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THE TELAUTOGRAPH.

BY JAMES DIXON.

Electrical transmission of handwriting has engaged a certain
amount of attention ever since telegraphic - transmission of
printed characters was successfully carried out.

As early as 1886 Cowper and Robertson brought the writing
telegraph' into a fairly operative form. This instrument was
adapted to operate several receivers in series in ‘‘ reporting "’
service, where the regular news ticker service was unobtainable
or too expensive. The system was put to some use, chiefly
in Pittsburg and vicinity.

The writing was received on a paper tape, advanced at con-
stant speed by clockwork. No pen-lifting device was provided
and the words were connected together by a mark of the pen,
making figure work poor. As the characters were formed by
the combination of the pen motion and the tape motion, a
certain amount of practice and skill was required to produce
a legible message.

The electrical features were as follows: two independent
variable currents were obtained from the transmitter; these
passed over lines to the receiver where they traversed two
electromagnets set at right angles to each other, and so in-
fluenced their effect upon a common armature as to cause
the receiver-pen rod to reproduce the motion of the trans-
mitter pencil.

It will be noted that this principle is nearly identical with
that of Grihu’s Telechipograph,? recently described in the tech-
nical press, the main differences being that the telechipograph

1. Wm. Maver, Jr., American Telegraphy.
2. Scientific American, August, 1903.
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writes upon a larger field and uses a beam of light, and photo-
graphic record instead of a pen with ink record.

Following the writing telegraph, Professor Elisha Gray con-
structed, at his Chicago laboratory, an instrument which wrote
upon stationary paper, and which he called a telautograph.
It required four line wires and operated as follows: by means
of cords and drums the motions of the transmitting stylus
were resolved into two component rotary motions which were
used to operate two mechanical interrupters in the primary
circuits of two induction coils. The relations of the parts were
such that a motion of the transmitting stylus amounting to
one-fortieth of an inch caused a complete make-and-break at
one or both of the interrupters.

The line currents were the impulses produced in the sec-
ondary circuits of the induction coils. These impulses passed
over lines to two electromechanical escapements in the re-
ceiver. By means of cords and drums their motions were com-
bined and caused to act upon the receiver pen. By the use
of relays and condensers and a local battery at each receiver,
the paper was advanced when mnecessarv and the pen lifted
from and lowered to the paper. The mechanical difficulties met
with in perfecting this instrument were very great, and in the
apparatus exhibited at the World’s Fair in Chicago in 1893
the escapement mechanism was brought to a perfection thought
impossible of attainment only a short time before. The writing
showed a saw-tooth or step-by-step character due to the action
of the escapements. The instrument was abandoned on account
of the number of line wires required, limited speed, numerous
fine adjustments, and cost and difficulty of manufacture.

In 1893, while still working at the escapement device, Pro-
fessor Gray patented a variable-current instrument,! using two
line wires, which worked, in a general way, like the present
telautograph. The motions of the transmitter pencil were re-
solved into two components which were used to vary two line
currents, the variable resistances being carbon rods dipping
into tubes of mercury. ‘The receiver contained two D’Arsonval
movements, to the moving elements of which the pen-arms
were attached. Professor Gray never developed this instrument
much beyond the laboratory stage, probably on account of
his firm belief in the escapement type.

Foster Ritchie, at that time an assistant to Professor Gray,

1. U. S. patent 494,932, April 4, 1903.
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gave considerable attention to this patent and perfected an,
instrument based on it. He obtained a patent for improve-
ments! and has produced an instrument that operates in a
fairly satisfactory manner? under certain favorable conditions.

The telautograph has been brought to its present state chiefly
through experimental work done by, or under the personal
direction of, Mr. George S. Tiffany, to whom several patents® for
improvements have been granted. Mr. Tiffany’s instrument
operates upon the variable-current principle and includes a
number of interesting features, among them what may be called
a straight-line D’Arsonval movement, which is used to operate
the receiver.

The operation may be briefly described thus: at the trans-
mitter a pencil is attached by rods to two lever-arms which
carry contact-rollers at their ends. These rollers bear against
the surfaces of two current-carrying rheostats, connected to a
constant-pressure source of direct current. The writing cur-
rents pass from the rheostats to the rollers and from them to
the line wires. When the pencil is moved, as in writing, the
positions of the rollers upon the rheostats are changed and
currents of varying strength go out upon the line wires. At the
receiver these currents pass through two vertically movable
coils, suspended by springs in magnetic fields, and the coils
move up or down according to the strengths of the line currents.
‘The motions of the coils are communicated to levers similar
to those at the transmitter, and on these levers is mounted
the receiver pen, which, by the motions of the coils, is caused
to duplicate the motions of the sending pencil. Fig. 1 shows
the circuits of the instrument.

