ELECTRIC TELEGRAPH CONDUCTORS.

CHAPTER XXXIVIL

Composition of Telegraph Clrenits—Conduelibility of Metals and Fluids—Con-
dueting Power of different sizes of Copper Wire—Condueting Powers of Tele-
graph  Wirss—Advantages of Line-Coated Wires—Conduotors composing a
Voltate Clrenic—Strength of Telegraph Wires—Szale and Weight of Tele-
geaph Wire,

COMPOSITION OF TELEGRAPH CIRCUITSE.

In the present chapter will be considered electric telegraph
eonductors,  There are but two questions necessary to be dis-
enssed ; first, the conductibility of the metfals and other mate-
rials composing the voltaie cirenits; and, second, the strength
and durability of the metallic snbstanees employed as compo-
nent parts of the cirenit.

A telegraphic circut is uompoﬁad. of iron wire, copper wire,
merenry, brass, tin, platine, zine, acidulated water, and nitric
acid. This arrangement contemplates the use of the Grove
batiery, The Smee, Daniell, Bunson, and other batteries, are
sufficiently near the same organization, as to condueting ele.
ments, to be considered as equivalents.  In regard to the con-
duetibility of metals there seems to be some difference of opinion.
Different experiments have produced different resulis,

CONDUCTIRILITY OF METALS AND FLUIDS.

Some experimcents instituted by M. Beequerel praduced ihe
resnlts indieated in the following table.  The eonduetibility of
each metal is given respectively.
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The following is the resnlt of =ome experiments mentioned
in the German works,
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This tah]ﬂ is tu be understood thus @ a copper wire 100 feet
in length, offers as great a resistance in the transmission of an
eleetrin current, as silver wire, of equal thickness, 136 feet
long ; of gold 113 feet long ; of iron 17 feet long, and so on with
the other metals,

Mr. Moses G Farmer, of Boston, instituted thorough experi-
ments, and the following were found to be the refm'.rﬂ £0T-
duetibility of the respective metals and fluids, The specific
resistance to the transmission of electric currents, compared
with cheminallj puare eopper at ordinary temperatures, was, of
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His experiments with fluids pr:‘:&umﬂ the fu]lawing results :
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CONDUCTEING POWER OF DIFFERENT S[ZES OF COPPER WIRE.

Experiments showing the relative resistance of Nos. 18 and 16
copper wive, tnsulated by double covering of gulta-percha,
and submerged in the Regenl's Canal, London.

No 18 gmgﬂmpper wire, sovered with guttnspeveha to gange No. 7
No. 14 gaaga lper wire, soversd with %I;'lﬂt[.u.:‘)n3 rela togr@eﬁ No. 4,
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Aceording fo the above experiments a wire, No. 18, has
t:-apnciig to condnet a given voltaie eurrent 65 miles, and No.
16, 100 miles. Suppose the conductibility of iron wire, Nos,
#and 10, have equal powers as Nos, 16 and 18 of copper,
respeetively ; on a line of 300 miles No. 8, iron wire, can he
worked suceessfully, but the No. 100 could be worked but 195
miles ; or, if No. 10 wire can work maximuom 300 miles, No.
8 could be worked 461 miles. These facts clemrly prove a
very great advanfage in the use of the largersize wire for tele-
graphic purposes, This is an important matter, and it is
worthy of being very gravely considered by companies having
lines on long reutes, where long eironits are required.  For ex-
amnple, suppose a line to be 900 miles long, using No. 10 wire,
a size common on American lines, the practical eirenits would
be about 300 miles each. If the wire be No. 8, a cireuit of
461 miles can be as effectually operated, with a battery of a
little more infensity than that emploved for the 300 miles eir-
cuit, and, therefore, the line of 900 miles ean be operated in
twa eircaits of 450 miles each.  In the nse of the larger wire
there will be econorny, resulting from its increased strength.
There will also he a saving of expenses in three years, by the
lessening of repeating stations, cient to pay for the additional
cost of No. 8 wire for the 200 miles of line,

CONDECTING POWER OF TELEGRAFH WIRES.

