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D represents the porous cup, F' the zinc cylinder, G the glass tumbler,
A the projecting arm of the zine, C the platinum plate, and B the over-
lapping of the platinum plate upon the zine arm, where it is soldered to it.

It is now in a condition to receive the acids, which are two: first, pure
nitric acid, and second, sulphuric acid, diluted in the proportion of one part
of sulphuric acid to twelve of water. First fill the porous cup with the
nitric acid, to within one-quarter of an inch of the top; then fill the glass
with the diluted sulphuric acid, till it reaches to a level with the nitric acid
in the porous cup. One glass of the battery is now ready for use, and as
all the other members of the battery are similarly constructed, (there being
many or few, as circumstances require,) and are to be prepared and filled
with their appropriate acids in the same manner, the above description will
suffice. There remains, however, some further explanation in regard to the
extremities of the series of glasses, that is, the mode of connecting the zine
of the first glass with the wire leading from it, and also the mode of connect-
ing the platinum of the last glass with the wire leading from that end of the

-series of glasses. Fligure 4 represents their arrangement.

Fic. 4.
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The glasses being all separately supplied with their acids, and otherwise
prepared, they are put together upon a table, A A, perfectly dry, and made
of hard wood. The first member of the series has soldered to its zinc arin
a strip of copper, C, which, extending downward, has its end, previously
brightened and amalgamated, immersed in a cup of mercury at N. The
cup being permanently secured to the table. Then the second glass is
taken, and the platinum, B, at the end of the zinc arm, is gently let fall
into the porous cup, so that it shall be in the centre of the cup,and reaching
down as far as its length, when the glass rests upon the table. The third
glass is then taken and placed in the same manner, and so on to the last.
The last glass has, in its porous cup, the platinum plate, D, soldered to a
strip of copper, E, which is o constructed as to turn at the top, and admit
of the easy introduction of the platinum into the porous cup, while the other
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the two ends of wire which are brought out from the coils. 'The one pro-
ceeds from the centre of the coil, and the other from the outside. C and C
are circular wooden heads, on each end of the coil, and fastened to it by
binding wire, running from one head to the other, around the coil. The
wire used in constructing it, as heretofore mentioned, is covered in the same
manner as bonnet wire, and saturated or varished with gum shellac. This
preparation is necessary, in order to prevent a metallic contact of the wires
with each other. Such a contact of some of the wires with others encircling
the iron prong, would either weaken or altogether destroy the effect intended
by their many turns. If the wires were bare, instead of being covered, the
galvanic fluid, when applied to the two ends, A and A, instead of passing
through the whole length of the wire in the coil as its conductor, would
pass laterally through it as a mass of copper, in the shortest direction it
could take. For this reason, they require a careful and most perfect insu-
lation. Two coils are thus prepared for each magnet, one for each prong,
A and A, figure 5.

Figure 7 exhibits a view of the magnet; figure 5, with its two coils, H

Fic. 7.

and H, placed upon the prongs. 'T'hose parts of the magnet,not concealed by
the coils, are lettered as in figure 5, and correspond with its description. P
represents the wire connecting the coil H with H, and A and A the ends of
the wires leaving the coils.

We now proceed to explain the manner by which the magnet is secured
upon a frame, and the arrangement of the armature, E, figure 7,upon a
lever, so that the motion peculiar for telegraphic writing may be shown.

single plate of that formn, and others are constructed with many plates, side ‘I:ryt ui-.‘:‘e, fastened
ether so as to present a compact magnet of the same form. They are distinguished from
'Electro Magnets from the fact, that the soft iron of the laiter depends upon the influence of the
alvanic fluid for its magnetism, and retains it only solong as the soft iron is under its influence,
while the former, when once submitted to the influence of the galvanic fluid, retain their mag-

retisin permanently.



