit is then by
way of the spring s and the connecting-wire

¢ to said prmtluﬂ‘ magnet, and finally back to
the contact ¢ by way of bmdmg -post M and
line N, through contacts e’ f° and line N’. The
letter A is now printed and the printing-cir-
cuit immediately broken by the automatic ele-

vation of the transmitter-key. Simultaneous-

ly the armature of magnetH, which was drawn

down by the operation of the current, rises.and
in so doing the contact o leaves the lower arm
of the bracket P’ and breaksthe local circuit,
which was originally made through the sec-

7C

ond bobbin of the magnet 1’, thereby allowing

the armature of the latter to. rise and assume

its normal position; but the insulated piece p,
coming in contact with the upper arm of the
bracket P”, lifts the bracket and again coiu-
pletes the circuits through the same and the
point o, thus restoring these devices to their
normal positions. |

- I have arranged the key-board for the trans-
mission of twenty seven signals, constltubmg a,
complete alphabet and a spacing-mark or
‘*space.””  Thustwenty-seven sets of impulses
in the order arbitrarily adopted will eﬂ’ect the
printing of twenty-seven different charac'!ers
by the establishment of twenty-seven distinet

30

circuits leading from the distributer through -

43 any different printing-magnets. The key-
ooard may, however, have greater or less ca-
pacity. 1 have already stated in a prelimi-
nary portion of this specification that each key
malkes and breaks three contacts—or, in other
words, produces three electrical 1mmﬂses
For further example, I will refer now to the
key marked K. It will be seen that the con-
tacts are design'tted seriatim, 3 1 4, which in-

OO
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dicates that in depressing the key circuits

are made from battery V first thmngh the

transmitting-magnet I1I, that this cirenit is
immedidtely broken and that the cireuit is
divided and eompleted through transmitting-
magnets I and 1V. The effect of this opera-
tmn on the distributer is to first energize re-
celving - magnet 3, complete a local circuit
through the first bobbm of magnet 3, im-
medldtely break said circuit, and produce a
circuit in the second bobbin, 1whlch will main-

10O

10 5

tain the armature attracted by the first bobbin

down upon the poles; second, the energizing
of the receiving-magnets 1 4 and the produc-
tion of a clr cuit Lhrough the contacts which
these magnets govern in the dlsbllbuter and
the diversion of the current from one pele of
a local battery through the magnet 5 into the
magnets controlling the paper - feed, thence

‘back to the bar I'”, thence through one of the

spring-contacts upon which this barimpinges,
thence to the printing-magnet of letter K, and
back to the other pole of the battery.

The order of contacts or impulses is differ- '
ent for each key, and the letters by which these
contacts are designated refer to the commuta-

tions or permutatmns which are correspond-
ingly produced in the transmitting and re-
ceiving magnets. The directions of the cur-
rents pmduced in the distributer by these per-

LIO
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mutations can be readily traced on the dia-

gram, and need not be further specified.

In deseribing the action of the keys I have
referred to the making and breaking of three
contacts at each depression, and I have also

suggested that the two contacts upon which
the actual printing operation depends are to

be made simultaneously. There are, however,

130
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- several exceptions to these peculiarities in the

action of the keys. By reference to the dia-
gram of the key-board it will be seen that the
keys Y Z Sp have each but two operative
contacts—thus, 1 4, 2 4, 3 4. This indicates
that each of these keys, after first making and

breaking the preparatory circuit, then estab-

- lishes its printing-circuit in response to a sin-

10

I3

gle tope-current. 'When the keys make and
break three contacts, the printing-cireunit is
established through contact-points in the dis-

iributer, closed or controlled by two receiv-

ing-relays, whereas when the keys make but

two contacts the printing-circuit is formed at

the distributer through contacts controlled by

~only onereceiving-relay, the first contact made

20
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by the key being used to produce the usual
preparatory circuit in the distributer.

The operation of the distributer in direct-
ing the currents to the printing-magnet does
not depend on the absolute simultaneous com-
pletion of the two operative circuits. One
part of the circuit may be formed slightly in
advance of the other, but the printing-cireuit

will not be complete until both receiving-re-

lays have responded; hence, where two tone-
currents are transmitted, one of them may
slightly anticipate the other. The term ¢‘si-

‘multaneous’ is therefore to be understood

with reference to the two receiving-relays as
indicating that both their armatures must lie
retracted and the proper contacts be made

thereby at the same time. |

35

'4(3.

In some cases—as where the receiving-relay
4 1s employed as one of the elements of a per-
mutation or combination—itiseven necessary,
in order to insure certainty, that the corre-
sponding contact through the key be made
atter the one with which it combines, so that
the contacts between the armature-tongue and
opposing stop of the receiving-relays1, 2, or
S may be separated before relay 4 is brought

~1nto requisition, in order to avoid the forma-

43

dd

60

tion of a circuit by the latter through the con-
tacts, and the consequent feeding of a space in
the printer between the letters of a word.

