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To all whom it may concern:

Be it known that I, WILL1AM E. SAWYER,
of the city of Washington, in the District of
Columbia, have invented a new and Improved
System of Automatic Chemical Telegraph,
compiising transmitting and receiving in-
straments, circuits, and apparatus connected
therewith, of which the following is a speci-
fication:

Many of the features of my invention are
comprised in an application filed by me on the
19th day of October, 1874, for a fac-simile
telegraph, styled ¢the new pantelegraph,”
the use of which in an automatic chemical
telegraph was alluded to in my specification
of that date. It is my design to apply any
of the principles of either inveution to the
operation of the other. -In a portion of my
present invention I make use of the commu-
tating principle of the new pantelegraph in
the transmitting apparatus, whereby I am en-
abled to make perfect electrical contact by
means of metallic points, brushes, or rollers
falling through perforatious in a sheet or strip
of paper at a speed of transmission which
would greatly imperil if not absolutely pre-
vent perfect contacts in present -automatic
systems, and whereby I am also enabled to
change a line of wire without surcharging it,
thus enabling a line to sooner free itself, and,
in great measure, preventing or avoiding tail-
ings. This will be obvious upon reference to
the commutator shown in the accompanying
drawings. The form of the commutator may
he varied in many ways, but its principle is
essentially the same as that shown and de-
scribed in the drawings and specificaiion of
my fac-simile telegraph.

To carry the commutating prineiple into ef-
fect, I employ a strip, sheet, or roll of paper
perforated crosswise, so as to read as any or-
dinary printed page, through the perforations
of which drop a row, comprising any number,
of metallic points or rollers, insulated from
each other, which metallic points or rollers,

consecutively, by means of the commutating

band or disk and contact-rollers, are brought
into the circuit of line- wire, battery, and
earth, thus accomplishing an indefinite speed

of fransmission of impulses, by means of the

perforated paper, with an indefinite slowness
of motion of the perforated paper. The mes-
sage is received upon a fillet of chemically-
prepared paper, as in the ordinary automatic
telegraph.

For producing the chemloal discoloration
necessary to recording a message 1 use the
current from the main battery, but for clear-
ing the line of tailings or positive inductive
effects I employ the brief intensity impulse
resulting from induetion, which I produce by
a local circuit- and battery operated by the
row of contact-points upon the perforated pa-
per and the commutator wheel and roliers. 1
have shown in my drawings double insulated
pieces of metal upon the commutator-wheel,
so arranged that, in revolving under the roll-
ers, the double pieces are electrically united,
but I do not confine myself to such an ar-
rangement. In many cases two or more roll-
ers, as well as double pieces upon the com-
mutator-wheel, may be preferable. Nor do I
confine myself to the arrangement of the roll-
ers with relation to the pieces upon the com-
mutator - wheel. The positions may be re-
versed, so that the coutact-points upon the
perforated paper shall be connected with
pieces upon the commutator wheel, band, or
disk, instead of, as shown, with the rollers.
More pieces than two upon the commutator-
wheel, and a greater number of contact-rollers
than is shown, may be employed for purposes
connected with inductive effects, and putting
the line to earth otherwise than through the
battery. I do not,in fact, limit myself to any
of the special forms and contrlvances shown
and deseribed. The contact - rollers of the
commutator-wheel, although in less number,
for instance, may be as laroe in diameter as
the commutator-wheel 1tselt and other like
deviations from my plan may be made use of.

I am aware that magnetic induction pro-
dueed in a shunt or derived circuit has been
employed for the purpose of clearing a line of
tailings; but I am not aware that an ordinary
induction-coil, consisting of a coarse primary
wire and a relatively-fine secondary wire sur-
rounding a bnndle of fine iron wires, has been
used for that purpose. I employ a double-

wire induction-coil similar to the foregoing at
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any point in the line or in a shunt or branch
cireuit, and I cause it to produce depolarizing
effects independently of the cessation or decre-
ment of the impulses proceeding from the bat-
tery, as well as dependent upon them.

