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Specification of Letters Patent.

Patented July 25, 1905.

. Anplication filed December 9,1903, Serial No. 184,377,

To all whom it muy concern:

Be it known that I, Grorer A. CARDWELL,
4 citizen of the United States, and a resident of
the borough of Manhattan, city, county, and
State of New York, have invented certain new
and useful Improvements in Printing - Tele-
graphs, of which the following is a specifica-
tion, accompanied by drawings

This invention relates to printing-telegraph
apparatus and systems in which for each let-
ter or symbol to be printed a distinetive se-
ries of electrical impulses is employed.

The invention is in some respects an im-
provement upon the apparatus disclosed and
broadly claimed in my basic patent, No.
673,315, granted April 30, 1901; and one of
the objects of this invention is to enable elec-
trical means and devices to be employed
throughout the system for operating and con-
trolling the apparatus instead of mechanical
devices, which, owing to their high time con-
stant, are less desirable than electrical appa-
ratus.

The general prinédiples of operation dis-
closed in my Patent No. 673,315, above re-
ferred to, are carried out in this present in-

vention;- but the apparatus in some respects |

issimplified. Inthe presentcasethe apparatus
includes, as before, a number of working cir-
cuits or branches, each including a working
magnet and having at least three breaks or
gaps, controllable magnets each responding
to a characteristic impulse, sets of switches
operated by the controllable magnets and each
set closing breaks in different working cir-
cuits, but not all the breaks in any one work-
ing circuit, and the operation of particular
sets of switches in a certain order of three at
least closes all the breaks of a particular work-
ing circuit. The electrical impulses may be
distinguished in any desired way, and here-
tofore it has been found advantageous and
practical to utilize differences of strength and
polarity. In the present instance differences
in strength and polarity may be utilized, and
in the operation of the apparatus alternating
impulses may also be used.

Ithasbeen found practical and advantageons
to use in the present instance the following
four kinds of impulses, consisting of a posi-
tive impulse, a negative impulse, an intermit-
tent positive followed by a short impulse
which may be either positive or negative, and
an intermiittent negative followed by a short

-inafter appear;

impulse which may be either positive or nega-
tive. The impulses of different charactersare
controlled from the transmitting-station and
may have any suitable source of supply, as a
battery or a generator.

Further obJects of the invention will here-.
and to these ends the inven-
tion consists of apparatus for carrying out
the above objects, embodying the featuresof

-construction, combinations of elements, and

arrangement of circuit and parts having the
Uenelal mode of operation, substanmally as
hereinafter fully described and claimed in this
specification and shown in the accompanying.
drawings, in which—

Figure 1 is a plan view of the transmitter-
keyboard. Fig. 2 is a side view of the same.
Fig. 3 is a diagrammatic view of circuits and
apparatus embodying the invention at the
transmitting-station with part of the receiv-
ing-station. Figs. 4 and 5 are diagrammatic
views showing the remainder of the circuits

-and apparatus at the receiving-station. Figs.

3, 4, and 5 are intended to be read side by
side, thus forming one complete diagram of
c¢ircuits and connections.

Referring to the drawings, A represents a
suitable frame, (shown in Figs. 1 and 2,) hav-
ing standards B, to which the key-levers C
and spacing-lever D are pivoted. The key-
levers C, as usual, represent the characters
and letters to be printed at the receiving-sta-
tion, and by pressing a desired lever or spac-
ing-lever D characteristic impulses in a given
or predetermined order are transmitted over
the main line to the receiving-station to cause
the printing. In other words, according to
the present invention, when a given lever is
operated at the transmitter, positive impulses,
negative impulses, or alternating impulses
consisting of either a long positive or a'long
negative followed by a short impulse which

may be of the opposite character are trans-

mitted over the line.

EKach key-lever Cis constructed to operate
a series of auxiliary levers E controlling the
electrical contacts Fand (3, arranged and elec-
trically connected in groups of three in this .
instance. The contacts ¥ are carried, as

shown, by the levers K and codperate with
the contacts G. According to the construc-
tion shown each key-lever C is provided with
three downwardly-projecting- arms or points
H, adapted to bear upon three of the auxil- -



iary levers K when a key-lever is operated.
The auxiliary levers, as shown, are pivoted
to the standards B, as are the key-levers, and
are provided with retracting-springs I. The

key - levers are provided with retracting-

springs J. As the auxiliary levers E are
pressed down, the contacts I' and G are
brought into operation to close the circuits
hereinafter to be described.

As shown in Figs. 1 and 2, the cross-lever.

K is shown extending transversely of the
transmitter and arranged beneath the key-
levers C, carried upon the arms I, pivoted
upon the standards O by means of the shaft

P. When any lever C is operated, the cross-

bar K is also operated to close the contacts Q
and R for a purpose hereinafter to appear.

The contacts F and (3, operated by the key-.

levers and auxiliary levers, as stated, are ar-

ranged in groups of three, this having been

found a simple and convenient arrangement,
although other groupings may be devised.
The groups will be numbered 1, 2, 3, and 4,
as indicated in Fig. 3. Ineach group of three
pairs of contacts the pairs F and G will be
designated by reference characters—as, for
instance, in group 1 the pailsot contacts are
deswnated by 1% 2% and 3%; in group 2 the
pairs aledesmnated as 1% 2, and 3"; in group
3 the pairs are 1°, 2¢, and 3% in group 4 the
pairs, as will be seen by reference to Fig. 38,
are designated as 1% 29 and 3*. The same
deswnatlons appear in FIO 1in the plan view
of the transmitter, it being understood that
the contacts ¥ and G, as indicated, (shown in
diagrammatic arrangement in Fig. 8,) are the
same contacts, having the same reference
characters shown in Fig. 1 connected to be
" operated by the key-levers.

