THE MORSE TELEGRAPH APPARATUSES.

CHAPTER XXXIL

The Easly Telograph Tnstruments—Moders Taver Key—The Farly Oivenit
Changer—Modern Clronit Closers—Nottebolin's Cirenit Changer—Binding
Conneations—The Electro-Magnet of 1814—The Moders Relay Magnei—
The Restiving Registor—The Bonnder.

THE EARLY TELEGRaAPH INSTRUMENTS,

Tue present chatﬁzer will be devoted to the deseription of the
varions parts of Maorse telegeaph apparatuses, which have
been and are inuse for practieal telegraphy.

The eriginal patented instruments were soon superseded by
mechanism more convenient for the pecoliar serviee, On the
experimental line construeted between Baltimore and Wash-
ington, the register was similar to that represented by fig. 1,
having three pen points to indent the letter into the P&'E'?:
The perspective view shows the whole instroment.
electro-magnet u u, the pen-lever 1, and the armature r, will
be better seen on reference to fig, 3, which represents a part of
fig. 1. Numerals 1, 1, 1, of fig, 1, represents the reel of paper,
with its axle at v, fitted into the brass standard v at 12 2,2,
is the paper coming from the reel, passing between the rollers
EF, A% seen in fig 2: 11 is a metallic frongh; and 3 is the

per after it has been marked by the pen points r ; 4 is the
weight that puts in motion the elockwork revalving wheel a,
fig. 2, to which is fastened the pulley r°, with an endless band
10, which puts in motion the wheel . Fig. 3 represents the rear
part of fig. 1, showing the electro-magmet.  The leiters o &, in
figs. 1 and 3, are the line wires, one running to the battery,
and the other to the telegraph poles.  When the current passes
through the coils, # 1, the armature v is attracted, and the
lever w attached iz elevated in the direotion of the arrow,
canzing the small steel points & o puncture the paper passing
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between them and the roller 1. In fise 1 will be seen the
key 6,7, 8, ond 8, shown on a large scale by fiz. 4. v v is
the platform; 8 is a metallie anvil, with s smaller end
appearing below, to which is fastened the copper wire £ 7 is
the metallic hammer attached to the hrass spring 9, which is
seenred to the block 6, and the whole to the platform. The
copper wire d is {astened to the brass spring 9, and the other
ciud to the line wire; ¢ o b, and a mans to the voltaie batiery,
In order to close the eivenit between 7 and 8, fig. 4, it was
the eustom to place between them a metallio wedge,  Supposs
the distant station is eommunicating to fig. 1, the eurrent

Fig. 2.

would fraverse the line, enter by the copper wire d, pass
through the kev lever 9, thenee through 7 and the wedme
hetween 7 and 8, thenee with the copper wire ¢ united tug!;,
thence through the magnet coils, thence to @ and to the
battery. Such were the original instruments nsed on the first
line of telegraph constructed in Ameriea,

For a long #me the mode of making the mark on the paper
was the snbject of much study, and it finally resulted in the
abandonment of all inks, and the adoption of the steel point to
indent the paper.  The next question of equal solicitade was
the mode of opening and closing the voltaie cirenit.  The
original port rule systern was not satisfactory, and the later



THE EARLY TELEGRAFH INSTHUMENTS, 4245

mode—the use of the key and wedge, represented in figs. 1
and d—was ohjectionable, as it did not firrly close the circuit.

Fig. 8.

i

el |
Tt was proposed to use a key-hoard, represented by figs, 5, 6,
and 7.

Figz. & and 6 exhibit views of the keyed correspondent, with
itz clockwork. & represents a top view of ity and o' is & side

Fig. 4.

)

or front view. 111, of both views, represent the long
eylinders of sheet brass, covered with wood or some insulating
substance, except at the hlack lines, which represent the form
of the letiers, made of brass, appearing af the surface of the
eylinder and extending down and soldered fo the interior brasa
eylinder. A eross section of the eylinder is seen at v, of which
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the blank ring is the brass eylinder, and the blank openings to
the outer cirels the metallie forms of the letter 5, and the
shaded portion of the cirele represents the insulating substanee,
covering the whole surface of the eylinder, exeept where the
letter-forms projeck from the inferior.  Every letter and parfs
of cach lotter ave in mefallic connection with the brass eylinder.
At eachk end of the eylinder is a brass head, with its metallic
journal, and the journal or arbor turms npen its centre in a
brass standacsd, 17, secured to the vertical frame. To this
standard is soldered the copper wire w, connected with the
negative pole of the battery.  There are together thirty-seven
letters and mumerals upon the eylinder. and made to correspond
Fig. &
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to the letters of the telegraphic alphabet. To each of these
there is a separate key, direetly over the letter eylinder.  Each
key has its button, with its letter a, 8, ¢, p, &e., marked upon
it, and beneath the button in a frame of brass is a little friction
roller. The key is a slip of thin brass, so as to give it the
elasticity of a spring, and is secured at the thicker end by
two serows to a brass plate, extending the whole length of the
eylinder, 20 as to embrace the whole nu mber of keys. This
plate is also fastened to the vertical mahogany frame. At the
right-hand end of the brass plate is soldered a copper wire,
leading to the positive pole of the battery, after having made
its required eireuit through the coils of the magnet, &e. 11 is
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clear that if any one of the keys is pressed down upon any
portion of a metallic letter, that the eircoit is completed : the
voltaio fluid will pass to the brass plate to which, r, wire is
goldered ; thenee along the plate to the spring or key; then fo
the small frietion roller beneath the button ; then to that por-
tion of any leiter with which it is in contact; then to the
interior brass eylinder, to the arbor; then to the brass standard,
and along the negative wire, soldered to if, to the battery, 1
have now fo explain in what manner the eylinder is made to
revolve at the instant any particular key is pressed, so that the
metallic form of the letter may pass at a uniform rate under
the roller of the key; breaking and eonnecting the eirenit so
as to write at the register, with mechanical aceuracy, the letter
intended.