Many of the principles and devices in the instruments are
of considerable interest. The method by which the variable
currents are obtained is the laboratory arrangement for securing
a variable pressure from a direct-current, constant pressure
circuit; that is, the line circuit (of constant resistance) is con-
nected as a shunt around that part of the rheostat between the
moving roller and the ground or return. Motion of the roller
varies the amount of resistance in series with the line and also
the amount in parallel with it and fine gradations are easily
obtained, giving smooth motion of the receiver pen. In this

1. U.S. Pat. 656,828, Aug. 28, 1900.

2. Elec. World and Engineer, Dec. 8, 1900, Vol. XXXVI., No. 23. -
3. U. S. patents 668,889 to 668,895 inclusive, Feb. 26, 1901,




648 DIXON: THE TELAUTOGRAPH. [Oct. 28

way a variable pressure is impressed on the line circuit, giving
a variable current. In all the other variable-current instru-
ments, a constant pressure was impressed on line and a resist-
ance in series with the line varied to give the desired variations
in current. One result of the shunting method is a better form
of rheostat, more easy of construction and handling, in which,
also, the heating is better distributed.

The rheostats are wound upon castings of I cross-section,
with the turns of wire lying close ‘together on the inner or
contact-face. After winding, the insulation on this face is
saturated with glue, which is allowed to harden and is then
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scraped off, taking the insulation with it, and giving a surface
where contact is possible on every turn of the wire. This gives
a rheostat of a large number of small steps, of good mechanical
construction, and of low cost.

The receiver operates with what may be called a straight-
line d’Arsonval movement. The moving element or coil is
wound upon a copper shell for damping effect. The magnetic
circuit is so arranged that one pole surrounds the other, forming
an annular air-gap of short length and large cross-section in
which the direction of the flux is radial. The field is electro-
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magnetic and is highly excited, to secure uniformity. The
coil, suspended in the annular space, moves up or down with
little friction, as it touches the sides of the space of the core
very -lightly if at all. The principle is the well-known one
that a current-carrying coil, in a magnetic field, tends to place
itself with respect to the field so that the flux enclosed by the
coil shall be a maximum.

The current for operating is taken from the ordinary lighting
mains, preferably at about 115 volts. Satisfactory operation
has resulted with pressures from 80 up to 250. At 115 volts,
receiver and transmitter each require about one ampere while
in operation. Fairly steady pressure is necessary as the receiver,
being in effect a voltmeter, is rather sensitive to sudden changes,
the effect being slight distortion of the message.

A master-switch at the transmitter is provided to do all neces-
sary switching of line and power circuits, to make needed
changes in connections and to cut off current when not writing.
A relay in one of the lines closes the power circuit of the re-
ceiver whenever the transmitter at the distant station is switched
on, and serves to prevent waste of current when not in operation.

Attached to the master-switch is a mechanical device which
shifts the transmitter paper the space of one line of ordinary
writing for each stroke of the switch. The relay mentioned
controls the electrical receiver paper shifter and, as each stroke
of the switch causes a stroke of the relay, the receiver paper
is shifted an amount equal to that at the transmitter. The
writing space is about two inches long and five inches wide,
allowing for three or four lines of writing. When filled by
messages a few strokes of the switch serve to bring fresh paper
into position at both receiver and transmitter.

‘To prevent switching on of the transmitter while its home
receiver is receiving a message from the distant station, an
electromagnetic lock is connected in the receiver power circuit,
controlled by the relay, and locks the home transmitter in the
“off” position until the distant transmitter is switched off.
If both transmitters were switched on at once neither station
would receive any message; the lock is provided to render this
condition impossible.