Considering the above-mentioned facts, and others observed
in my experience, L am convineed that the larger conductor is
the best for telegraphic purposes, pecuniarily and electrically
considerad,  On the Bengal lines, No. 1 iron rods are nsed for
conductors, and those lines are suceessfully worked m long eir-
cuita. The philosophy establishing the surface as the part, on
or throngh whicﬁe current moves, adds further proof in favor
of the larger wire. In pracfieal telegraphing we have had
many proofs establishing the advantage of full metallic surface,
In Pittsburg, and many other cities, where great quantities of
coal are daily burned, the sulphurous vapors arising from such
fuel, in a very short time, corrodes the iron wire, leaving but
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very small metalliec substance to serve as a conductor.  These
corroded wires have frequently been replaced by new ones, and
the increased facility in felegraphing at once realized, To
remedy their rapid decay, zine coated wires have heen adopted,
and their durability is greatly extended ; nevertheless, in time,
they too yield to t{e devourmg elements ; the sulphurens va-
pors, passing over the oxyde of zine eovering, convert it into sul-
phate of zine, whieh-being soloble in water, Is immediately
dissolved by the rain and drops off.  The wire being thns de-
prived of its insoluble armor, rapidly corrodes.

ADVANTAGES OF ZINC-OOATED WIRES, |

Many of the American lines have in use zinc-conted wires—
commeanly but improperly called @ galvanized "—and their vse
has given great safisfaction. The advantages realized from
the nse of the zine-coated wires, in the perfection of the joints, are
sufficient to compensate for their general adoption.  The econc-
my o any company resnlting from this one point of considera-
iion iz mors than ean be estimated by comparative values
Besides this, the wire for the whole line s preserved in its full
metallie surface, and its conduetibility is made even and eon-
tinuons,  On aline of 300 miles, if one mile of the line wire be
recuced in size from that of the other 209 miles, the one mile of
fanlty wire will be & continual retardation to the flow of the
current on the 299 miles of good wire.  The trials given zino-
conted wire have established, beyond doubt, very great ad-
vantages in favor of its use for telegraphic purposes.

Objections have been made to the wse of zine-coated wire,
in the Southyest, especially aevoss prairies, where there are no
frees to serve us anxiliaries in condneting the atmospherie
eleotricity 1o the earth. A telegraph wire traversing forests
can not be disturbed by atmospherie electricity, while on the
other hand, when it traverses opan fields, or prairies, it is very
liable to serions interraption froin that source.  The use of the
zine coated wire, aeross these open plains, allords & greafer
metallie surface for the atmospherie electricity. If the iron
wire was of equal size without the zine, the result wonld be
in proportion to the eonduefibility of iron and zine. It is 2ot
the zine that induces the atmospherio electricity to localize
npon the line wire. The econductibility of zine is 3% and that
of iron is 8%  The zine, it is true, has a great surface or oir-
cumference, but that additienal surface doss net give it an
equal power with the ivon. i cannot be maintained, thevefore,
that the zine is at fanlt in the premizes,  If the wire was eop-
per, the inferference wounld be much greater than with the iron
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and zine,  From thess faets it may be said, that the better the
condunetor, the greater the interruption. Such a conclusion
may be very true, but the cause and effeet muost be considered
philosophically.  In Sardinia, the lines have been constructed
to meet the euse.  To each pole is attached a paratonnerre or
lightning rod, which conduets to the earth atrmospheric
electricity, and they have no interrupiion to retard the snecess.
ful working of the lines. It is reasonable to believe, that if
edrth-wires were mn from the tops of the poles into the moist
eprth, the working of the line wires would not be distnrbed by
atmospheric electricity.  Sneh an arrangeiment thronghout fhe
line would be expensive, and most likely never will be tried in
America, althongh it wonld be strietly conformable to estab.
lished philssophy. From the facts above cited, it will be seen
that the use of zine-conted wires is promotive of the dorability
and working of the lines, and in no case injurious to suceessful
telegraphing.

Same telegraphers may insist npon the trath of the question.
able theory that the brightness of the zine tands to attract
atmospheric electricity,  The use of a cheap paini would remedy
that ohjection, and at the same time add to the protection and
preservation of the wire.  On making the joints, however, care
should be taken to remove the paint so as to cause a perfect
metallic eontact. I am not prepared to helieve, however, that
the paint would be of any advantaze. Dry paint serves as a
noa-condnetor, and when the wire iz covered with a film, the
whole becomes a Leyden jar. The wire inside is charged and
the dry paint nets as the glass of the Leyden jar, and on the ex-
terior 15 collected the negative electricity from the atmosphera,
The presence of this negative inflnence retards the interior or
positive current, and thus the telegraph is disturbed to the ex-
tent of the retardation. On ordinary wires, covered with dry
oxyde, the same philosophy must be considered.  These philo-
sophical considerations are worthy of attention, though, per Eﬂ,
thelr importance may not ssem appreciable in practical tele-

araphing.
CONDUCTORS COMPOSING A VOLTAIC CIRCUIT.