Figure 8 exhibits, in perspective, a view of the electro magnet and the
pen lever, in a condition to show the effect of the galvanic battery upon the
prongs of the magnet, F and F, and the armature, D, and the movement of
the pen lever to which the electro magnet is secured. A bolt, upon the
end of which is a head or shoulder, passes through the centre of the upright
block, C, and between the coils, H and H, and also through the brass brace,
O, projecting a little beyond it, with a serew cut upon its end. The thummb-
nut, P, fitted to it, is then put on, and the whole firmly held by screwing
the thumb-nut as far as possible. F and F are the faces of the iron prongs,
as shown in figure 7, presenting their flat surface to the armature, D). 1, is
the pen lever, suspended upon steel points, as its axis, which pass through its
side at X, and soldered to it.  Fach end of this steel centre is tapered so as
to form a sharp and delicate point or pivot. B is a screw, passing througl
the side of the brass standard, G, and presenting at its end a sunken centre,
the reverse of the steel pivot point at X. There is also another screw, sim-
ilar to K, passing through the other side of the standard at G/, with a sunken
centre in its end. By the extremities of these two screws, to which the ta-
pered endz of the steel centre is fitted, the pen lever is suspended, so as deli-
cately to move up and down, as shown by the direction of the arrow. The
brass standard, G, is secured to the upright block, C'. D is the armature,
soldered to the end of the brass pen lever, L, separated from the faces of the
magnet, F' and F', about the eighth of an inch. W is a yoke, secured 1o the
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length of time, the circuit is closed, and falls upon its being broken. What-
ever may be the time the circuit is broken, the lever will remain up for the
same lengih of time, and whatever may be the time it continues broken,
the lever will remain down for the same time. Suppose the magnet is
separated at the distance of one mile from the battery ; upon manipulating
at the battery, at that distance, in the manner just described, the same
vibratory motion is produced in all its vaiieties, as when they were removed
only ashort distance. Separate them 10 miles, and still the same mysterious
fluid is obedient to the pleasure of the operator in producing the desired mo-
tion of the pen lever. If they were separated at distances of 100 or 1000
or 100,000 miles apart, the lever would doubtless obey the manipulations of
the operator, as readily as if only distant a few feet. Here is exhibited the
principle upon which Morse’s Electro Magnetic Telegraph is based, and which
gives to the several portions of the civilized world the powerof holding
instantaneous communication with each other, with a rapidity far beyond
what has ever before been attained. As the above explanation is given
only in reference to the power of the electro magnet, when connected with
the battery, and to show the movements of the pen lever, we shall speak of
the arrangement of the wires for extended lines hereafier.

Having now explained the electro magnet and its operation through the
agency of the battery, we will proceed to describe those various parts of the
register, by which the electro magnet is made subservient to the transmission
of intelligence from one distant point to another.

Figure 9 represents, in perspective, the whole of the register, as also the
key or correspondent. The electro magnet, H and H, and the pen lever, L,
which have just been described under figure 8, need not be recapitulated here.
The letters used in fizure 8, represent the same parts of the electro magnei
m this figure.

The brass frame containing the clock work, or rather wheel work, of the
instrument, isseen at 5 and 5. The whole purpose of the clock work is to
draw the paper,® 2 2, under the steel roller, S, and over the pen, R, at an uni-
form rate.

There is also an arrangement in connection with the wheel work, by means
of which the clock work is put in motion and stopped at the pleasure of the
operator at the distant station. How this is done will now be explained.

