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PREFACE.

During the quarter of a century which has elapsed since the
introduction of the Electric Telegraph in the United States,
those engaged in its service have been almost entirely depend-
ent upon verbal instruction, and long practical experience, for a

“thorough technical knowledge of their profession. The works

heretofore accessible to the American Telegraphist have been
of a popular, rather than a scientific character, or else of so
elementary a nature as to be of little service except to the
most inexperienced students. . ‘

The present work has been psepared with a view of supply-
ing, in some measure, an acknowledged deficiency in tele-
graphic literature—a treatise for the practical electrician and
operator, written in a concise but clear manner, avoiding as
far as possible all scientific and technical expressions, and em-
bracing all the recent discoveries and improvements which have
stood the test of actual experience.

The author is aware that several excellent foreign works have
appeared within the past few years, but aside from the fact that
the systems of telegraphy to which they refer differ in many
respects from our own, the difficulty and expense of obtain-
ing them has prevented their general circulation among the class
for whom this treatise is more especially designed.

It is hoped that a work of this kind will not only be ser-
viceable to the student, as well as to the more advanced elec-
trician, but also tend to arouse an interest in the subject among
many who have hitherto been content to employ the services of
electricity in their daily business, without caring to acquaint them-
selves with the laws which govern its operation.
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The system of testing telegraph lines by actual measurement,
which has been employed for some years in Europe with the
most excellent results, and which is beginning to attract much
attention in this country, has been fully treated upon and explained,:
in 8 manner which, it is hoped, will give the reader a com.
plete and satisfactory knowledge of the subject.

The "principles lid down for the guidance of the student in
the formation of the telegraphic alphabet, and the subsequent
progressive exercises,'iptendml for practice with the key, differ
but slightly from those employed by the author, while teaching
a class of students for the American Telegraph Company, in.
the city of New York, during the year 1864. This system was
believed at that time to be original, but as a plan embodying
substantially the same principles was devised and subsequently
published by Prof. J. E. Smith, in his valuable little manual,
with modifications and improvements—some of which have been
adopted in the presemt treatise—it seems proper to make this
explapation of the circumstances. The author would recommend
"Prof. Smith’s work to the student desirous of becoming acquainted
with the business forms, abbreviations, ete., employed in trams-
mitting railway and commercial business by telegraph. ‘

In oconclusion, the author would also acknowledge his obliga-
tion to the excellent works of Culley and Sabine on the Tele-
graph, and the recent treatise of Latimer Clark on Resistance
Measurement, as well as to the researches of Messrs. C. F.
Varley, David Brooks, M. 'G. Farmer, and other Electricians,
Much valusble material has also been obtained from the columns
of The Telegrapher. , ,

The illustrations of apparatus comtained in this volume have,
for the most part, been engraved expressly for its pages, the
drawings having been made by the author from instrumenté_
kindly loaned him for the purpose by the manufacturers,

Evuzasers, N. J., I{arch, 1869.
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MODERN PRACTICE

ELECTRIO TELEGRAPH
CHAPTER I. -

ORIGIN OF THE ELECTRIC CURRENT.—GALVANIC BA’I‘TERIF:S.

1. Supre Garvaxic Crrovrr.—If two platesgf dif-
ferent metals, such as copper and zinc for exampl®, are
immersed in a vessel of water to which a small portlon
of sulphuric acid has been added, and the upper ends of
the two plates are brought in contact, or connected
fogether with a metallic wire as in fig, 1, a continuous

current of electricity will pass from the copper to the
zinc through the connecting wire, and from the zinc to
the copper through the liquid, as indicated. by the
. arrows in the figure. If the metallic communication be
interrupted, or the circust, as it is termed, broken, the
current at once ceases, but is instantly renewed when-
ever the connection is again formed. Electricity pro-
duced by this means is usually termed Galvanicor Vol-
taic electricity, from the names of its diseoverers, and
is the effect of chemical action by the acidulated water
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2. The plate (usually of zinc), upon the surface of
which the electricity is generated by chemical action, is
called the negative pole, and the opposite plate, gen-
erally of copper, platina or carbon, is called the posi-
tive. pole. They are also frequently designated by the
signs — (minus) and + (plus),

- 8. If both metals in this arrangement were equally

acted upon by the solution, no electricity would be pro-
duced, as this effect arises in all cases from the differ-
ence in the chemical action upon the two plates. For
this reason the positive plate is made of some metal or
other substance upon which the liquid has little or no
effect. -
4. The-apparatus for-producing -voltaic electricity,
which has been described-in its simplest form,.is called
a baw - As electricity is produced under any circum-
stanc®® in which the above conditions have been com-
plied with, there are various methods of constructing
a battery. The forms used in the practlcal operation
of the telegraph will hereafter be described in detail.

5. ConpucToRs AND NoN-CoNDUCTORS.—Some sub-
stances, such as metals, possess the property of allow-
ing electricity to diffuse itself freely throughout their
whole substance, and are therefore termed conductors.
Others, such ag glass, hard rubber, and dry wood, offer
great resistance or opposition to this diffusion, and are
called non-conductors or insulators.

6. This division however is relative and not abso-
lute. Few if any bodies are perfect insulators, and
even metals, the most perfect of all conductors, offer
some resistance to the passage of electricity, or in other
words insulate slightly. A good insulator, therefore,
is simply a bad conductor, and vice versa. -

7. In the following list each substance named con-
ducts better than that which precedes it, the first being
the best insulator and the last the best conductor :

Dry Air,”’ Dry Paper, Lead,
Paraffine, Porcelain, ’ Tin,
Hard Rubber, Dry Wood, | Iron,

Shellac, ~ Dry Ice, Platinum,
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~ India Rubber, Water, Zine,

~  Gautta Percha, . Saline Solutions. . . Geld, .
Sulphar . Aci Copper,
Glass, Charcoal or coke, Silver.
Silk, Mercury, - .

" 8. Erectrican TexsioN.—If two or more simple bat-
teries. or elements as they are called, are connected to-
gether in such a manner that the positive plate of the
first is united by a metallic conductor with the negative.
plate of the second, and so on, as shown in fig. 2 the

Fra. 2.

electrical Zension, or power of overcoming resistance, is
increased in direct proportion to the number of ele-
ments. Four elements will therefore possess four times
the tension of one element, and the current generated
by their combined action will be capable of overcoming
four times the resistance of that from a single element.
9. ELkctricAL QuaNTITY.—It is important, however,
to observe, that although the fension increasés with
each element added to the series, no greater quantity is
. produced by a great number of elements than by a
single one—the action in each cell serving only, as it
were, to urge forward a quantity equal to that arising
from chemical decomposition in the first cell. If, on the
contrary, we connect together the four zincs and the
four coppers, forming in effect a single element, with
plates eqmivalent to four times the original surface,
there will be four times the original quantity of electri-
city generated ; but its tension, or power of overcom-
ing resistance, will be no greater than that of a single
pair of plates. This distinction is of great importance,
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" and should be thoroughly understood and carefully re-
membered. :

10. In the simple form of battery previously described
(8), if the poles are united by a eonductor for a consider-
able length of time, bubbles of hydrogen, arising from
the decomposition of the water, cover the positive plat},
and in a great measure prevent the liquid from coming
in contact,with it, and the sarface of the plate aJso be-
comes coated with a deposit of zine, tending to convert
the battery into one in which both plates are of zinc,
and thifs s electro-motive force is weakened and finally
destroyed. In order to render the battery constant in
its action, it is mecessary to prevent these effects by
surrounding the négative plate with a solution of a salt
of the metal itself. This principle is employed in the
arraf@ement about to be described.

. F1a. 3. .
- 11. Tae Daniert Barrery.—This combination con-
sists of a jar of glass or earthenware, F (fig. 3), about six
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inches in diameter ana c1gns or- wmne inches high. A
plate of copper, G, is bent into a eylindrical form, so ag
to fit within it. and'is m‘oﬂded with a perforated cham-

ber, to conta y of sulphate of copper in crys-
tals and a ¢ tle same metal with a clamp for
co_nnecting i inc of the next element. H is a
PoOrous cup, a: lically termed, made of unglazed
earthenware en inches hlgh and two inches in

diameter, within which is placed the zine, X. This is
usually of the shape shown in the figure, which is called
the ‘‘star zine,” but it is often made in the form of a
hollow’ cylmder the latter giving greater power, but
being somewhat more difficult to clean.
. The outer cell is filled with a saturated solution of
sulphate of copper (blue vitriol), and the porous cell
- with a solution of sulphate of zine. A series of three
elements connected together, as usually employed on
American lines for a local battery, is shown at I.

12. Errecr oF CoNTINUED AoTioN.—By continued

action sulphate of zinc is formed in the porous cup, and ., -

the sulphate of copper in the outer cell consumed, the zinc -
being constantly dissolved away while the copper platé
is at the same time increased. When all the sulphate
of copper has been decomposed, and the water in the
. zinc’ compartment saturated with sulphate of zine, thé
action of the battery ceases. ‘Some of the sulphate of
zinc in this case usually passes into the copper cell, and
appears upon the copper plate in the form of a blad
powder ; it is therefore necessary to maintain a con-
stant supply of pulverized vitriol in the "perforated
chamber attached to the copper cylinder. =

13. When the solution in the porous cup becomes satu-
rated with sulphate of zine it crystallizes upon the zinc-
plate, interfering with the action of the battery. Part
of this solution should therefore be removed occasmn- )
ally and replaced with water. -

In setting up the battery pure water may be used i
the porous cell, and the battery allowed to stand a few
hours with a closed pu'cmt ‘when it will be found
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ready for use. The addition of a little sulphate of zine
will greatly hasten its action.

14. Tae DeposiT oF CoPPER UPON THE Porous Cup.—
This cannot be entirely prevented, but may be greatly
lessened by suspending' the zinc so that it will not touch
the porous cup below the surface of the liquid, and by
saturating the bottom of the cell toithe height of half
an inch with melted paraffine.

15. When constructed as above described and used
in a local circuit, the Daniell battery will continue in
action about ten or fifteen days without attention, the
time depending upon the size of the wire in the magnet
and the amount of daily service. The sulphate of cop-
per solution should be kept of good strength, otherwise
the upper portion becomes weak and an extra current
is set up within the battery, which tends to eat away
and destroy the copper plate without any useful effect.

16. RENEWAL oF THE BATTERY.—In renewing this
battery the zincs should'be scraped and well cleaned
with a stiff brush, ‘the porous cups thoroughly washed,
and the old solutlon containeg in them thrown out, with
the exception of about one third of the clear portlon
which should be returned, otherwise the battery will
require some hours to recover its full strength. The

~gopper deposit upon the zincs is valuable, and should be
preserved.

Every two or three months the coppers ought to be
taken out and the deposit upon their surface removed,
which may be done two or three times. When they
become too much encrusted to afford room for the po-
rous cups they must be replaced by new ones.

Porous cups ought to be renewed whenever they be-
come too much encrusted with copper. If cracked they
should be changed at once, otherw1se a great waste of
material will ensue.

17. The crystals which form around the edge of the
outer jar require to be oceasionally wiped off with a
damp cloth, or they will eventually run down the out-
side and form a connection between the j jars, gmng rise

-
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to a great consumption of material without correspond-
ing benefit. : o

18. In order that the current may act with its full
force, it is necessary to keep the clamps and connec-
tions of the battery clean and bright, and free from rust
or dirt. As chemical action is promoted by heat, the
battery will act more vigorously if kept in a warm

Place.

19. APPLICATION OF THE DANIELL BATTERY To MAIN

Circurrs.—This battery is sometimes used for main

circuits, but in that case it is preferable to arrange it -

differently by placing the zincs outside and the copper
within the porous cell, as in fig. 4, in which Z shows the

F16. 4.

zinc and P the porous cell. The copper, C, is provided
with a perforated shelf, D, upon which the vitriol is
placed. ‘

Other forms have been devised which dispense en-
tirely with the porous cup, the two solutions being sepa-
rated by the difference in their respective specific grav-
ities. Some of these bid fair to come into extensive
use. .

20. THE GRrOVE BATTERY.—The most intense and
powerful voltaic combination that has yet been dis-
covered is that of Grove. For many years it was ex-
clusively used for telegraphic purposes in this country,
and is still employed in that capacity to a considerable
extent. Its component parts are shown in fig. 5, in
-which A represents a glass jar or tumbler, about 3

,.;
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¥16, &,
inches in diameter and 4% inches high. "A thick cylin-
der of zine, B, of a size nearly sufficient to fill the tum-
bler, is placed within it, and is furnished with a project-
ing arm, to which is attached the positive plate of the
next element. The porous cup, C, is placed within the
zinc. A thin strip of platina; D, about 2% inches long
and half an inch in width, is soldered to the end of the
zinc arm projeeting from the adjacent cell, and renches
mearly to the bottom of the porous enp, o
21. SerTING UP A GROVE BarTfirYy.—It is necessar

that the zinc should first be thoroughly emalgamated.
The ordinary zine of commerce contains particles of lead,
iron, and other impurities, which, when the plate is im~
mersed in dilute acid, form as it were small batteries
upon the surface, which eat away numerous cavities in
the zinc without producing any useful effect. This is
termed local action, and may be, in a great measure,
prevented by the above. process of amalgamation, which
is usually performed by immersing the zines in a vessel
containing dilute muriatic or sulphuric acid, and then
plunging them in a bath of metallic mereury. After
remaining in this for 8 minute or two they are taken
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out and placed in a vat of clean water, where, the su-
perfluous mercury is allowed to drain off. The mercury
dissolves a little of the zine, which flows over and covers
the impurities, and prevents the acid- solution from
coming in contact with them. .-

22. In putting the Grove battery togethcr first plaee
the glass tumblers in position and fill them about half
full of a solution composed of one part of sulphuric acid
and twenty to thirty parts water, by measure, thoroughly
mixed. Then place the amalgamated zines in the
tumblers, with the arms turned-at.right angles to the
line of cells. Kill the porous cups nearly full of strong
nitric acid and place them within the zincs, then turn
the zincs around so as to immerse the platlna strips in
the nitric acid of the ‘adjoining cell, throughout the
whole series, as shown at T, in fig. 5.

23. The strength of the dllute sulphurlc acid solu-
tion in this battery should be varied in proportion to
the number of wires worked from it. The less the num-
ber of the latter the weaker the solution may be made.

. 24. When in continuous service a Grove battery
ought to be taken apart every night, and the nitric acid-
from the porous cups emptied into a vessel and kept
closed until morning. The zincs should be removed
and placed inverted in a trough of water, acidulated
with sulphuric acid, and in the morning rubbed with a
brush, and the mercu't'y diffused evenly over their sur-
faces. To every ten parts of the nitricacid taken from’
the battery add one part of fresh acid every morning.
By this means a steady and uniform -current will bé
maintained when the battery is in action.. The dilute
sulphuric acid requires renewal about twice a week. In
handling this battery great care is required not to injyre
the connection between the zinc and the platina. A set
of Grove zincs, in continuous service, will requu'e re-
newal about once in three months. :

25. TaE CarBoN BaTTERY.—This is a modification of -
the Grove battery, and is sometimes called the Electro-
poion battery. It isextensively employed on the Ame-

2
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rican lines for main circuits. In-its general construction

and arrangement it differs but little from the battery

last described. The different parts of which it is com-
posed are shown in fig. 6, consistjng of a glass tum-
bler, zinc and porous cup. In place of the platina of
the Grove battery, a plate of carbon or coke is em-
ployed for the positive element, as shown in the figure.

F1a. 6.

A clamp is arranged so as to press a platina button
firmly against. the carbon, this button being permanently
attached to a wire leading to a binding screw on the
zine arm of the next element. The parts are usually
made of about the same 'size as in the Grove battery.
The carbon connection is sometimes made by means
of a platinized copper wire inserted into its upper end,
and surrounded with lead, to prevent the action of the

acids upon the copper.
26. In setting up this battery the different parts
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should bé put together in the position they are to oc-

cupy, as shown in fig. 6, and-care taken thatall the con-
nections are firmly" screwed up. The zines must be -
thoraughly amalgamated, and the dilute sulphuric acid.

solution mixed as directed for the Grove battery. A

sufficient quantity of this solution is poured into the

tumblers to cover the cylindrical portion of the zines.:
The porous cups are then filled with a solution of bi-

chromate of potash,* care being taken not to pour it

upon the connections or clamps.

27.- When the battery is in service, one third of - the'
- bi-chromate solution in the porous cups should be re-
moved every.morning by means.of a Jaige: rubber s¥-
ringe, and replaced with fresh. A new set of zines will
require to be amalgamated a second time after having
been in use three or four days; after which once in two
to four weeks will be often enough—depending some-
what upon the amount of work required from the bat-
tery. The battery ought to be taken apart every two
weeks, the zines brushed, the dilute sulphuric acid solu-
tion” renewed and the carbons théroughly soaked in
clean water. It is better, if possible, to have a spare
set of cells complete, so that onc may be renewed whlle
the other is in use.

28. Powker oF THE CARBON DBATTERY. Thls is quite
equal to that of the Grove, as far as the intensity of its
action is concerned. The latter however will work
nearly twice as many wires at the same time as the
former. The expensc of the carbon battery for mate-
rials and attendance is less than one third that of the
Grove. A set of zines, if properly cared for, will last
from fourteen to sixteen months on an ordinary tele-
graph line. It is a good plan to coat the zincs with as-
phaltum varnish at the junction of the projecting arm,
as these are frequently eaten off while the rest of the
zine remains in good condition.

* This solution 13 made as follows: Mix one gallon of sulphuric acid and three
gallons of water. Then, in a separate vessel, dissolve five 1bs. bi-chromate of pot-
ash in two gallons of boiling water and add to the above, mixing the whole thor-
oughly together. The proportion of bi-chromate is sometimes made one fifth greater
than the amount given. '
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29. INsuLATION OF BATTERIES.—The cells of a bat-
tery should always be thoroughly insulated from each
other. This is especially important in the case of the

Grove battery. A cohvenient and
effective mode of insulation is shown
in fig. 7, in which the battery tum-
blers, AA, are set upon hollow cy-
linders of wood, BB, saturated with
asphaltum or paraffine, and insulated
from the upright wooden pins, DD, by
the glass sockets, CC. The pins are
Fi. T. inserted into a horizontal scantling,
E, which forms the top of the battery stand.

.




" CHAPTER II.

ELECTRO-MAGNETISM,

30. WHENEVER the poles of a battery are connected
by a conductor, or series of conductors, so as to form a
circutt, a current of electricity is assumed to flow-from
the negative to the positive pole, through the battery
itself, and from the positive to the negative pole through
the conductor.. ' ) o

31. If the conducting wire is covered with an insu-
lator (5), such as silk or cotton; so as to compel the
current to traverse its entire length, and is wound into a
spiral or coil, surrounding a magnetic needle, the needle
will be deflected from its natural position, and will tend
to take up a position aPright angles to the direction of
the current. If the current be fgssed in the opposite
direction through the wire, the d@@ection of the needle
will also take place in the opposite direction. The Gal-
vanometer, an extremely useful instrument for the pur-
pose of indicating the presence, direction, and strength
of a voltaic current, is constructed upon this principle.

32. If the conducting wire, covered as above, be
wound upon a bar of soft iron, the iron becomes mag-
netic as-long as the current continues to flow, and pos-
sesses the property of attracting other pieces of iron in
its vicinity, This arrangement is called an electro-

net. »

33. If the iron is very soft and pure it loses its mag-
netism instantly upon the cessation of the current, but
if impure, or if hardened by hammering or turning, it

‘retains a certain amount of residuary magnetism, espe-
cially after it has been acted upon by a powerful eur-
rent. It is, therefore, necessary that the iron cores, as
they are termed, of electro-magnets, should be annealed
with great care, '
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34. ELECTRO-MAGNETS aYe generally made in a U

_form, two bobbins or spools, a a (fig. 8), being filled

with covered copper wire, and the

soft iron cores, ¢ ¢, passing through

them, fixed upon a connecting bar,

b, also of soft iron, as shown in the

figure. The two spools, ¢and a, are

virtually continuations of one spool,

the direction being apparenfly re-

¥ro. 8, versed by the bend of the UJ. The

ends of the cores, ¢ ¢, opposite to the connecting bar,
are called the poles of the magnet, the magnetic force
being accumulated at these points. The bar of soft
iron, d, upon which the magnet exerts ifs force, is called

" the armature.

-+

36. In electro-magnets and galvanometers the mag-
netic effect of the current is multiplied by the number
of convolutions of the wire in the coil, but it is dimin-
ished in proportion to the disjgnce of the wire from the
core, each layer of gire acting with less power than the
one beneath it. ‘x ;

36. Every addifidn to the length of the conducting
wire enfeébles the current, because of the increased re-
sistance (5, 6,) it offers to its passage.| In a very long

‘circuit, such as a telegraph line, the action of the cur-

rent will necessarily be feeble, and the coil is, there-
fore, made of fine wire, which occupies little space, and
allows many layers to be wound on without too greatly
increasing the distance from the cores, while its resist-
ance is too small in proportion to the rest of the cir-
cuit to reduce the strength of the current materially.

- 87. When, however, the circuit is very short, coarser

~wire is employed in the coil. A fine wire'would add

to the resistance of the circuit more than would be
made up by the effect of an increased number of turns,
for even a very few layers would double the resistance
of the circuit. '

The former is frequently called an intensity, and the
latter a guantity magnet. ¥
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88. .Iron does mot acquire its full magnetism instan-
taneously, and the act of demagnetization also requires
time, but is effected more rapidly than magnetization.
The greater the tension of the battery the more rapidly
the iron acquires its magnetism ; therefore, if very -
rapid action is required, even on a short circuit, a num-
ber of cells of battery must be used.



CHAPTER III.

TELEGRAPHIC CIRCUITS.

39. A TerecrapHIC CIRCUIT consists of one or more
batteries, the line wire, the instruments and the earth.
When the circuit is'very short a return wire is fre-
quently used instead of the earth.

40. Owing to the immense rapidity with which the
electric force is propagated throughout a circuit, any
effect which can be produced at hand can be produced
in any other part of a circuit, however distant, at the
same instant of time, subject to a diminution of force,
arising from causes which diminish the quantity of elec-
tricity, or the force of the current before its arrival at
the distant end, thus weakening its effect. The princi-
pal cauges of this diminution are the resistance of the
circrit and defective insulation, in consequence of which
a portion. of the current escapes from the line to the
earth, and returns without traversing the distant por-
tion of the circuit. ’

41. The effective force of the current leaving the bat-
tery depends upon two things—the tension of the bat-
tery, which sets the current in circulation, and the
resistance the current eéncounters in traversing thé cir-
cuit.

42. ResisTaNCE OF THE Circurr.—This depends upon
the length and size of the conductor, and the material
of which it is composed. In an ordinary telegraphic
line wire the resistance is in direct proportion to its
length, and also in inverse proportion to its weight per
mile. Thus, 150 miles of No. 8 wire will conduct as
well as 100 miles of No. 10 wire, and as great an effect
can be produced at its remote end with a battery of
equal tension. There is, therefore, a great advantage
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in using the larger sizes of wire in the construction of
lines intended to be worked in long circuits, :
43. ELEcTRICAL MEASUREMENT.—In order to institute
- a comparison between the resistances of different cir-
cuits, etc., a standard has been fixed upon by the Brit-
- ish Association, called the Okm, which is equivalent to
about 7¢ of a mile of galvanized No. 9 iron wire, such
ag is usually employed in the construction of telegraph
. lines. Thisstandard unit of resist\a}lce is now made use
of in all electrical measurement.
44, ResisTANCE CorLs.—As no battery is constant in
-its power, and no magnet uniform in its strength, neither
of these can be made use of as an accurate basis of com-
parison. [Resistance coils, composed of wire of certain
“alloys of metals, carefully prepared, have been found
not to vary r.ssdovs in eight years. The only variation
is that due to difference in temperature, which may be
readily calculated and allowed for when necessary.
It will, therefore, be understood that the ohm is a unit
of resistance in the same manner that an inch is a unit
of length, or a pound a unit of weight. ;

LINE

"Fio. 9.

45. A Terecrapaic Circurr, in its simplest form, is
shown in fig. 9. A and B represent two stations. The
circuit may be traced as follows: From the + pole of
the battery E to the key K (52) and electro-magnet M,
thence through the line L to the other station, electro-
magnet M’ and key K’ to the earth at G, and thence
through the earth, as represented by the dotted line, to
the — pole of the battery E. A continuous current will
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_ therefore flow through the circuit as long a$ it remains
.uninterrupted, and the armatures -of the electro-magnets
. M and M’ will be attracted by the cores, but if the cir-
. cuit be broken by means of one of the keys, K or K’,
. both electro-magnets will be demagnetized. Thus, the
breaking of the circuit at either station affects the elec-
- tro-majpets of both, #s they are in the same circnit. -

. 46. Pan Earta Circurr.—In thus using the earth as
. part ol Wa gircuit, it is found that it offers, practically,
no resistance to the passage of the current. Although
-¢omparatively a podr conduetor, it ig an infinitely large
-one in proportion to the wire, and therefore, its resis-

- tance is not appreciable (42).
.. 47. ARRANGEMENT OF BaATTERIES.—In practlce it is
usual to divide the battery E into:two parts, placing
half at each end of the line, for reasons which will
-hereafter appear. It is important, however, when this.
is done, that the positive pole of one battery should
‘be connected with the negative pole of the other, other-
.wise they would neutralize each other, and no effest
would be obtaingd. In such a case the batteries.are
said to be reversed.