4 4 is the platform upon which the parts of the instrument
are fastened. 3 3 is the vertical wooden back, or support, for
the keys and brass standard, 17, 2 is the barrel of the clock-
waork contained within the (rames, 55 Witl the clockwork a
fly is comnnected for regulating its motion, and a stop, a, for
holding the fly, when the instrument is not in nse; 6 isa very
fine-tooth wheel, on the end of the letter evlinder ; 7 is also a
fine-tooih wheel, on a shaft driven by thas elock train, In the
front view is seen, at 9, another fine-tooth wheel, suspended
upon a lever, the end of which lever is seen at 8, fig. 5, &
14 is a stop in the standard, 17, to limit the retorn motion of
the eylinder, which also has a pin at 18, at right angles with
the former, 16 is a small weight, attached to a cord, and at
its other end iz fastened to the cylinder at & The relative

ition of the thres fine-tooth wheels, and the lever 8, are

tter seen in a section of the instrument, Ag. 7. The same
figures represent the same wheels as in the other views,
and #. 7 is the wheel driven by the weight and train; 6 the
wheel, on the end of the eylinder, to which motion is to be
communicated ; and 9 is the wheel, suspended npon the end of
the lever 3, of which 10 is its centre. 1 1 is the brass-lettered
oylinder. 11 and 13 the buttons of the two keys, one a little
in advanes of the other, 14 is the E-m, and the two friction
rollers of the key may be seen di under the buttons.
15 is the stop pin. 16 the small weight and cord attached
to the eylinder, to bring it bhack after each operation. 4 4 is
the end view of the mahogany platform. The arrows show the
direction which the wheels take when the lever is pressed with
the thumb of the left-hand at 8, so as to bring wheel 9 up
against 7 and 6, connecting the two, as shown by the dotted
lines, Wheel 7, communicating its motion to 9, and 9 to G,
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which canses the metallie letters to pass under the rollers in
the direction of the arrow. Now, in order to nse the instru.
ment, let it be s:gxﬂed a letter is to be sent.  The stop a,
fig. 5, &', is removed from the Hy, and the clockwork is set in
motion by the large weight. Then the thumb of the left hand
presses npon the lever 5, at the same time key n is pressed
down by the finger of the right hand, so that the small roller
comes in contact with the eylinder. At the instant the roller
touches the eylinder, the letter begins to move under the small
roller, making and creaking the cirenit with mechanical acen-
racy. When the letter has passed under the =mall roller, the

thumb is taken off the lever 8, and ths finger from the key r.
The eylinder iz then detached from its geer wheel 9, and the
weight, 16, instantly carvies it hack 1o its former position, in
readiness for the next letter,  Then the fever 8, and the key &
are pressed down at the same instant for the next letter, and it
is earried under the small roller in the same manner as the
first, which, when finished, the wheel 9 is suffored to fall, and
the eylinder returns to its natural position again, The same
manipulation is repeated for the remaining letters of the word.

In fig. 8 is represented the flat correspondent. It somewhat
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resembles the keyed correspondent, but without keys or clock-
work, s represenfs the arrangement of the letters, presenting
a flat surface.  Those portions in the fisure marked by black
lines and dots represent the letters which are made of hrass.
That portion which is blank represents ivory or some hard
insulating substance surronnding the metal of the letters,  As
in the keyed eorrespondent, each letter and parts of each letter
extend below the ivory, and are soldersd to a brass plate, the
size of the whole fizure a. A seetional view of this is seen at
11, which is ivory, and 2 2, the brass plate below. The whale
is fastened to a table, 5. 5 and 5 i3 a brass plate, called the
guide plate, with long openings, represented by the blanks, so
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that when the guide plate, 5 &, is pur over the form, a, each
opening is divectly over its a.pflmptiate letter, and is a litile
longer than the length of the letter. 47 and 4 is the wooden
frame, to which the guide plate is secured.  The ends of this
frame are seen in the seetional figure ai 4 4, and the guide
plate at 5 53 the dark portions of which represent the parti-
tions, and the blanks the openings. It will be ohserved here
that the plate § 4, resting upon the wooden frame 4 4, is com.
Elete.ljr insulated from the brass letter plate 11 and 2 2; the

lank space between them showing the separation. It is, how-
ever, necessary that the guide plate shonld be conneeted with
one pole of the battery, and the letter plate with the other pole.
For this purpose a brass sorew, v, passes up throngh the table
B, and throngh 4 info the guide plate 5 5. The head of the
screw has o small hale throngh it, for passing in the end of the
copper wire ¢ from the bnttery, and a tightening screw below,
by which o perfect connection is made, At p is another sorew,
passing throngh the table and into the letter plate 22, To the
head of this serew s also connected another copper wire, w,
extending o one of the poles of the battery,

