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PREFATORY.

THE
OBJECT of this book is to give in a convenient

form the properties and dimensions of bare and
insulated wires and cables used in electrical construction.

No attempt has been made to describe the uses of wire in

any of the applications of electricity. To go into this

would require that the whole field of electrical engineer-

ing be covered.

It is believed that some of the matter is new. All of

the tables have been very carefully computed, and are

believed to be correct.

In nearly all cases the formulae and constants used in

computing tables are given, so that the user can deter-

mine at once the basis from which the table was calcu-

lated. A considerable amount of work has been done in

testing samples to determine the proper constants. In

many cases this has taken more time than the actual

preparation of the tables.

It is hoped that the work will be acceptable to the
users of electrical wires, and that some of the labor

involved in the preparation of these tables will be saved
to those using the book.

JOHN A. ROEBLING'S SONS Co.

TRENTON, N. J., May, 1897.
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WEIGHTS OF SUBSTANCES.

Names of substances.
Average weights
per cubic foot.

Pounds.

Asphaltum 87.

Brick, common, hard 125.

Brickwork, pressed brick 140.
"

ordinary 112.

Coal, anthracite, solid, of Pennsylvania 93.

"
broken, loose 54.

"
bituminous, solid 84.

broken, loose 49.

Coke, loose, ofgood coal 62.

Cork 12.4

Earth, common loam, dry, loose 76.
" " " "

moderately rammed 95.
" as a soft, flowing mud 108.

Gneiss, common 168.

Granite 170.

Glass, Crown 168.5
" flint 218.3

Ice at 0C 57.2

Lime, thoroughly shaken 75.

Masonry, of granite or limestone, well dressed 165.

Mortar, hardened 103.

Mud, dry, close 80 to 1

Quartz 165.4

Sulphur 131.

Wax 58.7

Wood, ebony 74.9
" birch 43.7
" oak 46.8
"

pine 31.2

Water at 32 F 62.418

39.1 F 62.425

50 F 62.409

60 F 62 367

70 F 62.302

80 F 62.218

90 F 62.119
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ELECTRICAL UNITS.

Final and official recommendation of the Chamber of Dele-

gates of the International Electrical Congress,

held at Chicago, 1893.

Resolved, That the several governments represented by
the delegates of this International Congress of Elec-

tricians be, and they are hereby, recommended to

formally adopt as legal units of electrical measure the

following: As a unit of resistance, the international ohm,
which is based upon the ohm equal to 10 9 units of resist-

ance of the C. G. S. system of electro-magnetic units, and
is represented by the resistance offered to an unvarying
electric current by a column of mercury at the tempera-
ture of melting ice 14.452 1 grams in mass, of a constant

cross-sectional area and of the length of 106.3 centimeters.

As a unit of current, the international ampere, which is

one-tenth of the unit of current of the C. G. S. system of

electro-magnetic units, and which is represented suffi-

ciently well for practical use by the unvarying current

which, when passed through a solution of nitrate of

silver in water, and in accordance with accompanying
specifications,

1
deposits silver at the rate of 0.001 118 of

a gram per second.

1. In the following specification the term silver voltameter means
the arrangement of apparatus by means of which an electric current
is passed through a solution of nitrate of silver in water. The silver
voltameter measures the total electrical quantity which has passed
during the time of the experiment, and by noting this time the
time average of the current, or, if the current has been kept con-
stant, the current itself can be deduced.

In employing the silver voltameter to measure currents of about
one ampere, the following arrangements should be adopted :

The kathode on which the silver is to be deposited should take
the form of a platinum bowl not less than 10 centimeters in diameter
and from 4 to 5 centimeters in depth.
The anode should be a plate of pure silver, some 30 square centi-

meters in area and 2 or 3 millimeters in thickness.
This is supported horizontally in the liquid near the top of the

solution by a platinum wire passed through holes in the plate at

opposite corners. To prevent the disintegrated silver which is

formed on the anode from falling onto the kathode, the anode
should be wrapped around with pure filter paper, secured at the back
with sealing wax.