By the closure of certain of the contacts F
and G in the groups referred to positive im-
pulses will be directed over the line, and the
closure of other contacts will direct negative
impulses over the line. - It has been found

convenient to so connect the circuits that .

positive impulses will be directed over the
line by the closure of any of the contacts in
group 1, while negative impulses will be sent
over the line by the closure of any of the con-
tacts in group 2. By the closure of contacts
in groups 3 and 4 alternating currents are
sent over the line, the closure of any contact
in group 3 sendlnor an intermittent long pos1-
tive impulse tollowed by a short positive im-
pulse over the line, while the closure of any
contact in group 4 sends an intermittent long
negative followed by a short negative im-
pulse over the line.

Since there are thirty-six letters or charae-
ters to be printed, it will be seen that to carry
out the invention there should be thirty-six
combinations or permutations of the four pre-
ferred characters of impulses to be sent over
the line, and. it .is a comparatively simple
matter to so arrange the keyboard that with

.any. suitable manner.
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the four groups of contacts of three each
thirty -six different combinations may be
made. In making up the combinationsof cir-
cuit-closures it will be seen that it is only
necessary to close any three contacts of the
groups in a given order. One suitablé com-
bination would be the closure of contacts 1*
in group 1, then 2"in group 2, and then 3"in
group 1. buch a combmatmn of circuit-clo-

_sures would send first along positive impulse

over theline, thenalong negative impulse, and
lastly a long positive again, these impulses
acting in a desired manner upon the appara-
tus at the receiving-station to print a given
character, . If, for instance, the.following se-
quence was used—that is, a closure of con-
tacts 1* in group 1, 2°in group 3, and 3%in
group 4—we should then have first a long
positive impulse sent over the line, then an
alternating current consisting of a long posi-
tive followed by a short positive impulse.
caused, by the ciosure of contacts 2°, and then ~
another intermittent current comprising a
long negative impulse followed by a short
negative impulse controlled by the closure of
contacts 8" in group 4.

With regard to the connections for obtain-
ing the different characters of impulses as
described it will be seen that batteries S and
T (designated as the. *‘line - batteries”) are
connected in series with each other and with
groups 1 and 2 of contacts Fand G. As will
be seen, the contacts F of each group are
electrically connected with each other by the
wires 5, and the positive pole of battery S is
connected to group 1 of contacts Fand G by
the wire 6. The. negative pole of battery T
is connected to group 2 by the wire 7. The
opposite positive and negative poles of bat-
teries T and S are connected to each other by
wire 8, and this wire is connected to the
ground at 9. The upper contacts G of the
groups 1 and 2 are connected to the line con-
nections, as will be described, and it will be
seen.that when any of the contacts 1%, 2%, or
3* are closed positive impulses will be sent
over the line from the batteries S and T, the
return-circuit being made from the receiving-
station through the ground, while when any
of the contacts 1%, 2°, or 3" are closed. nega-
tive impulses will be- sent over the line, the
return connection being made, as before,
through the ground.

As shown in Fig. 3, group 3 of contact’s is
connected by the wire 10 with wire 6 to the.
positive pole of battery S, and in the connec-
tion 10 is inserted a circuit-interrupter 11,
adapted to rapidly make and break the cireuit.
This circuit-interrupter 11 may be driven. in
The: interrupter, _as

shown, consists of a-conducting:disk provided

with insulating-segments on itsrim. . Brushes

connected in circuit bear upon the periphery
.of the disk, so that as the disk is revolved the
-cireuit is rapidly made and broken.

Accord-
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ing to this arrangement intermittent positive
impulses are directed over the line when any
of the contacts in group 3 are closed.
manner the contacts of group 4 are connected
by a wire 12 to the negative pole of battery
T, an interrupter 18 being inserted in this
connection, suitably operated from any source
of power, so that when any of the contacts in
group 4 are closed negative intermittent im-
pulses are sent over the line. A suitable ar-
rangement of circuits and apparatus, includ-
ing a source of power, has been described for
transmitting the impulses of different charac-
ters referred to over the line; but the inven-
tion is not to be understood as being limited
to any of the apparatus disclosed, as, it de-
sired, a generator or one or more generators

could be used in place of the battery referred -

to, and the electrical connections in them-
selves are not essential to the invention.
Referring more generally to the remainder
of the apparatus at the transmitting-station
and at the receiving-station, it will be seen

that the transmitting-station comprises the.

groups of contacts 1, 2,3, and 4 and the line-
controlling magnets U. Of these,magnets U
there are four, «, &, ¢, and d, supposed to be
arranged at the transmitting-station and con-
nected to control the line-wire 14 in such man-
ner that the impulses of different characters
will be directed over a single line-wire in suc-
cession and automatically as-each key-leveris
operated. In other words, when a key-lever

is operated the impulses of different charac--

ters and in proper sequence are automatically
transmitted over the line 14, controlled by the
line-controlling magnets U.

At the receiving-station there are a series
of magnets V, Fig. 5, one for each character
or letter to be printed, the operation of said
magnets V being controlled by the impulses
of different characters sent over the line: The
apparatus is designed to control the magnets
V, and in carrying out this improved system
a series of polarized relays W, Fig. 3, is util-
ized and a series of controlling-magnets X,
the polarized relays W and controlling-mag-

nets X being termed ‘‘selecting-magnets,” -

because said magnets select by their operation
certain circuits, including the selectable mag-
nets Y, Fig. 5, arranged in groups. These
magnets Y are termed ‘‘selectable” magnets
because they are arranged to be selected and
included in circuit by the operation of the
selecting-magnets W and X. . Z, Fig. 4, rep-
resents the printing-magnet, which is the last
one to be operated after one of the magnets V

has been energized. The magnets V, Fig. 5, -

may be termed the‘‘ letter-selecting” mag-
nets, since they are adapted to control the
characters to be printed.