This instroment, when nsed, ocenpies the place of the key
or correspondent, in the deseription heretofore given of the
register.  The eirenif is now supposed to be complete, exeept
between the guide plate 35, and the letter plata 22, Now, if
a metallic rod or peneil; ¢, be taken, and the small end passed
throngh one of the openings in the shield above the letter, its
point will rest upon the ivory : and if it be gently pressed late-
rally against the side of the opening of the gnide plate, at the
same time a genile pressure is given to it upon the ivory, and
then drawn in the direction of the arrow 4, it is obvions that
when the metallic current reaches, for instance, the short line
of letter b, the eireuit will be closed ; and the Hoid will pass
from the battery along the wire to the serew v, then to the
gatide plate, along the plate to the rod, thenee to the metallie
short line of letter o, thenee to the lettor plate below, thenee fo
the serew, from the serew to ths wire, and thence o the
battery.  When the point has passed over the short metallic
line, it reaches the ivory, and the cirowit is hroken.

The next and most important improvement was the manip-
ulating key, represented by fiz. 9, which has been in universal
use since the first year of the establishment of the experi-
mental line in 1844, This was called the “lever key,”

a 4 s the block or table to which the parts are seenred: w
represents the anvil block 3 5 the anvil, serewed into the block,
both of brass; s is another block, for the stop anvil &, and the
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standard for the axis of the lever ¢; 1 is the hammer, and is
serewed Into the lever, projecting downward at v, almost in
contact with the anvil 17 » is another screw of the same kind,
but in eontact with the anvil g, when the lever ¢ is not pressed
upon.  Ender the head of each of thess two serews are tighten-
ing screws, which permanently seeure the two hammers to
any adjusted position required for the easy manipnlation of the
lever ¢; v is a spring which sustains the arm of the key up,
preventing the hammer n from making contact with the anvil
1 when not in use; & is a screw connecting with the brass
bloek 5, and r a sorew connecting with the bloek . To these
screws the two wires, 1 and u, of the hattery are conneocted.
Now, in order to put it in operation, it is neeessary to bring
the hammer v in eontaect with the anvil v for so long a time,

Fig, o
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and at such regular intervals as are renquired by the partienlar
letters of the communication. When the key is pressed down,
the fluid passes from the baitery to the wire n, then to ihe
sovew G, then to the block u, then to the lever o, at the axis s,
then to its metallic anvil 5, then to its screw r, then to the
wire 1, and =0 to the battery.

In order to give some idea of the rapidity with which the
airenit may be closed and broken, and answered hﬂim mation
of the lever, fiz. 10 iz here introdneed {0 explain its eon-
struetion and arrangement.  The platform is shown at v, and
the uprizht at =, to which the coils of the electro-magmet « are
secured by a bolt with ifs thomb nut £; p a projecting prong
of the soft iron, and e the armatore attached fo the metallic
lever &, which has its axis or cenfre of motion at &, in the same
manner as the electro-magmet of the register, r being the
standard throngh which the serews pass; o iz the steel spring
seenred to w, by a plate v upon it, and the serew w3 noand m
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are adjnsting serews, for the purpose of confining the motion of
the lever p within a certain limit.  p is a wire with an eye at
the top, throngh which the end of the steel spring passes, with
a hool ot the other end passing throngh the lever,  The wire
i from one of the coils is connected will?h the plate v, at the fop
of the standard k. As the standar] r 18 of brass, the plate v,
the axis of the lever of steel, and the lever o of brass, all of
them being metals and conductors of the voltaie finid, they
are made in this arrangement to serve as condoctors,  is the
wire proceeding from the other coil, and is extended to one pole
of the battery. The wire b, coming from the other 'Elula, is
soldered to the metallic spring 3, which is secured to the up-

Fig. 10,

right s by means of the adjusting thumb serews v and &, This
spring is extended to 5, where it is in contact with the lever n,
We have now a complete cirenit. Commencing at 1, which is
eomnected with one pole of the battery, thence 1t goes to
the first eoil ; then to the second ; then by g to v, the plate ; then
to the standard »; then to the steel serew 1 ; then to the steel
axis: and then to the lever to the point 1, where it takes the
spring to ¥, the wire ranning to the mereury cup of the other
pole of the battery.

The battery being now in action, the fiuid flies its cirenit;
» hecomes a powerful magnet, atiracting ¢ to it, which draws
the lever down in the direetion of the arrow x,  But ginee s

25
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and 1 are a part of the cirenit at v, and sinee, by the downward
motion at x, and the upward motion at v, the cirenit is broken
at 1, the consequence iz, that the corrent mnst eease to pass,
and o can no longer be a magnet ; the lever at v returns to 1,
and the current again ows.