The ink supply is most important and is arranged for as
follows: at the left of the receiver platen is a bottle with a
hole in the front near the bottom. When filled with ink and
tightly corked the ink does not run out of this hole because
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of the pressure of the atmosphere. The ink is accessible for
the pen at the hole and the surface of ink exposed to evapora-
tion is small. )

The pen is made of a piece of german silver bent double,
after the manner of a ruling pen, and makes a uniform line
in any direction over the paper. It takes up its supply by
capillary attraction, from the hole in the front of the bottle.
When the receiver is switched off, retractile springs draw the
pen-arms to stops so arranged as to bring the pen exactly in
front of the hole in the bottle, and when the pen-lifter armature
is released the pen is caused to insert its tip in the opening.
Thus a fresh filling of ink is obtained each time the paper is
shifted. When not in use the pen rests in the ink, always ready
to write. ,

For the prevention of mechanical shocks to the necessarily
light moving system of the receiver, it has been necessary to
supply means to prevent the switching on or off of the trans-
mitter, and by that action of the receiver, when the trans-
mitter pencil is *“ out in the field ”’; that is, at a position other
than that corresponding to the opening in the receiver ink-
bottle; as in that case the receiver pen would instantly jump
to a similar position. This position is called the ““ unison point,”
a term having its origin in the days of the “ self-propellor”
escapement telautograph. By placing a catch, released at only
by pressure of the pencil-point upon it, at the transmitter unison
point the desired result is accomplished and the transmitter
master-switch can not be switched either ““ off ’ or “ on " unless
the pencil be placed at the unison point and held there until the
stroke of the switch is completed. In this case, as everywhere,
the apparatus is made strong enough to stand any possible
shocks, and then every precaution is taken to prevent their
occurrence. Aside from shock to the moving system these
jumps might shake the ink supply out of the pen and prevent
the recording of the message.

The pen-lifter is a magnet placed back of the receiver writing
platen, and carrying upon its armature a rod adapted to engage
with the pen-arm rods and raise the pen clear of the paper
when the magnet is energized. This magnet is controlled from
the transmitter as follows: beneath the transmitter platen is a
spring-contact, opened by pressure of the pencil upon the
paper, and closed by a spring when the pencil is raised. An
induction coil having an interrupter in its primary circuit is so
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connected to this spring-contact that when the pencil is raised
the primary winding is short circuited. The induction coil
has two independent secondary windings through which the
two variable line currents pass before leaving the transmitter.
The effect of the induction coil and its interrupted primary
current is to induce in the two line currents superimposed
vibrations or “ ripples ”” when the pencil is pressed down on
the paper and the spring-contact is open. When the contact
is closed, by its spring, and the primary winding is cut out,
no vibrations are produced in the line currents. In one of the
line wires, at the receiver, is placed a relay upon whose sheet-
iron diaphragm armature is mounted a loose contact, consisting
of two platinum-silver contacts in series, sealed in a ‘glass tube,
to prevent oxidation. A local circuit contains the winding
of the pen-lifter magnet and this loose contact.

When the vibrations are present in the line current, due to
the pressure of the pencil upon the paper and consequent opening
of short circuit of the primary of the induction coil, the diaphragm
of the relay is shaken, the loose contact opened and the
pen-lifter de-energized, its armature is drawn back by a spring
and the pen is allowed to rest against the paper. When there are
no vibrations in the line currents due to the raising of the
pencil from the paper, the relay diaphragm is at rest and the
pen-lifter is energized and the pen is lifted clear of the paper.

~ The superimposed vibrations used for operating the pen-lifter
have another minor effect. The suspended coils, and through
them the entire moving system of the receiver, are kept in a
state of very slight mechanical vibration while the pen is on
the paper. This aids the flow of ink from the pen-point, assists
the pen in passing over any roughness or irregularity in the
surface of the paper, and materially reduces friction in the
joints and pivots of the moving system, and results in better
writing.” In some of the later instruments the two relays, that
for pen-lifting and that for paper-shifting and power switching,
are combined in a single piece of apparatus.

For signalling, a push-button is placed upon the transmitter
and a call-bell or buzzer is mounted on the receiver. This
circuit is disconnected by the master-switch while a message
is being written. Spring reels are attached when needed to roll
up the received messages for preservation and future reference.

The ordinary arrangements for operation are as follows:
the instruments may be operated singly, upon a private line
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having an instrument at each end, or on an exchange system
where a switchboard provides for connection. Working in
this way, satisfactory writing has been obtained with a re-
sistance in each line wire of 1600 ohms and an operating pressure
of 110. Multiple operation can be carried out to a limited extent,
three receivers being at present the maximum number that can
be operated at once, in multiple, using 110 volts. This allows
of placing a supervisory machine upon a line.