48. INTERKEDIATE Su'nons —It i3 evident that in-
termediate stations may be introduced at any point
upon the line shown in the above figure, each being
provided with an electro-magnet and key, forming part
of the circuit, and that the breaking and closing of the
circuit at any of these points will affect all the electro-
magnels through which it passes, in the same manner
and at the same instant of time,

Any desired number of lntermedlate stations may
be placed upon a line until the combined resistance of
their electro-magnets reduces the strength of the cur-
rent below that required for the convenient WOI‘leO‘ of
the circuit.

49. Tar MorsE SysteM.—The pnnmple of the Morse
system of telegraphy econsists in conveying arbitrary
signals by means of the magnetization and demagneti-
gation of an electro-magnet, by the alternate breaking
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and closing of a voltaic circuit in the manner above ex-
plained. The conventional alphabet used in America
for this purpose ig'givend in another part of this work.

50. Oraer TELEGRAPHIC SYsTEMS.—The type print- .
ing telegraph, cmploying the ** Combination” instrument
of Phelps is the only system other than the Morse now
.in use upon the public lines in the United States. The
limited extent te which it is employed renders it unneces-
sary to give & detailed description of its construction
.and mode of operation in a work of this kind. The
-electro-chemical telegraph of Bain, and the beautiful
-ty pe-printing instruments of House and Hughes, were
formerly extensively employed in this country. The
former has now given place to the Morse, while the two
latter have been superseded by the equally rapid and
more simple and effective instrument of Phelps.

In addition to these, the magneto-electrie dial instru-
‘ment of Edmands & Hamblet, and the electro-magnetic
-alphabetical instrument of Chester are finding exten-
sive employment upon pr ivate lines, where extreme
_rapidity of transmission is not requlred thus rendering
the employment of skilled operators in suoh cases un-
v necessary



CHAPTER IV,

THE MORSE, OR AMERICAN TELEGRAPHIC SYSTEM.,

51. THE Morse Telegraphic Apparatus consists of a
signal key for breaking and closing the circuit, and an
electro-magnet, the armature of which is attached toa
lever carrying a steel point or style, which embosses a
mark upon a narrow strip of paper, moved uniformly
along by clock-work. As long as a current continues
to flow through the coils of the electro-magnet the
armature is attracted, and a mark is made upon the
moving paper. As soon as the circuit is broken the
armature ceases to be attracted, and is withdrawn from
contact with the paper by means of a spring. The
duration of the current, and consequently the length of
the mark, depends upon 'the duration of the contact made
" by the key

D

Fia. 10,

52. THE MorsE Si6NAL KEY is shown in fig. 10.* It
consists of a brass lever, A, four or five inches in length,
which is hung upon a steel arbor, G, between adjustable
set screws, D D, in such a manner as to allow it to
move freely in a vertical direction. This movement,
however, is limited in one direction by the anvi C, and
in the other by the adjustable set-screw, F.

* The drawings of the signal key, register and relay (figs. 10, 11 and 12), are from _
instruments manufactured by Bradley.
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One wire of the main circuit is connected to the
metallic frame of the key, and the other to the anvil, C,
which is insulated from the frame. These connections
are made by screws passing up- through the table from
beneath. The lever is provided with a knob of vulcan-
ite, B, by means of which it may be pressed down by
the ﬁnger of the operator, bringing the lever in contact
with the anvil, and thus closing the circuit, precisely as
if the wires themselves had been brought together The
points of contact between the lever and the anvil are
made of platina, as ordinary metals would be fused by
the passage of the electric spark when the circuit is,
broken. A spring beneath the lever restores it to its
original position when the pressure of the operator’s
finger is withdrawn. When the key is not in use the
circuit is completed by bringing the lever of the cir-
cutt closer, H, into contact with the anvil, C.

Fia. 11,

53. Tae Morse REecister.—Fig. 11 represents the
recording apparatus, usually termed a register, which is
made in several different forms, all involving the same
principles. M is the electro-magnet, the two ends of
the wire forming the coils being carried to the terminal
binding screws on the base, one of which is shown at
8, to which the conducting wires are attached. Above
the electro-magnet is seen the®armature attached to
the lever L, which moves upon an arbor at d. The op-
posite er‘=~mitw af tha lever carries a steel point, p.
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The strip of paper passes through the guide g and be-
tween the grooved rollers » r, which are moved by -
a train of wheels driven by a weight attached by a cord
to the drum, W.

When the armature is attracted by the magnet the
style p is brought forcibly in contact with the paper,
moving above it upon the grooved roller, and a raised
line is embossed upon it corresponding in length to the
time the armature remains attracted. A spring ad-
justed by the nut n withdraws the lever when the at-
traction ceases. The movement of the lever is limited
by the adjustable screw, m. The screw ¢ regulates the
pressure of the rollers upon the paper. and the clock-
work is started and stopped by the brake «. The
weight is wound up occasionally, as required, by the
operator. ' '

64. The Morse instrument is worked either by the
main line current or by relay. For a distance not ex-
ceeding 20 or 30 miles, a register, whose coils are
wound with No. 30 copper wire, may be worked by the
line current, if the line be well insulated (57).

55. When the insulation is defective, or the cireunit
so long that its resistance renders the current too weak
to work a register direct, as is usually the case with
telegraph lines, it becomes necessary to employ a re-.
cetving magnet or relay, which brings a local battery
(11) into action at the receiving station, the current of
which operates the register.

Fia. 12. : .
56. Tae RELaYy MaGNET,—The construction of the

relay is shown in fig. 12. M is the clectro-magnet,
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which is placed in a horizontal position, and is movable

by means of the screw a. The coils of the magnet are.
of fine wire, usually from No. 30 to No. 36 in size, of
great length and closely wound.* The ends are con-

nected to the line circuit by the binding screws, m m/'.

The armature lever b is connected with the binding
screw ! by a wire carried underneath the base of the

instrurent. A platina point, ¢, on the armature lever,

is brought in contact with a similar point on the end of
the screw ¢ whenever the armature is attracted by

the magnet, the screw being in metallic connection with

the binding screw ', by means of the frame of the appa-

ratus and a wire heneath the base. One of the screws,
[V, is cannected to one pole of the local battery (11),

and the other to the other pole, embracing the register

magnet in its circuit. 'Therefore, whenever the arma-

ture is attracted by the force of the main current acting

upon the relay magnet, the circuit of the local battery

is completed through ‘the register. As the relay is con-
structed with great delicacy, a feeble line current is

enabled to actuate a register powerfully through the

.intervention of a local battery.

The movement of the armature is regulated to corres-
pond with the varying strength of the line current by
means of the adjustable spiral spring f. The magnet
may be also set at any required distance from the arma-
ture by means of the screw a, which is cut with a right
and left hand thread, passing through the soft iron bar
connecting the two cores, and also through the support-
ing post in the rear of the coils. The latter slide through
openings in the upright metallic plate which supports
the adjustable platina pointed screw d.

* In the instruments manufactured by Dr. Bradley the helices or coils of the
electro-maguets, instead of being composed of silk insulated copper wire, as de-.
scribed in § 34, are made of naked wire, ingeniously wound by accurate machinery
in such a manner that the convolutions are separated from each other by a space
of 1-600 to 1-800 of an inch, the several layers being insulated from each other by
thin paper. It is claimed that, by this method of winding, a coil of a given length
and gauge of wire, and, consequently, of & given resistance, can be made of much
Jess diameter than is possible with silk insulated wire, while, at the same time, the

. number of convolutions w}n be increased as well as the power of the electro-
magnet,
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- Fig. 13 represents a Pocket Relay, as it is usually
termed, although it is properlya main line sounder (57).

Fia. 18,

This is provided with a key, as shown in the figure, the
whale being conveniently and compactly arranged to fit
into an oval case four or five inches long, which may be
carried in the pocket. It is an extremely convenient
apparatus for line repairers. The cut shows the ar-
rangement manufactured by the Messrs. Chester.

¥Fia, 14

57. THE SouxpEr.—In many of the larger telegraph
offices the recording apparatus is dispensed with, and.
the communications read by the sound of the armature
lever. In that case the Sounder (fig. 14) is employed in
the place of the register, the connections of the wires
being arranged in precisely the same manner. The
Sounder consists simply of the electro-magnet, arma-:
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tare and lever, fixed upon a base,* The coils are usu-
ally.- wound with No. 23 wire.

Main Line Sounders are used in some offices, which
enables the operator to dispense with the local battery.
The coils are wound with fine wire, usually No. 0, and
are frequently made somewhat larger than those of the
relay. A common form of this instrument is known as
the ‘‘Box Sounder.” The lever, striking upon a hollow
wooden bex containihg the magnet, gives a sound that
may easily be dlstmgulshed by the operator under ordi-
nary circumstances.

Fio. 16,

Fig. 16 (S F.Day & Co.) shows an excellent form of
Main Line Sounder. The parts of the instrument are
mounted upon a metallic plate, the centre of which is
raised slightly above the base, so as to form a bridge, as
shown in the cut. The armature lever is of steel, and
the whole arrangement is well adapted to increase the
sound of the leveras much as possible—a feature of great
value in working with weak currents or on badly insu-
lated lines. These instruments are also made in seve-
ral other forms, and various devices for ‘increasing the
sound of the lever are made use of. On many lines
they are found to answer as well as the usual arrange-
ment, employing a relay and local battery.

* The instrument shown in the figure is ﬂ'om the manufactory of C. T. & J’ N.
Chester.
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(
‘For circuits of moderate length a Main Lins Register
(fig 16), manufactured by Day & Co., has been employed
with excellent results.

Fia. 16,

58. ARRANGEMENT OF A TERMINAL StaTION.—Fig. 17
is a diagram showing the arrangement of wires, batteries,

L

=

Fia. 17,

and instruments for one of the terminal stations of &
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line. The line wire L first enters thelightning drréster
X, and passes thence through the coils of the .relay M
by the binding screws, 1, 2, ahd thence to the key K,
main battery E, and finally to the ground at G. The
local circuit commences at the + pole of the local bat-
tery E’ and through the platina points of the'relay by
the binding screws, 3, 4, thenee through the register
or sounder coils, S, and back to the other pole of the
battery. T :

Fia. 18

59. ARRANGEMENT OF A Way SrtarioN.—Fig. 18
shows a plan of the instruments and connections at a
way station. The line enters at L, passes through the -
lightning arrester X (70), and thence through the relay
M, key K, and back to the lightning arrester, and
thence to the next station by the line L. The arrange-
ment of the local circuit is the same as in the last figure.
The button C, arranged as shown in the figure, is called
a “ cut-out” (62). When turned so as to connect the two
‘wires leading into the office, it allows the line current
to pass across from one to the other without going

.through the instruments. The instruments should
always be cut out by means of this apparatus when
leaving the office temporarily, or for the night, and



=

7/

S

/86 - MODERS PRACTICE OF THE ELECTRIC TELEGRAPH,

also’ during a thundér storm, to avoid damage to the
apparatus.

The Ground Switch, Q (63), is used to connect the
line with the earth on either side of the instruments at
pleasure. It is only used in case of accidents or inter-
ruptions on the lines, as will be hereafter explained.

-60. ADJUSTMENT OF THE APPARATUS.—The princi-
pal difficulties which the operator is liable to meet with
in working the Morse apparatus are as follows :

1. When the paper in the register does not run freely
from the reel on which it is held, or sticks in the guides
from irregularity in width, or if the style is adjusted to
indent the paper too deeply, the paper moves irregu-
larly, shortening dashes into dots, and causing dots to

‘run together.

2. The style should be adjusted so as _to move freely
in the groove of the upper roller, or the marks will be
more or less indistinet. If it is completely out of the

‘groove, no marks will be produced. These faults gene-

rally arise from too much end play in the pivots of the
lever, or from the pivot screws working loose. When
the lever works too loosely in its bearings, irregular
dashes, too deep at their commencement, and tapering
off to nothing, will be produced.

Residuary magnetism sometimes causes the armature
of the electro-magnet to stick. - This will always hap-
pen if the armature is allowed to touch the poles of the -
magnet. The screw stop should therefore be adjusted
so as to prevent the armature from approaching too
closely to the poles of the magnet. The upper screw
stop, which regulates the ])lay of the lever, should be
adjusted so that the movement is just sufficient to with-
draw the style from contact with the paper.

- 3. If the paper runs between the rollers ‘‘ crooked,”
the pressure of the upper roller upon the paper is
greater at onc end than the other. This pressure is re-
gulated by two springs, one on each side of the instra-
ment, and they should be made as nearly equal in pl es-
sure as possible. :
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4. When the signs are confused the relay requires
adjustment to suit the strength of the current.

6. If the relay moves by the action of the line cur-
- rent, and the register or sounder does not act, the fault
is somewhere in the local circuit. If the register does
not work when the relay is moved by the finger, the
local circuit is certainly at fault, either from weakness
of the local battery, a loose connection, a broken wire,
or dirt between the platina points of the relay. The
latter should, when too much corroded, be cleaned care-
fully with a very fine file, taking care to remove as
little of the platina as possible.

6. The sticking of the key, which sometimes occurs, is
caused either by the platina points becoming oxidized
and dirty, or by small particles of metal and dirt collect-
ing behind the circuit closer and about the anvil, caus-
ing a partial connection when the key is open.

7. It is very important that all the connections about an
office should be firmly screwed up. Neglect of this pre- "
caution is a very prolific cause of trouble upon a tele-
graph line. o

8. In rainy weather, or when the insulation of the
line is defective from any cause, the cores of the relay
must be withdrawn to a greater distance from the ar-
mature, to avoid the influence of the residual magnet-
ism, caused by the escape of the ‘‘current” from the
line. This is called ‘‘ adjusting” the instrument, and is
onc of the most important of an operator’s duties, re-
quiring great judgment and skill during unfavorable
weather and on poorly insulated lines. The key should
never be opened without carefully adjusting the relay,
to be sure that no other offices are using the line,

SWITCHES OR COMMUTATORS.

61. These are employed for the purpose of connect-
ing one circuit with another, for dividing a circuit into
two parts, or in short, for any purpose where it is neces-
sary to alter the connections of a line or circuit.

62. Fig, 19 shows the simple Butfon or Circuit Closer,
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* which is usually employed. as a *‘ cut out” (5‘8) The

base A is of wood or hard rubber. The brass lever, B,

when in the position shown in the figure, forms an elec-

trical connection between the metallic studs C C, which
B : . J

Fie. 19,

are continuous with the screws, D D, passing through the
table and terminating in binding screws, to which the

~wires are attached. The spring F, pressing against

the lever, insures a firm contact with the studs. This
circuit closer is sometimes, for special purposes, made
with four connections instead of two.

63. Fig.20 represents a Ground Switch (58), The lever



“THE. MORSE, OR AMERICAN TELEGRAPHIG SYSTEM. 39

A isattiched to a wire leading to the earth, and the two
studs, B, C, are connected to the line wire on each side
of the instruments. :

Tia. 21.

64. Tue PLue SwrrcH is shown in fig. 21. This ar-
rangement consists of a brass spring, brought very
firmly against a stationary pin. A wedge or plug made
of two pieces of brass, separated by an insulating mate-
rial, is made in the form shown, to admit of insertion
between the spring and the pin. The wires leading to
the instrument are attached to this wedge by flexible
eonductors. When the wedge is inserted, the line cur-
rent is diverted through the instrument, but is not in-
terrupted. The instrument may readily be withdrawn
from the line by taking out the wedge, the spring in-

stantaneously closing the main circuit. This arrange-

ment is found extremely useful in connecting batter-
ies as well as instruments. At a way station it is
preferable to 4 simple cut-out, for the reason that the
apparatus is entirely disconnected from the cireuit when
the wedge is withdrawn (59).

65. Tar UNrveErsaL SwitcH, for the use of offices
baving a considerable number of wirgs, is constructed
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in several different forms, although the principle in-
volved is nearly the same in each. Fig. 22¥ represents

A B C D E F
L
II.
IIL
IV.
V.
VL
VIL

Fi1e. 22.

the arrangement most generally used, which is known
as the Culgan Switch, from the name of its inventor.
The upright straps of brass, A, B, C, D, E, F, are fixed
upon a slab of hard wood, or other non-conducting ma-
terial, and provided with binding screws at their upper
extremities, for the reception of the line wires. The
binding screws, I, IT, III, IV, V, VI, are in electrical
connection with the horizontal rows of buttons, by wires
underneath the board, not shown in the figure. Thus,
any wire attached to one set of binding screws may
readily be connected with any wire attached to the other
set, by simply turning the appropriate button. A row
of metallic pegs, « «', are so arranged that either of the
upright straps may be separated into two parts by the
withdrawal of the peg ‘belonging to it, as shown at «'.
The object of this device will be explained hereafter.
This switch may be made of any size and with any
number of connections, depending upon the number of
lines it is designed to accommodate. The wires may be
attached to it in a number of different ways, the parti-

* L. G. Tillotson & Co., New York.
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" cular arrangement adopted in each case depending upon
the nature of the changes required to be made.
- 66. ARrRANGEMENT OF THE CoNNECTIONS.—The sw1tch
shown in the figure, placed at a way station, could be
arranged to accommodate three through wires, and an
equal number of instruments, providing for.all the ne-
cessary changes. The arrancrements in this case would
be as follows : Connect line wires Nos, 1, 2 and 3, east,
with A, B and C; 1,2 and 3, west, with D, E and F,
Tnstrument Na. 1 ‘to I and II No. 2 to III and IV,
No. 3 to V and VI, Turn the buttons sp as to connect
A with T and D with Il The cireuit of No. 1 wire will
then enter at A, go to instrument No. 1 via I, returning
to II, and thence going out at D. The other instru-
ments may be connected at pleasure in the same man-
ner. If it is desired to connect a circuit through, for
instance No. 1, leaving the instrument out of circuit, it
is done by turnm(r the buttons so as to connect both A
and D to the same horizontal wire, either I or II. By
a little study it will be seen that any wire east may be
" connected with any other wire west, with or without
any desired instrument, at pleasure. The ground wire
is attached at VII, and may be connected with any line
- wire east or west at pleasure.
67. The same switch, placed at a ferminal station,
would provide for six wires, by connecting them as be-
_fore to the screws A, B, C, D, E, F, and the instruments
to I, II, I1I, IV, V, VI. The wires of a loop (87) may
be connected to I and II in place of the instrument,
and may be put in circuit with any wire by turning the
buttons connected with I and II both on to the corres-
ponding strap, which is then divided by withdrawing
the peg, forcing the current to pass through the loop.
Extra sets of buttons for loops are usmally provided
when the switch is intended for a terminal station, which
can be used without diminishing the capacity of the
switch for other purposes.
68. Jones’ Lock SwircH is employed for the same
purposes, and connected in the same manner as the one
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-last described, but the connection between the vertical
and horizontal wires is made by a metallic peg, provided
with-a spring, as shown in fig. 23 (Chester). This ar-
rangement entirely obviates the danger of imperfect
connections, from the loosening of buttons, etc., which
is sometimes a source of trouble in the Culgan Switch.

. . Fi6. 23. . .
It is also cheaper and much more compact a matter of
some importance in arranging for the accommodation of
a large number of wires.

69. There are other forms of switches designed for
special purposes, which it is unnecessary to describe in
a work of this kind. Those already referred to are all
that are generally requlred in fitting up a telegraph
station.

LIGHTNING ARRESTERS.

70. The danger of injury to the instruments and
- operators at a telegraph station, by atmospheric elec-
tricity, is usually guarded against by the use of an
apparatus termed the Lightning Arrester, which is con-
structed in accordance with the well established fact
.that this kind of electricity, being possessed of enor-
mous intensity, prefers a short route through a poor
conductor to a longer one through a good conduetor,
while the comparatively low intensity of the voltaic
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current, used for telegraphic purposes, confines it to
the conducting wires.

71. THE PLATE . ARRESTER.—The arrester most usu-
ally employed upon the telegraph lines in this country
consists of.a flat plate of brass, about five or six inches -
in length, which is attached to the ‘‘ground wire.”
Other plates of brass rest upon this, being separated
from it by a thin sheet of insulating material. These
last mentioned plates are provided with binding screws,
for the attachment of the line wires. Any surplus
charge of atmospheric electricity, entering by the line
wires, forces its way through the insulating material into
the ground plate, and is thus carried off to the ground
without injuring the apparatus. The form of arrester
supplied by the Messrs. Chester is shown in fig. 24.

Fie. 24,

The plates in connection with the line wires are
firmly held in their places by a wooden cross piece,
secured by screws at each end, as shown in the cut. - A
thin sheet of gutta percha, or paper, is used to separate
the plates. When paper is used it should be saturated
with paraffine. Mica is, perhaps, better than either, as
it is not carbonized by the passage of the spark, as pa-
per sometimes is, so as to form a ground connection.
The manner in which the arrester is connected with the
wires leading into an office will be seen by reference to
fig. 18, where the two line wires, L and L/, are attached
to the two upper plates of the arrester, X, while a wire
leading to the ground at G is attached to the lower plate.

72. BRADLEY’S ARRESTER.—Another form of arrester,
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designed by Dr. Bradley, i shown in fig. 25, and has
recently been quite extensively employed, with excel-
lent results.

FiG. 25.

It depends for its action upon the well ascertained
fact that lightning always passes from a point to a plate
with great facility. The line wires leading into the
office are attached to the metallic plates A and B by
means of binding screws beneath, the ground wire being
attached in the same manner to the plate C. Platina
tipped screws, 1, 2, 3, 4, are fixed to .each plate, and
are adjusted so as to come nearly in contact with the op-
posite plate. As lightning occasionally passes from the
carth to the clouds, as well as from the clouds to the
earth, this arrester is so arranged as to facilitate its

. passage in either direction. The buttons, F' F, are so
arranged that the apparatus serves for a ‘‘ cut-out” and
a ‘“‘ground switch” as well as an arrester. Its appli-
cation to these purposes will be at once understood by
an inspection of the eut. This form of arrester is
peculiarly well adapted for the protection of cables, or
any situation where it is exposed to accidental damp-
ness, as it is much less apt to interfere with the work-
ing of the line in such cases than the plate arrester pre-
viously described.

73. Lightning arresters must always be kept frce
from dampness and dirt, as far as practicable. Much
annoyance often arises from neglect of this precaution,
as moisture between the plates will often cause a seri-“
ous escape, greatly interfering with the working of the
line. This difficulty is especially liable to occur where
the arresters are used for the protection of submarine

.cables. A flash of atmospheric electricity also fre-
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quently carbonizes the paper between the plates, or
fuses the metal, so as to permanently connect the
ground and the line. Consequently, the lightning ar-
resters should be frequently taken apart and examined.
This should mvarzably be done after o tkunder storm.

REPEATERS

74. When the length of a telegraphic circuit exceeds
a certain limit, depending upon the insulation, the size
of the conductor, the number of instruments in circuit,
etc., the line current becomes so enfeebled, even when
large batteries are employed, that satlsfactory signals
cannot be transmitted. In such cases it was formerly
customary to re- -write the ‘messages at some interme-
diate station, but this duty is now usually performed by
an apparatus called a repeater. The principle of this
arrangement consists in causmg the sounder or reglster
connected with one circuit to open and close the circuit
of another line by an action similar to that of a relay
(56). Repeaters are also often used for connecting one
.. or more.branch lines with a main line, for the purpose
of transmitting press news, ete. s1multancous1y to dif- -
ferent places. This enables all the stations in connec-
tion to write to each other as readily as if they were
situated upon the same circuit.

Since the genheral introduction of' repeaters it has
become quite practicable to telegraph direct.between
places situated at very great distances from each other.
It is not uncommon, at the present day, to work direct
through four or five thousand miles of continuous line
by the aid of these.instruments with almost as much
facility as if it were one continuous circuit. On one or
two occasions the stations at Heart’s Content, New-
foundland, and San Francisco, California, have been
placed in direct commumcatlon with each other, the
operators at these widely separated points conversing
with each other across the entire breadth of the conti-
nent without the slightest difficulty., '
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75. Woodb's BurroN RepEATER.—This is the simplest
arrangement of this kind now in use. Fig. 26 shows

) ’ Fia. 26.

the most convenient and serviceable form in which the
button or switch, and its connections, can be arranged
for the purpose of changing the circuits. The instru-
ments, batteries, &c., are shown in outline, for conve-
nience of explanation. -M and M’ are the eastern and
western relays, S and S’ the eastern and western soun-
ocal connections are not shown, but are run
he eastern and western main batteries are
and B', and are placed with O{posite poles
d, at the repeating station, so that when the
rthrough” the two batteries will coincide.
. 3 of this arrangement the following result
may be obtained :

I. Two distinct and independent circuits. The lever L
remaining in the position shown in the drawing (marked
1), and the button at 4, closed. '

II. A through circuit. The lever L remains as before,
but the button at 4 'is opened, throwing off the ground
connection between the two batteries, B and B'. :

III. Two distinct circuits arranged for repeating. The
button at 4 is closed. If the lever L be placed in the
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position indicated by the figures 2, 2, the eastern soun-
der repeats into the western circuit. If the lever is -
changed to 3, 3, the western sounder repeats into the
eastern circuit. The operator in charge of a button
repeater will find his duty very simple if he governs
himself by the following

RuLe.—When either sounder fails'to work coincident
with the other, turn the button instantly.