The conductors eommon to o telegraphie eirenit may be con-
sidered as 1st, iron; 2d, eopper; 3d, hrass ; 4th, zine; Sth,
tiny 6th, platina; Tth, nitvie acid; 8th, water, pure and
acidulated ; and, 9th, the earth.

1. The prineipal conduetar used by the telegraph is iron.
The size of thiz conductor should he eommensurate with the
length of the cirenits desired.
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2, The copper wire used, is confined to the interior of the
station, and they should be fully equal in size to the relative
conduetibility of the iron wire; thus, a copper wire may be
545% less in cireumference than the line iron-wire,

3. The brass connections should be full, so as to form a con-
tact with the copper wire suificient to secure an equal condoet-
ing capacity with the iron.  Usually the connecfions with the
apparatuses through the brass binding serews or posts are
greatly at fault, not having as much metallie contact as neces.
sary.

mz The zine metal in the eirenit is confined to the battery,
and that part of the cirenit is seldom at fault,

5. Tin is used for solder, and though a hetter eonductor than
iron, yet the amount of contact iz very often inferior, and far
more at fanlt than any other part of the cironit, By stndying
the table given by Mr. Farmer, the telegrapher can readily de-
termine to what extent he should make the metallic contact
with tho solder, especially in the battery,

. The platina strips used in the battery, aod in the key,
should be snfficiently q:rga to give its foll ratio of condnetibili-
ty in the eiremit; and, also, to present surface snfficient fo afford
contact with the acid, so as to meet the lesser condnetibility of
the nitric acid held in the porons enp.

7. The nitrie peid is placed in porons eells, through which
it penetrates, It is necessary to form a contact with the pla-
tina, sufficient to give esnducting mediom equal to the other
component parts of the eirouit. It will be observed that the
conducting power of nitric acid is about 260,000 times less than
iron, and the metallic contast with the fluid should be eom-
mensurate with that law.

8 The water employed in the battery eells should be acidu-
lated. 1 have known some operators to collect pure rain-water
and nse it npacidulated. O course, as zoon as the nitrie acid
passed through the porous cups, its conducting power was in.
ereased,  Bome felegraphers have supposed that the pore dis-
tilled water was the best for condneting purposes and for gone-
rating eleotricity. Many such errors have been praetized to the
detriment of the working of the telegraph. The acidulated
water, in which the zine is immersed, has about 216,000 times
less condneting power than iron, and its contaet with the zine
shonld be equal to the line wive.

9. The earth serves as a half of the cirenit,  The connee-
tion between the earth and the line should be equal to the con-
duating power of the wire. The earth wire shonld be attached
to copper platas, or sheets, to afford the required surface.  Iron
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plates wonld answer if it did not so quickly decay. Sheet iron
eleetro-plated with zine or copper would answer fully the pur-
pose required.  The carth plate, of whatever metal it may be,
should be buried in moist earth, and the greater the moisture
the better will be the cironit,  The iron wirs nextto and in the
earth, onght to be coated with tin or zine to prevent its decay.
I have, in the j'wwruiqu. briefly considerad the esmponent
parts of ths electrie eirenit ; and “the practical telegrapher can
readily see that he cannot too well understand the philc M}phv
of the media, composing the eonductors of the voltaio cirenit.
A uniformity of the condueting powers will always prove of the
greatest vaine in the attainment of telegraphie success,

HSTRENGTH OF TELEGRAPH WIRES,

During the winter of 18589 I instituted a series of experi-
ments tesiing the strength of various sizes and gualities of iron
wires. In fhrwe I was most liberally aided by Messrs. Ichabod
Washburn & Co., wire mannfacturers at Worcester, Massachu.
setts,  This old established firm provided the varions qualities
of wire and the necessary appliances and help to enable me to
effeot the most thorongh investigation. The average results of