The liquid should consist ofa neutral solution of pure silver nitrate,
containing about 15 parts by weight of the nitrate to 85 parts of water.
The resistance of the voltameter changes somewhat as the current
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As a unit of electro-motive force, the international volt,

which is the electro-motive force that, steadily applied

to a conductor whose resistance is one international

ohm, will produce a current of one international ampere,
and which is represented sufficiently well for practical

use by yftf of the electro-motive force between the poles

or electrodes of the voltaic cell known as Clark's cell,

at a temperature of 15 C., and prepared in the manner
described in the accompanying specification.

2

As a unit of quantity, the international coulomb, which

is the quantity of electricity transferred by a current of

one international ampere in one second.

As a unit of capacity, the international farad, which is

the capacity of a condenser charged to a potential of one

international volt by one international coulomb of

electricity.

As a unit of work, the joule, which is equal to 10 7 units

of work in the C. G. S. system,-and which is represented

sufficiently well for practical use by the energy expended
in one second by an international ampere in an interna-

tional ohm.
As a unit of power, the watt, which is equal to 10 7

units of power in the C. G. S. system, and which is repre-

sented sufficiently well for practical use by work done at

the rate of one joule per second.

As the unit of induction, the henry, which is the

induction in a circuit when the electro-motive force

induced in this circuit is one international volt, while

the inducing current varies at the rate of one ampere

per second.

passes. To prevent these changes having too great an effect on the
current, some resistance besides that of the voltameter should be
inserted in the circuit. The total metallic resistance of the circuit

should not be less than 10 ohms.

2. A committee, consisting of Messrs. Helmholtz, Ayrton and Car-

hart, was appointed to prepare specifications for the Clark's cell.

Their report has not yet been received.
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COPPER WIRE.

IN
THE following tables of copper wire the value of

the mil-foot is taken as the standard.

The temperature coefficient is interpolated for 60 F.

and 75 F. from the values given in the second table.

In the table for B. & S. G., the actual sizes to which
wire is drawn, are used.

In many cases the nearest whole number of pounds is

taken when the variation is less than that found in actual

weights of drawn wire.

In computing the weights, the specific gravity of copper
is taken at 8.89, water being at its greatest density 62.425

pounds per cubic foot.

International ohms are used, unless the kind of unit

is specifically stated.

The following formulae were used :

Resistance per 1 000 feet at 60 F. = IPJ

Resistance per 1 000 feet at 75 F. =

Weight per 1 000 feet = .003 027 X d a
.

Weight per mile = .015 983 X d.

The following data and formulae may be useful :

One B. A. unit= .988 9 legal ohms= .986 6 International ohms.

One legal ohm = 1.011 22 B. A. units = .997 67 International ohms.

One International ohm = 1.013 58 B. A. units= 1.002 33 legal ohms.

One cubic foot of copper weighs 555 pounds.

One cubic inch of copper weighs .321 2 pounds.

Resistance per 1 000 feet at 60 F. =_
Q-l Q/VJ

Resistance per 1 000 feet at 75 F. =
weight per

If a copper wire of length 1, diameter d, and weight wi

has a resistance R at temperature t, then its conductivity
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by diameter is given by the first formula, and by weight

by the second.

C = - Rt=?^

, bl'e n blc

Here, a is the resistance of a mil-foot in same units as

R, k is the temperature coefficient for t Centigrade, and
b is the resistance of one meter-gram at temperature t

and in same units as R.

When 1 is in meters and w in grams, c = 1.

When 1 is in feet and w in grams, c = .092 9.

When 1 is in feet and w in pounds, c = .000 204 8.

Mile-ohm= weight per mile X resistance per mile.

Mile-ohm at 60 = 859, International ohms.

Mile-ohm at 60 = 868.9, B. A. units.

Mile-ohm at 60 = 861, Legal ohms.

The following tables are taken from the report of the

Standard Wiring Table Committee, published in the

report of the meeting of the American Institute of Elec-

trical Engineers, held January 17, 1893 :

MATTHIESSEN'S STANDARD.
(Recommended by the Committee).
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HARD-DRAWN COPPER WIRE.

British Post-office specifications.

Diameters.

226

1%
160^

220.%
191

155%

110%

78
2

Weights per mile.