Inmy fac-simile drawings and specifications
I have shown a method of causing the coil to
act by diverting the current to earth outside
the receiving-instrument, :

In arranging the induction apparatus to
meet the requirements of a line which is sub-
Ject to constant changes in electrical condi-
tion, it is desirable to be able to increase or
diminish with facility both the resistances of
the coils and the inductive effects from the
magnetized -iron cores, which may be in any
forin of bar-iron or wire, straight or coiled
wire, or wirein layers, pieces, or single lengths;
hence I employ a case of coils or spools of
various lengths with suitable switches, and
iron cores of various lengths and diameters,
which are withdrawn from or introduced into
the coils in the same manner as the connect-
ing-plugs of Bradley’s resistance-box accom-
panying the well-known Bradley tangent gal-
vanometer.

-Having thus generally described my inven-
tion, and in order to enable those skilled in
the art to make and use my improvements, [
will describe the same more in detail, refer-
ence being had to the accompanying drawings
forming part of this specification, in which—

Figure 1 is a side view of the transmitting
and receiving apparatus; Fig. 2, a top view,
Iig. 3 is a sectional view of the commutator;
and Fig. 4 is a separate view of the receiving
apparatus. Iig. 5 is a view of the double cir-
cuit-changer for working the induction-coils,
&e. In Fig. 6 is shown ‘one of my forms of
perforation, being that belonging to the special
apparatus, Figs, 1 and 2, and the style of the
received message. I'ig. 7 is a diagram of one
method of operating the induction-coil with
a-secondary battery. Fig. 8 is a view of the
method of perforating paper in application to
the ordinary automatic instrument, for form-
ing a special ground, &e. Figs. 9 and 10 are
diagrams of circuits. Fig. 11 is a view of a
non-inductive wire resistance. v

Like letters indicate similar parts in all of
the figures,

A is any suitable metallic frame for holding
and supporting the various parts of the ap-
paratus. W is the driving - wheel fixed to
shaft o' with large gear-wheel G and pulley
P?, which actuates pulley P fixed to shaft o?,
with {friction-roller I, for drawing the per-
forated paper 4 from the reel a on shaff o5,
over metallic drum D on shaft 0% # n are the
row of points on shaft o, which fall through
the perforations in the paper. These points
are separate, working insulated from each
other, and electrically connected, in the order
in which they stand, with the levers and roll-
ers f, which are alsoinsulated from each other
upon the demicircular frame m.

. The small gear-wheel &, commutator-disk
C, and pulley P? are fixed to shafto. Pulley P?
actuates pulley P!, which is fixed to shaft with .
friction-roller F/, which draws the chemically-
prepared paper h from the reel @’ over the
metallic receiving-drum D!, and beneath the
recording-style d of lever b in standard S.

The commutator disk or wheel C is made
of some insulating substance, or so that the
metallic pieces e and ¢ upon its periphery are
insulated from the rest of the wheel. There
are five pieces ¢ and five pieces ¢/. The five
pieces ¢ are electrically connected together,
and with the metallic band j, which is insu-
lated from shaft o. The five pieces ¢’ are in
like manner connected with the metallic band
J, upon and insulated from the shaft 0. The
springs K and K/, bearing upon the bands. j
and j/,are insulated from the framé and convey
the currents proceeding from the commutator-
wheel C to the wires. As the roller of lever
J comes between the pieces ¢ and ¢/, the pieces
e and ¢’ are electrically connected, which con-
nection is broken when the pieces ¢ and ¢ are
carried away from the roller. The object of
having a number of pairs of pieces ¢ and ¢
on the commutator-wheel Cis to enable the
apparatus to pick up the impulses which may
proceed from the points , fallen through the
perforations in the paper ¢ very rapidly, with-
out making a revolution of the wheel C every
time the impulses are gathered up. TFor in-
stance, one pair of pieces ¢ and ¢/ will have
passed and made contact with all the rollers f
before another pair of pieces ¢ and ¢ begins
to make such contacts. It isobvious that the
member of these pairs of pieces may be in-
creased indefinitely. -

Although I have shown the commutator.
parts sectionally in Fig. 3, and the receiving
parts separately in Iig. 4, I have only done.
so in order to show clearly the nature of the
apparatus.