In connecting up this apparatus, the arrangement of
the poles of the main batteries above specified should
be carefully borne in mind. It is also of the utmost
importance that these batteries should be perfectly in-
sulated from the ground, as the point at which the cir-
- cuit is open and closed is between the battery and the
ground. Therefore, an escape occurring from the bat-
tery to the ground will cause a residual current upon
the main line, when the circuit is open at the repeat-
ing points of the sounder, and thus interfere with its
working. :

In cases where it is not required to work the two
lines through in one circuit, the connections are ar-.
ranged differently from the plan shown in fig. 26, the
main battery being placed in the circuit between the
lever L and the ground G, instead of at B and B/, as
shown. In this case the switch 4 may be dispensed
with altogether. :

76. The lever of the sounder moves through a certain
space before closing the circuit of the second line, so
that the duration of the current sent forward is shorter
than that received from the tramsmitting station. A
second repeater shortens it still more, so that the dots
cease to be repeated, and are frequently lost altogether.
The sending operator must therefore transmit the sig-
nals more firmly, as it is termed ; that is, increase the
length of the key contact, especially when sending dots.
For the same reason, the sounder levers in a repeating
apparatus should be adjusted to have as little motion as

possible. _ .
77. Hicks’ AutoMaTic REPEATER.—This arrangement
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dispenses with the attendance of an operator for the

purpose of changing the circuits while working, the only

attention required being to keep the relays properly

zdjugged. The principle of the apparatus is shown in
g. 27. _

Fio. 2T, ° . :
The main circuits pass through the relay magnets M
and M’, thence to the repeating points f ¢ and f ¢/,
attached to the opposite sounder levers respectively,
and thence to the main battery and ground at G and
G'. The platina points of the screws f and f” are placed
upon U shaped springs, which, in a great measure, pre-
vents the shortening of the signals referred to in the
last paragraph. The local circuits are run through the
relay points b and &’ and the sounders R and R’, on
each side of the apparatus, in the ordinary manner, but
to prevent confusion of lines, are omitted in the draw--
ing. The ‘ extra local” magnets, I and L' act upon
armatures placed upon the relay levers e and a’, oppo-
site to the regular armature. (See figure.) These .
extra local magnets are movable by means of the screws™
d d', and the adjustment of the relays M M’ is performed
by means of these extra local magnets, the springs s s’
not being used for this purpose. :
In the figure the repeater is shown in its normal
position, with both circuits closed. The circuits of the
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extra local batteries B B’ (shown by dotted hnes) pass.
through the sounder levers I 7, the screws p p', and.
thence respectively to the extra local magnets on the
opposite side of the apparatus. These magnets must be
so adjusted that their attraction is not sufficient to draw .
the armatures away from M M’ unless the main circuit
is broken.

It will also be seen, by referring to the drawmg, that .
~when the main cxrcult is broken and the armature falls -
-back on the pomt ¢, that the extra local mavnet Lis cut

out. But the instant this happens the spring s draws

the armature away again. As soon as the contact is

broken at ¢ there is a circuit through L, and the arma-
- ture is again drawn back to ¢. The tension of the
spring s being but just sufficient to draw the armature

away from ¢, the armature vibrates on the point ¢ through .
such a small space, and with such rapidity, that the
motion is invisible to the eye. On account of the ex-

treme rapidity of these vibrations, it is impossible to
close the main circuit at a time when the extra local

magnet L is not cut out, and the armature will conse-

quently obey the sllghtest impulse caused by the attrac- .
tion of the relay magnet.

The working of the apparatus requires but little fur-
ther explanation. If the western main circuit be broken,
for instance, the armature lever a falls back and vibra tes
on the pomt ¢, as above described. The sounder lever
 first breaks the circuit of the eastern extra local mag-
net L, then that of the eastern main line, which passes
through the relay M. The circuit throuo'h both L' and
M’ being thus broken, the slight tension of the spring s’
will hold the armature in its place, and prevent the
local circuit through R, and consequently the western
main circuit, from bemg broken. When the western
circuit is again closed the reverse of these operations
takes place. ‘

.78. In using this repeater the springs s s’ should be
adjusted with the smallest possible amount of tension,
just sufficient to hold the a.rmature inplace. When once
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adjusted they should be let alone. Care must be taken
that none of the wires under or about the magnets touch
any part of the brass. The extra local magnets, for
example, may be cut out entirely .in this way. The
screws that adjust the extra local magnets should be
oiled with fine oil to prevent wear and make their ad-
justment easy. The extra local batteries must be kept
of a uniform strength ; if they are allowed to become
weak the instrument will be thrown out of adjustment.

79. MiLLIKEN'S REPEATER.—In the general artrange-
ment of its connections this repeater somewhat resem-
bles that of Hicks’, but is .more simple in principle.
Fig. 28 is a plan of .its connections. The main line

Fia. 28.

wire from the west passes through the relay magnet M
and the repeating points f* ¢' of the opposne soun-
der, and thence to the battery and ground at G'. The
eastern line passes through M’ f and g to G, in a simi- -
Jar manner.

The extra local magnets L and L’ are arranged, as
shown in the figure, so that when ¢ither of their arma-
tures is released it is drawn back by the spring attached
to its lever, bringing the latter firmly in contact with
the armature lever of the corresponding relay. The
extra local batteries are shown at B and B’ the circuit
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of each being indicated by dotted lines. The ordinary
local circuit through the relay and sounder is omitted,
-to avoid confusion in the diagram.

If the main circuit be broken in the western wire,
the relay M breaks the local circuit of the sounder R at
5. The movement of the lever / of the sounder first
breaks the extra local circuit at p, causing the magnet
L' to release the armature d’, which is drawn back by
the spring ¢ against the top of the lever a',and, secondly,
the e tern main circuit is also broken at f g. The
lever @ is prevented from falling back when the circuit -
of M’ is broken by the tension of the spring s, which is
so adjusted as to be greater than that of the sprm(r R
The apparatus on the right hand side of the repeater,
therefore, remains quiet while the ‘west is working, and
- wice versa, the current through M’ being always restored

before that thirough Lr is broken Whlch is effected b)
the U shaped spring on the screwf

One of the principal advantages in the constructlon
of Milliken’s'.repeater consists in the fact, that any
slight variation in the strength of the extra local circuit,
from weakness of the battery or other causes, does not
affect the adjustment of the relay magnets, as in the
case with Hicks’ repeater. The adjustment and action
of the two mdgnets are entirely independent of each
other, as will be seen by reference to the diagram. The
relay levers also move movre freely, bemg upencum-
bered with extra armatures or other appliances.

In this, as in the Hicks repeater, buttons are pro-
vided, by means of which each line may be worked
separately without interfering with the other, if desired.

These are omitted in the drawing, to prevent confu-
sion, but are arranged so that, when closed, one button
forms a .permanent connection between f and g, thus
preventing the movement of the lever./ from breaking
the eastern main circuit, and another connects p and /,
thus keeping the extra local circuit constantly closed,
and the armature lever d' withdrawn from mterfelence
with a', . - o
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- The same thing may be accomplished by causing the
button to break the extra local circuit entirely, when
the instruments are to be worked separately, and ** turn-
ing down” the adjusting spring s' of the lever d'. It
will, of course, be understood that the other side of the-
' repeater is arranged in precisely the same manner.

EASY
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Fia. 29.
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- 80. Bu~nNELL'S REPEATER.—The arrangement of the
main circuits in this repeater is exactly the same as in
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, with extra armatures and other appliances. The ad-
justments required are the same as in a simple relay and
sounder.

82. Various other repeaters have been contrived, and
to some extent adopted in this country, but as those we
have described are much more extensively used than
any others, it has not been deemed necessary to describe
the others in a work of this kind.

y 83. CompiNaTION Locars.—In offices containing a -

number of instruments, a.single local battery is fre-

quently employed to operate all the sounders in the
office. Such an arrangement is called a combination
local. The best way of making the connections is shown
in fig. 30, in which the instruments are represented at

T
333 |

Fia. 80,

I, I, IIT and IV. The local battery is- shown at E.
The common conductors, @ and b, should be of large
copper wire, say No. 12 or 14. If the ordinary Daniell’s
“battery is used for this purpose, the cells should be con-
nected for quantity, as shown in the diagram, and not
in a single series. KEvery sounder in the combination
should have the same size and amount of wire in its
coils, as nearly as possible, in order to secure the best
results.

84. Another plan is to pse separate locals a wire
being run from one pole of each local to its correspon-
ding instrument, the opposite poles of the batteries, and
the instrument wires being all connected to a common
returd wire.

86. These combination locals are very objectionable,

_however, ang. their use should be avoided wherever
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possible. The iron cores in two different relays may
happen to be in connection with the silk covered wire
with which they are wound, a circumstance which fre-
quently occurs. In such a case, if the two armatures
chance to touch the poles of their respective relays, a
metallic connection, technically called a cross, is made
between the two main lines. Again, if these two relays
are at a terminal station, and in connection with two
main batteries, with opposite poles to the ground, the
combined force of both batteries is thrown on short
circuit, through the local return wire, burning the re-
lays, exhausting the batteries, and interfering with the
operation of every wire connected with them. The
cause of these troubles being somewhat obscure, it might,
for a considerable time, escape detection.

86. LocaL Circuir CHANGER.—In offices containing
two sets of instruments on different circuits, it is often
desirable to change them. A simple arrangement for
this purpose it shown in fig. 31, in which the relays are

Fi1a. 81,

represented at M and M'; S and S’ are the sounders or .
registers, Eand E"are the local batteries. Bis a simple
button or circuit closer (62), having four connecting
points, 1, 2, 3, 4. When the button is in the position
1, 2, as shown in the figure, the relay M works the
sounder S, and the pelay M' the Sounder S. By
changing the position of the button to 3, 4, S is worked
by M' and 8’ by M. This simple arrangement is often
very convenient in railway stations, where a sounder
may be placed on one circuit and a register on the
other, so that an operator who is unable to read by
sound can instantly shift the register upon either line

at pleasure. o
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TECHNICAL TERMS USED IN THE TELEGRAPH SERVICE.

87. Line.—The wire or wires connecting one station
with another.

Circuit—The wires, instruments, &c., through which
the current passes from one pole of the battery to the
other.

Metallic Circuit.—A circuit in which a return wire is

~ used in place of the earth. -

Local Circuit—One which 1ncludes only the appa-
ratus in an office, and is closed by a relay.

Local—The battery of a local circuit.

Loop.—A wire going out and returning to the same
point, as to a branch office, and forming part of a main
circuit. -

Binding Serews or Terminals.—Screws attached to
instruments for holding the connecting wires.

To Cross-connect Wires—To interchange them a.t an
intermediate station, as in § 117.

To put Weres strangt —To restore the usueﬂ/ arrange-
ment of wires and instruments.

To Ground a Wire, or put on Ground.—To make a
connection between the line wire and the earth.

To Open a Wire.—To disconnect it so that no current

can pass.

Reversed Batteries—Two batteries in the same cir-
cuit with like poles towards each other,

To Reverse a Battery.—To place its opposite pole to
the line; or, in other words, interchange the ground and
line Wires at the poles of the battery.

. Escape—The leakage of current from the line i.. he
ground, caused by defective insulation and contact with
partial conductors.

Cross—A metallic connection between two wires,
arising from their coming in contact with each other, or
from other causes.

Weather Cross.—The leakage of current from one
wire to another during rainy weather, owing to defec-
tive insulation.



' CHAPTER V.

INSULATION, |
88. A telegraph wire suspended on .poles is attached

" to ¢nsulators, to prevent the .escape of the current to the

earth at the points of support. Insulators should be
regarded in-the light of conductors, whose value depends

~ upon their resistance to the passage of the current.

89. The insulation of ‘& line is never pérfect, even in
the dryest weather. There is a leakage at every sup-
port, which is greatly increased when the surfaces of the
insulators are damp, especially if covered with smoke
or dirt. Experiments show that soot will destroy the
surface insulation of even the best insulators, unless

“ exposed to the cléansing action of the rain. This evil

is confined, however, principally to cities, and does not
manifest itself to nearly so great an extent in the open
country.

90. Insulators, considered as conductors, follow the
same law as other conductors. The less the diameter
and the greater the length, the more resistance is op-
posed to the escape of the current. As in this case the -
resistance is almost entirely a question of surface, the
best insulator is that having the smallest diameter and
the greatest length between the wire and the support.
The latter is accomplished by making the insulator of
a cup form, -or still better, of two cups, one placed
within the other.

91. The material of which the msulator is composed
should be a poor conductor of electricity and heat, a
non-absorbent of moisture, with a surface repellant of
water, and free from pores or cracks. It should also
remain unaffected by exposure to the weather, and the
effects of heat and cold. Nearly all of the materials
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ordinarily employed are, however, liable to some of
these objections.

Insulators of glass and porcelain being conductors
of heat, a change of temperature from cold to warm
causes a condensation of moisture upon their surfaces,

including the portion protect-
ed from the direct action of
rain, and from this arises

» the principal objection to
the use of these substances
in the constructxon of an in-
sulator.

Hard rubber is in itself a
better insulator than glass ;
but its surface, from exposure
to atmospheric influences, soon
loses its property of repelling

~ moisture, and becomes rough
and porous.

A surface which repels wa-
tery accumulations will cause
them to flow disconnectedly

.in drops, instead of forming
a continuous conducting film.
This property is therefore one
of great value for the ' pur-
o poses under consideration.

92. TrE GrAss INsuLATOR.—The insulator most com-
nmonly employed in this country is the glass. This is
generally made in the form represented by Fig. 32,
which is a sectional view of the insulator fixed upon a
wooden bragket, the latter being.securely spiked to the
side of the pole. The line wire passes alongside the
groove surrounding the insulator, and is fastened with
a tie-wire encircling the insulator, both ends of which
are wrapped around the line wire. The concavity of
the under side of the glass keeps it dry during a rain,
and prevents the current from escaping to the wet
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"bracket and pole through the medium of a continuous
stream of water.
93. THE WaDE INSULATOR.—This is largely used in
the Western States. Itsconstruction is shown in Fig. 33.
A glass insulator, somewhat
tar in shape to that last
ribed, is covered with a
den shield, to prevent frac-
from stones and other.
es, the wood being thor-
\ly saturated with hot coal
to preserve it from decay.
line wire is tied to the
ide of the shield, in the
e manner as when the glass
lator is used.
Chis insulator is usually
nted upon an oak bracket,
1 Fig. 33, secured by spikes
1e side of the pole or other
sort. When it is intended
e mounted upon a hori-
al cross-arm it is placed
@ a straight wooden pin,
sad of a bracket. The pin
o wracket is usually saturated
¢  with hot coal tar, in the same
manner as the insulator shield.

Fia. 88.

FiG. 34. : Fia. 85,

94. Tre Harp Russer INsuLATOR.—This insulatoris |
shown in Fig. 84, It is a good insulator when new, ‘
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but by exposure to the weather its surface becomes
rough and spongy, and retentive of moisture. It is
screwed to the under side of the cross-arm or wooden
block, which is secured to the pole. The best form is
that which is made with a drip or shed, as shown in
the figure. If exposed to the direct action of rain it
ought always to be placed in a perpendicular position.
It will be noticed that this insulator holds the line wire -
by suspension. :

95. THE LEFFERTS INsuLATOR.—This is composed of a .
suspension hook fixed in a socket of glass, of the form
represented in Fig. 36. This is inserted into a hole
bored in the under side of a block or cross-arm, and
fastened with a wooden pin. In painting the arm or
blocks the paint must not be allowed to get on the sur-.
face of the glgss.
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96. Tre Brooks INsurATor.—Figs. 36 and 37 show
the construction of this insulator, which consists of a
suspension hook cemented into an inverted blown glass
bottle, which is again cemented into a cast iron shell,
provided with an arm which screws into the pole, as in
Fig. 36. Another form is made, designed for attachment
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to a cross-arm, as in Fig. 38. The remarkable insula-
ting properties of this arrangement are mostly due to
the use of paraffine, with which the cementing material
(sulphur) is saturated. It has also been discovered that
blown glass possesses extraordinary properties of repel-
ling moisture. Additional advantage of this fact has
been taken in the construetion of this insulator, as may
be seen by reference to the cut.

97. Brooks’ SToNE-WARE INsuLATOR.—This arrange-
ment is made in the form shown in Fig. 39, the body of

the insulator being cdm-

pletely saturated with

paraffine. Numerous se-

vere tests, to which this

insulator has been sub-

jected during the past

year, in comparison with

others, show that its insu-

lating qualities are much

greater than any other

known arrangement, being’

more than one thousand

oo, 30, times greater than that of

the ordinary glass. Other

patterns are now manufactured, some of which are

designed to be placed upon a wooden pin or bracket, as

in Fig. 33, and others for insertion into a cross-arm,

being secured in the same manner as the Lefferts in-
sulator, (Fig. 35).

98. Mok oF TesTING INsuLATORS.—The proper way
to test the comparative value of insulators is to fix
them upon frames or standards, in sets of ten or more,
and place them where they will be fully exposed to
the weather. The tests should be made when the
weather is very wet, by means of a wire attached to
all of them in the usual manner, and leading to the
testing instrument, battery and ground. By this means
the relative resistances of either of the insulaters above

described, and their consequent value in the comstruc- -

tion of a line, may be readily ascertained.
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. 99. EscaPE.— When the insulation is defective, or the
wire comes in contact with the branches of trees, a wet
wall, or other partial conductor, a portioq of the cur-
rent passes to the ground, forming what is technically:
known as an escape.. . o

100. WEaTHER Cross.—The escape of the current
from one wire to another one upon the same poles,
owing to defective insulation, is sometimes wrongly
called ‘““induction,” or *‘ sympathetic currents.” Wea-
ther cross is a much more appropriate term. :

As electric currents always move in the direction of
l the least resistance, their tendency is to escape from a
long circuit to a shorter one. This mixing of the cur-
rents from different wires is a much more serious evil
than a simple escape to ground, for the latter may in
most cases be overcome by increased battery power ;.
but when cross connection. exists between different -
wires upon the same poles, an increase of battery upon
one wire gives it an advantage oVer.the others, but
necessarily at their expense. ‘

The effects of weather crosses usually manifest
themselves upon the occurrence of a shower sooner
than the escape to ground, because the horizontal arms
become wet sooner than the vertical pole.

. On the English lines this difficulty is obviated by
means of an earth wire attached ¢o each pole, and wrap-
ped around the center of the arms, thus cutting off the
"currents passing from wire to wire, and conveying them
to the ground. The battery can then be in¢reased at
will on one wire, without interference with the others.
This practice might be adopted in this country, with
great advantage to the working of the lines.

101. Errecr oF EscaPES AND (GROUNDS UPON THE
Circuir.—If the wire touches a conductor communica-
ting with the earth, or the earth itself, in a moist or
wet place, so that the point of contact offers little or no
resistance compared with the wire beyond, the fault is
called a ground. The effect of a ground or escape is to
increase the strength of the current going out to the
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line, and to exhaust the batteries more rapidly. There-
fore, in working with a continuous current, as is the
case on American lines, the line current increases in
strength in wet weather, but the variation or difference
in the current at one station, when the line is opened
and closed at another, decreases, and the effective sig-
nals are therefore weakened.

' 102. Tae Laws orF THE Erecrric CURRENT.—The
“laws which govern the propagation and distribution of
. electric currents are so simple, and at the same time so
-important, that every telegrapher should be familiar

with them. By their aid the phenomena above referred

to may be readily comprehended. The most important

of these laws was first enunciated by Ohm, in 1827,

and is known as Ohm's law. It may be briefly stated

as follows : :

Call the sum of the electro-motive forces...E
¢ ¢ internal resistance of the battery..R
¢ ¢ yesistance of line and instruments. .L
¢ ¢ the effective strength of current...0"

Then € = _ &
"TR+L

That is: The effective strength of the electric current in-
any given circuit s equal to the sum of the electro-motive
forces divided by the sum of the resistances (174).

103. Pracrican AppricaTioN oF OaM's Law.—FIRsT.
Case.—To illustrate the application of this law to cir-
cumstances occurring in practical telegraphy, take the

e — Sl

Fia. 40.

case of an ordinary telegraph line (Fig. 40), extend-
ing from A to B, and perfectly insulated, having a re-
sistance of 100 Ohms. Let the main batteries, E and
E' have each an electro-motive force of 1,000, and a-

N

\
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resistance of 5 ohms, and let the resistance of the in-
struments I and I' be equal to 10 ohms each. The
total resistance of such a circuit will be :

100 ohms, line, =L
. 90 ¢ . instruments; § —
10  batteries, =R
130 “=R+L

The line being perfectly insulated, the whole cur-
rent from the batteries will necessarlly act upon both
instruments. ,

As the effective strength of the current in any cir-
cuit is, by Ohm’s law, equal to ﬁ-lii in this case it will
be :

2000

‘ -1-5-0- = 15.4
Withkeyopen at AorB..seriuaceenes = 00.0
Difference, or effective working strength. =154

If, on the above line, an escape occurs between the
stations A and "B, offering a’resistance of 50 ohms, the
effect will be the same as if a wire having a resistance
“of 50 ohms were connected from the centre of the line
to the ground. The current from each battery has a
tendency to divide at the fault between the two routes
open to it, in proportion to their relative conductivity ;
or, what is the same thing, in inverse ratio to their
respectme resistances. But in this case the electro-
- motive forces and the resistances are exactly the same
on each side of the fault; and the positive current from
one battery, and the negatlve from the other, have an
equal tendency to escape to ground at the fault. These
opposite tendencies consequently neutralize each other,
and no effect whatever is produced upon the circuit by
the fault as long as the line remains closed both at A

and B.
If, however, A is sending to B, his key is alternately
open and closed. When open, the circuit of the bat-

5 :
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tery B (Fig. 41) is entirely broken. There will still, -

however, be a circuit from the battery E, through I'
and the line to the fault F, and thence to the ground

lllll!lll—OC = fo— = f*”:l' 3

Fia. 41.

By Ohm’s law we find the strength of thls current to
be as follows:

.5 ohms resistance of battery, . . = R
10 “. o ¢ instrument,
50 “ “ 4 1line, =1L
50 " “" & falllt,
115 = R 4+ L.
E _ 1000 8.1
“R+L 115 ="

With the key closed at A, the strength of the mrent
in the instrument at B was found to be

15.4
With key open at A, as above........ 8.7

Difference, or effective working force... 6.7

In this case the latter will obviously be the same,
whether A sends to B or B to A.

104. Seconp Case.—Suppose the same fault to be
located near A (see Fig. 42).

The current from the battery E will divide at F, part
going to the ground through the fault, and the remain-

Fia. 42,

der over the line to B, and through the instrument and
battery to ground. The current from E' will divide in
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the same manner between. the fault and -the route
through I and E. Taking the battery E alone, and
considering the other battery E' simply as a conductor,
the two circuits beyond the fault give the followmg
resistance :

1. By the line instrument and battery at B.. 115 ohma.
2. % fault F..iiiievvensccassvancnnans 50 «

. - 116 x 50
Their joint resistance will be* ..... 77— —%5 = 348 ohms.

Add resistance of battery itself, 6 ohms, and instru-
ment,I,lOohms........_ ..... teesrecnces .o 16 u“

The total resistance will be...... ceeeeeenaea.. 4908
And the current leavmg the battery, E, = g% =

This current will divide at the fault between the two
circuits, whose resistances are respectively 115 and 50, -
or in the proportion of 23 to 10. Therefore 23 parts
of the current will go to the ground at F, and 10 parts,
= 2X10 = 6.1, will.go over the line to B.

The current from the other battery, E/, in like man-
ner divides at F, between the fault and the circuit
through the instrument and battery at A The joint
resistance of the two circuits is

15 x 50
16 + 50 — 118
Ada the resistance of the battery E, 5 ohms, instrument I, 10
-ohms, and line, 100 OhmS .....ceeeverererncrecnnnnnn 115.0
Total re8istanCo .. .sseseeoccssocetcccssccccscccnnes weeses 1265
1000
The current leaving the battery E will therefore be so=— 123635 = 7.9

The resistance of the two circuits beyond the fault
being 15 and 50, or as 3 to 10, 3 parts will go to

ground and 10 parts, or %= = 6.1, through I.

* The joint resistance of any two circuits is found by dividing the product of the

two resisiances by thetr sum. When there are three circuits, first find the joint re-

- gistance of two circuits as above, and treat it as a'single circuit, again applying the

same rule. In the same manner the joint resistance of any number of circuits may
be calculated (175),
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When A sends to B, the current in the mstrument
at B will be :

Key closed at A.
FrombatteryE ceesesecsannas R &
Eovevnrvares rrererrneee 61
Total strength in I'.o.vvvivneieeneeneens 14.0
Koy open at A.
o7 open ) 1000
From battery E'........... veeee Jg5 = 61
o “ B...oe... POPPPPRIN seseenna 00 6.1
Difference, or available working current at B, 7.9
Now let B send to A. The current at A will be :
Koy closed at B. )
From battery E ..................... . 200
terereneeneeaee, veee. 61
Total strengthin I....... seeevecvenne .s 26.1
‘ open at B.
Key 1000
From battery E ......... ceeeee 65 — 1654
s L R 0.0
Total strength in I....oevvveine oo oo o

Difference, or available working current at A,

F
bl m
i S
i
i
]
i
Fia. 43.

105. Tamrp Case.—Let the battery at A be doubled,
the fault remaining as in the last case. The electro-
motive force and internal resistance of E are both dou-
bled, as in Fig. 43. The current from E will now be :

2000
“ 50 x 115 = 365 -
20 + 50 + 115
which will divide at the fault in the same proportion
as before, the part going to B bemg BEXL = 11.0.

" The current from E’ will be m+’° X = 7.7, and the
portion reaching A X2 ='5.5.
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When A sends to B the signals will be as follows :

Key closed at A.
Cutrent at B = 7.7 + 11.0 = 18.7
Key open at AZ v
P c B _ 1000
urrent at B...... = 165 = 6.1
Effective strength at B......... 12.6
Now let B send to A :
Key closed at B.
~ Currentat A = 36.6 + 5.6 = 42.0
Key open at B. P g
2000
Currentat A....... = o = 28.6
Effective strength at A......... 13.4
A . : B
“Uiioo- SR
10 . 00 w10
i50
/
Fio. 4.