K'-'O

6U
-11U

102>i

2400

1800

650

490

;o

1.098

1.464

2.195

4.391

5.855

8.782

"The wire shall be capable of being wrapped in six

turns around wire of its own diameter, unwrapped and

again wrapped in six turns around wire of its own diam-

eter in the same direction as the first wrapping, witliout

breaking; and shall be also capable of bearing the

number of twists set down in the table, without

breaking.
" The twist-test will be made as follows : The wire will

be gripped by two vises, one of which will be made to

revolve at a speed not exceeding one revolution per
second. The twists thus given to the wire will be reck-

oned by means of an ink mark which forms a spiral on

the wire during torsion, the full number of twists to be

visible between the vises."

According to the above table, the mile-ohm of copper

required is 878 pounds. This corresponds to a conduc-

tivity of 96.6 per cent., taking the value of the mile-ohm

of 100 per cent, copper as 859.
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STRANDS OF COPPER WIRE.

COPPER
WIRES are laid up into concentric strands

or into ropes of seven strands. A rope of seven

strands each composed of seven wires, is called a seven

by seven rope, and is usually written 7x7. The number
of wires that can be made into a strand is limited by the

capacity of the stranding machinery. Two hundred

wires is the usual limit of a concentric strand, and one

hundred and thirty-three wires of a rope.

In a strand of circular milage, C. M., composed of n

wires of diameter d, with a weight per 1 000 feet w, then

we have
O. M. = d*xn.

w = .00305 XC.M.

The weights of strands are calculated about one per
cent, heavier than a solid wire of the same circular

milage, while the resistance is calculated for the solid

wire.

In specifying how a strand shall be made, the number
of wires to be used or the diameter of each wire may be

given. In the first case the wire usually has to be

specially drawn, and this will delay an order, especially

a small order, unduly. It is, therefore, better to specify

the size wires B. &. S. G., of which the strand is to be

made.

The diameter of a strand may be calculated by multi-

plying the diameter of one wire by the factors given in

the table at the bottom of the opposite page, according
to the number of wires composing the strand.
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IRON WIRE.

IN
COMPARING tables of the weights of Galvanized

Iron Wire it was found that the weights of the

various sizes were not consistent with each other in the

same table, and that no two tables seemed to agree in

regard to the specific gravity of the material.

This table is calculated from the formula, weight per
mile = D 2 X .013 9, which seems to be the most likely

value for galvanized iron wire. This corresponds with

a specific gravity of 7.73, and a weight per cubic foot

of 483 pounds.
Steel wire is slightly heavier, and it is probable the

constant in the above formula should be .014 for galva-

nized steel wire.

The following average values of the mile-ohm were

used in calculating the resistance per mile at 68 F., the

International ohm being the unit :

Kind of material. Minimum. Maximum. Average.
E. B. B., , 4500 4800 4700

B. B., 5300 6000 5500

Steel, 6000 7000 6500

The breaking weight of any wire equals its weight per
mile multiplied by 3 for E. B. B., 3.3 for B. B., or 3.7 for

steel, all annealed and galvanized. This corresponds to

53 100 pounds, 58 410 pounds, and 65 490 pounds per

square inch, respectively.

The strength of steel wire varies from 50 000 pounds

per square inch to over 300 000 pounds, according to the

kind of material and its treatment.

By taking 100 000 pounds per square inch as the break-

ing strain of steel wire, the breaking strain of any other

wire may easily be computed from the table. For a wire

of 80 000 pounds per square inch breaking strain, take

eight-tenths of the tabulated breaking strain for that

size wire at 100 000 pounds per square inch given in the

table.
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GALVANIZED IRON TELEGRAPH WIRE.

Western Union Telegraph company's specifications.

(Condensed).

"
1. The wire to be soft and pliable, and capable of elon-

gating 15 per cent, without breaking, after being galva-

nized.

"2. Great tensile strength is not required, but the wire

must not break under a less strain than two and one-

half times its weight in pounds per mile.
"
3. Tests for ductility will be made as follows : The

piece of wire will be gripped by two vises, 6 inches apart,

and twisted. The full number of twists must be dis-

tinctly visible between the vises on the 6-inch piece.

The number of twists in a piece of 6 inches in length not

to be under 15.
"
4. The weight per mile for the different gauge wires to

be : for No. 4, 730 K>s.
;
No. 6, 540 K>s. ;

No. 8, 380 R>s.
; No.