Such were the orizinal instruments and plans of the early
telegraph in Ameriea. | will now present illustrations of soms
of the more modern apparatuses, with such deseriptions of them
as may be necessary to enable the reader to understand their
respeciive paris,

MODERN LEVER KEYA,

The lever key, represented by fig. &, is in principle still in
practical use on all the Morse felegraphs on both continents.
Fig. 11 represents a in mueh nge. 4 ¢ is the brass frame.
The lever is suspendadY between the eombination serews w .
passing through the upright pieces, 6 &, of ¢, The axla of
the lever n is steel, am:Flt fits 1ntutheau¢ketsnftha SELAWE HH.
To make the key move easy upon its bearings, many operators
improperly use oil. At B is an ivory cj,rlindnr, which passes
throngh the brass frame A in the interior of £ is a brass piece,
upon the fop of which is a projecting platina head.  This part

the key iz called the anvil, and tie suttanding or hanging
mppla to the lever pis called the hammenr. The kneb » is
ruade of ivory, so as to insulate the finger of the operator. The
heaviest part of the lever is hehind; its normal “wsition is, as
seen in the ,open af . The ecirenit wires are connected
under the fable on which the key is fastened, so that the

Fig, 1L
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current will pass through the brass frame a ¢ 6, the serew u 1,
the axle of tfm lever at F, with the lever to the hammer and
anvil at g, and then with the wire attached heneath. When
the operator presses npon s, the lever descends and closes the
cireait at v, the weight of the back part of the key elevates
the front. This key requires an apparatus known as a “ eirenit
closer,” which will shortly be deseribed.

Fig. 12 vepresents a key with the * eircuit closer” attached.

Fig. 12.

ais a small lever, with an ivory knob on its end. In the
present position of the lever a the eireuit is elosed, bt to move
it to the left at right angles with the key lover the cirenit will

Fig. 1a.
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be opened.  Tn swinging the arm to a position af right angles
a brapf:u?spring is brlﬂﬁghgt firmly agajnstpia pin of si?e.ﬂi ai?tgfiha&
to the anvil,

Fig. 13 is a closed lever key. The front part i= heavy, and
closes the cireuit at the anvil by its own weight. hen
manipulated, the operator lifts the lever instead of pressing
upan ity as with the other forms of keys. In order to make 1t
an “open lever,” a spiral spring iz placed around the high
serew behind ; the spiw E.p;Png will foree down the back pagrt
and elevate the front, as seen in the figure,

Fig. 14 represents another form of key, having in front an
insulated elevating spring, to raise the lever from a contact at

Fig. 14,

.I“-:!
the anvil unless pressed by the finger. The spring projects
from the frame and holds up the lever, as seen in the figure,

The spring of course is insulated, su as not to form a part of
the cirenit.

THE EARLY CILCUTIT CHANGERS.

Having explained the lever key, it hecomes necessary to
deseribe the different arrangements for opening and elosing the
cirenit, and the plans mﬁ)ptad for the transference of the
polarity of the cirenits,

In the early history of the telegraph, it was eommeon to have
an arrangement of merenry enps, with bent wires connecting
one with the other, according to the nacessities of the occasion.
These mercury eups were often angar-holes bored into  the
fable or a pieee of plank, and the metallic connectors nsed
were the ordinary copper wires.

Iintrodnes hera a description  of an instrnment used for
reversing the direction of fha voltaic current, and which is
applied in the operation of several kinds of electrie telegraphs,

The following fiznres, 15, 16, and 17, are three views of the
instyoment as it appears when looking down upon it in its
three changes, First, that in which the eurrent is broken and
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the needle vertical ; second, in which the eirenit is closed and
the needls deflested to the richt; third, in which the cirenit is
closed and the needle defleeted to the leff.  Bach figure has,
in connection with the pole changer, the battery, or any other
generator of the electric Auid, represented by » and r, and the
electrometer represented by 6. In each of the figures, the
cireles numbered 1, 2, 8. 4, 5,6, 7, and 5, represent oups filled
with mereury let into the wood of the platform, and made
permanent.  The small parallel lines teyminating in these eups
represent copper wires or eondnetors,

A, fie. 19, represents a horizontal lever of wood, or some
insnlating suhstanes, with its axis sopported by two standards,
Band ¢, %jr which it can easily vibrate. » represents an ivory
ball, monnted upon a rod, inserted in the lever, and extending
a fow inches above it. It serves as a handle, by which to
direct the elevation or depression of either end of the lever
Both ends of the lever branch out, presenting two arms each.
Through each arm passes a copper wire, insulated {rom each
other. The left-hand branches support the wires which con-
nect the mevenry cups 1 and 4, and 2 and 3 fogether; the
right-hand branches support the wirez which connect the cups
Hoand 7, and 6 and 8, fogether. The ends of these wires
directly over the merenry enps are bent down, so that they
may geely enter their respective vessels when required 5 the
other wires are permanently secured to the platform. The

Fig. 15.