I have described the distributer in its ap-
plication to printing - telegraphy; but I do
not limit myself to such application, as it may
be used in switching operations, so that, in-
stead of relaying currents through printing-
magnets 1t will relay sounders or recorders
at any distance on lines radiating or diverg-
Ing from the distributer—as from a central
switching-station—the keys being so manipu-
lated as tosend Morse or other signals through
a given line after the completion of the pre-
paratory adjustment of the distributer. |

I have suggested the employment of tone-
currents—that is, rythmical undulations; but
such currents are not essential, asany two cur-
rents of different characteristics as commonly

-employed in multiplex telegraphy are avail-
able, the transmitting and receiving devices

being constructed in keeping with the special

requirements. = So, too, instead of using a

| Initlal or preparatory currents relayed by one

single trunk main line, T may use two or more.

I claim— | | | |

1. In a receiving and distributing instru-
ment for that class of multiplex printing-tele- 7o
graphs wherein the transmission of electric
signals is effected by the conjoint action of
two different electric currents, the combina-
tion of the following instrumentalities, viz:
first, receiving-relays and printing-circuit re- 75
lays which partially complete the printing-
circuit under the action of the first electrical
impulse of the sending-key; second, a supple-
mentary electro-magnetic device which tempo-
rarily maintains the preparatory closure or 8o
completion of said printing-circuit; third, a
serles of eircuits, batteries, and contacts,
which, when two impulses are sent by the key,

fully completes said printing-circuit tothe ex-

clusion of all others.

2. In a current-distributer or switching ap-
paratus, the combination, with receiving-re-
lays and means, substantially as described,
for controlling the action of the same sepa-
rately and conjointly by currents of various
characteristics transmitted through a main or
trunk line, of one or more electro-magnetic
devices constructed and adapted to relay cir-
cults through diverginz or radiating lines and
operate printing, sounding, or recording mag-
nets in response to special combinations of the
transmitted currents on the main line.

3. In a current-distributer or switching de-
vice, the combination, with receiving-relays
which respond to currents of various charac-
teristics sent over a main or trunk line and
conjointly establish normally-open circuits,
of an electro-magnetic device or devices con-
structed and adapted to complete radiating or
diverging circuits through given radiating or
diverging lines in response to permutations
or conjoint operations of the receiving-relays.

4. In a current-distributer or switching ap-
paratus, the combination of permutable re-
celving-relays and electro-magnetic translat-
ing devices, from which lines proceed to print-
ing, recording, or sounding magnets, substan-

gcC
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‘tially as described, said translating devices

belng constructed and adapted to respond to
I1§
of the receiving-relays, and close and main-
tain closed normally-open contacts in the print-
ing, recording, or sounding lines during the
conjoint action of two relays in completing the
working-c¢ircuit. - |

0. In a current-distributer or switching ap-
paratus, the combination of three or more per-
mutable receiving - relays constructed and
adapted to close normally - open circuits
through any two of said relays in response to
currents of different characteristics passing
simultaneously through a main or trunk line,
and to effect the relaying of different ecircuits
in response to the different combinations of
permutations of the receiving-relays. _

6. In a current-distributer or switching ap-
paratus, the combination of receiving-relays

120
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- and electro-magnetic circuiting or translating

10 vice, the combination, with pelmutable re-

IS

electro-magnetic device, substantially as de-

- 335,681 o

devices,the latter being constructed and adapt-
ed to respond to 1nitial or preparatory cur-
rents completed by any one of said relays, and
close contacts between a conductor common to
all the translators and given outgoing lines
in circult with printing or working magnets,
substantially as described.

7. In a current-distributer or switching de-

ceiving-relays and electro-magnetic translat- ;
ing devices for directing currents into different
diverging or radiating lines, and means, sub-
stantially as described, whereby the translat-
ing-magnets are energized through one local
circuit, and such energization maintained |
through a different e¢ircuit, of a supplementary

scribed, for restoring the translating devices

to normal condition after E"mh puntlmg, re- 20

eording, or sounding operation.

8. The eombmetlon with a current-dis-
tributer or switching device constructed and
adapted to respond to combined currents and
complete a separate local circuit for different 25
permutations, of a transmitter comprising a
series of keys adapted to econtrol the transmis-
sion of two or more currents of different char-
acteristics, one of said currents being initial
or preparatory, substantially as described.

In testimony that I claim the foregoing I

have hereunto set my hand this 9th day of
December 1884.

GEORGE A. CARD W’ELL

30

Witnesses:
THOS. A. CONNOLLY,
GEORGE F. ESCHBACH.
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