When no response to messages beyond a bell signal, is re-
quired, and the same message is to be sent to a number of
stations, a series arrangement of receivers is used. With a
transmitting pressure of 110 volts a maximum of seven re-
ceivers can be operated from a single pair of transmitting
rheostats and rollers. This number may be increased by in-
creasing the pressure or by adding additional rheostats and
rollers, operated by the same pencil. Using both these methods
a maximum of 50 or more receivers may be operated at once.

Instances in actual commercial use of the arrangements of
instruments mentioned are: private lines; the transmission of
mail and other orders from office to factory or vards;investiga-
tion ¢f checks over lines between paving tellers and bookkeepers
in banking concerns, and transmission of messages, usually in
cipher, between brokerage firms and cable or telegraph offices.
A few moments’ thought will bring to mind many places where
a telautograph private line could be used to save time and
trouble, especially where accurate transmission of figures is
essential.

Multiple operation may be resorted to when a third station
upon a line desires a record accessible at any time, of what
is being sent, as, for instance, when one of the officers of a
bank desires to know what passes between his bookkeepers and
paying tellers. On such a line the third station receives all
messages and can write to either or both of the other stations,
should the necessity arise.

Series operation may be used when several stations are to
receive the same message and no response except a bell signal
is required, as in sending orders in a hotel or club from dining
room to kitchen, pantry and wine room; in ‘‘ reporting "’ or
news service, or for bulletin work, such as the announcement
of arrival and departure of trains to a number of stations in
a large railway station or freight depot. Fig. 2 shows the stan-
dard commercial instrument.
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One of the most important uses for series systems has been
found in the U. S. Coast Defence Service, in sending ballistic
data, such as range and azimuth of target, or charactei of
projectile, from position-finding stations to the gunners. This
is called * fire-control communication ”’ and is installed in the
forts by the U. S. Signal Corps. In a paper presented by
Col. Samuel Reber on “‘ Electricity in the Signal Corps,”! will
be found a description of the position-finding systems and the
desired characteristics of a system of communication for
sending this data to the guns are stated as follows: ** The system
that will successfully solve this problem must be simple in con-
struction, mechanically strong so as not to be affected by the

Fic. 2.

blast, as the receivers are placed close to the guns, rapid in
operation, and give a character of record that can be read
without liability of error.” Since that paper was prepared it
has been decided that the receivers must be mounted directly
on the gun-carriage and can have no shelter other than that
afforded by their own cases. Add to these requirements the
facts that the instruments must be cared for by post elec-
tricians, and operated by enlisted artillervmen, messages must
be visible at night; and the operation must be independent of
rain, salt mists, cold, heat, or tropical insects, and it is apparent
that no easy problem is presented.

A special type of telautograph has been designed for this

1. TransactiONS, A, I, E. E,, Vol. XIX., pp. 723 and 724.
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service and has been adopted by the U. S. Signal Corps' for
fire-control communication.

In this ‘‘ service telautograph ”’ the pen-lifter controlling
relay is eliminated and the receiver pen-lifters are operated
over a third line wire by the transmitter platen switch directly.

Each gun receiver is enclosed in a water-tight brass case,
suspended by springs from the gun carriage directly in front of
the gunner. The parts are as far as possible made * brutally

F1c. 3

strong,” and the construction is as simple as possible.

The desired rapidity of operation is inherent to the telauto-
graph, and accuracy of record is ensured by careful writing and
by the use of a *“ home " receiver, mounted at the transmitter,
where the operator can see it plainly, which is connected in
series with the gun receivers and records the messages as actually
sent over the line.

1. TransacTiONSs, A. I. E. E., Vol. XIX., p. 673.
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Freezing of ink is prevented by the addition of alcohol; and
rain, mists, and insects, as well as the effects of the blast, are
shut out by the metal case. A heavy glass window is placed
in the case so that messages can be read without opening the
case.

A small incandescent lamp inside the case lights automatically
when the receiver is writing and may be lighted by pressing a
button at other times, thus providing for visibility at night.
Fig. 3 shows the army type of receiver mounting.

On warships there is a somewhat similar service to be ren-
dered and the performance of this should fall to the army type
of telautograph.

Commercial service has given opportunity for the installation
of a considerable number of private line telautographs in actual
use, and at least three of each of the other typical installa-
tions are in operation at the present time.

Much of the improvement in details of construction and
reliability in operation has resulted from experience gained in
efforts to perfect the service of these commercial plants. The
experience leading up to the special army type of telautograph
has extended over a period of about five years and in the present
instrument all the requirements, unusually severe as they are,
have been successfully fulfilled.