position of the lever is now lorizontal, and the bent ands of
the wires, which it earries, are so adjusted, that none of them
touch the mereury ; consequently, there is no connection formed
hetween the battery and electrometer, and the needle is
vertical.  The ivory ball, it will e ohserved, is directly over
the centre of the axis, and in that position required to break
the ecirenif, Thns, the wires 2 and 3, 1 ond 4, 5§ and 7,
6 and 8, are cach ont of the merenry, snd the cirenit being
broken the fluid eannot pass.
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Fig. 16 vepresents those eonnections which are formed when
the left-hand side of the lever is L‘tprvhwd Immersing in the
mercury those wires supported by it.  The ball and lever are
omitted for the beiter inspection of the wires, Now the eircuit
12 closed, and the current is passing from » of the battery, to
the mereury cup, 1; then alomg the cross wire to 45 111:&, fo
the aoils of the multiplier, t]tﬂ:ttmrr the needle to the riglit
then to 7; o 3; then along the cross wire (which is r:u::t n
contact with wire 1 and 4) to 2; to the v pole of the battery,
The arrows also !".C]L'Z}".'r" the direetion of the eurrent. It will be
observed that the cups 5 and 7, and 6 and 8 are not now in

Fig, 16.

connection, and consequently the eurrent eannot pass along the
wires 1 and 5, and 2 and 6.

Now, if the ball » is earried to the right, o new set of wires,
fir. 17, are immersed, and those rvpruamuml in fig. 16, as in
connection, are taken out of their cups.  The fl nid now psses
from e of the battery, fo the merewry cup 1; ted; o 7; to
the enils of the multiplier, deflect im:_ the neadle to the leff ;
then it passes to cup 83 to 65 to 2; and then o the n pole of
the battery; the strrw.v~ n*pn santing the direetion of the
eurrent, 1t will now be found that the euaps, 2 and 3, and
1 and 4, are not in connection; and eonsequently, the curvent
cannot pass along the wires, 3 and 7, and 4 and 8,

Thus, it will appear, that by carrying the ball o to the left,

Fig. 17.
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the needle is defleeted to the rigdf @ then, by carrying the
ball to the right, the needle 15 deflected to the feff ; and when
the ball is broughi to the vertiesl position, the needle is
vertical, These three changes enter into the plans of several
electric telegraphs, which are to be herealter described.

MODERN CIRCUIT CLOSERS.

In later years, the mercury cups have been abandoned, and
metallic connectors are nsed in their stead.  Fig, 18 represents
a cirenit closer, that accompanies the keys represented by fig,
11. The base a is made of wood ; )
between a and ¢ is a brass pin Fig. 18.
serving as a stop fo the lever n. i r
Thelever moves around a fulerum
at the centre; cc are the top
ends of the elongated screws,

v n, the lower ends of which are
attached to the cirenit wires;
these screws pass throngh the
table board. The line wires
onter the holes as seem in the
larger ends of the serews, and
the binding screws & hold the
wires with a good metallic eon-
tact; ¥ is a spring which causes
the lever to press upon then
ends of n D.P T]ﬁsfl!: the 11-:;1?”li"rl;.'lli?r
position of the cirenit closer. The
key is open and the ourrent
wasses from the wire into the
ong serew nut g, thenee throngh
the lever from ¢ to ¢, thence down
nfotheline wire. If the operator
desires to manipulate with his
key, it is necessary to move the lever » from e, to the pin
by which the eirenit is broken, and then upon pressing the
lever of the key, the eirenit is sgain closed. enaver the
operator has finished manipulating, it is neceseary to elose the
circuit by placing the lever arm of fig. 18 in its present posi-
fion

Figq 19, 20, 21, und 22, are cirenit closers of diflerent forms,
but construeted upon the same prineiple as fio, 1%

Like arrangements are used fl:ar the transforence of cireuits
from one apparatus io anoiher, There are a variety of arrange-
ments for effecting this end.  Figs, 23 and 24 are in common
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wse in Amerien, On the Western Union lines, Mr. Anson
Rtager has epplied a very ingenious cirenit changer, having
metallic straps across o board, and o hinge lever to transfer

Fig. 110
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the carrent frora one place to another. It is a compound * switeh
board,” and is fastened npon the wall, so that any operator-in

Fig, 23,

the room ean sea fromn his place the arranged ecireuits.  Hig.
23 is n single, and fig. 24 is a double switch,

NOTTEEOHN'S CIRCDIT CHANGER
An ingenions contrivance was gotten up by Mr. Nottehohn,
Fig. 25
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iirector-general of the Prmssian telegraphs, for the purpose of
changing the cirenits.  Fig. 25 represents the cirouif changer
used on the Prussian lines. It consists of six brass pleces, or
plates, insulated by means of ivory, and situated npon a square
piece of plank. Between the plates are seven holes, nnmbered
Fie. 2 from 1t 7. By means of the metallie plug, fig.
T 23a, placed in ane of the holes, befween two plates,
a metallic conneetion is established.  For example,
r if the metallic plug = placed in hole number
4, a comnection is made between the upper plate
and the plate 4, 6, L. The holes 8 and 9 in the -
plank are merely to contain the plugs when not in use. By
means of ihe bolt © the line wire coming from cne side is
fastened—for example, from Berlin through ¥ to the sida
going to Minden—and at & the wire leading to the earth is
fastensd.  Letters o' and &° are vertical electrometers: & o is
conmeeted with the apparatus by means of numeral 2 ; and ru
by means of numeral 1; and by means of bolt 3 with . The
copper end of the battery g is connected with the earth, and
the zine end with the instrument, In the writing apparatus,
the wire of the lecal battery proceeds from bolts m and .
e e ara the earth plates,  The hoard containing these eireuit
connections is fastened to the wall at some convenient place,
and thenee run the wires to the different apparatnses,

BINDIEG CONNECTIONS.