The connections between the points » and
rollers f will be understood from the ends of
the wires cut off, proceeding from each. The
method of perforating the paper for this form
of transmitter is obvious from Fig. 6, in which
J is a piece of a roll or strip of paper with the
perforations in dots and dashes. The mes-
sage reads across the roll or strip of paper,
as any ordinary printed page.. The lines
of perforations are but slightly separated, and
at such an angle as would cause the end of
one line to conuneect upon the same inclination
with the beginning of the succeeding line,
supposing the left and right hand sides of the
roll to be- brought together; in other words,
the lines form what might be termed a plane
spiral. The message is not, however, recorded
in the same form, but, in the usual way, upon
a continuous’ fillet of chemically-prepared -
paper, as shown by L.

I have not shown any apparatus for per:
forating the paper, as the perforation may be
accomplished by any of the ordinary perforat-
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ing-machines, with the dies altered to suit the

character of my perforations, and some addi-
tional mechanism for giving the sheet or roll
of paper the necessary dual motion—i. e., for-
ward and upward. ‘

The operation of transmission is as follows:
When one of the points = is fallen through a
perforation, the contact-roller -f, connected
with such point, is put to the battery by means

of the connection then existing with the drum

D, and when one of the pieces ¢ comes under

such roller the battery is thrown upon the line

and continues upon the line as long as the
roller f remains in contact with the Jiece ¢/,
which of course is' an instant only. This is
the whole process of transmission of battery
impulses. ' In the case of a dot-transmission
there would be only one of the points # and
rollers f in contact with the drum D, and
therefore the battery would be upon the line
only long enough to form a dot upon the ordi-
nary moving chemical paper at the receiving
end of the line. TIn the case of a dash, two
or three of the points » would fall through the
perforation to the drum D, and consequently
the battery would be put to as many of the
rollers f in succession, so that the piece ¢
will no sooner have left one roller f, transmit-
ting the battery, than it will come under an-
otherroller f continuing the transmission, thus
forming a dash at the receiving end. At the
same time that the transmitting - battery is
flowing through a piece ¢, a local -circuit for
a local battery, through the primary wire of
an induction-coil, is formed through the drum
D, points n, rollers f; and piece ¢, which local
cireuit is broken simultaneously with the re-
moval of the transmitting-battery, and a de-
polarizing induced current proceeds from the
secondary wire of the induction-coil, which is
then in the line cirenit, and clears the line.

The local cireunit is shown by the dotted line
in Fig. 7. The secondary wire of the induec-
tion-coil is there shown in the line outside of
the transmitting-instrument. Instead of be-
ing in the line it may be placed in a shuant,
branch, or formed cirenit.

It will be obvious that, as the friction-roller
F is turning as long as the. commutstor O is
revolving, the spirally-perforated paper, Fig.
6, will be continuously drawn over the drum
D, and the impulses corresponding to the per-
forations transmitted. The receiving portion
of the instrument, Fig. 4, may be any ordinary
appliance for drawing a chemically-prepared
fillet of paper under a recording-stylus.

In the drawing the paper is shown as being
drawn over the receiving-drum D! by the frie-
tion-roller I, operated by pulleys.

The double circuit-changer, Fig. 5,is an'im-
portant adjunct to my system. N and N/ are
two metallic bands, disks, or wheels, insulated
from each other, but revolving with the same
shaft, which is caused to turn with great ra-
pidity by any suitable mechanism. The pieces

% are also of metal inlaid, but insulated from

‘the body of the disks. Theyare of equal numn-

ber upon each disk, and the spaces between
them are of the same width as the pieces them-
selves, ‘

It will be seen that the pieces 2z are not op-
posite each- other, but are so arranged that
the pieces 2 on one disk are opposite the Spaces
on the other disk.

The metallic contact-rollers Q and Q’, how-
ever, are on a line one with the other, so that
when the roller Q is on a-space the roller Q’
is on an insulated piece, and vice versa. The
pieces 2 extend all around the disks, and may
be of any number and size. The contact-roll-
ers are held against them by a spring-shaft or
any suitable device. U U’V V’ are stand-
ards, all insulated from each other, but each
connected with its contact roller or disk. 12
is a double-wire induction-coil, the dotted line
representing the primary wire. The coil is
placed at any desired point in a branch or
shunt eircuit.