The polarized relays W, forming a portion
of the selecting-magnets, may be designated
as ¢, /> g, and %, and suitable circuits and con-

nections are arranged between these polar- |

Inlike-

3

ized relays and a local battery 60 for operat-
ing the remainder of the selecting-magnets X,
(designated as 7, %, 7, ando.) The line-wire 14
includes all of the polarized relays W and is
connected to the ground at 15, so that the
line-batteries S and T are adapted to be thrown
in circuit with the line-wire, with the polar-
ized relays W and with the ground as a re-
turn-circuit. '

The selectable magnets Y, Fig. 5, may be
designated by the characters p, ¢, », and s,
and, as shown, each selectable magnet com-
prises two solenoids. It has been stated that
thirty-six characters are adapted to be print-
ed; but, as shown in the drawings, only
thirty-four characters are provided, although
provision may be made for thirty-six, and
there are therefore but thirty-four letter-se-
lecting magnets V. In the circuit of each
magnet V are contacts 16, adapted to be con-
trolled by the selectable magnets p, ¢, #, and
s in groups, so that each selectable magnet
closes a number of contacts 16. In this in-
stance each selectable magnet Y is supposed
to control nine pairs of contacts 16. The
magnets s, however, in this instance control
but seven pairs of contacts 16, two pairs not
being shown. In Fig. 5 the pairs of contacts
16 and the selectable magnets Y are shown in
diagrammatic relation to each other, this be-
ing the simplest form of representation in a
complicated arrangement of circuits-and ap-
paratus like that described. It is to be un-
derstood, however, that suitable armatures
and contacts are provided whereby upon the
energizing of a given selectable magnet Y the
pairs of contacts 16 will be operated, and any
suitable mechanical devices may be provided
for operating said contacts in groups of nine
each.

In connection with the selectable magnets
Y .circuit-controlling magnets- ¢, ., v, and
are shown, each comprising two solenoids and
arranged to control four contacts each. The
contacts controlled by the magnets ¢, u, v, and
w are arranged in groups #, 4/, o', and 0.
The first pair of contacts 17 of each group is
normally open and arranged to be closed when
the corresponding magnet ¢, u, v, or w is en-
ergized. The remaining three contacts. 18 of
each group?’,«/, 7', and «' are normally closed
and adapted to be opened when the corre-
sponding magnet ¢, u, v, or w0 is energized.
As hereinbefore stated, any suitable mechan-
ical arrangement of armatures and contacts
may be provided whereby the. magnets ¢, ,
», and w control the contacts referred to, the
diagrammatic arrangement shown being the
simplest with the complicated circuits de-
scribed. : .

A third set of circuit operating and hold-
ing magnets are provided, (designated as a,
v, 2 and #.) Xach of these magnets com-
prises the solenoids 19 and 20. Each solen-

oid 19 is arranged to control a group of five

S
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normally open contacts &, ¢/, 2%, and z*. The

-contacts 21 and 22 of each group are connect-
ed in shunt with each other, and contacts 22
control the circuit of solenoid 20 of each mag-
net @, v, z, and 2, the arrangement of circuits
and apparatus being such that after each so-
lenoid 19 has been energized to close the con-
tacts of its respective group then the solenoid
20 of each magnet becomes energized and re-
mains energized, holding the contacts of its
group closed throughout the operations to fol-
low unless it is desired that the circuits
through the contacts controlled by magnets
@, ¥, & and 2 shall be broken. In this way
electrical means are provided for holding the
controlling-circuits closed until it is desired
that they shall be broken. As before, any
suitable means may be provided, as armatures
and contacts, for enabling the magnets , v,
z, and 2’ to control their respective groups of
contacts.

The selecting-magnets X, Fig. 3, control
the operation of the selectable magnets Y,
Fig. 5, which latter magnets are included in
the circuit of the local battery 23. As stated,
the selectable magnets Y are normally deén-
ergized, and the selecting-magnets 7, %, 7, and
o control the selectable magnets p, ¢, #, and
s, respectively.

The letter-selecting magnets V, also nor-
mally deénergized, are connected in cireuit
with the local battery 23, Fig. 4, and also
have included in their circuits the contacts 16,
the contacts 24 of the groups of contacts #/,
¥, 2%, and 2%, and the normally open contacts

17 of the groups of contacts # ' o ', s0"

that in order to energize any one of the let-
ter-selecting magnets V it is necessary to have
three gaps in its circuit closed—namely, at
contacts 16, 24, and 17—the contacts at each
gap being controlled by a different set of mag-
nets. .

The line-controlling magnets U, Fig: 3, are
included in the cireuit of the local battery 23,
it being of course understood that while in
this instance one local battery 23 is shown,
accomplishing a number of objects, it is not
necessary to employ one battery; but any de-
sired number may be employed for carrying
out the objects of the invention and for ener-

gizing separately the different devices de-:

seribed and to be hereinafter further de-
scribed. o

- Theline-controlling magnets U (designated
as «, b, ¢, and ) are connected in parallel,
and in the operation of the apparatus the mag-
net « is the first energized, and each line-
controlling magnet U as it becomes energized
throws the next succeeding one into circuit
automatically. )

A Dbranch circuit is taken from the point 25
at the positive pole of battery 28, said circuit
being led by wire 26 to contact R of theswitch
97. After passing through the said switch
and contact Q thereof the circuit is continued
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by the same wire 26 to the magnet @, and
from thence through the resistance 28 to the
common-return wire 29 back to the point 30,
and from thence to the negative pole of bat-
tery 23. From contact 31 of magnet ¢ leads
a wire 32 for energizing magnet 6, and from
said magnet the same wire 32 connects with
the common return 29. From a contact 33,
controlled by magnet #, a wire 34 leads to mag-
net ¢ and from thence to the common return
29. From contact 35 of magnet ¢ a wire 36
leads to magnet ¢ and from thence to the
common return 29. :

A branch wire 37 connects the point 38 on
wire 26 adjacent magnet ¢ with contact 89 of
said magnet, and from said contact the wire
37 continues to contact 40 of magnet & and
also to contact 41 of magnet ¢.

From contact 42 of magnet b a wire 43 leads
to contact 44 of magnet <. The main line-
wire 14 connects with contact 45 of magnet b.