* The paper used for {elegraphic writing is first manufactured by the paper making machine
in one long continuous sheet, of any length, about three feet and a half in width, and is com-
pactly volled up as it is made, upon a wooden cylinder. It is then put into a lathe and marked
off in equal divisions of one and a half inches in width; a knife is applied to one division at
a time, and as the roll of paper revolves, the knife cuts through the entire coil until it reaches
the wooden centre. This furnishes a coil ready for the register, and iz about fifteen inches in di-
amefer. The whole roll of paper furnishes, in this way, about twenty-eight small rolls prepared
for use.
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band, 10, proceeding o pulley, Q, and then returning under it to pulley, R,
making it continuous.  This band communicates the motion of pulley, R/, to
the pulley, Q. In figure 10, these pulleys are represented by the same letters.
B represents the barrel; the arrow, the direction in which it revolves when
in motion. "The arrow at Q shows the direction which it takes when mo-
tion is communicated to it by R'. Part of the pulley, Q, is broken away in
order to show the arm, H, soldered at the middle of the same spindle upon
which is the pulley, @, and directly beneath the pen lever, L. It is bent at
D, =0 as to turn down and strike the wooden friction wheel, C, atthe point, P.
The friction wheel issecured upon the last spindle of the train at its middle and
directly underthelever,L.. Fromthe penlever, Li,is seen a small rod of wire,
A, passing down through the arm, H, with ascrew and nutunderit, at I, for the
purpose of shortening or lengthening it. It is permitted to work free, both
at its connection with the lever and arm. This wire is also extended and
*passes down through the platform, where it operates upon a hammer for strik-
ing a bell, to apprise the operator that & communication is to be sent. The
several parts being now explained, their combined action is as follows :

The arm, H and D, is a break, which when brought in contact with the
friction wheel, C, prevents the weight of the clock work from acting upon
the train, and there is no motion. By the action of the magnet, the pen lever,
Li,is carried up in the direction of the arrow, 3,and takes with it the connect-
ing rod, A, and also the break, H,D. The break being thus removed from
the friction wheel, C, the clock work commences running by the power of
the weight. The barrel, B, must consequently turn in the direction of the
arrow upon it; this motion is communicated by the band to @, which re-
volves in the direction of ils arrow ; consequently, if the lever, L, is not still
held up by the magnet, the break is descending slowly ; and when it reaches
P, stops the motion of the clock train, unless the pen lever continues in mo-
tion, in which case the break, D, is kept up from the friction wheel, thus per-
mitting the clock work to run, until the lever ceases to move, when the break
is gradually brought down upon the friction wheel, and the train stops. By
this contrivance, the operator at a distance can so control the movement of
the paper at the remote register, that when he wishes to write, it shall be put
in motion, his pen be supplied with paper,and when he has finished his wri-
ting, the register shall stop.

U represents (figure 9) the brass standards, one on each side of the large
roll of paper, 1, 1, 1, which itsupports. Z is a wooden hub, upon which
the roll is placed; and 12, the steel arbor of the hub, and upon which the
whole easily revolves as the paper, 2 and 2, is drawn off by the clock work.
Y is a brass spring, between the hub and the standard; and keeps the paper
stretched between the roll and the pen.
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The key or correspondent 1s represented by 6, 7, 8, 9. Another view of

it is more distinctly seen in fizure 11.  'The sune letters in each, represent

Fia. 11.
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thesame thing. Vand V is the platform. 8is a metallic anvil, with its
smaller end appearing below,to which is soldered the copper wiree. 7 is the
metallic hammer, attached to a brass spring, 9, which is secured to a block, 6,
and the whole to the platform, V V, by screws. A copper wire passes’
through the whole, and is soldered to the brassspring at 6. The key or cor-
respondent is used for writing upon the register at the distant station, and both
it and the register are usually upon the same table.

Having now explained the Register, Key and Battery, we proceed to de-
scribe the arrangement of the conductors or wires connecting distant stations,
and the mode by which the earth, also, is made a conductor of this subtle
fluid.

The term ecircuit used frequently in this work, has reference to the wire,
which, commencing at the positive pole of the battery, goes to any distance
and returns to the negative pole of the battery. When its going and return-
ing are continuous or unbroken, the circuit is said to be elosed or complete.
When it is interrupted, or the wire is disconnected, the circuit is said to be
broken or open.

When a magnet or key or battery is spoken of as being in the circuit, it
has reference to the use of the wire belonging to the key, magnet or battery,
respectively, as a part of the circuit.