The manner in which the coil operates is
obvious from the arrangement of the wires.

‘When the roller Q is in ¢ontact with the
metal of the disk N, the current flows—say, -
from the line-wire L W to the left—through
standard U to disk-roller Q to standard v,
and through one of the wires of the coil 12 to
the resistance R and earth ¥ at the right, thus
sending a portion of the line-current to earth
outside the.receiving-instrument. When the
roller ) touches a piece, 2, this circuit is
broken, and a depolarizing impulse is thrown
into the line through the other wire, which is
then in ecircuit—say, from the left—throngh
the other wire of the coil to standard V/ yroller
Q' disk N/, standard U’, and resistance and
earth to the right. By this arrangement the

line is maintained in constant equilibrinm as
.| to electrical condition, and at the cessation of

an impulse from the sending-battery the at-
tenuation or tailing of the current is instantly
neutralized, and the writing comes sharp and
distinet. ‘ : :

The operation of the current-changer may -
be varied in many ways.

Assuming that a single wire in a coil sur-
rounding a bar or bars of iron, or a bundle
of iron wires, is used, the operation is as fol-
lows: One end . of the coil-wire is put. to
earth, and the other end joined to the line-
wire, forming a sbunt or branch circuit to
the earth, which may be at the receiving
end of the line outside the receiving-instru-
ment, and so-arranged that the battery-cur-
rent will divide at the shunt or branch, part
of the current passing through the coil to
earth, but the greater part passing through
the receiving-instrument. The circuit-chan ger
is then introduced between the point where the
line branches or shunts and the receiving-in- .
strament, when with great rapidity the circuit-
changer alternately allows the current to flow
and divide, as above specified, and, by intro-
ducing a resistance between the shunt or
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branch and the receiving-instroment, throws
a very large proportion of the current through
the coil, so as to magnetize the core. Upon
the removal of the resistance, the current
again flows and divides, as in the first place,
and the coil discharges a depolarizing-current
into the line, clearing it of tailings.

In'another case the circuit-changer may al-
ternately put the recording-style and the re-
ceiving-drum to earth. It may again ground
the line at rapid intervals outside the receiv-
ing-instrument; or it may break the line ab
rapid intervals; or it may rapidly introduce
irito the line and remove from it a resistance;
or it may be used to throw a depolarizing-bat-
tery into the line, such battery not being
strong eénough to neutralize the transmitting-
battery impulses, but strong enough to neu-
tralize tailings. o .

1 have shown at Fig. 10 one method of using
the civeunit-changer at the receiving end of a
line, wherein the transmitting-battery cur-
rent is alternately allowed to flow straight
through the recording - style, and diverted
through the primary wire of an induction-coil
to earth outside the receiving-instrument, the
secondary wire of the coil being in a shunt to
the recording-style. When the diverting cir-
cuit to earth outside the receiving-instrument
is broken, the secondary wire of the coil ex-
erts in the shunt a depolarizing influence upon
the recording-stylé. The use of the resist-
ance R is too obvious to require explanation.

In Fig. 7 is shown the main circuit from the
transmitting-instrument and the local eircuit
and battery for operating the induction-coil I',
in which the primary wire may be coarse and
of low resistance. B is the transmitting-bat-

" tery; R, an adjustable resistance between it
and earth. The wire passes from the battery
to the drum D, and, when a contact-point, #,
is fallen through a perforation, through such
contact-point to the roller f; thence to piece ¢’
oncommutator-wheel C; thence, through band
7 on shatt, to spring K’, and, through the sec-
ondary wire of induction-coil 1!, to line. I
have shown a branch circuit to earth with re-
sistance R! betweern the coil and the instru-
ment. The secondary wire of the coil may,
however, be placed in the branch circuit, or in
a shunt or derived circuit. At the same time
that a currént is passing over the line in the
circuit described, a local cireuit is formed with
secondary battery B/, which follows nearly the

same course as to the apparatus, as shown by .

the dotted lines, inducing through the primary
wiré of the coil [}, when the transmitting-bat-
tery is removed from the line by a point, #,
leaving a perforation, by the same action of a
point, %, leaving a perforation, a depolarizing
impulse in the secondary wire of coil ', and
hence the line of any required strength, thus
clearing the line of tailings, and rendéring
the writing at the receiving end clear and dis-
tinet.