The contacts G and F of the groups 1, 2, 8,
and 4 at the transmitting-station are all con-
nected in parallel to the wires 46, 47, and 48.
It will be seen that wire 46 leads to con-
tact 49 of magnet ), wire 47 leads to contact
50 of magnet ¢, and wire 48 leads to contact
51 of magnet d. The contacts 39, 45, 40, 41,
and 44 of the line-controlling magnets U are
all carried upon pivoted armatures 52, pro-
vided with retracting-springs 53, arranged to
hold said armatures and the contacts carried
thereby away from the cores of the line-con-
trolling magnets U, so that when said mag-
nets are energized the armatures are attracted
and complete the circuits with the contacts
carried by the cores, at the same time break-
ing the contacts wherever they are made with
the back-stops.

When one of the key-levers C is operated,
as has been explained, three pairs of contacts
G F will be closed, and the contacts Q R of
switch 27 will also be closed by the operation
of the bar K on the shaft P. The closure of
the switch 27 embodying contacts @ and R

will complete a circuit from the point 25 at

the positive pole of local battery 23 by wire
26 through switch 28, and still by wire 26 to
and through magnet @ and back by way of the
common-return wire 29 to the point 30 and
the negative pole of the local battery 23.
Magnet ¢ is thereby energized, causing it to
attract its armature 52 against the influence
of the retracting-spring 53 and closing con-
tacts 31 and 39. Upon the closure of contacts
31 and 39 a circuit is completed from the point
38 on wire 26 by wire 37 to and through con-
tacts 31 and 39, and thence by wire 32 to mag-
net b, and from thence still by wire 82 to the
common return 29.and back to the battery 23.
The energizing of magnet b causes it to attract
its armature 52, and thereby close contacts 42
and 45 and at the same time close contacts 33
and 40. The closure of contacts 42 and 45 of
course opens contacts 45 and 49. The closure
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of contacts 83 and 40 throws the magnet ¢
into the circuit of battery 23, since it is in-
cluded in shunt to the magnets @ and 5 be-
tween the points 54 and 85. The energizing
of magnet ¢ causes it to attract its armature
52 and close contacts 85 and 41, which thereby
includes magnet ¢ in the circuit of the battery
93, as is obvious.” The energizing of magnet
d closes contacts 44 and 51 and breaks contacts
44 and 50.

Before contacts 45 and 49 of magnet ) are
broken it will be seen that there is a'complete
circuit from the contacts 1* 1° 1° 19 of the
groups of contacts 1, 2, 3, and 4 through wire
46 to and through contacts 45 and 49 and
thence to the line-wire 14, so that with the
parts shown in the positions indicated in the
drawing of Fig. 3 provision is afforded for
transmitting impulses to the line when the
first pair of contacts in each group 1, 2, 3, and
4 is operated. The energizing of magnet b
switches the line connection to wire 14 onto
the wire 47, which connects with the pairs of
contacts 2% 2% 2¢, and 2° of the groups 1, 2,
3,and 4. This is accomplished by the closure
of contacts 42 and 45 of magnet b, which com-
pletes the circuit between line-wire 14, wire
43, contacts 44 and 50 of magnet o, and the
wire 47.

The function of magnet ¢ is to energize mag-
net.d. When this latter magnet o is ener-
gized, the line-wire connection 14 is broken
with the wire 47 and is switched to the wire
48 hecause the energizing of magnet & breaks
contacts 44 and 50 and closes contacts 44 and
51, thereby completing the circuit between
wires 14 and 48 by means of wire 43. Wire
48 connects with contacts 3%, 8", 3%, and 8" of

- the groups 1, 2, 3, and 4.

By the apparatus and devices thus deseribed
at the transmitting-station it will be seen that
automatic provision is afforded for directing

. impulses of different characters from the line-
batteries S and T to the line-wire 14.

Let it be assumed that a given character is
to be printed and that the corresponding key-
lever is operated, thereby closing the switch
97 at the contacts Q and R and at the same
time closing the pairs of contacts 1* of group
1, 2 of group 2, and 3* of group 1. The clo-
sure of the pair of contacts 1° of group 1 sends
a positive impulse from the line-batteries S
and T, through wire 46, to and through con-
tacts 45 and 49 to the line 14. The closure of
switch 27 energizes magnet ¢ as described,
which in turn switches magnet 4 into circuit,
causing a break between contacts 45 and 49,
closing contacts 42 and 45, thereby switching
the line-wire 14 onto the wire 47. The. pair
of contacts 2° of group 2 being in circuit with
wire 47, it will thus be seen that a negative
impulse from the line-batteries will be trans-
mitted through wire 47 to the line-wire 48.
The energizing of magnet 5 also closes con-
tacts 83 and 40, thereby energizing magnet ¢,

I

5

which in turn energizes magnet d. The en-
ergizing of magnet d switches the line-wire
14 onto wire 48, and contacts 3" of group 1
being electrically connected to wire 48 it will
thus be seen that provision is afforded for
transmitting a positive impulse from the line-
batteries S and T onto the line-wire 14. As
soon as the finger is removed from the key-
lever which has been operated the circuit will
be broken at the switch 27 and the line-con-
trolling magnets U will become deénerg}zed,
the parts assuming their normal positions.
As will hereinafter appear, all the portions of
the apparatus are restored to normal position
when the fingerisremoved from the key-lever,
and the printing takes place as the finger 18
removed. .

1t hds thus far been described how the im-
pulses of different characters are transmitted
to the main line 14, and it is to be unders'tood
that the alternating impulses are transmitted
in the same manner as already described when
the proper key-lever is operated to close one
of the pairs of contacts of the groups 3 and 4.