The wires in the siations are often changed and diseon-
nected from the apparatos, battery, or other parts.  To facili-

Fig . Fig. 27,

tate the handling of the wires, screw-standards, such as fiz.
26 and 26a, are attached to the instroments.  The wire enters



ELEOTRO-MAGKET oF 1844, 443

a hols, and 'r]w serew A, fo the right, binds the wire fast,
Figs., 27 and 28 are for uniting two Ltld‘- of the wive together,

Figr, .

Fig. 28,

Figs, 20 and 30 are for making the eonnection between the
wires and the arms of the ha'rtr.lry.

Tig. 20.

THE ELECTRO-MAGNET oF 1544,

The next telegraphic apparatus which I propose to describe
is the electro-magnet of 1844, It is ona of the most important
parts of the '-'-.H1i.|:n. and one that every operator should well
nnderstand,  There are two kinds, the register magnet and
the relay magnet. The name of the Intter is not strietly
nroper, bt in 11*~ understood sense it means an electro-magnet
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that is placed in the main eivenit for the purpose of putting
into action another, o local or secondary eirenit,  In the under-
stood sense, ns a telegraphic technicality, T use the term relay
magnet,

The magnet first nsed on the American telegraph in 1944
was as represented by fizs, 31 and 32, and was thos deseribed
by Mr. Vail :

# The electro-magnet is the basis npon whieh the whole inven-
tion rests in its present econstroetion ; withont i, it wonld
entively fail,  As it is of s munch importance, a detailed
aeconnt will be given of the conztruetion of the electro-magznet,
as used for t&legrﬂa!':hia purposes. A bar of soff iron, of the
parest and best quality, is taken and made into the form pre-
santed in fig. 31, which eonsiste of four parts—viz, a v and a7
are the two legs or prongs of the magnet, of a rounded form,
and bont at the top, approaching each other toward the eentre,
whera the ends of each prong, without touching, fum up and

Pig. a1,

iE
DY

=1

present flat, smooth, and clean surfaces, level with each other,
at ¥ P, The other end of these prongs or legs is turned smalior
than the body, en the end of which is a serew and nuf, ce.
These ends pass theough a plate of ivon, B, of the same guality,
at 1 and 1, until they rest upon the plate at the shoulder pro-
duced by turning them smaller.  They are then both perma-
nently seenred to the plate s by the nuts ¢ e, and the whels
becomes as one piece.  This arrangement is made for the pur-
pose of putting on the coils or taking them off with facility.
The form mest ecarnmon for electro-magnets is that of the lose-
shoe; and iz simply a bar of iron bent in that form, & repre-
sentz a small flat plate of soft iron, sufliciently large to cuver
the faces of the two prongs rand r, presenting on ifs under
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side a surface clean and =mooth, and parallel with the faces,
¥ al r.

The enils or helices of wire which sarvound the prongs a a,
necessary to complets the electro-magnet, eonsist of many
turns of wire, first running side by side, covering the form
upon which the spiral is made, until the desired length of the
coil is obtained ; the wire is then turned back, and wound
upon the first spiral, covering if, until the other end of the eoil
is resched, where the winding began; then again mounting
upon the seeond spival, covers it, and in the same manner it is
wound hack and forth, until the required size of the coil is
attained.

The eoil is wound npon & form of the size (or a little larger)
of the legs of the magnet, and when the eoil is eompleted, the
form is iaken out, leaving an opening in the ecentre, s, into
which the prongs may freely pass,  Fig. 32 represents a eoil
constructed in the manner deseribed. s and 5 are the two
ends of wire which are bronght ent from the esils.  The one
proceeds from the centre of the coil, and the other from the
ontside. ¢ and o are eireular wooden heads, on each end of
the enil, and fastened to it by binding wire, ranning from one
hiead to the other around the eoil.  The wire used in construet-
ing it, a= heretofore mentioned, is eovered in the same marnner
as bonnet wire, and satorated or varnished with gum shellae,
This preparation is eonsidered necessary, in order to prevent a
metallic eontact of the wires with each other. Such a contaet
of some of the wires with others encircling the from prong
would either weaken or altogether destroy the effect intended
by their many turns.  If the wires were {am instead of being
covered, the eleetrie finid, when applied to the {wo ends, aand
4, instead of passng throngh the whole length of the wire in
the coil as its eonductor, wonld pass laterally through it as a
mass of copper, in the shortest direction it conld take. For this
reason fhey rvequive a careful and more perfect insnlation.
Two coils are thus prepared for each magnet, one for each
prong 4 and a, fig, 317

Such was the construetion of the magnets in 1844, The
wire was large, and one pair of eoils weighed 185 pounds.
Sinee then the ingenions spirit of the aze has reduced the size
and weight 1 the usual weight does not exceed from one to two
pounds ; the wire is very ﬁm, and well covered or insnlated
with sillk.  The mechanism has very much changed ; so much
so, in fact, that the telegrapher unacquainted with the faets in
the ease, wonld not suppose the magnets above described ever
belonged to the telezraph.
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THE MODERN HELAY MAGNET.