In Fig. 8 is shown my method of perforat-

ing paper and dispensing with a shunt-cireuit,
by which the battery is greatly weakened. -

The perforating may be done by any of the
ordinary perforating-machines, with the nec-
essary alterations in the dies.

In this I use three metallic contact-points,
brushes, or rollers, p r %, arranged as indi-
cated by the drawing, for making connections
through the perforations.

1 have deemed it unnecessary to show more
than the transmittting-drum D? and contact
points or rollers, as the principles and appa-

“ratus of ordinary automatic systems are well

understood. -

J' is the perforated fillet of paper. In the
lower row of perforations ¢/ fall the points ¢,
which have precisely the same function as the
roller £ and pieces ¢ ¢ of Fig. 7, actuating the
induction-coil I! in the same manner. The
battery B, between which and the earth there
may or may not be an adjustable resistance,
R, flows through %, perforations ¢’ to drum,
and thence to line, there being no shunt-cir-
cuit. At the same time the local or secondary
battery B’ is flowing through drum, perfora-
tions ¢/, contact-point r, and primary wire of
indunction-coil I!, as shown by the dotted line.-
The secondary wire of induction-coil I'is in
the wire from earth E’ to contact-point p,
which, when point ¢ leaves perforation ¢/, and
just before point  leaves the same perfora-
tion, drops into perforation ¢, and then, when
contact-point 7 leaves perforation ¢, the pri-
mary cirenit of the induction-eoil is broken
and a strong depolarizing influence is exerted
upon the line by means of the discharge by
the secondary wire of the induction-coil, then
in the line-circuit. :

- My method of putting a double-wire induc-
tion-coil in a shunt-in-shunt circuit at the re-
ceiving end of a line is shownin Iig. 9, where
# is the primary and y the secondary wire of
the coil. R, RY, and R? are adjustable resist-
ances. The operation is simply as follows:
Upon the cessation of an impulse from the
transmitting-battery an induced carrent is set
up in the secondary wire of the. coil, which
flows through resistances R? and R to record-
ing-style of drum D!, and the induction from
the primary wire flows from the coil direct to
the recording-style and drum, and back to coil
through resistance R?, thus depolarizing the
style. I prefer to employ as resistances sul-
phuric acid diluted to one-eleventh, and nitrie-
acid. Talsoemploy forslightoreven high resist-
ances insulated lead wire in straight parallel
returning layers R, Fig. 11, instead of coils, for
the purpose of neuntralizing inductive effects.

In operating ocean-cablesit is of advantage
to employ equating-batteries of both polari-
ties, which are introduced into the eable at the
receiving end, as occasion may require, by any
suitable device. Whenthe recording-style is
making a continuous mark it is evident that
the cable contains a surplus of the discoloring-
current, and the receiving operator thereupon
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introduces a neutralizing-current to clear the
line. - When the recording-style is 1narking
imperfeetly it is evident that the depolarizing-
charge in the cable is too strong, and the re-
ceiving operator introduces a current of the
same polarity as the discoloring-current.

By using a magnifying-glass the increment
and decrement of the currents, as indicated
by the marks upon the chemical paper grow-
ing darker or lighter, may be more easily
noted ‘and the proper neutralizing-batteries
introduced accordingly. As any one of many
devices. will aceomplish the same thing, and
the process is not capable of illustration, I
have not attempted by drawings to indicate
the magnifying-glass, or its position at the re-
ceiving-instrument or devices for introducing
neutralizing-batteries. By its use a very high
rate of speed for cables may be attained. It
will be understood that the neutralizing-bat-
teries are kept upon the cable only long enough
to render the writing clear, and that they may
be of different strengths or powers.