656 THE TELAUTOGRAPH. [Oct. 28

DiscussioN oN ““ Tue TELAUTOGRAPH.”

F. C. Bares: Possibly Mr. Dixon will give us a practical
demonstration of the working of the telautograph.

(Mr. Dixon gave the demonstration.)

C. 0. MaiLLoux: Whatis the longest distance which has been
attained and what are the prospects of longer distances?

James Dixon: The distance is apparently purely a matter
of resistance. The highest worked through so far is 1600 ohms
in each writing line. The longest line at present in actual opera-
tion is seven miles in length, submarine cable, in the service
of the U. S. Signal Corps.

The army instruments are of special construction, to permit
working out of doors without protection from the weather,
hence they are mounted in weather-proof brass cases. The
messages must be visible at night and a lamp is therefore placed
in the case. This lamp lights when the instrument is in opera-
tion.

E. B. Faunestock: How does a variation in the insulation
of a line affect the work? i

James Dixon: It affects the shape of the fields to some
extent. If it is uniform in both lines it can be compensated
for by a line resistance adjuster at the transmitter. In all army
work a receiver is mounted before the eyes of the sender and
he can see the form in which the message is going to line. If
he finds that the field is out of shape he can adjust the line re-
sistance and correct it. In commercial work this difficulty has
not yet been met as all the lines in service are of high insulation.

F. C. Bates: Will Mr. Dixon tell us if it is possible to send a
‘message to several different stations at the same time?

James Dixon: The two ariny series receivers exhibited are
part of a set of seven, all of which operate in series and record
the same message. Seven receivers can be operated at once
by a standard transmitter containing only one pair of rheostats.
To operate more than seven receivers,one or more pairs of
rheostats and rollers are added, making a double or triple
transmitter, in which all the rollers are moved by one pencil.
Each peir of rheostats operates seven receivers; that is, a
triple transmitter can write to three branches of seven re-
ceivers or 21 receivers in all. Multiple operation is possible
within certain limits, by using high resistance in the suspended
cotls and connecting the instruments to the line in multiple.
The resistance of copper wire that can be wound on the coils
without exceeding a reasonable weight is limited and places a
limit on multiple operation.

A. C. CrenoORE: Is it an error in the paper stating that one
ampere is required?

James Dixon: That value is correct. In the transmitter
the rheostats each carry about one-quarter of an ampere, the
induction coil primary circuit about one-eighth, and each of
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the line currents may be as much as two-tenths, making about
one ampere which is supplied to the transmitter from the power
circuit. In the receiver the field-magnet winding, excited from
the power circuit, takes about six-tenths of an ampere, the
paper-shifter about one-fourth, and the pen-lifter one-tenth,
making a total of about one ampere supplied to the receiver.
The line currents are of course variable and range between a
maximum of three-tenths and a minimum of nearly zero.
TownsenND Worcort: These army instruments were de-
signed especially for the Signal Corps and, as Mr. Dixon has
said, one of the principal requirements was that they should
be able to withstand the concussion of the guns. There was,
at first, some doubt whether the instruments could endure the
strain; but so far they have come through unscathed. To be
sure, there has been no real warfare in which the telautographs
were used, but in the maneuvers at Portland, Maine, a year
ago last summer, telautographs were successfully used in a
mortar pit, where the suction from the simultaneous discharge
of all the mortars was so great that one day it pulled the clap-
.boards off the front ¢f an adjacent building. All this did not
prevent the telautographs from working. The ink used to be
spattered, in the old type of instruments, but this has been
overcome in the present type. The use of the telautograph in
the army is to convey information from the range-finder to the
uns.
£ James Dixon: In reference to the effect of shock or con-
cussion from the guns, these particular instruments, (the in-
struments used in the demonstration), were installed and in use
on the battleship Alabama for some time and were subjected tose-
vere tests. One was placed near the trunnions of a 13-inch gun,and
about four feet from the gun axis, the gun being trained parallel
to the instrument. Repeated shots with full service charges did
not develop any faults in the construction or operation of the
instrument. These receivers are in the condition in which the
test left them, and their operation shows them to be uninjured.
The army type springs (indicating springs) have been substi-
tuted for the navy suspension springs which are slightly differ-
ent. In army work an anchorage is to be added to the bottom
in the form of a third spring, to prevent the receiver from being
pushed out of the vertical position, as for instance, by a person
leaning against the case. The question of withstanding the
shock is of great importance and the instruments as shown
meet all the requirements.