-

106. FourteE Case.—Double the battery at B,.the
fault remaining unchanged. See Fig. 44.

1000
Current from B = —_ 50 x 120
15 + §0 7120 = 19.9
L 19.9 x 5
Portion going to B... = - = 5.8
2000
Current from E' = 50 x 16 .
120 + 55— g = 15.2
. . 15.2 x 10
Portion goingto A.. = — G = 11.7
A sending to B:
Key closed at A. .
- Currentat B = 15.2 + 5.8 = 21.0
Key open at A. .
o B 2000
urrent at B........ = 0 = 11.8

Effective strength at B....,..... 9.2
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B sending to A :

Key closed at B.
Current at A = 19.9 + 11.7 = 31.6
Key open at B.
: ’ 1000
Current at A........ = g5 = 16.4
Effective strength at-A........... 16.

107. Thus we find that on a circuit consisting of

Line wire resistance. ....ceceescececcanee 100 ohms,
~2batteried ' - % Ll iiiieiieeienienes 10 ¢
2 l*ments B iieetesrccasiarenane 10 «

each battery having an electro-motlve force of 1000,
the signals received will be as follows :

Signalsat A.  Signalsat B

When the line i perfoct......covcveivneanae. 15.4 - 16.4
‘With escape 50 ohms in centre ......c.... eenns 6.7 6.7
Same fault 8t A ... .ieviieiennrerenncannanes 10.7 7.9
Same fault at A, with battery doubled at A .... 13.4 12.6
Same fault at A, with battery doubled at B..... 16.2 9.2

108. The results of this investigation may be sum-
med up as follows :

When the batteries and instruments are equal at
each end of a line, a given fault will interfere most
with the working of the circuit when in the centre.

When the fault is near one end of the line, the sta-
tion farthest from it will receive the weakest signals,
and the station nearest it the strongest signals.

In increasing the battery power for working over an
escape, the addition should be made to the battery
nearest the fault.

109. DistriBuTioN OF BATTERY Powger.—If the in-
sulation of a line was perfect at all times, the position
of the battery in the circuit would be a matter of in-
difference. As all lines, however, are subject to more
or less leakage or escape throughout their entire length,
the whole battery should not be located at one end of
a long line, for in this case signals would be received
much better at one end of the line than the other. The
usual arrangement is to place half the battery at each
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end of the line, although if the escape be uniform
throughout the entire length of the line, the effect upon
its working will be the same, whether all the battery
is placed in the centre of the line or a portion of it in
the centre and the remainder divided equally between
the two ends.
If a certain portion of the line is especially defective
- in its insulation, the distribution of battery power may
sometimes be varied in accordance with the principles
laid down, with manifest advantage.

The insulation of the batteries themselves is a mat-

-ter of great importance, and should never be neglected.
(29.)

110. WoRKING SEVERAL LiNEs FROM ONE BATTERY.—
It has been for many years the practice in this country
to work a considerable number of lines at the same
time from a single battery. The number of wires that
can be worked in this manner without interference de-
pends entirely upon the proportion between the inter-
nal resistance of the battery employed and the joint

-resistance of all the circuits connected with it. If the
.resistance of the battery itself is inappreciably small
_in comparison with that of-the lines connected with it,
the current on any given circuit will vary but little,
whether the others be open or closed. With the Grove
battery of, say, 60 cups, it is possible to work as many"
as 40 or 50 well insulated lines, of 300 miles or more

-in length, without.appreciable interference. The great
objection to this system is that, in wet weather, the re-
sistance of the lines is enormously diminished, and the
interference of one circuit with another, as a necessary
consequence, greatly increased.

It is a common practice when this occurs to increase
the number of cups in the battery, which in most cases
has a tendency to aggravate the very evil it is sought
to remedy ; for with every such addition the resistance
of the battery becomes greater in proportion to that of
the lines, and the currents more unsteady and fluctu-
ating. No small part of the trouble experienced in
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working lines in wet weather arises from this cause,
although usually attributed entirely to defective insu-
lation. It is true, however, that the latter indirectly
causes the difficulty, by lessening the resistance of the
wires.

111. Experiments made on a very wet day, upon a
number of circuits of nearly the same length (100 miles), -
leading out of New York city, proved that when one
such wire was attached to a carbon battery of 60 cups
the addition of three other similar wires reduced the
current on the first one 12 per cent. It is a common
practice to attach as many as eight wires fo such a bat-
tery, which in the above case would have reduced the
current about 25 per cent.

112. It is the opinion of many scientific experts in
practical telegraphy that increased efficiency, as well as
economy, would result from working telegraph lines
with a single series of Daniell’s battery, in its most ap-
proved form, upon each circnit. The objection urged
against this battery is the increased amount of room it
" takes up, as well as its somewhat greater original cost.

113. As long as the present system remains in vogue,
care ought to be taken that the different circuits leading
from the same battery are as nearly as possible equal
in resistance ; and it must not be forgotten that the in-
terference caused by attaching too many wires to a .
battery cannot be remedied by the addition of more cups
for intensity. The electro-motive force of a carbon bat-
tery is exhausted with a rapidity nearly in proportion
to the number of circuits supplied from it. In the case
of the Grove battery this effect is not so apparent.
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CHAPTER VL

TESTING TELEGRAPH LINES.

* 114. Interruption and interferencesfrom various causes
are constantly occurring upon telegraph lines, and one
of the most important of an operator’s duties is to be
able to discover promptly the nature and location of a
fault, that measures may immediately be taken for its
removal. This is done by an investigation called test- -
ing. The apparatus and methods now in general use
in this country are of a somewhat primitive nature, but
the improved modes of testing which have long been
employed in Europe are gradually becoming appreci-
ated here, and as these are based on sound scientific
principles,.it is to be hoped that they will soon super-
sede the imperfect ones heretofore employed. ,
115. The principal interruptions to which a telegra-
phic circuit are liable may be summed up as follows:
DisconNEcTION.—The continuity of the circuit is
broken, so that no current passes over the line.
ParriaL DiscoNNecrioN.—This is usually caused by
rusty and unsoldered joints in the line, or by loose
screw connections in offices or about switches, which
offer great resistance to the passage of the current.
Escape or leakage of current from™ the line to the
ground, caused by defective insulation, or contact with
trees, &c. When an escape is sufficient to. entirely
prevent the working of the line it is called a * ground.”
Cross.—When two wires are in contact, so that one
cannot be worked without interfering with the other.
WeaTHER Cross.—When a portion of the current
from one wire leaks into others upon the same poles,
through defective insulation. The effect is similar to
that of a cross, but much less strongly marked. This
is often improperly called sympathy, or induction.

o«



V4 MODERN PRACTICE OF THE ELECTRIO TELEGRAPH.

DerecTivE GROUND CoNNECTION.—It sometimes hap-
pens that the ground wire, or ground plate, at a termi-
nal station, is defective. The effect of this is to make
the wires connected. with it appear-as if in contact, or
crossed. This difficulty is often caused by the removal
of a meter in offices where a gas pipe is used as a
ground connection for several lines. .

116. TestiNg For DiscoNNEcTION.—If the circuit is

-broken at any point the relays will all remain open.
The operator at each way station should immediately
proceed to test the wire by connecting his ground wire,
first on one side of the instruments and then on the
other. If either connection closes the line circuit, the
interruption is on that side, as the circuit of the oppo-
site main battery is completed through the ground, in
_place of the broken wire. If the ground wire gives no
.circuit either way, it is probable that the interruption
-is in the office, or that the ground connection is defec-
. tive. Each operator should always first- make sure
that the fault is notin or about his own office. Having
ascertained the direction in which the difficulty lies, he
should at once report the state of the case to the ter-
minal station at the opposite end.

A ):| F c D
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Fro. 45,

Fig. 45 represents a line with four stations, A, B, C
and D. Suppose the wire broken at F. By connect-
“ing the ground wires at B and C, as shown, two dis-
tinct circuits are formed. A can work with B, and C
with D, showing that the fault is between B and C.

Disconnection is usually caused by the breaking of
the line wire, or by a key carelessly left open. Some
other causes are wires loose in their binding screws, or
defective switches, or the fine wire in or about the re-
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lay may be broken. The latter is sometimes burned
in two by atmospheric electricity.

117. ParmiaL DisconNectioN.—It is rather difficult
to discover this fault by the ordinary relay tests. Itis
- frequently of an intermittent character, and requires to
be very carefully tested for, In the latter case, the
best plan is to cross connect, or interchange the defec-
tive wire with a good one at the terminal, and also one -
other station, as in Fig. 46. Suppose the faultisat F, on
No. 2 wire; by cross connecting at A and B, as shown,

3 A 1 B 1
Cc
_‘__>< 9 J K.g__
Fia. 46,

the fault will shift to No. 1 circuit, showing that it is
between those points. If it were beyond B, it would
remain on No. 2 circuit. In this case, let the wires be
put straight at B, and cross connected at C, and so on,
station by station. When the fault is passed it shifts to
the other circuit, and will therefore be found between
the two last stations.

118. To Test For AN Escape.—Call the stations up
in rotation, beginning with the one-farthest off, and
have them open key for a minute or two. When a
station beyond the escape is open, more or less current
will still pass-out to the line through the relay, return-
ing through the ground from the fanlt.

A F c ]
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Suppose A (Fig. 47) is testing. When the circuit is
open at C or D a current will pass from E through the
fault, F, which will be interrupted when B opens, show-
ing the fault is between B and C.
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119. TesTiNG For GRrRoOUNDS.—A ground is tested
for in a similar manner. The operator at a way sta-
tion can ascertain which side of him the ground is
situated, from the fact that it cuts off or greatly weak-
ens the main battery current from that direction, when
tested with a ground wire by means of the finger or
tongue.

Telegraph lines are very liable to be.grounded by
the action of atmospheric electricity upon the lightning
arresters. These should be carefully looked after at
frequent intervals, especially where exposed to damp-
ness, as in cable boxes.

120. TEsTING For Crosses.—In case a cross is sus-
pected between two wires, say Nos. 1 and 2, instruct
the most distant station to open one wire, prefera,bly
the through wire, or No. 1, and *send dots” upon the
other. Open No. 2 at your own station, and if the dots
sent on No. 2 at the distant station are received on
No. 1, the wires are crossed. Care must, of course, be
taken not to be deceived by the leakage from one wire
to another, caused by defective insulation. If the
wires are in actual contact, the signals received upon
No.1. wire will be nearly or quite as strong as if re-
ceived upon No. %.

Next, instruct the distant station to leave No. 1 open,
and open it also at your own station. No. 2 will now
be free from interference, and the stations upon it may
be signalled without dlﬂiculty Call them in regular
succession, commencing at the farthest end o1 the line,
and instruct each one in turn to send dots on No. 2. If
the dots are received on both wires the cross is be-
tween you and the station sending; but if upon No. 2
only, it is beyond that station. It is better that each
operator, while sending dots, should open-the other
wire, if practicable.

The principle of this test will be understood by refer-
ence to Figs. 48 and 49, which represent a two wire
line, with four stations, A B, C and D, the wires being
“ crossed ” between B and C. The operator testmrr for
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the cross is supposed tobe at A. In Fig. 48 station C
has No. 1 open, and station A has No. 2 open. If C
sends dots on No. 2 the circuit will shift to No. 1, at
the cross, as shown by the arrows, and the dots will

jl-l;lw-@*

— G

Fia. 48,

come on No. 1 instrument at A, showing that the cross -
is between A and C. In case C were unable to open,
No. 1 the effect would evidently be the same, provided
it remains open at D. ,

Now let C close both wires, and B open No. 1, and
write dots on 2 (Fig. 49). If No. 2 be open at A, B
will be unable to work in thjs case, as both wires are
open, one’at A and the othet’at B. With both wires

@E-gl-l-lgf

——

F16. 49.

closed at A, B’s dots will come on No. 2, the -current
from F passing over both wires to the cross, and from
thence on No. 2, No.1 being -open,-as shown in the
figure. Thus the fault is located between B and C.

In large offices, where there are a considerable num-
ber of wires, it will often be found a much more con-
venient and expeditious method of testing for crosses
for the operator to station himself at the switch with a
single instrument, which can ‘be placed at pleasure on
any wire, for the purpose of communicating with differ-
ent stations. When any station is ‘‘ sending dots” the
testing operator can feel them by placing a finger upon
the ground wire, and another upon the proper line wire
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at the switch. The principle involved is of course the
same as in the method first described. In wet weather,
however, testing by the sense of feeling is attended
with much uncertainty, as it is impossible to distinguish
between the effect of a metallic cross, or actual contact,
and the leakage arising from bad insulation.

121. Tt would be difficult to specify all the minor in-
terruptions that are liable to occur in and about tele-
graph offices, or on the lines ; the operator will there-
fore, in many cases, be obliged to depend upon his own
ingenuity for the best method of testing applicable to
- each particular case. By .carefully studying, however,
the principles heretofore explained, the intelligent tele-
grapher will usually be able to cope with any difficulty
that may chance to arise in the ordmary service of the
lines.

122. TESTING WITH THE GALVANOMETER AND RE-
s1ISTANCE CorLs.—In the more accurate and scientific
modes of testing, which have been for some years em-

<]

ployed upon the European lines, the instruments used
are the differential galvanometer and a set of standard
resistance coils (44). ‘

The arrangement of the connections will be under-
stood by reference to Fig. 50.
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- The galvanometer coils are wound with two wires of
the same length and resistance, insulated from each
other with the utmost care. The needle is, therefore,
surrounded by an equal number of convolutions of each,
wire, which are also equi-distant from it.

The inner end of one coil surrounding the galvano-
meter, g, is joined to the outer end of the other at g,
and a key, K, attached to this junction, when de-
pressed, forms the connection with the testing battery,
E. The other ends of the coils run to binding screws,
M M, for the convenient attachment of lines to be

tested. The principle upon which the action of the
instrument depends is the following:

When the battery is connected by depressmg the
key the current divides into two equal portions at «,
one flowing from @ to M, tending to deflect the needle
to the left, “and the other from a to M/, tending to de-
flect it to the right; but as long as the two currents are
of the same strength they balance each other, and the
needle remains at rest. Suppose that the terminal M’
is connected to a telegraph liné whose remote end is to
ground, and the terminal M is connected through the
resistance coils, R, to the ground likewise, as shown in
Fig. 50. We have already seen (102) that the strength
of an electric current is in all cases equal to the electro-
motive force divided by the res1stance Therefore, if
in this case we let

E = electro-motive force of battery,

1 = resistance of line wire, .
g = resistance of galvanometer coil,

r = resistance coils in circuit,

the current in the two circuits surrounding the needle

will be
E E
gri™ i
If, therefore, the resistance coils in circuit be varied
unt11 R =1, the needle will remain unaffected. As the
earth offers no appreciable resistance to the passage of

the current, the resistance of the line ! will be accu-
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rately represented by the amount of resistance inter-
posed at 7, in order to bring the needle to zero. The’
value of the above equation will obviously not be
affected by any change in the value of E. ,

123. The resistance coils, R, accompanying the gal-
vanometer, are so arranged as to be adjustable to any
required resistance, from 1 ohm up to 10,000. For
the 'measurement of still higher resistances one coil of
the galvanometer is provided with three ‘‘shunts,” or
branch circuits, , ¥, 2, having resistances respectively
equal to g % and ;4;; therefore, if 2 be connected,
1% of the current will pass through g, and # through

the shunt. ° In the same manner y and z respectively
allow but y}v and 1o of the current to pass through
‘one wire of the galvanometer, when connected, and by
this means the instrument may be made to measure
any resistance, from 0.001 up to 10,000,000 ohms.

124. TesTiNG FOR THE DISTANCE oF Faurts.—The
principle upon which the methods of distance testing are
founded is that of finding the resistance of the line wire
between the testing station and the fault by means of
the apparatus described. When the line is broken at-
any point ome of the following four cases generally
occurs : '

1. Line wire broken, giving full, or nearly full,-
ground connection. S

2. Line wire unbroken, but gives nearly enough.
escape to ground to make signals imperceptible.

8. Line wire broken, without making contact with-
earth.

4, A cross between two wires, so that signals sent
on one are communicated to both.

125. It is very essential that the resistance of each
circuit should be frequently measured and recorded, so
that when a fault occurs the actual resistance per mile
of the line may be known. If the broken line gives a
full ground, its resistance divided by the resistance per
mile at once gives the distance of the break from the
testing station ; and if the distant station obtains a
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corresponding result, the confirmation is complete.

Thus, in a line of 100 miles in length, if the tests from.
the two extremities indicate distances of 45 and 55
miles, respectively, the locality of the interruption is
clcar]y indicated. As the fault, however, usually gives
a very considerable resistance at the point where the
line is in contact with the earth, and the sum of the
two resistances, measured from stations at the opposite
cnds of the line, greatly exceeds the resistance of the
line itself when perfect, it is usual in such cases to
estimate the fault midway between the two points indi-
cated. Thus, when the respective resistances indicate
86 and 26 miles, the sum of these exceeds 100 miles by
12, and therefore half this excess, or 6, is deducted
from each of the measures.

126. When the line is unbroken, but shows a heavy’
escape or partial ground, sufficient to weaken signals,
two or three different methods are available for deter-
mining its locality. The first plan is that of direct
measurement, alternatcly from each end, the distant
end at the same time being insulated, or, in other
words, left open, in the manner explained in the last
paragraph. In this case the resistance of the fault is
. measured twice over, and is roughly allowed for by the
method of calculation above given.

127. Tre Loop TesT.—A second and more accurate
method, which gives a measure entirely independent of
the resistance of the fault itself, is known as'the loop
test. It is only available, however, in cases where
there are two or more parallel wires on the same route.
In order to make this test, let the operator proceed as
follows :

Make the length to be tested as short as possible,
and have all the instruments in circuit taken out. Se-
lect a good wire, similar, if possible, to the one it is
required to test. Both these: wires must then be con-
nected together in a loop, at the nearest available sta-
tion beyond the fault, without ground connection. The
resistance of the faulty wire, when perfect, must be

6
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ascertained. This may be taken from previous records,
or it may be found thus:

/  GDOD WIRE

Zr
“T+¥  BAD WIRE F

— —

Fie. 51,

Connect one end of the loop to the + pole of the
battery I, and the other to one of the galvanometer
wires at M'. Connect also the + pole of the battery
with the resistance coils, R, at N, and the — pole of
the battery to the key, K, and common terminal, @, of
the galvanometer. Connect the remaining galvanome-
ter wire with the resistance coils at M (Fig. 51),

Fe—=B M G0OD WIRE

—
E£r
“TF¥  BAD WIRE r
— — {
]
1
[
1 |
]
}
Fic. 62

Having ascertained the resistance of the loop, ar-
range the connections as shown in Fig. 62.
Upon depressing the key, K, the battery current will
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flow through M and R, and also through the loop. The
resistance required at R to balance the needle will be
equal to the sum of the resistance of the two lines.
Although there is a partial ground at F it will not
affect the measurement, as there is no other ground in
circuit.

Connect the + pole of the battery E to ground, and
connect the — pole to the key K. Connect the perfect
wire of the loop to one of the galvanometer wiresat M,
and the faulty wire to the other galvanometer wire at
M, interposing the resistance coils R. When the key
K is depressed the current from the battery E flows
into both lines simultaneously, passing to the ground
through the fault at F. By addlntr resistance at R, so
as to bran' the necdle to- zero, the reststance a N F
will be made equal to e M' F.

The resistance thus added, deducted from the total
resistance of the loop, previously ascertained, and di-
vided by two, is the resistance of the line between N
and F.

Thus, if the resistance of the loop be 1,000 ohms,
and 100 ohms have been added to the defective wire to
balance the needle—-—

Then 2% = 450 ohms, the resistance of the wire
between the resistance coils R and the fault.

LetMF=2, NF=y.
Then z + y = L, the resmtance of the loop.
AsR+y_a:,orR+NLF—RM P,

2

Therefore, y =

Suppose that the loop of 1,000 ohms measures 120
miles, then, by proportion,

If 1,000 ohms = 120 miles, 450 ohms = 54 miles,

When an instrument or section of small wire is in-
cluded in the circuit, allowance must be made for their
resistance. It is a great assistance in these tests to
know from previous records the exact reswtance of
every section of the line.
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128. Bravier’s ForMuLA For LocaTiNG AN EscAipr.—
Where there is but one wire the following method may
be employed. Three tests have to be taken for the
operation, viz: ' '
Let R = resistance of the line before it was defective. This must
be obtained from previous records.

. % 8 = resistance of the line when grounded at the distant end.
“ T = resistance of the line when disconnected at the distant end.

Multiply S by S and T by R, and add the products
together; subtract from this amount T times S, and
also R times 8. Subtract the square root of the re-
mainder from S; the remainder will give the resistance,
z, or.the distance of the fault from the testing station.

‘This process appears complicated, but is in reality
very simple. For example, suppose the line 100 units
long, and the fault 68 units distant, and the resistance
of the fault 96 units, as shown in Fig. 63 :

X 68 y32
. o
. . er,.ﬁ:i.
Then R = z+y = 68+4+32 = 100
— yxz _ 32 x 9§ _
W o=wh o, =84 grge= 92
T = 24+ 2 = 68 + 95. = 164

We shali, howevei', have obtained these resistances
by measurement. and not by calculation. We there-
fore have :

S x 8= 02 x 92 = 8464 .
T x R= 164 x 100 = 16400}24864
T x § = 164 x 93 = 15088 ) 24288
R' X 8 = 100 x 92 = 9200 | 516

And the square root of 576 is 24; which deducted, S =
92, gives 68 as the resistance of x, or the -distance of
the fault from the testing station. o _

- The distance, , being known, the others are obtained
with ease; for R — 68 gives v, the distance from the
opposite end ; and T — 68 gives 2, or the resistance of
the fault itself. This test should be taken from both

Y /‘0

* See note, § 104.
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ends of the line, if possible. .In the above caleulation
the resistance of the fault is supposed to remain con-
stant during the measurements ; but as this is not often
the case in practice, the average of several measure-
ments should be taken. o

129. To Fixp THE DisTANCE OF A Cross.—The two
wires in contact form a loop, provided they are clean,
and are twisted together, so that the contact offers no
appreciable resistance, In such a case open both wires
at the nearest station beyond, and test the resistance of
the loop. Half this resistance will be the resistance of
the wire between the galvanometer and the fault, and
from this the distance can be calculated, as before ex-
plained (127). All relays in circuit must be taken out,
or the proper allowance made for their resistance.

As it is difficult to tell with certainty whether the
cross offers resistance or not, it is a better plan to test
it as a ground. Test each wire in turn by the loop
method (127), grounding the wire at both ends. The
wire tested will then make a ground through the other
wire at the point of contact, and the location of the
latter may be readily ascertained. ,

Second Method.*—Suppose two wires, A and B,
touch one another at the point F. Connect A to the
zine of the testing battery, leaving it open at the re-
mote end ; it will then serve as a battery wire between
the battery and the fault (F). Ground B at the distant
end, and connect it to one coil of the differential gal-
vanometer at the testing station Put the other wire
of the galvanometer to ground. The current of the
battery will pass along the wire A and divide at F,
one portion going to ground at the distant end of B,
- and reaching the galvanometer through the wire con-
nected with the ground, the other portion returning to
the galvanometer through the nearer portion of B. If
the cross is exactly in the centre of B the needle will
not move, as the two currents will balance each other.
If one section of B is longer than the other, the resist-

# Culley’s Handhook, 3d edition, page 2179,
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ance added to the shorter section to balance the needle
will show the difference in the resistance of the two

sections.
- Let L = the total resistance of B.
“ @ = resistance of the shorter portion.
“Lh—g=" “ longer ¢
¢ R = resistance added to shorter portion.

Then = —‘_T—

130. ApvaNTAGES OF TESTING BY MEASUREMENT.—
The testing of lines by actual measurement lies-at the
very foundation of all efforts to improve the working
of our telegraphic system. The insulation resistance of
each of the principal cireuits should be measured every
morning, and a record of the results kept for reference.
In England the standard of insulation is 1,000,000 ohms
per mile in the worst ‘of weather. Therefore a line
of 200 miles should not give less than %™ = 5,000
ohms. If it gives less than this the low resxstance is
due to defective insulation. The line should, in that
case, be tested in many separate sections, either from
the terminal office or by a visit to each section. If the
resistance per mile is the same for each section, the
fault is probably owing to the nature of the insulation;
but if, as is usually the case, some sections are very
much worse than others, the trouble will be found in
contact with trees, broken insulators, and the like. A
visit to the faulty locahty will dlsclose the cause of the
evil.

131. In comparing the insulation of line wires of
different lengths, the insulation per mile must be ascer-
tained, otherwise the longest wire will appear the
worst; therefore, multiply the insulation test in ohms
by the length of the wire in miles. If the insulation is
uniformly good throughout the circuit tested, the leak-
age will increase in direct proportion to the length of
the wire, irrespective of its thickness or conducting
power, for the resistance of the wire is very small in
comparison with the insulators, and need not be taken
into account. :




TESTING TELEGRAPH LINES, . 87

The following exampleé from Culley’s work will illus-
trate this. The figures given are the results of an ac-
tnal test:

The:‘wire % hm‘l‘ 8 lea}fage equ:z,} 7 PUUURSORIRRIS L |

€ gk e 50

The three wires, when connected together at the test-
ing end and left open at the distant end gave & com-
bined leakage of 110."