There are three modes of arranging the wires, so as to communicate be-
tween two distant stations. Two of these modes are inferior, as they fur-
nish but one circuit for the termini, and consequently obliging one station to
wait, when the other is transmitting, both stations not being able to telegraph
at the same time. These two modes are called the dependent circuits. The
first mode is, where two wires are used, of which figure 12 is a diagram.
B represents Baltimore, and W Washington; m is the magnet or register ;
J:the key, and baf the battery, all at the Baltimore station; m' is the magnet
or register; k' the key at the Washington station. The lines, represent the
wires upon the poles, connecting the twostations, and are called the east and
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proceeds to &, the key,then to s, the magnet or register,then it is the east wire
to &', the key at W, then tom/', the magnet or register, then to the copper sheet,
(', buried beneath the brick pavement in the dry dust of the cellar of the cap-
itol. The direction of the current is from P of the battery to /&, to mn,and along
the east wire to &', to m',and to C’, where it isloat in the earth ; but reappears
at the copper plate, C,at B, and thence to the N pole of the battery, having com-
pleted its circuit. It is, therefore, certain, that one-half of the circuit is through
the earth. From B to W the east wire is the conductor; and from W to B the
ground is the conductor.  In this arrangement, the west wire is thrown out,
and is no part of the circuit; while the earth has been made a substitute for it.

The last diagram, as has been stated, exhibits the plan of the wire and
ground, as used for telegraphic purposes, from its first operation, until the
adjowrnment of Congress in 1844, being prevented from completing the ar-
rangement of the third mode from the throng of visitors, that pressed to see
iis operation.  Afier the close of the session, the following arrangement of
the wires was made,as shown in the diagram, figure 14,by means of which,
both stations could transmit at the same time, with one battery for both, and
the keys were not required to be closed. It is called the two indepen-

Fie. 14.
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dent circuits. Here the west wire is used for transmitting from B to W; and
the east wire from W to B. 'The copper plates at B and W remain as they
are described in the second plan. Ba¢, the battery, at B is used in common
for both circuits. It is simply necessary here to designate the course which
the fluid takes when both lines are in operation, viz. B transmitting to W; and
W woB. In the former case, the current is from P of the battery to &, then
the ivest wire,then to m/', at W, then to €*, thence through the ground toC' at
B, and then to the N, or negative pole of the battery, as shown by the arrows.
In the latter case, the current is from Pof the battery to m, then the east wire,
then to &7,at W, thence to €', thence through the ground to C at B, thence to
the N, or north pole of the battery, as shown by the arrows. This arrange-
ment, by which one battery is made efficient for both circuits at the same
time, where two were formerly used, was devised by Mr. Vail, assistant su-
perintendent, in the spring of 1844, and has contributed much to diminish the
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tion wheel ; this has released the clock work, which, through the agency of the
weight, has commenced running, and the two rollers have supplied the pen
with paper. But,as only one touch of the key has been made, the clock
work soon stops again, if no other touches are made, by the action of the
break upon the friction wheel.

This shows the whole operation of the Telegraph, in making a single dot
by a single touch of the key. In order now to explain more fully the ope-
ration of the steel pen points upon the paper, which is in contact with the
grooved roller, let there be made four touches at the key; this will be suf-
ficient to start the clock work,and allow the paper to have attained a uniforin
rate ; then let six touches be made at the key. 'The contact has been made
six times and broken six times. Each time it is closed, the electro mag-
net, as heretofore explained, attracts to it, with considerable force, the arma-
ture of the pen lever, carrying up the steel pen points against the paper, 2,
under the steel roller, 8i The three points of the pen, falling into the three
corresponding grooves of the roller, carry the paper with them and indent
it,* at each contact. There then appear upon the paper, as it passes
out from under the rollers, six indentations, as if it had been pressed
upon by ablunted point, such as the end of a knitting needle would be sup-
posed to make, when pressed upon paper, placed over a shallow hole, but in
such a manner as not to pass through the paper, but raising the surface, as
in the printing for the blind. These indentations of the paper are the mark-
ing of the pen, but varied in the manner now to be described.