The modern relay magnets are of many forms of econstrue-
tion. I will deseribe one of them in detail. Pig. 83 repre-
sents the magnet as it sets npon the table, with its wooden
base, having at each corner binding posts.  The line wire
enters the hole in the post a, and is bound by the serew in its
top. o the post 1 is soldered the copper wire loading to the
Tﬁoh ar eoils of the magnet.  One end of the insulated wire

t surrounds the coils is joined to the wire that leads to the
post a5 the other end of the spool wire is in the same manner
connected with the pest w. The current from the line wire
enters the station and follows the conduetor to the post 4,
thenee throngh the magnet coils, thenes to post ar, and thence
to the battery.

The local cirenit is united to the posts n and ¢ the lower

Fig. 4.

end of post u is conneeted by a wire heneath the base to the
metallic frame 6; the other local post, o, is connected by o
wire nnderneath to the metallie standard 1 the armature
is atiached to a hrass upright lever, on the side of which, near
F, ie fixed a pieee of platina: ® is an adjusting serew, with
an nsulating point, ¥, made of ivory ; . is another adjusting
serew, with a platina point g, The upright lever attached fo
the armature o does not tonch the brass avm m. Suppose a
current is fransmitted over the line wire 1 it fraverses enils
and produees magnetismy in the coresof the spools.  The arma-
ture b is then atiracted foward the magnet, and the npright
lever is brought into eontact with the platina peint g, which
closes the loeal virenit. The emrrent from the loeal battery
will then flow with the copper wire eonduetor to the post s,
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thenes to the metallie axle frame o, thence up the lever of the
armature, thenee with the serew g, thenee with the hrass work
o, thence nnderneath the hoard to post ¢, and from there
through the register magnets fo the other end of the battery.
This completes the local voltaie cirenit. If the eircuit

broken at &, the local battery fails to aet. Fvery time the
eurrent is transmitied over the line by the contact of o key at
a distant station, the current flows throngh the relay magnet £
the local eirenit is then elosed, and the local battery current
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passes throngh the register magnets, which eauses the pen
lever to mark upon the paper. If the magpetism in the cores
be too strong, the armature p is drawn farther from their ends
by the adjusting screw o, to the end of which is attached a silk
thread or card.  This cord is tied to one end of a spival spring,
%, the other end being fastened to the armature lever. These
explanations are, [ presnme, sufficient {0 enable the reader to
understand the application of the relay magnet in the telegraph
apparatus,
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Fig. 34 represents a relay magnet with adjustable coils, DBy
turning the screw at the left of the engraving, the gpools or
helices can be drawn fromn the armature or placed closer to it
a2 clrenmstances ]'n;-,.;'lu]rc., It 15 best for the armatuare lever to
be poised on its axle, and when the adjusting serews are all
arranged, it is easier to remove the coils backward or {orward
by the one serew, than to readjust the armature lever by the
three serews 1. & and 0, as seen in fig. 33,  This valuable im-
provement was invented by Mr. Thomas Hall, of Boston, who
has been engased in the manufacture of telegraphic appa-
ratuses sinee the commencement of the enterpeize. By his
ingenious mechanical skill many very valuable improvements
have been made, and the telegrapher has realized many advan-
tages in the service by the application of Mr. Hall's contri-
vances in the different departinents of the art.

Fig. 35 is another form of a relay magnet, manu factured by
the same gentleman. The line wire is connected to the various
parts beneath the base board.

Fig. 36 is another improved relay magnet, gotten up by

Fig. 3.

those energetic telegraphers, Messrs. Chester and Brothers,
The coils of this magnet are covered with a glass case, set ina
brass frame with hinged top.  The coils are moveable by an
adjusting serew outside of the glass. Af one end of the board
is attached a paratonnerre, with the earth wire connected fo
the centre post. The line wire is fastened to the posts ab each
end of the paratonnerre, If the lightning enters the station,
it passes from the inner to the outer brass plate between the
two posts in preference fo traversing the coils. If the wire
from one end of the brass plate is not connected with the earth,
29
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and hoth ends lead on to other stations on each side, the plus
lightning will pass over to the exterior or right-hand brass
plate and follow the earth wire from the centre post, seen in
the figure. This exeellent combination is worthy of the
highest appreciation,

Fig. 37 is a pocket relay magnet; it is small, and weighs
about one pound.  The coils are fitted in a little ease, and all
the arrangements for wire connections are perfect. On the
side is attached a small key, so that an operator can manipulate

with it as perfoctly ag with the larger keys of the station.
The binding posts at the right hand end receive the line wires,
The current traverses the coils, and the armatare lever makes
the telegraphie sound, and the expert operafor is thns enabled
to trapnsmit and receive information with the same perfection,
comimon at the stations. Repairers find this miniature mag-
net of great value.