., When connected sows to form a continuous wire, open
at the distant end, the leakage was still 110. The ex-
periment was repeated and extended to other wires,

with the same result. In this case the resistance of the
insulators was very great compared with that of the
wire—as much as two million ohms per mile. But on
a wet day three similar wires, whose respective leak-
ages were 196, 185 and 141, making a total of 552,

when looped in & continuous line, as in the second case
above, gave a test of only 476, the distant portion of
the wire being in reality tested by a current weakened
by the leakage in the nearer portions.

132. TrstING For CoNDUCTIVITY RESISTANCE—The
metallic resistance of the line wires should be occasion-
ally tested in sections, in the finest weather. The re-

‘sistance should be uniformly in proportion to the length
of the wire. If any section discloses an unusually high
resistance per mile, it is very probable that there are

“rusty, unsoldered joints in the line, or that the ground
connections are defective. It is difficult for those who
have not tried it to believe the vast improvement that

-may be made in any line in a few days by actual mea-

- surement, and an inspection of the sections which give
indications of being defective.

It is not an uncommon occurrence to find that a single

- unsoldered joint in galvanized iron wire, which appears
perfectly firm and sound, will give a res1stance when
tested by the galvanometer, equal to many miles of
line. A line containing many bad joints will frequently
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work better in wet than in dry weather, as the mois-
ture increases the conductivity of the oxide between
the wires at the joints. :

In testing for.conductivity, with the distant end of
the wire to ground, as in Fig. 54, the result is some-
times interfered with by earth currents. It is there-
fore better, when practicable; to use the loop method,
by connecting the wire to be measured- in a loop with
another wire of known resistance. Unless this test is
made in fine weather, however, the leakage from one
wire to the other will decreasg the resistance of the
Jloop. The battery must also bg insulated from the

LINE
— W
el Gi
-— .

earth, otherwise the leakage at each insulator will de-

crease the apparent resistance, especially if the insula-

tion is defective. For instance, two wires on the same

poles, disconnected and looped at the distant end, had

" a resistance of 6,475 ohms when the battery was en-

tirely disconnected from the earth. Upon putting the

. zinc pole of the battery and the liné attached to it to

‘' earth, the apparent resistancq fell to 5,250 ohms. The

/ insulation resistdnce, with- one wire disconnected, was
9,250 ohms, the weather beéing damp.



CHAPTER VIL-

NOTES ON TELEGRAPHIC CONSTRUCTION

133. In order to maintain umnterrupted telegraphlc
communication between any two points, it is of the first
importance that the line should be well constructed and
properly. insulated throughout. There are numerous
.minor details in the construction and repairing of tele-
graph lines which merit much more attention than they
generally receive. The bad working of our lines is in
a great measure owing to the neglect of these appa-
-rently trifling details, through ignorance or carelessness.

134. PoLes.—The poles intended for an ordinary
line should never be less than five inches in diameter
at the top, their length depending upon the number of
.wires to be provided for, and in some measure upon
‘the location of the line. They should be set in the
ground to the depth of five feet, wherever practicable.
- In setting poles around the curve of a railway, they
'should be made to lean back againstthe strain of the
curve.

135. Wire.—For ordinary lines, galvamzed iron
wire, of No. 8 or 9, Birmingham gauge, is generally
employed For short lines, No. 10 or 11 will answer
very well. The ‘ American Compound Wire,” a re-

cent invention, is composed of a combination of a steel
-core with a sheathmg of copper. It has come into ex-
tensive use within the short time which has elapsed
sinee its introduction, and has, thus far, been found to
answer admirably. A wire of this kind, having a con-
ductivity equal to a No. 8 iron wire, Welghs only 80
pounds per mile.

136. The less the size, and consequently the conduc-
tivity of the line wire, the more care is required in its
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insulation, for an increased resistance virtually adds to
the length of the circuit. Increased conductivity thus ad-
nits of a reduction in battery power, with a consequent
decrease in the escape of electricity, and long circuits
may be thus worked with much greater faclhty, a fact
which has been most unaccountably ignored in the con-
struction of the greater portion of the lines in this
country.

137. GALvaNiZED OR ZIN¢ CoaTED WIRE must
always be used for permanent work, for rust reduces
the conducting power of wires very rapidly. This is
especially the case with the smaller sizes, such as No.
11 or 12. In smoky places it is a good.plan to paint
the wire before it is put up, for the gas arising from the
combustion of coal destroys the zinc coatmg in a short
time, as may be observed in many of our larger cities.

138. ARRANGEMENT OF WIRES UPON THE PoLE.—
Wires arranged vertically upon the poles, or one above

another, are more liable to get into contact with each

other than when arranged horizontally upon cross-arms.
When placed one above another, each alternate wire
should be fastened upon opposite sides of the poles.
It is better not to place wires of different sizes upon
the same poles or cross-arms if it can be avoided, as
they are much more likely to get *‘ crossed” than wires
of the same size would be, as they do not keep time
with each other when swung to and fro by the wind.
139. Joints or SpLicEs.—In the construction of a
line nothing is of greater importance than the perfect
continuity of the circuit, and this depends, in a great
measure, upon the perfection of the joints. The impor-
tance of this has been very generally overlooked by
the telegraphers of this country, and much trouble in
working lines has been experienced in consequence, the

| cause of which has remained unsuspected. A single
! rusty unsoldered joint will often cause more resistance

than fifty miles of line. ‘
No joint or splice, however clean and firm, can be
depended upon if made by mere contact or tw1stmg
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Sooner or later the metals will certainly rust, and this
tendency is increased by the passage of the current.
When copper and iron wires are joined together the
joint is especially liable to become defective from this
cause. It is a common error to suppose that joints
made in galvanized wire do not require soldering.

140. In making a joint each wire should be twisted
round the other, in the manner represented in Fig. 55,
the turns passing as close, and as nearly at right angles
as possible to the wire which they surround. A wire
must never be spliced by being bent back and twisted
around itself.

F16. 55,

141. The best solution for soldering is chloride of
zine, with a little muriatic acid added, for the purpose
of ‘cleansing the wire. In connecting copper and iron
wire together, it is well to.wash off the chloride of zine,
and then coat the joint with paint or rosin, or else to
solder with the rosin alone. This will prevent local
galvanic action between the metals.

142. Fixine THE INsurLaTorRs.—In attaching insula-
tors to the poles they should be arranged in such a
manner as to prevent, as far as possible, the lodgment
of snow about them, so as to form an escape between
the wire and its support. The glass insulator is usually -
cemented to the bracket by means of white lead or
asphaltum. T'he edge of the insulator must never be per-
matted to touch the shoulder of the bracket; for in this case,
during a shower, a continuous stream of water flows
directly from the wire to the pole, entirely destroying
the usefulnesg of the insulator. For the same reason .
an insulator ought never to be fastened down to a
bracket by means of a spike driven over it, as is often
done where there is an upward strain upon. the wire.
The proper way, in such cases, is to use some form of
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hook, or suspension insulator, and fasten the line into
it with a tie-wire.

In turning a sharp angle it is better to put on two
insulators and brackets at the corner pole, or the wire
will be liable to-come in contact with it. ,

When the Lefferts or Brooks insulator is used, there
is danger of fracturing the glass while stringing wire,
by violently wrenching the wire into the hooks. By a
little precaution this result may be avoided. o

143. Insulators and brackets are sometimes attached
to a cross-arm, or other.support, in a horizontal posi-
tion. This ought never to be allowed, for a driving
rain will wet the whole inner surface of the insulator,
causing a great leakage of the current at every sup-
port. The same thing often oecurs with improperly
shaped brackets, which cause the spray from falling
rain-drops to be dashed against the inside of the insu-
lator. The shoulder of the bracket ought to be rounded
or sloped off, so as to prevent this from happening.

Unless the insulator is securely fastened to the pin
or bracket which supports it, it is liable to be lifted off
by the wind, causing an interruption.

144. Leapixe WIRES 1NTO OFFICES.—The wires lead-
ing into offices are fruitful sources of escapes and other
interruptions, as the work is often very unskilfully or
carelessly done. Gutta-percha covered wires, unless
well protected, become entirely useless in-a year or
two, if exposed to the air and light. The method em-
ployed in England to proteet this kind of wire might
be adopted with great advantage in this country. The

tta-percha wire is first covered with tape, and then

Jaturated with a preservative mixture.®

The best way to lead wires through the side of a
building is to enclose them in hard rubber tubes, with

* This mixture is made and applied as follows: Take equal portions of wood tar,
gas tar and slacked lime. Boil these together, stirring them well while boiling, until
the moisture is entircly driven out, which may be known by the subsidence of the
frothing. When cool apply to the taped wire, and then cover the latter with dry
sand, Hang the wire up to dry in the air, and in three or four days it will he
ready for use, This coating resists sun and moisture,-and effectually protects the
gutta-percha, . ) -
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the outer ends inclined downwards, to prevent moisture
from entering. In arranging these wires, it should be
borne in mind that the current will follow moisture and
dampness along the outer surface of covered wire,
unless it is so placed that the line of leakage is broken

t some point.

_ / 145. Frrrine uvp Orrices.—In running wires inside

an office, it is better never to allow two wires to touch
each other even when covered with an insulating coat-
ing, as this may be burned by lightning or otherwise
rendered imperfect . causing a cross-connection. - The
proper mode of arranging the office connections and
running the wires to the instruments is shown in Figs.
17 and 18, pages 34 and 35. Splices in the office wires
should be avoided as faras possible, but when required,
they should be made by turning each wire eight or ten
times around the other. A less number of turns
answers for the line wire, because the strain tends to
keep the joint pressed together. Great care must be
observed in making the joint between the iron and cop-
per wire, which must in all cases be.soldered.

146. Grouxp CoxNEcTIoNs.—It is of the utmost
importance that the ground plate at each end of the
line should make a perfect connection with the earth.
The plate must be large, and buried deep in wet soil
below the reach of frost. A water or gas pipe makes
an cxcellent ground connection. The ground wire
should be attached outside the metre, as the latter
is liable to be occasionally disconnected for repairs. It
is advisable, whenever practicable, to form a donnection
both with the gas and water pipes. The connection
should be carefully made and always well soldered.

147. CaBLes.—The shore ends of cables should be
bedded well out to low water mark. Dig the trench
to a good depth, and cover the cable with a piece of
heavy plank or joist, and securc it well with heavy
stones, laid at short intervals. If the covering be
merely of sand it will soon wash away and leave the
cable uncovered. Never allow any portion of a cable to
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be exposed to sun or air, but cover it all the way from
~ the box where the connection is made with the air line.

Cable boxes always ought to be made double (one box
within another), in order to prevent wet from entering.
The unskilful manner in which these are olten arranged
is a fruitful source of trouble in working lines.

Lightning arresters should be kept attached to cables
all the year round. It is not uncommon for heavy light-
ning to occur in midwinter in this country.

148. MakiNG JoiNTs IN CaBLES.—In splicing cables,
or other gutta-percha wire, the following is the method
recommended by the Bishop Gutta-Percha Company,
who have manufactured the greater portion of the sub-
marine cables in use in this country :

“Use gutta-percha one sixteenth of aninch thick, cut
in pieces to suit the joint. Soften it in hot water, and
keep it flat. Wipe the surface with a cloth. Heat the
surface by holding it near a flat file or other iron, about
as hot as a laundress’s iron; if the iron causes the
gutta-percha to smoke, it is too hot. When dry and a
little sticky, wind two or three coatings of gutta-percha
around the joint, taking care that each coating is per-
fect and each layer is dry; then smooth off and lap
the joint well over on the gutta-percha on each side of
the joining. Use no spirit lamp, nor anything with @
blaze. When gutta-percha is burned it cannot be re-
stored. Hot water joints are worthless. They will not
stand, and will open when dried out.

“‘In making joints it is absolutely necessary that the
hands of the operator should be clean, and that no

\ water, grease, dirt, or anything of the sort must be
allowed to touch the gutta-percha.”

149. Another method is given in Culley’s Handbook
of Practical Telegraphy, as follows :

“Prior to making the joint the gutta-percha is
removed from the ends of the wires for about one and
a half inches, and the copper wires are carcfully cleaned
by scraping; the wires are twisted together for one
inch, the sharp ends being closely trimmed off. The
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joint is then soldered with rosin and good soft solder,
containing a sufficiency of tin.

‘“ After this the gutta-percha is scraped, or very
carefully pared back for about two inches, to remove
its outer surface, which is oxidized, and will not Jjoin
properly ; the wire joint is covered with Chatterton’s
compound* and the gutta-percha, heated on both sides,
and tapered down over the joint till that from each side
meets. The junction is completed by means of a warm
joining tool, care being taken to mix the gutta-percha
well without burning. As soon as this has cooled an-
other coating of Chatterton’s compound is spread over
the gutta-percha, taking care not to burn the compound.

‘A new and clean sheet of gutta-percha is then
heated by means of a spirit lamp, and while so heated
carefully stretched so as slightly to thin it. Then,
while it and the Chatterton coated joint are still hot, it
is luid on the joint, and pinched tightly round it with
the finger and thumb, after which it is trimmed off close
with scissors. The seam is again pinched and carefully
finished off with a warm tool, so as to mix the gutta-
percha of the two sides, and the coating of the wire
itself, well together.

*“The joint, when cool, is again covered with Chat-
terton’s compound, and a longer and larger sheet of
gutta-percha is laid over it, pinched, cut, and tooled off
as before.

‘““When the joint is complete, another. coating of
Chatterton’s compound is applied over the whole, well
tooled over the joint, and when cool, rubbed with the
hand, well moistened, till the surface is smooth.

“The mixing of the old and the new gutta-percha
is most important, and joints generally fail from this
having been imperfectly done, or from the percha being
overheated. Cleanliness is essential to success. The
fingers should be used as little as possible, and must be
kept very clean.”

% The, ingredients of this are by weight, as follows* one part of Stockholm tar;
one-part of rosin, and three parts of gutta-percha,



CHAPTER VIII

HINTS TO LEARNERS.

150. ForMaTiON OF THE MORSE ALPHABET.—The
characters of the American Morse Alphabet are formed
of three simple elementary signals, called the dot, the
short dash and the long dash, separated by variable
intervals or spaces. There are four spaces-employed in.
this alphabet, viz., the space ordinarily used to sepa-
. rate the elements of a letter; the space employed  in
what are termed the ° spaced letters,” which will be
hereafter referred to ; the space separatmg the letters of.
a word; and lastly, 'that separating the words them-
selves.

The value of ihese spaces should be carefully im-
pressed upon the mind of the learner. Beginners are
apt to conceive that the Morse alphabet consists solely
of dots and dashes, and this misconception has a ten-
dency to greatly increase the time required to become
good ‘‘senders.” Uniformity and accuracy in spacing
is of no.less importance than in the formation of the
letters themselves. The foundation of perfect Morse:
sending lies in the accurate division of time into mul-,
tiples of some arbitrary unit. '

1561. The duration of a dot is the unit of lenn'th in
this alphabet.

1. The short dash is equal to three dots.

2. The long dash is equal to six dots.

3. The ordinary space between the elements of a let-
ter is equal to one dot.

4. The space employed in the ‘‘spaced letters” is
equal to two dots.

5. The space between the letters of a word is equal
to three dots.

6. The space between two words is equal to siz dots.
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The dot is an unfortunate appellation for this sign,
because it conveys the idea of a point, or to speak elec-
trically, a current of infinitely short duration. Elec-
tro-magnets, however, require time in magnetization
(38). Currents involve time in transmitting signals.
Clock-work requires time to run. Currents must be of
sensible duration. The dot, therefore, involves time,
but this time is variable, according to circumstances.
The length of the dot should increase with the length
of the circuit. In long submarine lines the dot has to
be made longer than the dash itself on short open air
lines, and the same thing occurs in working through
repeaters (76). In commencing, therefore, the habit
should be acquired of making short, firm daskes, instead
of light, quick dots. After the student has once learned
to send well, it is very easy to learn to send fast, but
after once getting in the habit of sending short and
rapid dots, or “clipping,” it is almost impossible to
get in the way of sending firmly and steadily. Begin-
ners should rather take pride in the accuracy with
which they space out the elements of the telegraphic
music than in the® number of words they can stumble
through in a minute.

152. In the excellent little Manual of Prof. Smith*
six elementary principles are laid down as the basis
for practicing the alphabet, viz:

First principle. Dots close together.
1

P 6
Second principle. Dashes close together.
‘ 5 q
Third principle. Lone dots,
E

Fourth principle. Lone dashes.
T L or cipher

* Published by L. G. Tillotson & Co., New York
T

!
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Fifth principle. A dot followed by a dash.
. A

Sixth prineciple. A dash followed by a dot.
N

-153. Correctness in sending depends in a great mea-
sure upon the manner in which the key itself is handled.
Place the first two fingers upon the top of the button
of the key, with the thumb partly beneath it, the wrist
‘being entirely free from the table. The motion should
he made by the hand and wrist, the thumb and fingers
being employed merely to grasp the key. The motion,
both up and down, must be free but firm. fl‘apping
upon the key must be strenuously avoided.

1564. The downward movement of the key produces
dots and dashes ; the upward movement spaces. It is
first necessary to acquire the habit of making dots with
regularity and precision, then dashes, and ﬁnally com-
binations of dots and dashes. It is the best plan for
the student to practice upon a register in a local circuit
with his key, as he will the more Peadily be able to
observe and correct the faults in his manipulation.

155. The student may now proceed to practice upon
the elementary principles.

1. Practice making dots at regular intervals, until
they are produced with the letrula,uty of c]ock-work
and of definite and uniform dimensions. The rerrular
tick of a watch or of a short pendulum is a valuable,
auxiliary in acquiring this habit.

2. Next proceed to make dashes, first at the rate of
about one per second of time, which may afterwards be
slowly increased to three. The space between the
dashes must be made as short as possible. If the -up-
ward motion of the hand, in forming the space, be made
full, it cannot be made too quick.

3. The third principle occurs but once in the alpha-
bet, and forms the letter E. It is made by a quick but
firm downward movement of the key. In practicing




HINTS TO LEARNEES. 9.

upon this or any other character, it should not be

repeated too rapidly, nor should the thumb and fingers
be taken from the key in the intervals between the suc-
cessive repetitions of the letter.

4. The fourth principle is somewhat difficult.. The
usual tendency is to make T too long and L too shert.
It will be observed that the same- character is used for
L and the cipher or 0. Occurring by itself or among
letters it is always translated -as L, but when found
among figures becomes 0. This would at first seem
liable to cause confusion, but in practice it is found not
to be the case. It was formerly the custom to make
the cipher equal to three short dashes.

6. The fifth prineiple, which forms the letter A, may
be timed by the pronunciation of the word again,
strongly accenting the second syllable. The tendency
of beginners is usually to make the dot too long and
the dash too short, and more especxally to separate
thiem too much.

6. The final principle, the dash followed by a dot;
usually presents some difficulties. The universal ten-
dency -of the student is-to separate the dot from the
dash by too great a space. Time the movement by
pronouncing the “word mnety, with the ﬁrst syllable
somewhat longer than usual.

- 156. Having become thoroughly conversant with the
six elementary principles, the followmg ¢xercises may
be taken up in order.

Ly E I 8 H P 6

These should be practiced separately, until the right
number of dots can be made invariably, the last dot in
each being neither’ shorter nqr longer than the prece-
dmg ones.

(2) T M 5 ] Lor clpher

In practlung this eXercise, care must be taken not
to separate the dashes too mucb and to make the final
one in each letier exactly equal to the preceding ones.
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Observe not to make the L too short. There is a gen-
eral tendency in beginners to shorten the final dash,
where two or more occur together.

3.) A U v 4

The usual tendency to make too much space between
the dot and dash, in the above letters, may be avoided
by making them as if by prolonging the final dot in I,
- 8, Hand P.

(4) I A s U

H v P 4
These are to be practiced in couples, as represented,
the object being to impress upon the student the differ-
ence in the characters thus coupled together.

6) N D B 8

The st;(ient having thoroughly mastered-the sixth
elementary principle, he will kave no difficulty in form-
ing the above characters.

(6.) A F X Parenthesis

Comma Semicolon w 1

The only caution necessary in this exercise is to form
the letters compactly, with the dashes of equal length.
. (See Exercise 2.) Observe, that the Parenthesis may
be formed by running A U together, and the Semicolon
by A F, etc.

(7) U Q 2 Period 3

These differ but little from exercises previously prac-
ticed, and require no particular directions.
8) K J 9 Interrogation

G 7 Exclamation

J and K are generaNy considered the most diﬁicult. ’
letters in the alphabet. Do not separate J into double
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N, and be careful that the dashes correspond in length.
(See Exercise 2.) The figures 7 and 9 require care in
spacing correctly.

(9) 0 R & . C Z Y

These are termed the ‘“‘spaced letters,” and require
great care in order to make them correctly. The
‘‘space” should be just double that ordinarily used
between the elements of a letter. The usual tendency
is to make it too great. It should be just sufficient to
distinguish these characters from I, S and H.

157. The construction and mampulatlon of the alpha-
bet having been thoroughly mastered by the practice
of the foregoing exercises, it is now presented in its

. complete and consecutive form.

I. ALPHABET.

SR ST
I
L
ENHKE4OHRBONO
i

II.- NUMERALS.

Ot QO BO =

6
7
sesme 8 —macse
9
0
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III. PUNCTUATION, ETC.

*Period =~ = -emm- . Exclamation eeee

- Comma - c—— - TParenthesis S
Semicolon = cma-. Italics ————
Interrogation —..e. IParagraph ——

Numbers are always sent twice over, to avoid error;
once written out in full, and then in ﬁgures In frac-
tions one dot is used to represent the line between the
_numerator and denominator. ,

158. It is necessary to again caution the student
‘against falling into the common error—from which most
books on the telegraph are not exempt—that is enter-
tained respecting the elementary signs of the Morse
alphabet. It is said to consist of two characters, the
dot and the dash. The importance of the space is
utterly ignored. The difference between good and bad
" sending is almost entirely a matter of spacing. A com-
mon fault of young operators is to run their words too
closely together.

If the principles laid down in this work be firmly
adhered to, the learner willjbe surprised, not only at
the rapidity with which he masters what appears to be
a very difficult lesson, but at the extreme accuracy with
which he mampulates his instrument. He must also
carefully bear in mind that one of the most universal
faults, among those attempting to learn the telegraphic
art, is that of going over a great deal and learnmg
nothmg well.

159. ReapiNe BY Sounp.—This can only be attamed
by constant and persevering practice, keeping in mind
the principles above given.  The lever of the Morse
apparatus makes a sound at each movement, the down-

* The Semigcolon, Parenthesis and Italics are seldom used in this country. Itis
customary among operators to emphasize particular words by separating the letters
more widely than ordinarily.

Preceding and following the words to which they refer, |
‘When this occurs the copyist makes a new paragraph, by gommenoing the
next word upon another ilne.
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ward motion producing the heavier one, or that repre-
senting dots and dashes ; or, more properly, the heavy
stroke indicates the commencement of a dot or dash
and the lighter one its cessation. A dot makes as much
noise as a dash, the only difference being in the length
of time between the two sounds. Thus, if the recoil or
lighter stroke be dispensed with, it would be impossible
to distinguish E, T and L from each other. :
In learning to read by sound it is best for two per-
sons. to practice together, taking furns at reading or
writing, and each correcting the faults of the other.
The characters must first be learned separately, and
then short words chosen and written very distinctly and
‘well spaced, the speed of manipulation being gradually
increased as the student becomes more proficient in
reading. After becoming sufficiently well versed in the
art to read at the rate of twenty-five or thirty words
per minute, the best practice will be found in copying
with a pen 'and ink from an instrument connected with
a line employed in transmitting regular commercial
messages, in order that the student may familiarize
himself with the usages of the lines and the minute
details of actual telegraphic business.
. In conclusion, the student is warned against falling
into the common error of expecting great results from
little labor. To become an expert operator requires
much time and patience, and the most unwearied appli-
cation. Remember, that whatever is worth doing at all
is worth doing well. The time will seldom or never be
found when a thoroughly competent operator cannot
obtain immediate and remunerative employment, how-
ever overcrowded the lower walks of the profession
may have become.



CHAPTER IX.

APPENDIX AND NOTES.

160. DouBLE TraNsMIssION.—One of the most inte-
resting problems in practical telegraphy is that of double
transmission, or working in opposite directions at the
same time over a single wire. This apparently para-
doxical result may be accomplished in several different
ways, the principles involved being very simple and
casily understood. The method shown in the accom-
panying diagram is that of Siemens & Halske, of Ber-

Fi6. 56.

‘A and B (Fig. 50), are the two terminal stations of
the line. The main battery E, at station A, is placed
with its +, and the battery IV at station B with its —
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‘pole to the line, as represented. M and M’ are the
receiving magnets or belays, which are wound through-

.out with two similar wires of equal length, as shown in
the figure, whose connections will hereafter be explained.
The rhedstat or resistance, X, must be adjusted so as to
be exactly equal to that of the line A, B, added to that
of the relay wire 7, 5, at the other station. Similarly
X' is also made equal to the line including the relay
wire 3, 1.

If, now, the key K at station A be depressed, the
current from the battery E will divide at the point 1,
one portion going through the relay coils to 3, over the
line A, B'to 7, and thence through the relay M' to 5,
key lever 6, and contact C’ to the earth at G', and the
other portion in an opposite direction through the relay
coils from 2 to 4, and thence through the resistance X
to the negative pole of the battery.. These two cur-
rents will be equal to each other, the resistance being
the same by each of the two routes, as before explained,
but as they pass in opposite directions through the two
wires surrounding the relay M, they pRoduce no mag-
netic effect upon it. The relay at B, however, will be
.affected by the current coming from A through the
-wire 7, 5, and will give signals corresponding to the
-movements of the key at that station. . :

If, now, the key at B be also depressed, the same
“action takeg place; one half the current passes over
the linér Gombining with the current from A, and the
other half returns to the battery through the other
wire of the relay and the rheostat.