By examining the telegraphic alphabet, the characters will be found to be
made up of dots : short and long lines—and short and long spaces. A single
touch of the key, answers to a single dot on the paper of the register; which
represents the letter, E.  One touch of the key prolonged, that is, the con-
tact at the key continued for about the time required to make two dots, pro-

* The first working model of the Telegraph was furnished with a lead pencil, for writing its
characters upon paper. This was found to require too much attention, as it Needed frequent
sharpening, and in other respects was found inferior to a pen of peculiar construction, which
was afterwards substituted. This pen was supplied with ink from a reservoir attached toit. It
answered well, so long as care was taken to keep up a proper supply of ink, which, from the
character of the letters, and sometimes the rapid, and at others the slow rate of writing, was
found to be difficult and troublesome. And then again, if the pen ceased writing for a little
time, the ink evaporated and left a sediment in the pen, requiring it to be cleaned, before it was
again in writing order. These difficulties turned the attention of the im?ntar to other modes of
wriling, differing from the two previous modes. A variety 1_:~f experiments were made, and
among them, one upon the principle of the manifold letter writers; and which answered the
purpose very well, for a short time. This plan was also found objectionable, and after much
time and expense expended upon it, it was thrown aside for the present mode of marking the
telegraphic letter. This mode has been found to answer in every respect all that could be de-
sired. It produces an impression upon the paper, not to be mistaken. It is clean, and H:H:
points making the impression being of the very hardest steel, do not wear, and renders the writ-

ing apparatus always ready for use.
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From the peculiarity of the motion obtained at the pen lever by tne® ac-
tion of the battery upon the electro magnel, it is evident that a few elements
only are presented upon which to base the telegraphic characters. The mo-
tion of the lever, to which is attached the steel pen points, is vibratory; but
capable of being so controlled as to cause it to retain either of its positions
(that is, up or down) as long, and at such intervals, and in as quick succes-
gion as the operator may choose. 'Therefore, every sort of combination
which dots, lines and spaces, in any succession, and of any length can make,
are here as much at the pleasure of the telegraphic manipulator, as the Eng-
lish alphabet is with the letter writer. So that if from this countless variety,
twenty-six of the most simple, to represent letters, and ten to represent the
numerals, shall be taken, we come at once into possession of the means of
representing words and sentences, by new, but intelligible characters, and
through them, can be conveyed as clearly, and as concisely, as if they were
given viva voce,or written in Roman characters. Such is the alphabet given
above. 'This conventional alphabet was originated on board the packet
Sully, by Prof. Morse, the very first elements of the invention, and arose from
the necessity of the case; the motion produced by the magnet being limited
to a single action.

During the period of thirteen years, many plans have been devised by the
inventor to bring the telegraphic alphabet toits simplest form. The plan of
using the common lettersof the alphabet, twenty-six in number, with twenty-
gsix wires, one wire to each letter, has received its due share of his time and
thought. Other modes of using the common letters of the alphabet, with
a single wire, has also been under his consideration. Plans of using two,
three, four, five and six wires to one registering machine, have, in their turn,
received proportionate study and deliberation. But these, and many other
plans, after much care and many experiments, have been discarded; he
being satisfied that they do not possess that essential element, simplicity,
which belongs to his original first thought, and the one which he has adopt-
ed. A detailed account of these various plans with fewer or more wires,
might be given here, but it will suffice merely to present the alphabet adapt-
ed to a register, using 2, 3, 4, 5, or 6 wires, with a separate pen to each wire,
capable of working together, or in any succession. [t i= obvious that every
additional pen will give an additional element to increase the combination,
and were there any real advantage in such an arrangement it would have
been adopted long since.

*No. L.
Alphabet for two pens, operating tagether or in succession.