In Fig. 10 I show the operation of the double
circuit-changer, Fig. 5, at the receiving end of
a line. When the circuit is diverted by means
of roller Q' and disk #/ through primary wire
of indnetion-coil I? to earth, and this circuit
is destroyed, a strong depolarizing effect is
produced upon the recording-style by the.in-
duced current set up in the secondary wire of
the coil in the shunt with resistance R at the
breaking of this eircuit.

I alsoemploy thefollowingmethod of produe-
ing elearand sharp writing upon the recording-
paper, using any of the well-known devices of
perforated paper and contact-points for intro-
ducing the currents: When required to transmit
an impulse to be recorded, I first transmit an
induced current of the same polarity as the
impulse to be recorded; then I transmit the
impulse to be recorded direct from: battery.
I then transmit an induced current of oppo-
site polarity to the impulse recorded, so as to
sharpen and cut short the recorded impulse,
following this by a battery impulse direct, of
opposite polarity to the impulse recorded, in
the order thus: Positiveinduced current, posi-
tive-battery -current, negative induced. cur-
rent, negative-battery current; or I omit the
negative-battery current.

What I claim as new, and desire to secure

- by Letters Patent, is—

1.- A sheet, roll, or strip of paper, perforated

for telegraphic transmission, in lines running
~ from left to right, as in an ordinary printed

page, substantially as shown and described.

2. The combination of a line, main trans-
nitting-battery, contact-point brush. or roller
therefor, a - local -battery, and contact-point
brush or roller therefor, with a cireuit through
the primary wire of an induction-coil, and a
contact-point brush or roller throwing the sec-
ondary wire of the induection-coil into line and
connecting the line to earth, substantially as
set-forth.

3. The combination, with a line, its battery
and contact-point brush or roller therefor, ot
an induection-coil and contact-point brush or
roller therefor connecting the line to earth,
and throwing the secondary induced current
into the line, for the purpose of clearing the
same of tailings, as set forth.

4. Thecombination, withaline and its trans-
mitting-battery, of an induction-coil, the sec-
ondary current from which is thrown into the
line immediately after each signaling-pulsa-
tion, substantially as described. ‘

5. The method of operating an automatic or
chemical telegraph by first simultaneously, or
nearly so, closing the transmitting-cireunit and
the local primary circuit of an indunction-coil,
and then, upon breaking the transmitting-cir-
cuit, and instantly before breaking the local
primary circuit, of the induction-coil, closing
the circuit of the line through the secondary
wire of the induction-coil and to earth, sub-
stantially as and for the purposes specified.

6. In combination with the main-line cir-
cuit, a metallic point, brush, or roller cou-
nected or connecting to an induction-coil .and
to earth, substantially as and for the purposes
specified.

7. The combination of a metallic point,
brush, or roller closing the cireuit of a local
battery through the primary wire of an in-
duction-coil, and a metallic point, brush, or

roller closing the circuit of the secondary wire

thereof to the line, the local circuit being
broken at or just atter the completion of the
secondary-wire cireuit, as. set forth.

8. In a chemical-telegraph receiving-instru-
ment, the combination, with a shunt within a
shant circuit, of the primary and secondary
wires of an induction-coil and resistances, as
set forth. . ]

9. A non-inductive resistance, composed of
a length of wire arranged in parallel return-
ing layers, substantially as shown and de-
seribed. _ ‘

10. The combination, with a line or cireuit,
of acommutator, or circuit-changer or current-
diverter, and two series of apparatus or bat-
teries composed of different parts or sections
or two cireuits, or two. parts of one apparatus
or battery, the series, parts or sections, or cir-
cuits referred to being alternately connected
to the line by the commutator, substantially
as and for the purposes specified.

11. In chemical telegraphs, the method of

producing a clear sharp record, assuming a

positive-battery current to be the impulse to

‘be recorded, by charging the line in the fol-

lowing manner: First, transmitting an in-
duced positiveimpulse; second, a battery posi-
tive impulse; third, an induced negative im-
pulse, followed. or not by a negative-hattery
impulse,or with the polarities named reversed,
substantially as set forth.
Witnesses: . WM. E. SAWYER.
SoroN C. KEMOX,
War., H. MINNIX.
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