The relay wires 1, 3 and 7, 5 are now traversed by
the double current, equal to 4+3, but the wires 2, 4
and 6, 8 are traversed only by the current of a single
battery, having at A the force of 3 and at B the force of -
% The latter current being in the oppasite direction to
the former, the relays at both stations are affected by
the difference in the forces of these currents, the rela
at A by (§+37) — % and the relay at B by (3+%) — 3.
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Thus each statior receives its signal through the action

-of the distant battery only.

In the arrangement shown in figure 56 a third posi-

-tion occurs, where one of the keys; at B for instance,
‘is in the act of changing from the front contact A’ to

the rear contact.C', or vice versa, in which ease the cur-
rent from A is interrupted at B',.and therefore passes

‘through the second wire of the relay 6, 8, but this time

in the same direction, and thence through the rheostat

X" to the ground. The current arriving at B is con-
siderably weakened in consequence of the additional

resistance encountered at X', but this is compensated

for by its passing through doth wires of .the relay M in

the same direction, and its action upon the relay, there-
fore, remains about the same as before.

One slight difficulty, however, arises in this connec-
tion. It will be seen that when the current at the
receiving station is thus momentarily thrown through

‘both relay wires and the rheostat, it must necessarily

cause an unequal division of the current between the
two opposing relay wires at the sending station, as the
resistance of the long circuit becomes about double that
of the short one. This effect is avoided in the Ameri-
can system by a modification of the transmitting appa-
ratus, which is operated by the lever of a sounder placed
in a local circuit in connection with the key. When
the local circuit is closed the downward movement of

‘the sounder lever makes the battery connection upon

a flat spring, and the movements thus imparted to the
spring breaks the earth contact. The spring being at-
tached to the line wire the connection is necessarily
always complete, either direct or through the battery,
and it is not obliged to pass through the rheostat when
the transmitter is changing from the battery to the earth
contact, or vice versa. The disadvantage in this case
arises from the fact that the main battery is thrown on
short circuit at each movement of the transmitter, ren-
dering it necessary to interpose a considerable addi-
tional resistance between the back contact and the bat-
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tery, to prevent the rapid consumption of the latter
which would otherwisec ensue. These improvements
were devised by Mr. J. B: Stearns. S

In working this system, it is necessary to keep the
rheostat so adjusted that its resistance will correspond
exactly with that of the line, as above shown. If the
relay works too feebly the counter current must be
weakened by increasing the resistance of the rheostat.
If the magnetism is too strong the resistance should be
diminished. A careful study of the diagram will show
that this system operates equally well, whether similar
or opposite poles of the two batteries are placed to-
wards the line. , With like poles the action will be as
follows:

If the key at A be depressed, the current on the
line will be 4 and through the rheostat %, neutralizing
each other upon the relay of A, but giving a current
‘of § in the relay at B. Now, if the key at B be also
depressed, a current equal to § is thrown through each
wire of his relay, but the current § being equal and
opposite to 3 the current of the main line will = 0.

The current through the second wire of the relays
being still unaffected, each relay will give a signal cor-
responding to the time the key at the other station is
depressed.

161. Epison’s BurroN RepeaTer.—This is a very
simple and ingenious arrangement of connections for a
button repeater, which has been found to work well in
practice. - It will often be found very convenient in
cases where it is required to fit up a repeater in an
emergency, with the ordinary instruments used in
every office. Fig. 67 is a plan of the apparatus.

M is the western and M’ the eastern relay. E is the
main battery, which, with its ground connection G, is
common to both lines. E'is the local battery, and L
the sounder. S is a common ‘‘ ground switch,” turn-
ing on two points, 2 and 3. -Inthe diagram the switch
is turned to 2, and the eastern relay, therefore, repeats
into the western circuit. while the western relay ope-

L}
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rates the sounder, the circuit between 1 and 2 through
the sounder and local battery being common to both
the main and local currents. If the western operator
breaks the relay
M opens, and con-
u 2= sequently the soun-
== der, L, ceases to
work. The opera-
tor in charge then
turns the switch to
3, and the reverse
operation takes
place; the western
relay repeats into
the eastern circuit,
and the eastern
) relay operates the
sounder. Thesoun-
der being of coarse wire, offers but a slight resistance to
the passage of the main current.

162, BRADLEY'S TANGENT GALVANOMETER —The com-
mon galvanometer used for the measurement of elec-
tric currents consists of a magnetized steel needle,
suspended in the centre of a hollow frame covered with
insulated copper wire. The degree of deflection of this
needlefrom its normal position in the magnetic meridian,
when a current is passing, indicates the strength of the
current. In the ordinary galvanometer, however, the
angle through which the needle is moved, or in other
words, the number of degrees over which it passes, is not
an accurate measure of the strength of the current when
the deflection exceeds 15°, for the further the needle
moves from a position parallel to the wires of the ceil
the more nearly does it approach a right angle, in which
position the effect is null, so that the action of the cur-
rent upon it becomes less and less powerful as the de-
viation increases. Several arrangements have. been
tried in order to obviate this objection, the most com-
mon being that of a ring having a groove on its edge

lip—=

| by 5 S
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filled with wire. The needle is hung precisely in the
centre of the ring, and must not be longer than one
sixth of its diameter—a half inch needle requiring a
three inch ring. The needle is then deflected with a
force varying as the fangent of the number of degrees
through which the needle moves. Owing to the great
distance of the coil from the needle, this arrangement
has very little sensitiveness compared with the common
galvanometer. - v

In Bradley’s Galvanometer a compound needle is
employed, composed of several needles of thin, flat
steel, fixed horizontally upon a light flat ring of metal,
forming a complete circular disc of needles, having an
agate cup in the centre, to rest upon the pivot upon
which it moves. At each extremity of the meridian
light points project, to indicate the degrees of deflection.
This compound needle, after having been magnetized,
is placed within or over a coil whose breadth is exactly
equal to the diameter of the disc. This compound cir-
cular needle, being under the influence of the same
number of convolutions of the coil in all its deflections,
fulfils the required conditions for a true tangent gal-
vanometer.

The theorem, ‘‘ The intensity of currents, as measured
by the tangent galvanometer, is proportional to the tangents
of the angles of deflection,” may be verified in the fol-
lowing manner: :

Call the terrestrial magnetism, whose tendency is to di-
rect the galvanometer needle to the magnetic meridian,
the unit of directiveforce, and let thisunit be represented
geometrically by the line A M (Fig. 58), which is the
radius of the circle M B M—the line M A M representing
themeridian. When there is no other force acting on the
needle its direction is with the meridian. Now let an
electric current be sent through the galvanometer coil,
whose directive force is precisely equal to the terrestrial
force, and whose tendency is to direct the needle in
a line perpendicular to the meridian, and let this force
be represented by the line A B,

./ i
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If the terrestrial force could now, for a moment, be
suspended, the needle would point due east and west
Taws  Dut the combined action of
E 2 the two equal forces will
direct the needle toward
the point of intersection of
the line drawn perpendic-

o 5 ularly from M, and that

' drawn horlzontally from B,

at 1, which direction cuts

the quadrant at 45°, the line

‘ 1 being the tangent of
2- 45°, which is 1.

Now if' we augment the
mtensny of thé eurrent
through the coil to twice
its present force, which will
be 2, and will be represen-
ted by the line A C, the
combined forces A M and
,z, A C will direct the needle

- toward the pbint 2. If we

now lay a protractor on the
circle, we find that the line A 2 cuts it about 63° 30, of
which the tangent is 2.- _

"We may increase the parallelogram erected upon A
M at pleasure, and the two forces combined will

]

F1a. 58.

- always so balance the needle between them as to make

it point from A, diagonally, across the parallelogram
to its opposite angle the height of which is the tangent
of the angle of deflection.

~ By inspection ‘of the diagram it is seen that the law

“holds good in the subdivisions of the force A B, as at

5 .25 and .125, a truth admitted by all experlme‘nters
as to the relatlons up to 14°,

163. THoMPsoN’S REFLECTING G-ALVANOMETER.—This
is the most delicate apparatus of this kind which has
yet been devised, and is for this reason employed in’
operating the Atlantic Cables.
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The special feature which distinguishes this galvan-
ometer from an ordinary one, is the extreme lightness
of the magnet or needle, and the delicacy with which
it is suspended in a horizontal position. Instead of an
index needle, to render the motions of the magnet visi-
ble to the eye,.a reflected ray of light is made use of,
which, of course, can be made of any required length.
This arrangement is of great practical value in mea-
suring faint electrical currents, too feeble to be indicated
by any other apparatus. It is especially valuable in
submarine telegraphing, because it permits the use of
such extremely low battery power. )

When the insulation of a cable is in the slightest
degree defective at any point, a current of intensity
has a tendency to aggravate the fault, and to corrode
and eat away the conductor by chemical decomposi-
tion, at the point where the escape occurs, finally des-
troying the communication altogether.

Fig. 59 is a side elevation of this instrument, show-
ing a section through the galvanometer coils and the
outer case containing them. Fig. 60 is a cross section
through the coils, showing the magnet, technically
termed the needle. Similar letters refer to like parts
in both figures. The magnet A is a small bar of steel,
one half inch in length and one tenth of an inch square,
cemented to the back of a very thin circular glass mir-
ror, a. The mirror is suspended in a brass frame, B
(Fig. 61), by an exceedingly delicate silk fibre, and is
adjusted in height by the screw b. This frame slides
into a vertical groove left in the centre of the coil,
dividing it into two parts. The coil and mirror are
enclosed in the brass case D, this case having pieces of
glass let in wherever necessary, to permit the passage
of light. The object of this arrangement is to pre-
vent the mirror and its attached needle from being dis-
turbed by currents of air.

. A narrow pencil of laminous rays from the lamp, E,
passes through the opening, F, which is capable of ad-
justment by the slide G. This pencil of light, passing
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through the lens, is reflected by the mirror back through
the lens upon an ivory scale at I, as shown by the dot--
ted lines. The scale is horizontal, extending to the
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right and left of the centre of the instrument, the zero
point being exactly opposite the lens. The luminous
pencil is brought to a sharp focus upon the scale by a
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sliding adjustment of the lens M, in the tube N. When

the needle is at rest in its normal position, and no cur-
rent is passing, the spot of light which serves as an in-
dex will remain at zero on the scale. :

- The operator reads'the signals from a point just in
the rear of the magnet and coils, the light of the lamp
being cut off by the screen Y, so that he only sees the
small luminous slit through which the light enters the
instrument, and a brilliantly defined image of the slit
upon the white ivory scale just above, which is kept in
deep shadow by the screen Y. A very minute dis-
placement of the magnet gives a very large movement
of the ray of light on the scale I, the angular dis-
placement of the ray of light being "double that of the
needle.

It is obvious thgt the ray of light from the needle
will be reflected t{the right or left of zero on the scale,
according as the deflection is produced by a positive or
negative carrent. The Morse alphabet is used for sig-
nahng through the Atlantic cable, deflections on one
side of zero indicating dots, and on the other side
dashes.

It will be observed that the end, and not the broad
part of the flame of the lamp, is presented to the slit
F, which is also arranged to receive the brlghest part of
the vertical section of the flame.

The galvanometer coils, R, consist of many thousand
convolutions of fine insulated copper wire, and they
are insulated from the case, D, by a disc of hard rub-
ber, T, to which they are fastened. .

The instrument is usually provided with a directing
- magnet, by which its sensitiveness may be varied to a
great extent. This magnet is in the form of a bar,
slightly curved, and is .of considerable power. It is
placed upon a vertical rod passing through its centre,
which is fixed above the coil immediately over the
needle, in such a manner that it can be turned horizon-
tally so as to follow the movements of the needle, or
be removed nearer to or further from it vertically, If;

8
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it is placed with its south pole over the north pole of
the needle, it will add its directive force to that of the
carth, and by holding. the needle more pawerfully in
its position, will lessen its sensitiveness. The nearer-
the magnet approaches the ncedle the greater will be
its power over it, and it can be arranged so as to hold
the needle in any desired position. If it is placed in a
reverse direction, so as to repel the needle instead of
attracting it, it will lessen the attractive force of the
earth so as to increase its sensitiveness, and in a cer-
tain position will render the galvanometer astatic.
When the magnet is too near the needle it repels to
the full extent of the gcale. If it is raised upon the
supporting rod the repelling effect will decrease, until,
ata certain distance from the magnet, the spot of hght on
the scale can be held at zero,” “The greatest sensibility
is obtained at the peint at which the slightest lowering
of the magnet upon the rod will again repel the needle
to the full extent of its Bwing. .

An improvement in this instrument, made by Mr. C.
F. Varley, consists in giving the mirrora concave form,
silvered upon the back, and thus dispensing with the
use of the lens above described.

164. MopE or WORKING THE ArLANTIC CABLES.—
Very little has been made public in regard to the pre-
cise method employed in signaling through the Atlantic
“cables. As before remarked, the reflecting galvanome-
ter is employed as & receivmg instrument, and by em-
ploying deflections on -one .side of zero to represent
dashes, and those om the other side dots, the Morse
alphabet is found to answer the purpose adnnrably It
is said that the two eables have been loo d?ed ina metalhc~
circuit without ground connection; and that they have
also been worked separately with ‘and without. conden-
sers. The latter method ‘is made use of in order to
avoid the disturbances genera,ted by what are known
as ‘‘earth currénts.”

Different parts of the earth and sea are found to be
at different electric potentials, One part is electro-
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pbsitwe or electro-negative {o another. . -That.is fo say,.
there is-the same difference -between the two parts of
the earth that exists between the two poles of a hat-
“tery. If, therefore, these two points are joined by a
wire, 3 current will flow through that wire as if from a
battery, and this current is termed an earth current, to

dlstmgmsh it from the current generated by an ordi- o

wary veltaic battery. This difference of potential be-
tween &wo given points, such as Newfoundland and
Valencia, is not constant bu¢ continually varies, causing
a corresponding variation in the current it ‘produces.
This cirrent and its fluctuations interfere with. the sig-
naling eurrent, disturbing the distinctness of the sig-
mals. When very mpid changes take place in the elec-
trie condition of the earth, it is known as a magnetic
storm and this occasionally interfe;:es 'with the work-
ing of all telegraph lines. . - -
"~ By the method of working Wxth condensers the die-
turbances from this cause are avoided. The condenser
is constructed of alternate layers of tin foil and -thin
plates of mies, gutta-percha or paper, saturated with
Earaﬂine arranged like the leaves of an interleaved
obk. Each alternate metal plate is connected so as to
form two distinet series, insulated from each other, one
of which -is eonnected with the line and the other with
the earth. By an inductive action, similar to that of
the well known Leyden jar, a quantity of electricity,
in proportion to the amount .of surface .expaosed, may be
accummulated or stored up upon the metallic plates. If,
therefore, one series of plates be charged with positive
clectricity the other series will become negative by
induction, and by means of this ‘induetion a much
larger quantity of electricity may be accumulated than
would otherwise be the case. :
‘The manner in which the condensqr is made use of in
working a cable is as follows:
The sending apparatus consists of a battery, B (Fig.
41), which is permanently connected with the cable
throngh the back contact of a Morse key, K, and the
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cable is therefore kept constantly charged from this
battery. When the key is depressed “the cable is
placed in connection with the earth at E. The receiv-
g apparatus consists of the reflecting galvanometer -
G (163), one terminal of which is attached to the cable
and the other to one series of plates in the condenser

g C—the other series
. being connected with

casLe the earth, ase shown_
©K in the ﬁgure Ris
a very high resist-
ance, inserted in a
=

> wire leading from
the point O, between
- the cable and the
Fra. 61. galvanometer, so as
to allow a very slight but constant leakage from the
cable to the earth. The cable is, therefore, charged to
the tension of the battery B, and the condenser to a
tension equal to that of the pomt O—but owing to thie
high resistance at R the tensions are nearly the same,
Upon charging the cable with the battery at K a charge
of electricity enters the cable, and a quantity sufficient to
charge the condenser passes through the galvanometer,
deflecting the mirror until the condenser is charged
equal to “the tension of the point O—when the mirror
will return to zero. By putting the cable to earth at
K a portion of ‘the charge will be withdrawn, and the
tension of the point O lowered below that of the con-
denser. A portion of the charge of the latter, there-
fore, flows into the cable, deflecting the galvanometer in
the opposite direction. The right and left hand deflec-
tionsnecessary for signaling are therefore produced with-
ont reversing the currents, or rendering it necessary to
entirely discharge the cable ‘after each signal. This
mode of signaling possesses many important advan-
tages over the old method, in point of rapidity of action
and freedom from interference by earth currents. The
rite of working through the cable by expert operators
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is said to average from fifteen to twenty words per
minute.

'~ 165. Verociry oF ELEcTtric SieNALs.—For many
years the velocity of electric signals in passing through
a conductor was supposed to be infinitely great, or at
least so great as to be incapable of measurement. In
1849, Professor Sears C. Walker, of the United States
Coast Survey service, while engaged in measuring
longitude by means of the electric telegraph, discovered
a perceptlble retardation. Experiments between Wash-
ington and St. Louis indicated a velocity not far from
16,000 miles per second. Some of the measurements
were as low as 11,000 miles per second. On the even-
ing of the 28th of February, 1868, a number of experi-
" ments were made by the officers of the Coast Survey,
for the purpose of determining accurately the difference
in longitude between Cambridge, Mass.; and San Fran-
-cisco, Cal. A wire was connected from Cambridge to
San Francisco and back, embracing thirteen repeaters—
the whole distance thus traversed by the signals being
about 7,000 miles.

~ The followmcr table shows the time, in hundredths of
a second, occupled by a signal in passing from Cam-
bridge to each of the repeating stations and back. The
number of repeaters in circuit is also given:

TIME OF TRANSMISSION FROM CAMBRIDGE.

Seconds.
To Buffalo and Retum ......................... - 0.10 1 Repeater,
“ Chicago “  si.iiiiesseens esssinenans 0.20 3 “
¢ Omaha B iecieeesetssnesssctnecns 033 5 “
4 Balt Lake T eeersesteenetenenans 054 9 N “
“ VirginiaCity “  .ovuiiiiiieriineieininnen 0.10 11 ¢
“ 8an Francised “ ....icecieseesccvereirsene 0.74 13

The actual time of transmission from Ca,mbrldge to
San Francisco and back was estimated not to exceed
three tenths of a second, the ‘‘armature times” of the
thirteen repeaters probably amounting to four or five
tenths of a second.

In submarine cables the velocity of signals is con-
siderably less than upon air lines. Prof. Gould, in his
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experiments upon the ‘Atlantic Cable, .found :it to- be
between 7,000 and 8,000 miles per second—being
greater when the circuit was composed of the two
cables, and less when the earth formed a part of the
cireuit. His experiments seemed to show that, instead

~of travelling around the entire circuit in one direction,

the electric wave, or polar influence, travelled both
ways from the battery, and the signal was received
when the two influences met. Experiments made on
air lines indicate that an instrument placed at the cen-
tral point of resistance between the two poles of the
battery will record the signal sooner than when placed
in any other part of the eircuit, it being understood
that the two terminal batteries of a telegraph line are
in effect but one, being connected by the earth, which is
a conductor of infinitely small resistance.

166. Speep oF TransmissioN.—The average rate of
transmission, by the most skilful operators. upon the
Morse apparatus, is about 1,800 words per hour. This

has been considerably exceeded, however, by many

operators within the past two or ‘three years. On the
evening of January 28th, 1868, 2,520 words of Press
news were sent from New York to Philadelphia in one
hour, and legibly copied\by the. receiving operator,
without a stop or break—the average rate being forty-
two, and the maximum rate forty-six words per minute.
On the 7th of February following 2,630 words of Press
news were sent from Milwaukee, Wls , to St. Paul, Minn.,
in one hour, the distance bemg about 400 miles. On
the 19th of the same month 1,352 words of Press news
were sent from New York fo. Philadelphia in thirty
minutes, the avérage rate bemg over forty-five words
per mmute

This is believed to be the quickest time on record
which has been made in the transmission of regular
business by the Morse system. The receiving opera-
tor, in all the above cases, eopied entirely from the
sound of the-instrument.

The speed of the printing ins{rument exceeds that
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of the Morse under favorable cireamstanees. On the
24th of September, 1867, the Combination instrument
transmitted frem Albany to New York 1,453 words of
Press news in thirty-three minutes.. It isclaimed that,
on ‘some. occasions, as many as -2,900. words per hour
have been transmitted by the House instrument.

167. CoMpaRrisoN oF WIRE -(GravaEs.—The -different
sizes of wire employed for -telegraphic and other pur-
poses are designated by a series of arbitrary numbers,
The gystem known as the Blrmmgham gauge is the one
in most general use at the present time, but is objec-
tionable, both on aecount of the.irregularity- of .its gra-
dations and the absence of any authorized standard—
wire of the same mumber from different makers often
‘varying considerably in its size. . The American gauge
is formed upon a geometrical progression, and it is to be
hoped will eventually supersede the old gauge: -it is
already employed to a considerable extent.* The fol-
lowing table gives the diameter, in thousandths of an
inch, of each number in the American and Birmingham
gauges: : A .

TABLE OF DIAMETERS OF WIRES,

Ameri | Birmtngh merican,

_ Number. @Gauge. Gauge. Number. AG'“E& w"ﬂc&m
0000 460 454 19 | .03689 042 |
000 .40964 425 20 03196 | .035

00 .36480, .380. 21 | .02846 " .032
9 .32495 -840 22 - 025635 028
1 |, .28930 300 23 .0225%7 .023
3 .26763 .284 24 .0201 .022
3 29942 | .269 25 .0179 020
4 20431 238- - | 26 015%¢ |  .018
B | .18194 .220 21 H1419 .016
6 .16202 .203 28 .| .01264 014
1 14428 .180 29 .01126 .013
8 12849 - .165 30 .01002 012
9 11443 .148 31 .00893 - .010
10 10189 134 32 .00795 .009
11 .09074 .120 - 33 .00708 . .008
13 .08081 109 34 [ .0063 007
13 07196 | .095 36 - .00561 .005
14 .06408 .083 . 3 | .005 004
15 .05701% 073 3T [ .00445
18 .05082. .085 38 | .00396

17 .04526 .058 39 .00358° -

i8 -0403 049 40 00314 ., |

% This gauge is manufactured by Darling, Brown &. Sharpe, of Providence, R. L
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168. UstruL ForMULE FOR WEIGHT AND RESISTANCR
or Wires.—The following formule, from Clark’s tables.
will be found convenient in telegraphlc work :

The wezght of any iron wire, per statute mile of 5280
feet, is g1y 1bs.; d? denotmg the square of the diame-
ter of the wire -

The conductivity of ordinary galvanized iron wire,
compared with pure copper 100, averages about 14, or
about one seventh that of pure copper.

The resistance per statute mile of a galvanized iron
wire is about "‘;;”"’ ohms at 60° Fahr.

The resistance of iron wire_increases about .35 per,
cent. for each degree, Fahr.’ <
The weight per, statute mile of 5280 feet, of any cop
per wire, is &,  1bs.; A mile of No. 16 wire weighs

in practice from 63 to 66 1bs.

The resistance per statute mile of any pure copper
wire is £432* ohms at 60° Fahr., No. 16 copper wire
of good quality has a resistance of about 19 ohms.

The resistance of any pure copper wire / inches in
length, weighing n_grains, = 2¥¢x% ohms.’

The resistance of copper increases as the tempera-
ture rises, .21 per cent. for each degree, Fahr.

The conductivity of any copper wire is obtained by
multiplying its calculated resistance by 100, and divi-
ding the product by its actual resistance. Pure copper
is taken as 100.