A description will now be given of the op-
eration of the polarized relays W and the con-
trolling-magnets X, these two sets of magnets
constituting the selecting-magnets. It will
be assumed that the spacing-key D has been
operated, which will close contacts 1*of group
1, sending a positive impulse over the line, 2
of group 2, sending a negative impulse over
the line, and 8" of group 1, sending another
positive impulse over the line by means of the
automatic apparatus already described in con-
nection with the transmitting-magnets U
The transmission of the positive impqlses over
the line will carry into effect certaln opera-
tions to be described, and referring to the
polarized relays W it will be seen that Qach
armature 56 is provided with a retracting-
spring 57. The armatures 56 operate between
contacts and stops 58 and 59. The springs 57
of polarized relays ¢ and g normally hold the
armatures 56 against the negative stops or
contacts 59, while the springs of magnets Vi
and 4 normally hold the armatures 56 against
the positive stops or contacts 53. Ac¢eording
to this arrangement the positive impulse
transmitted over the line-wire 14 and through
the polarized relays W will cause the arma-
tures 56 of magnets ¢ and ¢ to be attracted
against contacts 58, while the armatures of
the other two polarized relays /' and A will
not be affected. When the armature 56 of
relay ¢ is moved against contact 58, a circuit
will be completed from the local battery 60
through controlling-magnet j as follows: from
the positive pole of battery 60 by wire 61
through magnet ; and thence still by wire 61
through contact 58, armature 56, and back by
wire 61 to the negative pole of battery 60.
1tisto be borne in mind that controlling-mag-
nets 7 and % are normally deénergized, while
magnets [ and o are normally energized, be-
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ing alwaysincluded in cireuit of local battery
60. From the point 62 on wire 61 at .the
positive pole of battery 60 a wire 63 leads to
magnets / and o, connecting them in parallel.
Wire 63 is connected to each of the contacts
58 and 59 of magnets ¢ and /4, and from thence

the circuit is completed back to the negative.

pole of battery 60. Magnet % is also in paral-
lel with the remaining controlling-magnets
and is included in circuit by means of the
wire 61 and contact 59 and armature 56 of re-
lay /. According to the construction de-
scribed it will be seen that neither a positive
nor a negative impulse over the main line 14
will permanently affect the normally ener-
gized magnets 7 and o, because although the
armatures of magnets ¢ and 4 may be thrown
from one side to the other the circuits of
magnets / and o will normally be. maintained
completed. When alternating currents are
sent over the line, however, tending to vibrate
one or the other of the armatures 56 of mag-
nets ¢ and /4, one or the other of the magnets
{ and o is deénergized by the constant vibra-
tion of the armature 56 included in its circuit.

The armatures 64 of magnets 7 % are nor-
mally held away from the cores of said mag-
nets by the- retracting -springs 65. The ar-
matures 64 of magnets / and o are normally
held attracted against the cores of said mag-
nets, because these magnets are normally en-
ergized. The springs 65 tend to pull the ar-
matures away from the cores, so that.when
these magnets / and o are deénergized the con-
tacts 66 are closed. When the magnets 7and
£ areenergized, the contacts 66, controlled by
said magnets, are closed.

It has been assumed that a positive impulse
has been sent over the line-wire 14, which did
not affect the operation of magnets %, 7, and o,
but caused magnet 7 to become energized by
the closure of its circuit at contact 58 of polar-
ized relay e. The energizing of magnet 7
closed contacts 66 and completed a circuit as
follows: from the point 67 on wire 68, con-
nected to the positive poleof local battery 23,
through wire 69 to the point 70, from thence
still by wire 69 to and through contacts 66
of relay j, thence by wire 69 to and through
one solenoid of selectable magnet p, thence
continuing by wire 69 through solenoid 19 of
holding-magnets , back by wire 69 through
the other solenoid of selectable. magnet p to
the point 71, and then continuing by wire-69
to the point 72, and thence still by wire 69
back to the negative pole of local battery 23.

The energizing of selectable magnet » op-
erates to close nine pairs of the contact 16 for
an instant, and the energizing of solenoid 19
of holding - magnets = closes contacts 21 and
22 of the group of contacts «'.

The closure of contacts 22 of group @' com-
pletes a circuit from the positive pole of bat-

“tery-23 by wire 68 to the point 73, and thence .

still by wire 68 to the solenoid 20 of holding-
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magnet @, thence to and through contacts 22
to the point 74, and thence continuing by wire
68 to the point 69 adjacent magnet 75. - Con-
nection is made from the point 69 to contact
76, normally completing circuit with contaet -«
77 upon the armature 78, controlled by mag-. ..
net 75. After passing through contacts 76: -
and 77 the ecircuit continues still by wire-68 ...
to the point 79 on wire 69 and thence back, ..
to the negative pole of local battery 23. The..
circuit of wire 68 just described, including
the solenoid 20 of holding-magnet =, contacts
292 of the group #/, and. contacts 76 and 77 of
magnet.75; will be termed the ‘“holding-cir- -
cuit.” Thefunction of the solenoid 20 of hold-
ing-magnet .z is twofold—first, this solenoid
20 closes contacts 24 of group o' and at the
same time holds contacts 21 and 22 closed of
group«’, it being borne in mind that the solen-
oid 19 of magnet  first closed contacts 21 and
22. The circuit of solenoid 20 of magnet @
is not broken until after the printing has been
effected, while the circuit of solenoid 19 of
magnet- is broken when the circuit of se-
lectablemagnet p is broken. This statementis

-true of all of the magnetsa, v, 2, and z’—that is

to say, the solenoids 20 act to hold the contacts
which are closed at: said magnets. By this
means mechanical locking devices are entirely
done away with,-and the high time constant
found to exist in such mechanical devices is
obviated. The electrical means described op-
erate quickly and are easily controlled from a
distance and are not apt to get out of order.
The holding-cireuit which was completed
by the closure of contacts 22 of group « has
been described, and the circuit completed by
the closure of contacts 21 of said group «' will
now be described, as follows: When said con-
tacts 21 areclosed, a circuit is completed from
the positive pole of the battery 28 through
wire 68 to the point 73, from thence to the
point. 80, and then by wire 81 to the point 82,
and thence through normally closed contacts
18 of the group w«'. From said normally
closed contacts 18 the circuit passes still by
wire 81 to-the point 83 and thence through
normally closed contacts 18 of the group »'.
From thence the cirenit continues by wire 81
to the point 84 and through the normally
closed contacts 18 of group «/, then by wire
81, as before, through the controlling-mag-
nets #, and continuing by wire 81 to and
through contacts 21 of group #', and thence
through the holding-circuit 68 back to the
negative. pole of the battery 23. '
The energizing of the controlling-magnets ¢
operates the contacts 18 and 17 of the group #/,
serving to open-the normally closed contacts
18 and close the normally open contacts 17.
It will be remembered that the selectable