9, 320 ft>s.
;
No. 10, *250 K>s., or, as near these figures as

practicable.
"
5. The electrical resistance of the wire in ohms per

mile, at a temperature of 68 Fahrenheit, must not exceed

the quotient arising from the dividing the constant num-
ber 4 800 by the weight of the wire in pounds per mile.

The coefficient .003 will be allowed for each degree Fah-

renheit in reducing to standard temperature.
"

6. The wire must be well galvanized, and capable of

standing the following tests: The wire will be plunged
into a saturated solution of sulphate of copper, and per-

mitted to remain one minute, and then wiped clean.

This process will be performed four times. If the wire

appears black after the fourth immersion, it shows that

the zinc has not been all removed, and that the galva-

nizing is well done
;
but if it has a copper color, the iron

is exposed, showing that the zinc is too thin."
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GALVANIZED SUPPORTING STRANDS.

What weight per foot will a half-inch ordinary strand

support if the strain is one-half the breaking weight, the

span 120 feet, and the deflection .01 of the span or 1.2

One-half the breaking weight of a half-inch ordinary

galvanized strand is 4 160 pounds. The value of S for

above span and deflection, table page 50, is 1 500.2.

Dividing 4 160 by 1 500.2 we find the total weight per foot

to be 2.773 pounds. Deducting from this the weight per
foot of the half-inch galvanized strand we have 2.263

pounds as the weight per foot of cable that this strand

will support. While it is true that a factor of safety of

two in this work is too small, yet the cables help in a

great measure to carry their own weight. It is believed

that galvanized strands will easily carry the loads indi-

cated on page 39.

This strand is composed of seven wires, twisted

together into a single strand.
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HEATING EFFECTS OF CURRENTS.

A REPORT read before the Edison Convention, at

Niagara Falls, August, 1889, by A. E. Kennelly,

gives complete formulae and tables based on experi-
mental data, showing the heating effects of electric

currents. This report was published in the Electrical

World, beginning with the edition of November 23,

1889.

The tables in this book are taken from curves con-

structed from data given in the above report.

The table page 43 gives the rules of the various insur-

ance companies, together with one column giving the

current whose double would cause a rise of 40 C. This

is the safe carrying capacity recommended in Kennelly 's

report.

The table page 44 gives the diameters of various wires

and the current they will carry with a specified rise in

temperature. The wires are insulated, and the condi-

tions are similar to those met with in house wiring in

mouldings or conduits.

The table page 45 is computed for bare wires suspended

indoors, and gives the current carried with the corres-

ponding rise in temperature.

The table page 46 is computed for outdoor wires, not

insulated.

In these tables all wires are solid.

Insulation increases the current a wire will carry with

a given rise in temperature, because the radiating surface

is increased, and for the same reason a strand will carry a

larger current than a solid wire.

One square inch of bright copper radiates .003 9 watts

per degree Centigrade rise in temperature, and one

square inch of blackened copper, .009 watts, under the

same conditions. Convection seems to be dependent

only on length, and may be taken at .053 watts per foot

per degree Centigrade rise.
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SPANS.

THE
formulae used in calculating these tables of

lengths and strains in spans of wire are those

of a catenary of small deflection. They are given in

Weisbach's Mechanics of Engineering, page 297, (seventh

American edition, translated by Eckley B. Coxe, A. M.)
In these tables the horizontal strain at the center of

the span is given. The strain at any other point equals

the strain at the center plus the weight of a length of

the wire equal to the perpendicular distance of that

point from the lowest point of the wire in the span.

For ordinary spans this is negligible. For any given
wire the longest possible span is one where the deflec-

tion is about one-third of the span.

The effects of temperature on the strains of wires in

spans is at first sight so great as to render the other con-

siderations of little importance. The table, page 53, is

calculated on the assumption that the supports of the

spans are perfectly rigid under all conditions of strain

and that the wire is inelastic. This is never true in

practice. The changes in direction in a pole line afford

a chance for the strains, due to a shortening of the wire

by a fall in temperature, to be taken up by a bending of

the supports.