169. CoNDUCTING POWERS OF MATERIALS. —According
to the experiments of Mr. M. G. Farmer, made some
years since, the relative electrical resistance of differ-
ent metalsand fluids at ordinary temperatures is as fol-
lows, pure copper being taken as 100 : )

Copper Wire.......vuvieenenns 1.00 | Tin wire........ rerrearaees 6.80~

Silver * L..eiiiiiienienen 98 | Zine Y L.iiiiiieiieiinaiinns 3.70
“Gold B et etreiencanane 1.13 | Brass “ L..iieeiiiiinicnnieanen 3.88
Iron B e eeierrttanenaans 5.63 | German Silver Wma ........... 11.30~
Lead B iieeecssesonenas 10.76 3 Nickel: % .. .iiee0e 7.70.~

-----------
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- His experiments with fluids gave the followin,
results : :

PUTe Bail WAle. . .vevvrvrsennnereeversnrssnnnseesnseisnss 40,653,723,00
fWater, 12 parts; Sulphuric Acid, 1 part. 1,305,467,00
- Sulphate Copper, 1 pound per gallon.... . 18,450,000,00

Saturated solution-of common galt.... .. 3,173,000,00

“ ¢ - of sulphate of zinc.. esesss 17,330,000,00

Nitric Acid, 30 B.eeeeeererveeeserssnsssessssoseescaasnseess 1,606,000,00

¥ The following table gives the specific resistance in
ohms of various metals and alloys, at 32° Fahr,,
according to the most recent determinations of Dr.
Matthiessen : . ‘

Resist Resist Al;)’:r cent.‘
C g of wire 1 ;’;ﬁf":‘;’ variation in
Sl Nauz or MrriLs, footlong, | 3 j000¢n | Tesistance
g yelghiog | Llin | por degren
t ’ dismeter. | ¢ ﬂtrsegreu..
Silver annealed.......... tecesecsasceseans 0.2214 9.936 0.377
“ hard draWn....eeeceveeenn. PR, . 0.2421 9.151 eee
Copper annealed............. ceseesscneans 0.2064 | 9.718 0.388
“ . hard AraWn..e.eveeesecoccccrscces 02106 9.940
Gold annealed.sssviienieiarienniicanaanns 0.5849 12.52 0.365
“ hard drawn..... escsesesnscsssccene . 0.5950 12.74
Aluminum annealed.....cccccovevveraencenn 0.06822 17.72 vees
Zinc pressed........ ... cesiecietettaanns .| 0.5710 32.22 0.365
Platinum annealed....... teseseeeenas seees 3.536 65.09 e
Iron annealed........ ccvencss teeereoanees 1.2425 §9.10 ceee
Nickel annealed....... e eeieiieieeaianaas 1.0785 | 75.18 ceee
Tin Pressed....cccoveesesesocccsrsosncens 1.317 80.36 0.365
Lead pressed....oeevevecncnnnnss reeeians 3.236 | 119.39 0.387
Mercury liquid........... ceveces cevonenas 18.746 | 600.00 0.072
Platinum silver alloy, hard or annealed, used
for standard resistance coils........... eeee 4.243 | 148.35 0.031
German silver, hard or annealed, commonly
used for resistance coils.....c.covinne.... 2.662 | 127.32 0.044
Gold silver alloy, 2 parts gold, 1 part silver, .
hard or annealed......... sbesessracsanns 2.391 66.10 0.065

The use of this table is as follows: Suppose it is
required to find the resistance at 32° Fahr. of a con-
ductor of pure hard copper, weighing 400 lbs. per knot.
This is equivalent to 460 grains per foot. ‘The resist-
ance of a wire weighing one grain is_ found by the table
fo be 0.2106, therefore the resistance of a foot of wire
weighing 460 grains will be %212¢ but the resistance of

460
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‘one knat will be 6087 times that of one foot, therefore
the resistance required will be $081782108 = 2.79.0hms.
If the diameter of the wire be given instead of its
weight per knot, the constant is taken from the second
column,  Thus the resistance at 32° Fabr. of a knot of
pure hard. drawn eopper wire 0.1 ineh in° diameter
would be se8rxes% _ 605, The rfesistanice of wires is
Jnaterially altered by annealing them, and & rise in
temperature increases the resistanee of all metals.. Dr.
Matthiessen found that for all pure mefals the inerease
of resistance between 32° and 212° Fahr. is sensibly
the same. The resistance of alloys is much greater
than the mean of the metals composing them. They
are very useful in the construction of resistance coils.

The highest value which has probably been found
for the condueting power of pure copper is sixty times
that of pure mercury, aceording to Sabine. Commer-
cial copper may be considered of good. quality when
its conducting power is over fifty. Different samples
of copper vary greatly in their specific conduetivity,
as may be seen by the following table, which gives the
result of careful determinations by Dr. Matthiessen,
the' conducting power of "pure copper at §9.9° Fahr,
being taken as 100.

Lake Supenor, native, not fused .....cceeccsccncanacocarcoccne 98.9 at 59.9°
fused (commercial).. .a.cieeeancncas feecesaseces 92.6 at 690"
BumBurm Geeeenice testrcsarsssnancanausacasocsnnss 88T ab BT,
BestBelected.. . oovnnnnssneessvn e e tevesssasone 81.3 at 7. 5°
Bright copper wu-e.......‘..................,.....'...u.-..v.... 72.2 at 60.2°
Tough copper Ceseebticeidecccrtredesssacasverasvesoss 11O 8¢ 63.1°
Demidoff.. it tiveeideiianastnarsccsssoransrreviesers D93 8L 54.8°
Rio Tinto.. PR ceveseseasess 143 ab 58.6°

Thus RIO Tmto copper possesses 1o better conduct-
ing power than iron. This shows the great 1mportance
of testing the conduetivity of the wire used in the
manufacture of electro-magnets, eables, ete.

170. INTERNAL RESISTANCE OF BATTERIES.—This may
be measured by the sine or tangent galvanometer.
Place the battery to be measured in circuit with a sine
galvanometer giving a certain deflection. Insertresist-
ance till the sine of the deflection becomes half whaf
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it originally was: The' total resistance of the" aircuit
is now doubled, and the resistance added is, therefore,
equal to the ormnal resistance. ‘Deduct the resistance
of the galvanometer and connections from the resist-
ance added, and {he’ remamder is the res1sta.nce of the
battery. -

Second Meﬂzod *—Let D = the deﬂectlon obtained
with the battery in circuit with a galvanometer whose
deflections are proportional, and some resistance r;
and d the deflection with some larger resistance R (the
resistance.of the galvanometer being included in R and
r), and et ® = the resistance of the battery.

Then D :(:::.Ia'i+x‘:r;>+m)
! ¥ T) — r
dnd = = '__D‘:El(_'
In using this method any othet resistance y may be
mchxded, with z, and the formule becomes—
x+y_' (d xR Rl))ddixf)
and by deducting = we get the value of g or lf A be
large in comparison with x, thé latter may be neglected.
By “this method one resistance r may be compared w1th_
another.
The approximate resistance of the batteries in com-
mon use is as follows, according to Mr. Farmer :

GrOVEO. ceueeereeseosocsnvasssssssssscsnsssscnnss 0.41 ohms
Carbon. ..e..... PR ¢eovecsesssscescsnresarses 063 «
Daniell. oo vervnieeeeerereenennrescstececnrennnas 0 o«

171. ErecTro-MOTIVE FORCE oF DiFrerENT BaT-
TERIES.—The following table gives appreximately the
electra-motive force of varioug batterics, being the
mean of numerous observations taken on a sine galvan-
ometer by Mr. Latimer Clark.f The electro-motive
force of batteries is within certain limits very variable,
depending on a variety of undetermined causes. It is
not much affected by temperature.

* Clark, Besistance Measurement, p. 100.  } Resistance Measurement, p. 108
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GrOVO'E. . v v evveveeeriociassacacsannns cereeans ceeeesies. 100
Carbon with bx-chromte solutlon .......................... 107
Danioll's . .coeeeeerieriiseoonncsrasansonns cesessseccsces 56
Smee's (when not in action)............. seeenene ceeesenness BT

" (when in action) about......cccoeieiineins cieseneses 26
Copper and ginc in acid (Wollaston)... ceereosaaveecs 46
Sulphate mercury and graplnte (Mane Davy) ................. 76
Chloride BilVer..couieeerieieseiveroiosocasscsocssonsoons 62
Chloride lead..covovveeinneiinneisocnenneacnne cecescanns 30

‘When connected on short circuit, the electro-motive
force of several of the batteries, especially Smee’s and
Wollaston’s, will fall off 50 per cent. or more, owing to
the formation of hydrogen on the negative plate.
Grove's and Daniell’s do not so fall off, because the
hydrogen is reduced by the nitric acid in one case and
by the oxygen in the other.

172. MEASUREMENT OF ELECTRO-MOTIV_E Force.*—
When a number of cells are joined up in circuit with,
but in opposition to, a numbeér of other cells with a
galvanometer 1nserted by adjusting .the number of
cells so that no current passes, the relative electro-
motlve force of the two batteries may be determined.

-Becond Method.—Call the electro-motive forces of the
two batteries E and E; join them up successively in
circuit with the same galvanometer, and by varying
the resistance, cause them both to give'the same de-
flection; their forces will then be i in direct proportion
to the total reswtances in circuit in each case, or '

| FoExg
where. R represents the resistance with E (including
that of battery, galvanometer, and the adjustable re-
sistance) and R’ with E'

173. Forces oF ELECTRO-MAGNETS.—The laws which
govern the forces of electro-magnets have been 1nvest1-
gated by Lenz, Jacobi and Miiller.

Let M = the magnet.xc force of the electro-magnet,
n = the number of convolutions of wire.
d = the diameter of the soft iron core.
Q = the quantity of electricity in circulation,
and ¢ a constant multiplier.

Then'M=ch\/d. )

'# Clark, Resistance Measurement, p. 103,
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This law' only holds good for bars of iron whose
length is considerably greater than their diameter, for
feeble currents of electricity, and under the supposi-
tion that the number of convolutions of wire is not so
great as materially to-diminish the influence exerted
by the outer coils upon the bar of iron. These condi-
tions are fulfilled in the electro-magnets used for tele-
graphic purposes, ‘

It will be noticed, in the above formule, that M in-
creases directly as Q and as », but Q decreases as n
increases, supposing the electric force to remain con-
*stant. Hence it is evident that a certain proportion
between the resistance of the wire and that of the
remaining portions of the circuit must be preserved to
obtain the maximum magnetic force. This relation is
found to be the following:

When the resistance of the coils of the electro-magnet
18 equal to the resistance of the rest of the circuit, 3. e., the
condu’cktwg wire and battery, the magnetic force is @ maxi-
mum.

The application of this law to a telegraphic circuit -
would be to make the sum of the resistances of all .
the magnet coils in circuit equal to the resistance of
the line and batteries, but as in practice the resistance
of a telegraphic circuit varies, being considerably re-
duced by defective insulation, the total resistance of
the instruments should be less than that of the line
when in good condition, to attain the best results dur-
ing unfavorabl&we?,ther.

ELECTRICAL FORMULZE. .

174. OmM’s Law.—Let C = the quantity, or strength,
or force, or intensity of the current as it is- varlously
called.

Let n = the number of cells.
“ B = the electro-motive force in each cell.
¢ B = the iternal resistance of each cell.
“ r = the remstauces exterior to the battery.
Then C — 2 E
. T mRfr

* Noad's Students’ Text-book of Electricity, p. 277,
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'175. ParaLLEL or DErivED Circurrs.—1. The joint
resistance of any two parallel or derived circuits, whose
resistances = @ and. b is equal to their product dmded
by their sum, or- Sy

. 'B\\'—-: —b- :

S ad
2. The Jomt.remstance of any three circuits, a,

and ¢, is
a b c

(] _+ c+as

3. The joint resistance of any number of circuitg is *
obtained by adding their reciprocals together, thus;
i

B =

176 GALVANOMETERS AND Snums —1. The joint
resistance of a galvanometer and shunt is as follows:

Let g = resistance of galvanometer,

& = resistance of shupt. .
Then R - -2
g+98
2. The multiplying power of any. shunt is eqmal to
u.;’, or c— + 1

3. To prepare 3 shunt havmg some definite multlply-
ing power, for example 10 100 or 1,000, '

Let n = the multiplying power required,
Than 8 = -—:’——

177. ForMuLA FOR THE LooP Test (127 .—Let z =
resistance of shortést part of the loop. ‘

y = resistance of longest part.
L = total resistance of both.
R = resxstance added to shortest part, to make it equnl to the longer.

" Then aa+y_L.
z+ R

L—R
.md X=——
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. 178. BLiviir's . ForMurLa ror  LocaTiNG A Favrr
(128).—Let 'R = resistance of line when in good
.order, S = resistance of defective line when distant
end is to ground, and T the resistanee when it is dis-
connected or open at distant.end.

The distance (z) of the fault from the testlng station

wdlbe
oz =8 SZ+TR—TS—RS
orz=8—YR—Fx{T—-§,

and the resxstance of the fault {#) will be

t=T—84+VS i TR_TE—RS
orz=T—-84+YR Z8) x (FT— 8

179. MEASURES OF RESISTANCE.—1.0456 Siemen’s
units = 1 ohm. To eonvert Snemen s units mto ohms.
multlply by .9564.

- 1- Varley’s unit = 25 ohms,
1 Megohm = 1,000,000 ohms,

= 1 Microhm:= lﬂ‘%m ohms,
P

* STRAIN OF SUSPENDED WIRES.*—The ordinary dip
“of line wires, for a span of 80 yards, is about 18 inches
in mild weather ; this gives with No. 8 wire a strain
of 420 lbs., its breakmg weight being about 1,300 lbs.—
(Culley.)

The strain varies direetly.ag the weight of the wire,
and inversely as the dip or versine; it increases as
the square of the span if the dip be constant; but to
preserve a given strain the dip or versine must in-
crease as the square of the span, or

L’ B V‘v

The strain is greater at the pomt of suspension than
at the lowest point of the span, by a quantity (cqual
to the weight of a length of wire of the same height as
the versine) which may be neglected in practice. °Call-
ing ! the length of the span in feet, w the weight in

¥ Clark. Resistance Measurement. p. 154.
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cwts. of one statute mile, v the versine ine¢inches, and
§ the strain in lbs., -
lba. approximately.

Strai BPXw.
train = 3} v

, PXw
sad dip = 5755 inches.

When both supports are of the same height the
lowest point in the curve will be in the centre of
the span; but if one support be higher than the
other the lowest point will be near the lower support,
so that the greater portion of the weight is borne by
the higher pole. In calculating the strain the wire
should be considered as if prolonged beyond the lower
end to a point equal in height to the upper one, and
the strain will be proportional to the length thus in-
creased, or to twice the distance from the top to the
bottom of the dip.

The weight of a wire increases with its strength, the
quality being the same. The advantage of using thin.
wire for long spans is only in diminishing the Welght
upon the supports.

Iron expands tzirs of its length, or about 415 inches”
per. mlle for every ten degrees of heat. ——(Culley )




CHARLES T, & J. N, CHESTER, o
! 104 Centre St.,, New York,

TELEGRAPH ENGINEERS,

AND MANUFACTURERS OF
Instruments, Batteries,
AND EVERY DESCRIPTION OF
THLEGRAPE SUPPLIES.

—_————————

INSULATED AND OFFICE WIRES.

‘We are now prepared to furnish, after an experience of three years, un Insulated
‘Wire, which can be buried in the earth or exposed to rain and sun, or to the vapor of
acids, without injury. Professor SILL1MAN, who has exposed it to the most destructive
agencies, finds that it remains uninjured in an atmosphere of ozone which would de-
stroy gutta-percha in a few hours. It exceeds glass, or any other known substance,
as a non-conductor, We have made special arrangements to furnish this article for
oftice purposes at a reduced rate. Also, Agents for the new insulator,

KRYOLITE. .

Harder than glass, and possessing the best insulating properties. We construct the

DIFFFRENTIAL GALVANOMETERS AND RESISTANCE BOXES

used by English electricians, and described in this work, for measuring resistances and
ascertaining faults. .

To accommadate these instruments to the wants of our Telegraph patrons we have
made them at different prices, as the absolute accuracy required in the philosophical
investigation of Electrical ph is not ry for ordinary telegraphic prob-
lems., These instruments instantly determine the resistances of magnets and lines,
and furnish every required assistance in line tests.

We have submitted to the test of more than a year’s active use our new

ENDURING BATTERY.

For thirteen months it has given a constant current, day and night, on a sbort tele-
graph line. 80 equal is the current derived from it that the adjustments of magnets
formerly nccessary on that line have been almost entirely disfoensed with, The con-
sumption of material for currents equal to those from the sulpbate of copper battery
used on lines from the same office, is only about onc-tenth. The reason for this great
difference is that the salts decomposed in exciting electrical action are separate from
the other elements, and are retained in a reservoir insulated, but allowed to escape and
carry on their action entirely under control. Thus, for Electrical Clocks, where the
amount of current required is very small, the adjustments can be so made that the
battery will last two years. For a local, this baitery acis admirably ; though having
less quantity force than many now in use.’it has quite power enough for a well con-
structed Sounder or Register.

‘We also construct a
PRINTER,
made with great perfection. It is very compact, works on one wire, does not easily
wet out of order, works with speed, and will, in many cases, be used for comnmercial
purnoses on private lines where our dial instruments have been largely used.
‘We have, after a test of five years, an

ALPHABETICAL TELEGRAPH

in extensive use. Over thirty of these are employed in the Police Telegraph System
of St. Louis, and have given perfect satisfaction. They are used by the Steamnship
Companieg, by Iron Founders, Lumber Merchants, Coal Dealers, Sugar Refineries, and
wherever the nature of the business requires a separation of office and factory.
We supply every description of
ELECTRICAL NMACHINERY AND APPLIANCES

for submarine and subterranean blasting. Also, complete

PORTABLE APPARATUS
For the safe manufacture of NITRO-GLYCERINE at the place where it is to he used.

Our Catalogue, embracing a large amount of new matter and description, is now
ready for distribution,




- CHESTER, PARTRICK & CO.,
Celegraphic and  Elechvical Eugineers,

CONTRACTORS, ete,,

37 South Fourth Street, Philadelphia,

Manufacturers of and Dealers in every variety of

TELEGRAPHIC, ELECTRIC AND PHILOSOPHICAL APPARATUS, BAT-
TERIES, WIRE, ACIDS, INSULATORS, MEDICAL INSTRUMENTS
AND OTHER SUPPLIES.

Also, Contractors for the construction, re-construction and repair of

TELEGRAPH LINES, SIMPLE BURGLAR ALARMS FOR PRIVATE
RESIDENCES, AND BURGLAR ALARMS WITH «TELL-TALE
CLOCK,” AND OTHER APPARATUS FOR BANKS,

AND PUBLIC BUILDINGS.

Among other Telegraphic Supplies constantly kept on hand, they are prepared
to furnish promptly the following novel articles :

KERITE (OR HORN COVERED) COPPER, OR COMPOUND WIRE OR
CABLES,
COVERED COMPOUND AIR LINE WIRE ;
BLASTING APPARATUS, CARTRIDGES, BATTERIES, &c., &c.
CALCIUM LIGHTING APPARATUS,
MEDICAL BATTERIES,

INDUCED AND DIRECT CURRENTS ;
ELECTRO-PLATERS' BATTERIES AND MATERIALS,
ELECTRO GONGS OF ANY DESIRED SIZE OR WEIGAT;
ALARM APPARATUS,

PATENT APPARATUS for the MANUFACTURE of NITRO-GLYCERINE,
ELECTRICAL CLOCK-WORK,

They guarantee to give satisfaction to all who favor them with orders, in the
promptness of execution and in the quality of articles supplied.



L. G. TILLOTSON & CO.,

No. 8 Dey Street, New Yorlk,

" MANUFACTURERS OF

TELEGRAPIL INSTRUMENTS,

BATTERIES AND SUPPLIES,

OF EVERY DESCRIPTION.

AASPNAS NS SASANNSNNNNNS

Glass Insulators, Plain or with Screw; Brackets, &c.; Zincs, Tum-
blers, Porous Cups, and all kinds of Battery Material; Hill's
Patent Galvanic Battery; Ogden's Improved Carbons,
with the Immersed Platina Connection; Pure
Nitric and S8ulphuric Acids; Agents
for the Best English and American
Plain and Galvanized Wire.

Agents for Gutta-Percha Covered Wire
and Cables, American Manufacture;
Agents of American Compound
'.l:elegraph ‘Wire Company;

SOLE AGENTS FOR
Brooks’ Patent Paraffine Insulator.
This Insulator, as now constructed, is, beyond question, the best in use.

MANUFACTURERS OF
JONES’ PATENT LOCK SWITCH BOARD.
228~ We invite attention to our cuts, opposite pages 29 and 35 of this work.

BLISS, TILLOTSON & CO., 171 So. Clark St., Chicago.



CHARLES WILLIAMS, Jr.,

109 COURT STREET,

BOSTON, MASS.,

(ESTABLISHED 1856.)

MANUFACTURER OF

TELEGRAPI INSTRUMENTS,
BATTERIES AND MATERIALS,

'SOLE MANUFACTURER OF

THE CRIGINAL CELE3RATED ¢

CPBOSTOIN REILAY.”

e cO P

All Instruments and Materials used in furnishing and working

TELEGRAPH LINES,

including Registers, Relays, Main Sounders, Local Sounders,
Keys, Switches, Cat-outs, Galvanometers, Repeaters, Arresters,
Rheostats, Resistance Coils, Bell Calls, Dial Telegraphs, Gongs,
Batteries, Porous Cups, Zincs, Coppers, Blue Vitriol, Acid, Insu-
lators, Line Wire, Insulated Wire, Cables, etc., constantly on
hand, and for sale at the lowest prices. Also, Electro-Medical
Instruments and Magnetical Apparatus of every description.



IMPROVED PREMIUM TELEGRAPH INSTRUMENTS.

DR. I.. BRADLEY,

No. 7 EXCHANGE PLACE, JERSEY CITY, N. J.,

KEEPS CONSTANTLY ON HAND AND FOR FfALE HIS CELEERATED

Bromium Jmproved Telegraph Insiyuments,

BrapLEY's Relays were awarded the

FIRST PREMIUM

of the late Great Fair of the American Institute, New York, and their superi-
ority is generally acknowledged by operators who use them.

Aside from the advantages apparent upon inspection of these magnets,
their acknowledged merits consist in the construction of the helix, which was
patented August 15, 1865-—this being of naked copper wire, so wound that the
convolutions are separated from each other by a regular and uniform space of
the 1-800th of an inch, the layers separated Ly thin paper. In helices of silk
insulated wire the space occupied by the silk is the 1-150th to the 1-300th of
an inch ; therefore a spool made of a given length and size of naked wire will
be smaller, and will contain many more convolutions around the core than
one of silk insulated wire, and will make a proportionably stronger magnet,
while the resistance will be the same.

““He is also manufacturing superior Lightning Arresters, with Cut-out
Switch and Switches for grounding either wire.

From hundreds of testimonials there is space only for the following :

80 Broapway, NEw Yorxk, March 15, 1870.

L. Braprey, Esq.

DEAR S1r,—1 have used a very large number of the Magnets manufactured
by you, with the putent naked wire helices, principally in the manufacture of
printing instruments, and they have in all cases given entire satiefaction.
With a given battery power and equal resistance, I have found them 20 per
cent. stronger than silk covered magnets will average. They are remarkably
even in quality and free from permanent magnetism.

¥rank L. Popr, Electrical Engineer.
PRICES
will be as favorable as goode-of equal or approximate excellence can be pur-
chased of angther manufa®turer.
. The foilosMng list comprisesthe principal articles manufactured and sold
at this establishment : .. : : s
. Buiton Repeaters, Pony Sounders, Keys.

Relays, with Helices in Bone Rubber Cylinders (very fine).

Box Relays, large and small ; Excellent Registers.

Large and small Box Main Sounders.

A new'style of both Main and Local Sounders (very loud and fine).

Pocket Relays, with all the adjustments of the above, and good Lever Keys.

All other kiuds of Telegraph Apparatus manufactured to order.

Extra Spools, for replacing such as may be spoiled by lightning, fur--
nished at $1.25 each. Old Spools taken at the price of new wire by the pound.
Goods sent to all parts of the continent with bill C. 0. D. Or, to save ex-
pense of returning funds by express, remittances may be made in advance by
certified check, payable in New York, or by Post-office order, in which case
he will make no charge for package.

He has ample facilities for furnishing all other kinds of Telegraph Sup-
plics at the iowest manufacturers’ prices.



BROOKS’
Patent Paraffine Insulator Works,

21 aspen dreet, North of 2128 Chestnut Street, Philades, uia, Pa.
DAVID BROOKS, Proprietor.

L. G. TILLOTSON & CO., 8 Dey Street, New York,

SOLE AGENTS.

WORKS ON ELECTRICITY
THE ELECTRIC TELEGRAPH,

FOR SALE BY

D. VAN NOSTRAND,
PUBLISHER AND. BOOKSELLER,

23 Murray Street and 27 Warren Sreent, New York.

Prescott’s Theory and Practice of the Blectric Telegraph. 12mo,
illus:rated. Cloth, $2:50.

Bright's Electric Telegraph. 12mo, illustrated. Cloth, $1.75.

Ferguson's Electricity. 12mo, illustrated. Cloth, $1.75.

Noad's Student's Text-Book of Electricity. Crown 8vo, illust'd. $6.25.

Electrical Measurement. By LATIMER CLARK. 12mo, illustrated. Cloth, $3.

The Atlantic Telegraph. Its History. 12mo, illustrated. Cloth, $1.00.

Blavier's Traite de Telegraphie Electrique. 2 vols., 8vo. Paper, §10.

Du Moncel's Traite Theorique et Pratique de Telegraphie Electrique,
8vo. Paper, $5.

Gavarret's Telegraphie Electrique. 12mo. Paper, $2.50.

Tennant's Manuel Pratique de Telegraphie Sous-Marine. 12mo.
Paper, $1.75

Boussac Precis de Telegraphie Electrique. 8vo. Paper, $3.50,
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JOURNAL OF THE TELEGRAPH,

A SEMI-MONTHLY PAPER,

DEVOTED TO THE

Interests of the Telegraph in the United States.

And a record of its progress throughout the world.

Published on the 1st and 15th of each Month,
. TAT THE

EXECUTIVE ROOMS OF THE WESTERN UNION TELEGRAPH CO..

145 BROADWAY. NEW YORK.

The Jourxir or THE TELEGRAPH is the Official Organ of the Western
Union Telegraph Company, through whieh are promulgated, for the informa-
tion of the Stockholders and the public, authentic details relating to the
financial affairs of the Company—embracing a monthly statement of earn-
ings, expenditures, and net profits—and the orders of the Executive Offi-
cers to the employés. In its columns will also be found accurate and
valuable information in regard to the operation and extension of the lines,
and a full discussion of all other matters of a scientific or general character
pertaining to the telegraphic art.

Over five thousand copies of the Joumzu. or TEE TELEGRAPH are now
issued, every Telegraph Office in the country receiving one, and many Stock-

holders and others being subscribers.

TERMS OF SUBSCRIPTION.

One copy, One year........oeovveneennn.s Ciesaenanaes 1 00
Five copies, ¢ 4 00

...................................

Single copier, tive cents.

ADVERTISEMENTS |

inserted at reasonable rates. Al communications and remittances for the
JorRrNAL oF THE_TELEGRAPH should be addressed to

JAMES D. REID, Editor,

145 BROADWAY, NEW YORK.



THE TELEGRAPHER:

A JOURNAL OF

Flectrical Progress.