magnets p were.only momentarily energized,

for there was but one positive impulse sent
over the line, and as soon as this had been ac-
complished the magnet b of the line-control-
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ling magnets U became energized automatic-
ally, thereby connecting the line-wire 14 with
group 2 of contacts G and F, so arranging
the circuits that a negative nnpulso w1ll be
directed over the line 14 when contacts 2" of
group 2 areclosed. ‘The operation of theap-
paratus when a positive impulse is sent over
the line has been described, and it already
having been assumed that the spacing-key was
operated it will be -seen that it is necessary

to have a complete circuit with all the gaps

closed, including the spacing-magnet V' of the
_ letter - selecting magnets V. The transmis-
sion of the negative impulse over the line
brings about further operations which tend

to produce a closed circuit for the spacing--

magnet V', as will now be described. A neg-
ative impulse will cause polarized relay 7 to
attract its armature 56 against contact 59, and
thereby complete the circuit of controlling-
relay %. Relay % will close its contacts 66
and complete & circuit as follows: from the
positive pole of battery 23 to the point 67, by
wire 69 to the point 70, thence by wire 69
through contacts 66 of magnet 4 and by wire
85 to one solenoid of selectable magnet ¢,
thence still by wire 85 to solenoid 19 of hold-
ing-magnet y, thence back by wire 85 to the
other solenoid of selectable magnet ¢ to the
point 71, and thence by wire 69 back to the
negative pole of battery 23. The energizing of
selectable magnet ¢ operates nine ‘pairs of the
contacts 16 tor a moment, and at the same time
the energizing of solenoid 19 of holdlnd-maw—
net closes contacts 21 and 22 of the group ¥'.
The closure of contacts 22 of said group ¥’
includes the solenoid 20 of holding-magnet ¥
in the following circuit: from the positive
pole of batterv 93 through wire 68 to the
point 86 adjacent the solenoid 20 and from
thence through contacts 22 back by wire 68
through the holding-circuit to the negative
pole of battery 23. The energizing of solen-
oid 20 of the holding-magnet closes the nor-
mally open contacts 24 of the group /. ‘The
closure of contacts 21 ot group ' completes
no circuit, because as long as the controlling-
magnet ¢ remains eneruued no other one of
the 1 magnets u, ¥, or 1 can be energized, since
the circuits of these magnets a, v, dnd w pass
through the contacts '18, controlled. by the
magnet z.  In other words; each one of the
magnets £, u, », and 20 controls the others, so

that only one can be energized at a time; and -

thereby after one of them has been ener-
gized-—as, for instance, the magnet 7—said
mamlet mll remain energized unml the hold-
ing -circuit 68 is blolxen As long as said

magnet £, for mst‘mce, remains enewued its
contacts 17 will remain closed and its contacts
18 will remain open in the group #.’

The cirenit of the spacing-magnet. V' which
it is desired to close contains a pair-of con-
tacts 16, the pair of contacts 17 of group ', and
a pair-of contacts 24 of the group ¢/

“So far

7

-in the operation of the apparatus contacts 17

and 24 referred to have been closed in readi-
ness for the completion of the circuit of the
spacing-magnet V. After having sent a posi-
tive and then a negative impulse over the
line as described- another positive impulse
will be directed over the line by the closure
of contacts 3* of group 1, thus completing the
sequence—that is, 1* of group 1, 2" of group

2, and 3 of group 1.

The automatic energizing of magnet & of
the transmitting-magnets v and the closure of .
contacts 3" of group 1 transmit a positive im-
pulse through wire 48 over the line 14, there-
by operating polarized relay ¢ and causing
controlling-magnet 7 of the selecting-magnets
to become energized. The energizing of mag-
net 7 completes the circuit to the selectable
magnet p, thereby closing contacts 16. In
thls instance when contacts 16 are closed by
the selectable magnet p a circuit is completed
as follows: to the spacing-magnet V' from the
positive pole of tlie battery 23 by wire 68 to
the point 73, and from thence by wire 90 to
the point 91, and still by wire 90 to and through
magnet 92, and thence by wire 90 to the con-
tacts 16 of the first group, to*and through
spacing—magnet V', and thence continuing by
wire 90 bhe circuit passes through contacts 24

of group 7' to the point 93. From thence the
circuit continues by wire 90 to and through
the closed contacts 17 of -the group 7, and
the circuit is completed by wire back to the
point 72, and from thence by wire 69 to the
negative pole of the battery 28.- The circuit
ot the desired magnet V' has thus been com-
pleted and the desired set of characters is

‘brought into position or selected.

The operation of printing is yet to be de-
seribed, and the final breaking of the holding-
circuit 68 to restore the devices at the re-
ceiving-station to normal position in readi-
ness for the selection and printing of another
character. As has been seen, when the cir-
cuit was completed through the spacing-mag-

‘net V' the magnet 92 was energized, being in-

cluded in the same circuit. This maghnet: 92
controls an armature 95, provided with con-
tacts 96; 97, and 98, said armature being nor-
mally held away from the core of the magnet’
992. Contact 98 is adapted to codperaie: with’
contact 99, and contact 98 codperates with
contact 100, while contact 96 cooperates with
contact 101. When magnet 92 is energized,

armature 95 is attracted against the tension

of its retracting-spring 102 and contacts 98
100 are broken, while contacts 97 99 and 96
101 are closed. The closure of contacts 97
99 completes a circuit from the point 103 on
the wire 90 as follows: from said point 103

1 by wire 104 through magnet 105, thence

through magnet 75; thence through contacts
97 and 99 to the armature 95, and thence to
the holding-circuit 68, and by said wire 68