If the elastic limit of hard-drawn copper wire of

60 000 pounds breaking strain be taken at 20 000 pounds,
then S will equal 20 000 divided by 3.85, the weight of a

'

piece of copper one foot long and one square inch in

section. This makes S equal 5 195. Looking at the

table of values of S, page 50, this value for a span of 130

feet comes between a deflection of .003 and .004. In the

same way the allowable deflection for any other span of

hard-drawn copper could be found or for any other

material by substituting the proper terms for the elastic

limit and the weight per foot given above.
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The following gives the practice of some of the tele-

graph and telephone companies in their line construc-

tion :

SPECIFICATIONS FOR STANDARD
CONSTRUCTION OF HARD-DRAWN COPPER.

erature

degrees

renheit.

30
10
10
30

Spans in feet.

Sag in inches.

ft
9 j*

For spans between 400 and 600 feet, the dip shall be

l-40th of the span.

For spans between 600 and 1 000 feet, the dip shall be

l-30th of the span.
Another company uses 40 poles to the mile, and in the

East allows three-inch dip at center of spans. In the

West, where the variation of temperature is greater, 10

inches dip is allowed in summer, and 8 inches in the

winter. This construction applies to both copper and
iron wire, and has been found by actual experience to

give satisfactory results.

The following formulae were used in calculating the

tables :

(1) S X W = horizontal strain on wire at center of span

(2)
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In these formulae

y = one-half span.
1 = one-half length of wire in span.
x = deflection at center in same units as y.

w = weight per foot of wire.

Suppose we have a span of 200 feet of hard-drawn cop-

per wire weighing one pound to 10 feet, and a deflection

of two feet or .01 of the span.

(2)

(.1,

In calculating the table, page 53, the deflection of the

line was determined at 10 F. by formula 4, the value

of S being 30 000 divided by 3.85 or 7 792. For the other

temperatures the length of the wire was calculated from

the following formula:

Length = 1 (l + .000 009 3
1).

Here t is the difference in temperature in degrees
Fahrenheit.

By formula 5 the deflection corresponding to the new
length was found.

The coefficients of linear expansion for each degree
Fahrenheit are as follows :

Copper, .0000093.

Iron, .000 006 8.

Lead, .000 016.
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WEATHERPROOF WIRE.

Our Weatherproof wire is put on reels in long lengths,
and has a hard, smooth finish, presenting the least pos-
sible chance for adherence of ice and snow. We keep in

stock all sizes given in the accompanying table, to 000

B. & S., in both double and triple braid.

In the Stranded wires, we keep only the most com-

monly used sizes. We make this Feed Wire Strand

either concentric or cable-laid, as desired.

FIRE AND WEATHERPROOF WIRE.

For interior work, we manufacture a Fire and Weather-

proof insulation. Full information concerning weights,
diameters and prices furnished on application.

UNDERWRITERS' WIRE.

Underwriters' wire seems to be used chiefly for inside

work. Its weight is about the same as double-braid

Weatherproof.

WEATHERPROOF IRON WIRE.

We keep in stock 10, 12 and 14 B. W. G., both double

and triple braid.
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RUBBER WIRE.

WE MANUFACTURE rubber insulated wires for all

purposes, including wires and cables for aerial,

underground, and submarine use. The copper conductor

is tinned, and then covered with a cement of pure

rubber, which causes the succeeding coat of rubber to

adhere firmly to the wire. This layer consists of white

rubber without sulphur. Over this is a layer of vulcan-

ized rubber, and the whole is covered with a finishing

braid of cotton saturated with a Weatherproof com-

pound, which protects the rubber from mechanical in-

jury, and from the action of the air. A poor quality of

rubber insulation is inferior to Weatherproof, and we
would recommend our Fire and Weatherproof insulation

for inside work, rather than an inferior rubber wire.

A good rubber wire should have its conductor central,

the insulation should adhere firmly to the wire, it should

not crack or become brittle after use, and it should show,
after immersion in water for twenty-four hours, the same
insulation resistance per mile as when tested after being
first put in water. The absolute number of megohms
per mile depends on the age of the rubber used, together
with other details of manufacture, and is not always a

sure guide to the quality of the insulation. Uniformity
of insulation among several coils of wire made at the

same time, or among the various conductors of a cable,

is a much more valuable aid in detecting a poor piece of

wire, as in this case an insulation lower than the average
shows a local defect, which, in time, will be likely to

cause trouble.
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MAGNET WIRE.