Fig. 3% represents what has been commonly known in Amer-
ica as the Bain sounder. Tt is the ordinary relay magnst,
with one or more glass disks attached to it as seen in the
figare, It was nsed as a call magnet on the lines not having
the patented authority to work the Morse system. 'The Bain
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lines applied this magnet, =0 that the stations could hear the
“opll™ when wanted by a distant station. The armature

striking npon the glass disk, a distinet and intelligible sound
was made,
THE RECEIVING REGISTER.

The next apparatus to be described is the register, an
instrument of wimplv gonstruction, and perfectly effective in
the reeording of the dispateh.  The register herein before
deseribed was o complete sneeess.  Snbsequent improvemeants
have added to the exactness of the mechanism, and rendered it
as relinble and durable in its service as possible to be attained
in the art,

Fiz, 39 represents an improved register, exhibiting the clock-
work and magnets. The pen-lever is seen in the ﬁr.rnrn:- with
the stesl point projecting 111‘1“"1':'.:1 the magnets arve fastened
to the npright standard. The wire from 11]0 loeal battery con-

nects with the front standard, and it is then carried, as seen in
the figure, to the front coil; after sarrounding it and the rear
spool, it is united with the rear standard, The wire surround-
ing these magnets is not so fine as the wire nsed for the relay
magnets,  The local battery eirenit commences with the
platina end of the batiery, and runs to the relay magnet, and
pisses through the conneetions af that instrument as hefore
described ; thence 1t comes to the register, and through
the coils; it then runs to the zine end of the battery, which
completes the local cirenit.  Whenever the relay magnet, fig.
34, attracts the armature, the local circnit is closed at &, and
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the local current traverses the eoils of the register magnet, fig.
39, which generates magnetism in the cores, the armature i3
then atrracied down, which elevates the other end of the lever,
and the pen point is thus caused to punctare the ribbon paper,

ax seen in fig. 40, The elockwork heing in motion, the paper
is drawn throngh by the grooved rollers, and thus a clear piece
of paper is continually presented for indentation by the pen
point.  The eloekwork is wound up by the key, seen in the
figure, and it is set in motion or stopped by the stop shide, the
handle of which is seen at the centre and under the mechanism,

Fig. 40
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Fig. 41 represents an improved register, manufactured by
the Messrs. Chester, It is one of beautiful finish and E:wfec-
tion of mechanism.  The base is of pure Tralian martle, hizhly

Fig. 41
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Fig. 42,
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polished. If is encased in glass, with an opening at the top
with a hinge.

The armug‘emant for winding up this register is on the ont.
side of the glass case, which can be done while the elockwork
is running, The pen-lever is also arranged to open and elose
another main eircunit serving the purposes of a * repeater.”
The wire connections are made ontside with the binding posts,
as seen in the figure.

Fig. 42 iz a “closed register, mannfactured by Mr. Thomas
Hall. The elock-work is Lm]med in a brass or iron case. In
front is a hinged opening, which, when open, occupies the
position indicated by the dotied lines to the Jeft.  This register
has been L.x{ur-n'_h used on railway telegraph lines, and it
has given nniversal satisfaction. The clook-work once pat in
order remains so for a very long time, and the wheels are thus
enabled to move with the desired celerity. 1t has all the
necessary and improved appliances for .nl]u-zfmfr and regn.-
lating the different parts, and the whole embraces ever _1,-’rh1nrr
necessary to render it useful and economieal.

THE TELEGRAPHIC SOUNDER.

Vig, 43 represents a sounder, as now suecessfully nused in
many of the American telegraph stations. The register, with
all its clock-work, marking on paper, and .J.ct*ur:rlpamumnt': has
been laid aside at the le: u]mrr stations, and this simple appa-
ratus has taken its place. The coils are the same as those

used in the register ; the lever is made substantial, and the
local current eanses the magnet cores o attract the armatars
with great strength, and thus a good clear sound is made, by
which the D]:Jeratﬂl‘ in any part of the room can hear anrl
understand what is communicated by any other station on the
whole line.
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Fig. 44 is another form of the sonnder ; the lever is adjusted
at the end by the spiral spring, seen in the figore. Some
operators prefer one mode of construction, and others choose a
different kind ; some prefer a heavy sound, others can hear
more distinetly a lighter tone. The sense of hearing is not
the same with all operators, and it is bot natoral that there
ghould be a difference in choice as to the sonnder,

Of all the mysterions agencies of the electric telegraph,
there is nothing else so marvellons as the receiving intelligence
by sound.  The apparatus speaks a language, a telegraphic
language, as distinet in tone and articulation as belong to any

L ey T
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Fig. 44.
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tongue. The sound that makes the letter, is as defined in the
one as it is in the other. An operator sits in his room, per-
haps some ten feet from his apparatos, and he hears a con-
versation held between two others, hundreds of miles distant,
and perhaps the parties conversing are equally as far apart.
He hears every word ; he laughs with them in their merri-
ment, or perhaps sympathizes with them in their bereavements.
The lightning speaks, and holds eonverse with man! What
ean ba more sablima!