- back to the negative pole of the battery 23.
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The energizing, as described, of magnet 75
causes it to attract its armature 78 against its
retracting-spring and open contacts 76 and
T7; but since contacts 96 and 101 were pre-
viously closed by the energizing of magnet
92 the holding-circuit will not be broken, but
will merely be switched through contacts 96
and 101 by means of the connections shown.
The energizing of magnet 105 causes it to at-
tract its armature 106 against the tension of
the spring 107. Said armature 106 carries
contacts 108 109, connected to each other and
to the wire 110, leading to the printing-mag-
net Z. From said magnet the wire 110 con-
tinues to contact 100. When armature 106
is attracted, it brings contacts 108 and 109
into codperation with contacts 111 and 112.
Contact 111 is connected by wire 113 to wire
69 and thence to the positive pole of battery
23, while contact 112 is connected to magnet
114 by wire 115 and thence by said wire to
wire 69, connecting with the negative pole of
the battery 23. By this arrangement of cir-
cuits it will be seen that the energizing of

magnet 105 operates to complete the circuit
of magnet 114, which holds the armature 106
attracted after magnet 105 becomes deéner-
gized. As the ﬁnger is removed from the
key-lever which has been operated at the
transmitter the circuit of the letter-selecting
magnet V, which has been finally completed
is brolxen which deénergizes the selectable
nmagnet p, g, 7, or s, which has been included
in circuit, and also deénergizes the magnet
92 in series therewith. Armature 95 is re-
tracted, and thereby the holding-circuit 68
is broken at contacts 96 and 101, which re-
stores the parts to normal position. The cir-
cuits of magnets 75 and 105 are also broken;
but the holdlncr-macrnet 114 remains ener-
gized, being curectly in circuit with the local
battery 23.  When armature 95 is retracted,
it will be seen that contacts 98 and 100 come
into codperation, which completes the circuit
of the printing-magnet Z as follows: from
the point 70 on wire 69, through contacts 111
and 108, thence by wire 110, through print-
ing-magnet Z, thence through contacts 98
and 100 to wire 68, and back to the negative
pole of battery 23 As the printing takes
place contacts 120, which are nor mwlly open,
are closed thatls completing a shunt-circuit
121 around holdlno magnet 114—which de-
energizes said magnet and permits its arma-
ture 106 to be letracted thereby breaking
the circuit-of the printing-magnet Z.

The operation of the apparatus may be
summed up briefly, as follows: It has been
assumed that the magnet V' of the letter-
selecting magnets V is to be energized by
completing a circuit therethrough. To so
complete a circuit, the spacm(r—lever upon
the transmitter was operated, thereby closing
three of the pairs of contacts G and F. The
particular pairs of contacts closed were the

pairs 1* of group 1, 2" of group 2, and 3* of
group 1. At the same time switch 27, com-
prising Q R was closed. The closure of
contacts ) R first energized magnet ¢ of
the line controlling or transmitting magnets
U, and the automatic operation of the mag-
nets U thereafter takes place, automatically
switching the wires 46, 47, and 48 into elec-
trical connection with the line-wire 14 in the
proper sequence to include contacts 1% 2",
and 8" in series with the line, one after an-
other. By this means characteristic impulses
were sent over the line 14, in this particular
instance a positive, a negative, and then a
positive impulse being transmitted. Instead
of this particular sequence.of impulses the
alternating currents, -as described, may be
combined with the positive and negative im-
pulses, in any case and in any combination
or sequence of characteristic impulses the
automatic operation being, as described, in
connection with the magnets U. -

Kach characteristic impulse or combination
of impulses transmitted over the line has a
certain effect on the polarized relays W,
which in turn control the controlling-mag-
nets X. The controlling or selecting mag-
nets X determine which of the selectable
magnets Y are to be energized at a time.
Each selectable magnet p, ¢, 7, and s of the
series Y has in series with it one of the mag-
nets # ¥ z 2, so that when a selectable
magnet Y is energized one of the controlling
or holding magnets # » 2z 2z is energized.
The first selectable magnet Y selected by the
first characteristic impulse or impulses sent
over the line remains energized but momen-
tarily, and then another magnet Y is selected
and momentarily energized. It is not until
the third selectable magnet is chosen or
selected that a complete circuit is afforded
through one of the letter-selecting magnets
V., because it is not until the said third time
that a selectable magnet is chosen that all of
the gaps or breaks in the circuit of one of
magnets V are closed.

The energizing of a selectable magnet Y—
as, for instance, the magnet p and the magnet
@ in series therewith—serves to close one of
the gaps referred to, as at the contacts 17 in
the group #/, and then the energizing of an-
other selectable magnet ¢, together with mag-
net i in series therewith, serves to close an-
other of said gaps, as at the contacts 24 in the
groupy’. Thefinal selectable magnetchosen,
which in the instance described is again a
magnet p, serves to close the contacts 16, and
thus complete the circuit desn"ed to the spac-
ing-magnet V'.

In the operation of the apparatus the gaps
at contacts ¢ and 24, referred to, are main-
tained closed by a holding-circuit and holding-
magnets, which holding-circuit is'not broken
until at the time the printing is accomplished.
After the last characteristic impulse or series
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of impulses have been sent over the line the
holding-circuit is automatically broken and
the parts are restored to normal position.

According to this invention any three kinds
of impulses other than those described could
be utilized and a different working or letter-
selecting magnet selected, according to the
permutation of the three kinds of current.
In this way a large number of working mag-
nets can be selected without repeating any
impulse in a series, whereby a particular mag-
net is selected. By utilizing as a third im-
pulse a repetition of the first of the series of
impulses a still larger number of series or
permutations can be obtained. The inven-
tion contemplates, therefore, not only means
whereby printing or working magnets are
selected by a series of three or more impulses
unlike in character and in order of sequence,
but also by a series of impulses in which the
first impulse shall be repeated to form the
third impulse of the series. By utilizing four
characters of impulses, as hereinbefore indi-
cated, and employing series or sequences of
three of such impulses to operate each work-
ing magnet, in which sequences the third im-
pulse may be a repetition of the first impulse
of the sequences, thirty-six working magnets
may be employed, and any one of them may
be definitely selected and operated.

The apparatus at the transmitter-station
affords means for transmitting different kinds
of impulses over the line in different combi-
nations and permutations, while the magnets
U operate automatically to control the trans-
mission of the impulses to the line. The se-
lecting-magnets W and X afford means for
utilizing the impulses to select the selectable
magnets Y, according to different combina-
tions and permutations in a given order of
three at least.