THE
BARE COPPER intended for Magnet wire is

specially drawn and annealed, great care being
taken to have it true to gauge, and soft.

A difference from the standard, of one mil, is allowed

on sizes larger than No. 10 B. & S. G.
;
from No. 10 to

No. 14, three-fourths of a mil variation is allowed, and

any wire smaller than No. 14, one-half a mil variation is

allowed.

The insulation is smooth and uniform, and is kept
true to gauge to within one mil of the required
diameter.

We manufacture any special kind of Magnet wire

required, flats, squares and strands.

We understand that a No. 6 B. & R. square Magnet
wire measures 162x162 mils.

Flats are designated by their width and thickness.

Thus a flat Magnet wire 340 mils wide and 40 mils thick

would be designated as a 340x40 flat Magnet wire.

Strands can be furnished of any size, insulated with

double or triple windings of cotton, or any combination

of braids and windings that may be desired.
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GERMAN SILVER WIRE.

The resistance of German silver wire varies according
to the method of manufacture and the materials used.

From actual tests on wire with eighteen per centum of

nickel, extending over ten years, it seems that eighteen
times the resistance of copper, at 75 F., represents very

closely the resistance of this alloy. This value is rather

under than over the average results of the tests.

For the thirty per centum alloy, we have to depend on

the results of a single series of tests, and while the results

are believed to be correct, they are not as reliable as

those given for the eighteen per centum German silver

wire. We take the resistance of the thirty per centum

alloy at twenty-eight times the resistance of copper, at

75.

The International ohm is taken as the unit of resist-
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OFFICE WIRES.

Office wire is usually made with a wind and a braid of cotton

saturated with paraffine. It is sometimes required with a

double braid or triple braid of cotton. The most common
colors are red and white. Any combination of colors dan be

furnished.

Damp-proof Office wire has the inside wind saturated with

black Weatherproof compound, while the outside finish is the

same as ordinary Office wire.

Annunciator wire has a covering consisting of two wraps of

cotton saturated with paraffine. The outer covering is made
in solid colors or combination of two colors. -

Double conductors for house wiring are of various kinds.

Two conductors twisted together, without any outside cover,

form a convenient method of wiring for bells, telephones, etc.

These conductors maybe 18 B. & S., with double braid Weather-

proof or with Annunciator insulation.

Two-conductor Office wire may be two Office wires laid side

by side and covered with a two-colored Office braid, or it may
consist of two Annunciator wires so insulated.

Weatherproof cables consist of 18 B. & S. G. Annunciator

wires, twisted into a cable and covered with rubber tape and a

braid of cotton saturated with Weatherproof insulation. They
weigh about ten pounds per 1 000 feet per conductor. For work
inside building, in dry places, the rubber tape may be omitted,
and the finishing braid made any color to correspond with the

woodwork.

Lamp cord is furnished in silk or cotton insulation. Green

and yellow is the standard color combination.
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POWER CABLES.

WE MANUFACTURE power and electric-light

cables, with jute, paper or rubber insulation.

The thickness and kind of insulation depend on the use

for which the cable is intended. The table of diameters

and weights is based on T\ insulation on a side, and is

approximately correct for any kind of insulation.

Specifications for Underground Cable of 600 000 C. M.

1. COPPER CONDUCTOR.

The conductor shall consist of 47 wires, each 104 mils in

diameter, and shall weigh not less than 1.525 pounds per foot.

The copper used shall have a conductivity of not less than 98

per cent.

2. INSULATION.

The insulation shall consist of paper not less than /8 thick,

and shall form a wall of uniform thickness around the con-

ductor.

3. SHEATH.

The insulated conductor shall be enclosed in a pipe composed
of lead and tin. The amount of tin shall not be less than 2.9

per cent. The pipe shall be formed around the core, and shall

be free from holes or other defects, and of uniform thickness

and composition.

4. INSULATION RESISTANCE.

The insulation resistance shall be not less than 300 megohms
per mile, at 60 F.
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POWER CABLES.
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TELEPHONE CABLES.
Lead-encased for underground or aerial use.