Fig. 1.
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the irials, as to the strength of the wires, are given in the
agcompanying tables. To test the wire, an ordinary sieelyard
was employed, as represented by Az, 1: als a suspended tim.
her, to which was swung the steelyard; s iz the wire nnder-
going the test; ¢ is an npright timber ; p iz aniron rod fasten-
ed to the joist. At the lower end of the rod p is an opening
throngh which the beamn is passed. This opening is sealed to
limit the mevement of the beam within a foot. Whenever the
wirg stretehes and lets the beam descend to the lower end of
the opening, the serews at ¢ can re-adjust the scale so as to
allow the weight to again bring down the lever beam to its
limit. The wire frequently broke within the elamps, and could
not be connted.  Only the hroals that oceonrred at n were re.
corded.  The averages of these frials are given in the table.
Tabla 6 shows some tests of wire not as strong as the wire of
the other trials. The wire of sach kind, viz.: Bwedish
and American, was from the same qualities and the same
Iot of iron. The difference in the strength, is owing to the
manner of drawing. Messre. Washburn & Co. have abiained
this superiority of strength by many years of careful experi-
ment. Most of the telegraph wire nsed in America is manu-
factured by these gentlemen, and the peculiar wants of the
enterprise have been carefully stndied and accommodated by
special arrangements. It is important for telegraphers to con-
sider the peenliar wanis of their line, and to have the wire
manufactured to meet every contingeney, Mr. . L. Moen, of
the above.named firm, informs me that the tonghness of the
wire depends as much upon the drawing, as upon the quality
of the metal.  Ihave frequently visited their establishment, and
have been highly gratified to see the great care exercised to
attain the greatest degree of perfection in the manufacture of
the wire to meet the especial wants of the telegraph. The
telegraphie enterprise has reason to rejoice that these gentle-
men have done so mueh and are continuing their attentions,
regardless of expense, toward the accomplishment of every con-
sideration, having in view the perfectionof the art of felegraph-
ing, so far as can be aflained in their specialty,

The earlier lines of teleraph, were constrncted, with.annsaled
wire. No builder would use wn-annealed wire, nor wonld any
company have any other kind employed. It was required fc
be aweil annealad, and the more pliable it was, the more aceept-
able. The experiments given in Table 4 show how great wa
the folly of the earlier ideas relative fo the use of annealec
wire. 1t cannot be denied, however, but what the wire shoulc
be slightly annealed, so that the joints can be made with rea
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sonable facility. The coating of the wire with zine accom-
plishes this desideratum, and slightly enneals it.  The differ-
enee in the strength, between the annealed plain wire, as table
4, as practically required some twelve years ago, and the zine
conted annealed wire, given in the ofher tables, will he seen to
be very considerable.

The trials, given in the following tables, were made with
much eare, all under my own direction and observation. They
are worthy of the telegrapher's carefnl study:

Table 1.
SWEDIEH TRON WIRE,
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Tabile 2.
ENGLIEH IRON WIRE,
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Tuble 3,
AMERICAN IROGN WIRE.
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Table 4.

The following table shows the result of the trials of the
strength of some annealed wire, taken from the lot of the Eng-

lish wire «
No 7 bealeat, ., .oooos . 1,178 N 11 broke at...........0IR

8w LO30| = 12 = Ll voondi
FOo® . BIG
Table 5.

Tn 1853 T instituted some experiments at the same establish-
ment, and the following were the average results:
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No, I|| gine oonbed, broke 0fe v oreveranrees F25 Ihe,
" annealed B hiaiabba ambadd b1
“ Plain u . ....._...____‘],Ué'l{l i
o # not annealed L Lo oia. ., 130K s
Table 6.

In January, 1859, T tested, at the =ame establishment, some
wire manufactured for cormercial purposes from the same
quality of bars, from which were drawn the sarnples tested in
the experiments of January and Febroary, 1839, Tt will be
found fo be of much less strength than the wire manufactured
for telegraphic purposes,

Amerlene, Ewndish
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BOALE AND WEIGHT OF TELEGRAI'E WIRE.

The mode of measuring wire has not been uniform or baged
upon any fixed standard. The two leading rules are the Bir-
mingham gange of Bogland, and the W Fashburn gange of
America. The former measures the wire by passing it thruufrh
a fixed opening, between parallel lines; the latter, by passing
the wira be twt*e*n steel bars, fixed at an aeute .m;_ll:. reEpm-
bling a wvery elongated v.  The wire descends the open-
ing antil its diameter rests againsi the sides forming the isnsceles
tn.mg]t:, and the points marked upon the sides, gives exactly
the size of the wire, This gangeis a great improvement over all
other forms, hecanse the fraefionals can be given. If the wire is
105 or 107 or 104, the Washburn measure can indicate it exactly.

This novel improvement in measaring the diameter of any
sizadl wire is the recognized gange of Ameriea, and 1s known
as the * Washburn gange.” The weight of the wire accord-
ing to this seale is given in the following table :

Table 7
WEIGHT OF IRON WIBE PER TWENTY FEET, BY WASHBURN GAUGE.

No. 1 weight....o..d The 2oz (o, B weight.., .. 1 Ik 7 ez
2o L8 B os T 1w 3w
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No. 7 weight of iron wire per mile. oo ..ooinvnvaase
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f_| i i . . o
11 = i
12 weight, ufmppm wire per o ile. .
L
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Table 8.

WEIGHT AND MEASUREMTNT OF ENGLIEH WIRE.
N, of feet per U Birmingham Fards per ewk.
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