The selectable magnets Y include what may
be termed the ‘‘ primary circuits,” which cir-
cuits also include the solenoids 19 of the hold-
ing or non-interference magnet , v, z, and 2.
It will be seen that the selectable magnets
control the working circuits, which include
the working or letter - selecting magnets V.
The eirenits including the solenoids 20 of the
holding - magnets # y z 2’ and also including
auxiliary magnets #, u, v, and w may be
termed “‘secondary?” circuits or ‘‘ non-inter-
ference” circuits, and it will be seen that the
secondary or non-interference circuits so de-
fined are controlled by the primary circuits
above referred to. The working circuits, in-
cluding the magnets V, may be termed ** ter-
tiary ” circuits, each tertiary circuit including
at least three breaks. These breaks are ar-
ranged in sets or series, one set of breaks or
pairs of contacts being designated by the ret-
erence-numeral 16 and arranged to be con-
trolled by the selectable magnets Y. An-
other set of breaks in the tertiary circuits are
controlled by the holding - magnets, and a

O

third series of breaks are controlled by the
auxiliary magnets ¢, u, », and w. :

According to the arrangement described the
tertiary or working circuits are controlled
both by the primary and secondary circuits,
and the secondary circuits prevent interfer-
ence with the operation of printing until
printing has been effected. One of the func-
tions therefore of the secondary circuits is to
preventinterference between the different cir-
cuits and devices of the apparatus.

When printing is effected, the holding cir-
cuit or eircuits which have been brought into
operation are automatically broken by means
of the magnet 92. No tertiary or working
circuit can be energized until all three of the
breaks or gaps therein have been closed, and
this cannot take place until the selectable mag-
nets Y have been operated in a given order of
three at least. -

Obviously some features of this invention
may be used without others, and the invention
may be embodied in ‘widely-varying forms.

Therefore, without limiting. the invention
to the construction shown and described, 1
claim, and desire to obtain by Letters Patent,
the following:

1. A printing-telegraph system,comprising
a plurality of working circuits or branches,
each including a working magnet and having
at least three breaks or gaps, selectable mag-
nets controlled by characteristic kinds of im-
pulses, sets of switches operated by the se-
lectable magnets and each set closing breaks
in different working circuits, but not all the
breaks in any one circuit, and the operation
of particular sets of switches in a certain or-
der of three at least closing all the breaks of
a particular working circuit, and electrical
means for preventing interference with the
operation of printing. :

9. A printing-telegraph system, comprising
a plurality of working circuits or branches,
each including a working magnet and having
at least three breaks or gaps, selectable mag-
nets controlled by characteristic kinds of im-
pulses, sets of switchies operated by the select-
able magnets and each set closing breaks in
different working circuits, but not all the
breaks in any one circuit, and the operation
of particular sets of switches in a certain or-
der of three at least, one of which sets is op-
erated twice, closing all the breaks of a par-
ticular working circuit, and electrical means
for preventing interference with the opera-
tion of printing.

3. A printing-telegraph system, comprising

-a plurality of working circuits or branches,

each including a working magnet and having
at least three breaks or gaps, selectable mag-
nets controlled by characteristic kinds of im-
pulses, sets of switches operated by the select-
able magnets and each set closing breaks in
different working circuits, but not all the
breaks in any one circuit, and the operation
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of particular sets of switches in a certain or-
der of three at least closing all the breaks of
a particular working circuit, selecting-mag-
nets and circuits theletor controlhnc the se-
lectable magnets, and non- -interference mag-
nets for preventing interference with the op-
eration of printing.

‘4. A printing-telegraph system,comprising
a transmitter adapted to send electrical im-
pulses of different kinds or charactersover the
line, a main line, line-controlling magnets in
sald main line, aux1ha1 y c1rcu1ts controlled
by said line-controlling magnets, selectable
magnets included in sald auxiliary circuits, a
plurahty of working circuits, each 1nclud1ncr
a working magnet and havmw breaks, sets of
electrical s sw1tches operated by said selectable
magnets and closing breaks in different work-
ing circuits, but not all the breaks in any one
WOI‘k]DO‘ circuit, and the operation.of particu-
lar sets of qw1tches in a certain order closing
all the breaksof a particular working circuit,
and electromagnetic mears for pr eventmv in-
terference Wlth the operation of pr mtmcr

5. A printing-telegraph system,comprising
a plurality of working circuits or branches,
each including a woerG magnet and havmcr
at least three breaks or gaps, selectable mag-
nets controlled by characteristic kinds of im-
pulses, sets of switches operated by the select-
able magnets and each set closing breaks in
different working circuits, but not all the
breaks in any one cirecuit, and the operation
of particular sets of sw1tches in a certain or-
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der of three at least, one of which sets is op-
erated twice, clo%m@ all the breaks of a par-
ticular working circuit, selecting-magnets and
circuits therefor controlling the selectable
magnets, and non-interference magnets for
preventing interference with the operation of
printing.

6. Aprinting-telegraph system,comprising
a transmitter adapted to send - electrical im-
pulses of diﬁerent kinds or characters over
the hne, a main line, line-controlling mag-
nets in said main line, auxiliary circuits con-
trolled by said line- controlhncr magnets, se-
lectable magnets included in “said auxﬂlarv
circuits, a plurahty ‘of working eircuits, each
including a working magnet and having
breaks, sets of electmcal sw1tches operated bV
said selectable magnets and closing breaks in
different workmtr circuits, but not all the
breaks in any one working circuit, and the
operation of particular sets of switches in a
certain.-order, one of which sets is operated
twice, closing all the breaks of a particular
working cireuit, and electromagnetic means
for preventing interference with the opera-
tion of printing.

In testimony whereof I have signed this
specification in the presence of two “subscrib-
ing witnesses.

GEORGE A. CARDWELL.

Witnesses:
HerBerT G. OcepEN, Jr.,
E. VAN Zaxpr.