PUBLISHED EVERY SATURDAY,
AT
Nos. 78 and 80 Broadway (Room 48), New York.

(OVER THE GOLD EXCHANGE.)

Devoted strictly and exclusively to Telegraphic interests, and the only recognized
organ of the

TELEGRAPHIO PROFESSION
in this country or the world.

Experience, energy, industry, and capital will all be combined to make Tie Trrr-
GRAPHER what it purports to he—A JourNAL oF ELECTRICAL PROGRESS—and to re1 -
der it worthy of the continuance of the liberal support which it has received from tke
profession and others interested in E'ectrical Science and Telegraphic Art, and to make
it a creditable representative of the Practical Telegraphic Talent of the United States.

Correspondence, iteins of news or personal interest, and newspaper extracts relating
to Telegraphic matters, are solicited. The co—operation of every person interested in
sustaining a first-class Telegraphic newspaper is cordially invited.

TERMS OF SUBSCRIPTION :

One copy, one year........ ceeeenian ettt ieiiereeaans $2 00
Six copies, one year to one address ................. ... 10 00
Twelve ¢ ¢ ‘e e N 17 00

Single copies, five cents.

228~ Subscribers in the British Provinces must remit 20 cenls, Great Britain,
France, Italy, Spain and Portugal, $1.04, Russia, Prussia, and the west coast of
South America, $3.12 per annum, in addition to the subscription price, for prepay-
ment of American postage.

Tre PAPER WILL ALWAYS BE DISCONTINUED WHEN THE PAIp Susscrrpriox Ex-

PIRFS.
Remittances may be made by Registered Letter or Post-office Order, at our risk.

Advertisements

will be inserted at reasonable rates, but no Advertisement will be inserted for less than
One Dollar for each insertion.

Any persons who may interest themselves in procuring Subscribers at the adver-
tised rates, and remitting us the money, will be entitled to an extra copy for one year,
for every club of not less than six Subscribers,

All communications, and letters relating to or intended for Tt TELEGRAPHER,
must be addressed to the

PUBLISHER AND EDITOR,
P, 0. BOX 6010,
NEW YORK.



Scientiric Books.

RANCIS’ (J. B.) Hydraulic Experiments. Lowell Hydraulic Ex«

periments—being a Selection from Experiments on Hydraulic
Motors, on the Flow of Water over Weirs, and in Open Canals of
Uniform Rectangular Section, made at Lowell, Mass. By J. B.
Francis, Civil Engineer. Second edition, revised and enlarged, in-
cluding many New Experiments on Gauging Water in Open Canals,
and on the Flow through Submerged Orifices and Diverging Tubes.
With 23 copperplates, beautifully engraved, and about 100 ney
pages of text. 1 vol., ato. Cloth. 8$15.

Most of the practical rules given in the books on hydraulics have been determined from ex-
periments made in other countries, with insufficient apparatus, and on such a minute scale, that
in applying them to the large operations arising in practice in this conntry, the engineer cannot
but doubt their reliable applicability. The parties controlling the great water-power furnished
by the Merrimack River at Lowell, Massachusetts, felt this so keenly, that they have decmed it
necessary, at great expense, to determine anew some of the most important rules for ganging
the flow of large streams of water, and for this purpose have caused to be made. with great care,
several series of experiments on a large gcale, a sclection from which are minutely detailed in
this volume.

The work is divided into two parts—PaArT 1., on hydraulic motors, includes ninety-two experi-
ments on an improved Fourneyron Turbine Water-Wheel, of about two hundred horse-power,
with rules and tables for the construction of similar motors :—Thirteen experiments on a model
of acentre-vent water-wheel of the most simple design, and thirty-nine experiments on a centre
vent water-wheel of about two hundred and thirty horse-power.

Parr IL. includes seventy-four expcrimerts made for the purpose of determining the form ot
the formula for computing the flow of water over weirs ; nine experiments on the effect of back-
water on the flow over weirs ; eighty-eight experiments made for the purpose of determining
the formula for computing the flow over weirs of regular or standard forms, with several tables
of comparizons of the new formula with the results obtained by former experimenters; five ex-
periments on the flow over a dam in which the erest was of the same form as that built by the
Essex Company across the Merrimack River at Lawrence, Massachusetts ; twenty-one experi-
ments on the effect of observing the depths of water on a weir at different distances from the
weir ; an extensive series of experiments made for the purpose of determining rules for gaug-
ing streams of water in open canals, with tables for facilitating the same; and onc hundred and
one experiments on the discharge of water through submerged orifices and diverging tubes, the
whole being fully illustrated by twenty-three double plates engraved on copper.

In 1855 the proprietors of the Locks and Canals on Merrimack River, at svhose expense most
of the experiments were made, being willing that the public should share the benefits of the
scientific operations promoted by them, consented to the publication of the first edition of this
work, which contained a selection of the most important hydraulic experiments made at Lowell
up to that time. In this second edition the principal hydraulic expcriments made there, subre-
quent to 1855, have been added, ircluding the important series above mentioned, for determin-
ing rules for the gauging the flow of water in open canals, and the interesting series on the flow
through a submerged Venturi’s tube, in which a larger flow was obtained than any we find re-
corded. :

JFRANCIS (. B) On the Strength of Cast-lron Pillars, with Tables
for the use of Engineers, Architects, and Builders. By Janes B.
Francis, Civil Engineer. 1 vol., 8vo. Cloth. $2.
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WILLIAMSON (R. S.) On the Use of the Barometer on Surveys
and Reconnaissances. Part I. Meteorology in its Connection
with Hypsometry. Part IL. Barometric Hypsometry. By R. S.
WiLLianson, Bvt. Lieut.-Col. U. S. A., Major Corps of Engineers.
Witk Illustrative Tables and Engravings. Paper No. 15, Professional
Papers, Corps of Engineers. 1 vol., 4to. (?loth. $15. ¢
¢ 8AN FRANOISCO, CAL., Feb. 27, 1861,
“@en. A. A, HuMPHREYS, Chief of Engineers, U. S. Army:

** GENERAL—I have the honor to submit to you, in the following pages, the results of my in- .
vestigations in meteorology and hypsometry, made with the view of ascertaining how far the
barometer can be used as a reliable instrument for determining altitudes on extended lines of
sarvey and reconnaissances. These investigations have occupied the leisure permitted me from
wy professional duties during the 1ast ten years, and I hope the results will be deemed of sufhi-
aent value to have a place assigned them among the printed professional papers of the United
States Corps of Engincers. Very respectfully, your obedient servant,

“R. 8. WILLIAMSON,
“Bvt. Lt.-Col. U. 8. A., Major Corps of U. 8. Engineers,™
TUNNER (P.) A Treatise on Roll-Turning for the Manufacture of
Iron. By PeTer Tunner. Translated and adapted. By Joun B.
Pearsg, of the Pennsylvania Steel Works. With numerous engraw
ings and wood-cuts. 1 vol., 8vo., with 1 vol. folio of plates. Cloth. $10.
SHAFFN ER (T. P.) Telegraph Manual. A Complete History and
Description of the Semaphoric, Electric, and Magnetic Telegraphs
of Europe, Asia, and Africa, with 625 illustrations. By Tar. P.
SHAFFNER, of Kentucky. New edition. 1 vol., 8vo. Cloth. 850 pp.
$6.50.

M INIFIE (WM.) Mechanical Drawing. A Text-Book of Geomet-
rical Drawing for the use of Mechanics and Schools, in which
the Definitions and Rules of Geometry are familiarly explained ; the
Practical Problems are arranged, from the most simple to the more
complex, and in their description technicalities are avoided as much
as possible. With illustrations for Drawing Plans, Sections, and
Elevations of Buildings and Machinery ; an Introduction to Isomet-
rical Drawing, and an Essay on Linear Perspective and Shadows.
Illustrated with over 200 diagrams engraved on steel. By Wx
MiniFiE, Architect. Seventh edition. With an Appendix on the

Theory and Application of Colors. 1 vol., 8vo. Cloth. $4. .

¢ It i3 the best work on Drawing that we have ever seen, and is especially a text-book of Geo
metrical Drawing for the use of Mcchanics and Schools. No young Mechanic, such as a Ma-
chinist. Engincer, Cabinct-Maker, Millwright, or Carpenter should be without it."—Scientific
American. :

* One of the most comprehensive works of the kind ever published, and cannot but poss{
great value to builders. The style is at once elegant and substantial."—Pennsylvania Inquirer

* Whatever is said is rendered perfectly intelligible by remarkably well-executed diagrams on
steel, leaving nothing for mere vague supposition ; and the addition of an introduction to iso-
metrical drawing, linear perspective, and the projection of shadows, winding up with a useful
Index to technical terms.”— Glasgow Mechanics’ Journal.

§3™ The British @ ,vermnent has authorized the use of this book in their scheols of art at
Somerset House, Lundon, and throughont the kingdom.

M INIFIE (WM.) Geometrical Drawing. Abridged from the octavo
. edition, for the use of Schools. Illustrated with 48 steel plates.
Fifth edition, 1 vol., 1zmo. Half roan. $1.50.

“Tt 18 well adapted as a text-book of drawing to be used in our High Schools and Academies
wherc th s useful branch of the fine arts has been hitherto too much neglected.”~-Bas/on Journie.
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EIRCE'S SYSTEM OF ANALYTIC MECHANICS. Physical

and Celestial Mechanics, by BENjamin Prirce, Perkins Professot
of Astronomy and Mathematics in Harvard University, and Con-
sulting Astronomer of the American Ephemeris and Nautical Al-
mdnac. Developed in four sysiems of Analytic Mechanics, Celestial
Mechanics, Potential Physics, and Analytic Morphology. 1 vol.,
4to. Cloth, §r10.

GILLMORE. Practical Treatise on Limes, Hydraulic Cements, end

Mortars. Papers on Practical Engineering, U. S. Engineer De-

partment, No. 9, containing Reports of numerous experiments con-

ducted in New York City, during the years 1858 to 1861, inclusive.

By Q. A. GiLLMORE, Brig.-General U, S. Volunteers, and Major U.

S. Corps of Engineers. With numerous illustrations, One volume,
octavo. Cloth. &4.

ROGERS (H. D.) Geology of Pennsylvania. A comglete Scien-
tific Treatise on the Coal Formations. By Henry D. Rogers,
Geologist. 3 vols., 4to., plates and maps. Boards. $30.00.

BURGH (N. P.) Modern Marine Engineering, applied to Paddle

and Screw Propulsion. Consisting of 36 colored plates, 259
Practical Woodcut Illustrations, and 403 pages of Descriptive Matter,
the whole being an exposition of the present practice of the follow-
ing firms: Messrs. J. Penn & Sons; Messrs. Maudslay, Sons, &
Field ; Messrs. James Watt & Co. ; Messrs. J. & G. Rennie ; Messrs.
R. Napier & Sons; Messrs. J. & W. Dudgeon ; Messrs. Ravenhill
& Hodgson ; Messrs. Humphreys & Tenant; Mr. J. T. Spencer,
and Messrs. Forrester & Co. By N. P. BurcH, Engineer. In one
thick vol., 4to. Cloth. $30.00. Half morocco. §35.00.

ING. Lessons and Practical Notes on Steam, the Steam-Engine,

Propellers, &c., &c., for Young Marine Engineers, Students,
and others. By the late W. R. King, U. S. N. Revised by Chief-
Engineer J. W. King, U. S. Navy. Ninth edition, enlarged. 8vo.
Cloth. $2.

ARD. Steam for the Million. A Popular Treatise on Steam and

its Application to the Useful Arts, especially to Navigation. By

J. H. Warp, Commander U. S. Navy. New and revised edition.
1 vol., 8vo. Cloth. $1.

\/ ALKER. Screw Propulsion. Notes on Screw Propulsion, its
Rise and History. By Capt. W. H. WALKER, U. S. Navy. 1
vol., 8vo. Cloth. 75 cents.

THE STEAM-ENGINE INDICATOR, and the Improved Mano-

meter Steam and Vacuum Gauges : Their Utility and Application.

By Paur StirmaN. New edition. 1 vol., 1zmo. Flexible cloth.

$1.

ISHERWOOD. Engineering Precedents for Steam Machinery. Ar-

ranged in the most practical and useful manner for Engineers. By

B. F. Isurrwoop, Civil Engineer U. S. Navy. With illustrations
Two volumes in one. 8vo. Cloth. $2.50.
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POOK"S METHOD OF COMPARING THE LINES AND

DRAUGHTING VESSELS PROPELLED BY SAIL OR
STEAM, including a Chapter on Laying off on the Mould-Loft
Floor. By Samuer M. Pook, Naval Constructor. 1 vol.,, 8vo.
With illustrations.  Cloth, $s.

SWEET (S. H.) Special Report on Coal ; showing its Distribution,
Classification and Cost delivered over different routes to various
points in the State of New York, and the principal cities on the
Atlantic Coast. By S. H. Sweer. With maps. 1 vol., 8vo. Cloth.

$3.

ALEXANDER (J. H.) Universal Dictionary of Weights and Meas-

ures, Ancient and Modern, reduced to the standards of the United

States of America. By J. H. ALexanbpEr. New edition. 1 vol.,
8vo. Cloth. $3.50.

‘¢ As a standard work of reference this book should be in every library; it is ore which we
have long wanted, and it will save us much troable and research.”—Scientific American.

( :RAIG (B. F.) Weights and Measures. An Account of the Deci-

mal System, with Tables of Conversion for Commercial and Scien-

tific Uses. By B. F. Cralg, M. D. 1 vol,, square 32mo. Limp
cloth. 50 cents.

% The most lucid, accurate, and usefnl of all the hand-books on this subject that we have yet
seen. It gives forty-seven tables of comparison between the English and French denominations
of length, area, capacity, weight, and the centigrade and Fahrenheit thermometers, with clear
instructions how to use them ; and to this practical portion, which helps to make the transition
08 easy as possible, is prefixed a scientific explanation of the errors in the metric system, and
how they may be corrected in the laboratory.”—Nation.

BAUERMAN. Treatise on the Metallurgy of Iron, containing
outlines of the History of Iron manufacture, methods of Assay,
and analysis of Iron Ores, processes of manufacture of Iron and
Steel, etc., etc. By H. Baverman. First American edition. Re-
vised and enlarged, with an appendix on the Martin Process for
making Steel, from the report of Abram S. Hewitt. Illustrated
with numerous wood engravings. 12mo. Cloth. $z.50. °
“This is an important addition to the stock of technical works published in this country. It
embodies the latest facts, discoveries, and processcs connected with the manufacture of iron
and steel, and should be in the hands of every person interested in the subject, as well as in all
technical and scientific libraries,"—Scientific American.

HARRISON. Mechanic’s Tool Book, with practical rules and sug-

gestions, for the use of Machinists, Iron Workers, and others.

By W. B. Harrison, associate editor of the ‘‘ American Artisan.”
Illustrated with 44 engravings. 12mo. Cloth. $2.50.

“ This work is specially adapted to meet the wants of Machinists and workers in iron gener-
ally. It is made up of the work-day experience of an intelligent and ingenious mechanic, whe
had the faculty of adapting tools to various purposes. The practicability of his plans snd sng-
gentions are made apparent even to the unpractised cye by a series of well-executed wond ra
gravings."— Philadelphia Inguirer.
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LYMPTON. The Blow-Pipe : A System of Instruction in its pracs
tical use, being a graduated course of Analysis for the use of
students, and all those engaged in the Examination of Metallic
Combinations. Second edition, with an eppendix and a copious
index. By Groree W. PrvmproNn, of the Polytechnic Institute,
Brooklyn. 12mo. Cloth. $2.
# This manual probably has no superior in the English language as a text-book for beginners,
or as a guide to the student working withount a tcacher. To the latter many illustrations of the

utensils and apparatus required in using the blow-pipe, as well as the fully illustrated descrip-
tion of the blow-pipe flame, will be especially serviceable.”—New York Teacher.

NUGENT. Treatise on Optics : or, Light and Sight, theoretically

-and practically treated ; with the application to Fine Art and In-

dustrial Pursuits. By E. Nucent. With one hundred and three
illustrations. 12mo. Cloth. $2.

% This book is of & practical rather than a theoretical kind, and is designed to afford accurate
and complete information to all interested in applications of the science.”—Round Table.

SILVERSMITH (Julius). A Practical Hand-Book for Miners, Met-
allurgists, and Assayers, comprising the most recent improvements
in the disintegration, amalgamation, smelting, and parting of the
Precious Ores, with a Comprehensive Digest of the Mining Laws,
Greatly augmented, revised, and corrected. By JuLius SILVERSMITH,
Fourth edition. Profusely illustrated. 1 vol., 12mo. Cloth. $3.

CLOUGH. The Contractors’ Manual and Builders’ Price-Book. By
- A. B. CroucH, Architect. 1 vol,, 18mo. Cloth. 75 cents.

RUNNOW. Spherical Astronomy. By F. Brinnow, Ph. Dr.
Translated by the Author from the Second German edition. 1
vol., 8vo. Cloth. $6.50.

CHAUVENET (Prof. Wm.) New method of Correcting Lunar Dis-
tances, and Improved Method of Finding the Error and Rate of a
Chronometer, by equal altitudes. By Wx. Cravvener, LL.D. 1
vol., 8vo. Cloth. $2. '

A SYNOPSIS OF BRITISH GAS LIGHTING, comprising the
essence of the ‘“ London Journal of Gas Lighting” from 1849 to
1868. Arranged and executed by James R. SmEpBERG, C. E. of the
San Francisco Gas Works. Issued only to subscribers. 4to. Cloth.
$15.00 In press.

GAS WORKS OF LONDON. By Zeran CoLBURN. 12mo, Boards,
60 cents.

HEWSON. Principles and Practice of Embanking Lands from
River Floods, as applied to the Levees of the Mississippi. By
WiLLiaM Hewson, Civil Engineer. 1 vol., 8vo. Cloth. $2.

“This is a valuable treatise on the principles and practice of embanking lands from river
2oods, as applied to Levees of the Mississippi, by a highly intelligent and experienced engineer.
The author says it is a first attempt to reduce to order and to rule the design, execution, and
measurement of the Levees of the Mississippi. It is a most usew! and neede..contribution ‘0

-jentific literature.”— Philadelphia Evening Journal.
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WEISBACH (Julius). Principles of the Mechanics of Machinery
and Engineering. By Dr. Jutius WeisBach, of Freiburg.
Translated from the last German edition. Vol. 1. 8vo, cloth. $10.

HUNT (R. M.) Designs for the Gateways of the Southern Entrances
to the Central Park. By Richarp M. Hunt. With a descrip-
tion of the designs. 1 vol., 4to. Illustrated. Cloth. $s.

PEE'I‘. Manual of Inorganic Chemistry for Students. By the late
Duprey Peer, M. D. Revised and enlarged by Isaac Lewis PEkT,
A. M. 18mo. Cloth. 75 cents.

\ HITNEY (J. P.) Colorado, in the United States of America.
Schedule of Ores contributed by sundry persons to the Paris
Universal Exposition of 1867, with some Information about the
Region and its Resources. By J. P. Wrirney, of Boston, Com-
missioner from the Territory. Pamphlet. 8vo., with maps. Lon-
don, 1867. 25 cents. '

'\ HITNEY (J. P.) Silver Mining Regions of Colorado, with some
account of the different processes now being introduced for
working the Gold Ores of that Territory. By J. P. WHITNEY.
rzmo. Paper. 25 cents.
“This is a most valuable little book, containing a vast amount of practical information about

that region. It will be found useful to men of a scientific turn of mind, should they never con-
template a journey to the region of silver and gold.”"—¥Fall River News.

ILVER DISTRICTS OF NEVADA. 8vo., with map. Paper
35 cents.

MCCORMICK (R. C.) Arizona: Its Resources and Prospects.
By Hon. R. C. McCormick. With map. - 8vo. Paper. 25 cents.

PETERS. Notes on the Origin, Nature, Prevention, and Treatment
of Asiatic Cholera, By Joun C. Perers, M. D. Second edition.
With an appendix and map. 12mo. Cloth. ¢$1.50.

EYMOUR. Western Incidents connected with the Union Pacific
Railroad. By Siras SEymour. 12mo. Cloth. $1.

EULOGIES IN MEMORY OF MA].-GEN. JAMES S. WADS-
WORTH AND COL. PETER A. PORTER, before the “Cen-
. . tury Association.” Tinted paper. 8vo. Paper. $I1.

PALMER. Antarctic Mariners’ Song. By James CRoxaLL PALMER,

U. S. N. Illustrated. Cloth, gilt, bevelled boards. $3.

“The poem is founded upon and narrates the episodes of the exploring expedition of a small
sailing vessel, the *Flying Fish,’ in company with the ‘ Peacock,' in the South Seas, in 1833-
€2. The ‘Flying Fish’ was too small to be safe or comfortable in that Antarctic region, al-
though we find in the poem but little of complaint or murmuring at the hardships the sailors
were comp lled to d Y__ Ath

*RENCH’S ETHICS. Practical Ethics. By Rev. J. W. Frexch,

D. D., Professor of Ethics, U. S. Military Academy. Prepared for
the Use of Students in the Military Academy. 1 vol. 8vo. Cloth
$4.50.
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THE MECHANIC'S AND STUDENT’S GUIDE in the Designing
and Construction of General Machine Gearing, as Eccentrics,
Screws, Toothed Wheels, etc., and the Drawing of Rectilineal and
Curved Surfaces; with Practical Rules and Details. Edited by
Francis HerBerT JovnsoN. Illustrated with 18 folded plates. 8vo.
Cloth. $2.00.
% The aim of this work is to be a8 guide to mechanics in the designing and construction

of general machine-gearing. This design it well falfils, being plainly and sensibly written, and
profusely illustrated.””—Sunday Times.

REE-HAND DRAWING + a Guide to Ornamental, Figure, and
Landscape Drawing, - By an Art Student. 18mo. Cloth.
75 cents.

HE EARTH’S CRUST : a Handy Outline of Geology. By Davip
Pace. Fourth edition. 18mo. Cloth. 75 cents.

** Such a work as this was much wanted—a work giving in clear and intelligible outline the

lcading facts of the science, without amplification or irksome details. It is admirable in

arrangement, and clear and easy, and, at the same time, forcible in style. It will lead, we hope,

to the introduction of Geology into many schools that have neither time nor room for the study
of large treatises.”—Z%he Museum.

ISTORY AND PROGRESS OF THE ELECTRIC TELE.

GRAPH, with Descriptions of some of the Apparatus. By

Rosert SaBing, C. E. Second edition, with additions. 12mo.
Cloth. $1.75.

RON TRUSS BRIDGES FOR RAILROADS. The Method of
Calculating Strains in Trusses, with a careful comparison of the
most prominent Trusses, in reference to economy in combination, etc,,
etc. By Brevet Colonel WirLiam E. Merrirr, U. S. A., Major
Corps of Engineers. With illustrations. 4to. Cloth. $¢.00.

USEFUL INFORMATION FOR RAILWAY MEN. Compiled
by W. G. Hamirton, Engineer. Second edition, revised and
enlarged. 570 pages. Pocket form. Morocco, gilt. $2.00.

EPORT ON MACHINERY AND PROCESSES OF THE IN-

DUSTRIAL ARTS AND APPARATUS, OF THE EXACT

SCIENCES. By F. A. P. BarNarp, LL. D.—Paris Universal Ex-
position, 1867. .1 vol., 8vo. Cloth. $5.c0.

HE METALS USED IN CONSTRUCTION : Iron, Steel, Bessemer

Metal, etc., etc. By Francis HERBERT JovnsoN. Illustrated.
12zmo. Cloth. 75 cents,

*In the interests of practical ecience, we ere bound to notice thir work ; and to those whe.

wieh farther information, we should eay, buy it; and the outlay, we honestly believe, will be
sonsidered well spent.”—Scientific Review.

ICTIONARY OF MANUFACTURES, MINING, MACHINERY,
AND THE INDUSTRIAL ARTS. By Georc Dobp. 1zma,
Cloth. $2.00,



WORKS ON ELELTRICIIY

ND

THE ELEOTRIO TELEG RAPH.

A HAND-BOOK OF PRACTICAL TELEGRAPHY.
By R. S. CULLEY,
Engineer to the Eleclyic and International Telegraph Company.

Published with the sanction cf the Chairman and Directors of the Electric
and International Telegraph Company, and adopted by the Department of
Telegraphs for India.

FOURTH EDITION, REVISED AND ENLARGED.]
1 vol, 8vo, cloth, $3.00. *

HISTORY AND PROGRESS OF THE ELECTRIC TELEGRAPH,
WITH DESCRIPTIONS OF SOME OF THE APPARATUS.
By ROBERT SABINE.
Second Edition, with Additions. 12mo, cloth, $1.75. K

Modern Practice of the Electric Telegraph.
A HAND-BOOK FOR ELECTRICIANS AND OPERATORS.
By FRANK L. POPE.
Third Edition. 8vo, illustrated. Cloth, $1.50. /

THE TELEGRAPH MANUAL.

A COMPLETE HISTORY AND DESCRIPTION OF THE
SEMAPHORIC, ELECTRIC, AND MAGNETIC TELEGRAPHS
: oF
EUROPE, ASIA, AFRICA, AND AMERICA,
) ANCIENT AND MODERN,
. WITH SIX HUNDRED AND TWENTY-FIVE ILLUSTRATIONS.
By TAL. P. SHAFFNER.
8vo, cloth, $6.50.

D. VAN NOSTRAND,
Publisher, Bookseller, and Importer of Scientific Books,
23 Murray and 27 Warren Street, New Yo k.

* * Any of the above sent free by mail on receipt of price. Q‘\\
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