THE
INSULATION of these cables is dry paper.

We manufacture several styles of 19 B. & S. G., 20

B. & S. G., and 22 B. & S. G., according to the use for

which they are intended. The most common size is 19

B. & S. G. We also supply terminals and hangers. To
determine the size supporting strand to use with these

cables, consult tables page 39.

Specifications for Telephone Cables.

1. CONDUCTORS.

Each conductor shall be .035 89 inches in diameter, (19 B. & S.

G.,) and have a conductivity of 98 per cent, of that of pure
soft copper.

2. CORE.

The conductor shall be insulated, twisted in pairs, the length
of the twist not to exceed three inches, and formed into a core

arranged in reverse layers.

3. SHEATH.

The core shall be enclosed in a pipe composed of lead and

tin, the amount of the tin shall be not less than 2A per cent.

The pipe shall be formed around the core, and shall be free

from holes or other defects, and of uniform thickness and

composition.
4. ELECTROSTATIC CAPACITY.

The average electrostatic capacity shall not exceed .080 of a

microfarad per mile, each wire being measured against all the

rest and a sheath grounded ;
the electrostatic capacity of any

wires so measured shall not exceed .085 of a microfarad per
mile.

5. INSULATION RESISTANCE.

Each wire shall show an insulation of not less than 500 meg-
ohms per mile, at 60 F., when laid, spliced and connected to

terminal ready for use
;
each wire being measured against all

the rest and sheath grounded.

6. CONDUCTOR RESISTANCE.

Each conductor shall have a resistance of not more than 47

B. A. ohms, at 60 F., for each mile of cable, after the cable is

laid and connected to the terminals.
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TELEGRAPH CABLES.

Lead-encased for underground use.

THESE
cables are made of either rubber, cotton or

paper insulation. The sizes and weights are ap-

proximately correct for rubber and cotton insulation.

Both sizes and weights are slightly reduced for paper
insulation. In all cases the cables are lead-encased.

Specifications for Telegraph Cables.

1. CONDUCTORS.

Each conductor shall be .064 inches in diameter, (14 B. & S.

G.,) and have a conductivity of 98 per cent, of that of pure

copper.

2. CORE.

The conductors shall be insulated to & with cotton, and
formed into a core arranged in reverse layers. This core shall

be dried and saturated with approved insulating compound.

3. SHEATH.

The core shall be enclosed in a pipe composed of lead and
tin. The amount of tin shall not be less than 2.9 per cent.

The pipe shall be formed around the core, and shall be free

from holes or other defects, and of uniform thickness and

composition.

4. INSULATION RESISTANCE.

The wire shall show an insulation of not less than 300 meg-
ohms per mile, at 60 F., when laid, spliced and connected to

terminals ready for use, each wire being measured against all

the rest and the sheath grounded.

5. CONDUCTOR RESISTANCE.

Each conductor shall have a resistance of not more than 28

International ohms, at 60 F., for each mile of cable, after the

cable is laid and connected up to the terminals.
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AERIAL CABLES.

THESE
cables are made from double-coated rubber

wire, taped. After standing, the cable is double-

taped and covered with tarred jute, over which is placed
a braid of heavy cotton saturated with Weatherproof

compound. This outside covering protects the rubber

from the action of the air and from mechanical injury.

The separate wires are tested in water, and no wire is

used which will not fully meet a water test. The result

is a cable which will work under water as well as on a

pole line, if there is no danger of mechanical injury.
The ordinary size for telegraphic work is 14 B & S., in-

sulated to ^V A trace wire can be placed in each layer,

if desired.

The size galvanized strand to support these cables may
be found from the table page 39. Suppose the span is

130 feet and a 10-conductor 14 B. & S. G. Aerial cable is

used, then from these tables it is seen a J-inch ordinary

galvanized strand will support a cable weighing 423

pounds per 1 000 feet, with a 130-foot span.

Specifications for 14 B. & S. Aerial Cable.

1. CONDUCTORS.

Each conductor shall be .064 inches in diameter, (14 B. & S. G.,)

and have a conductivity of 98 per cent, of that of pure copper.

2. CORE.

The conductors shall be insulated to ,& with rubber and tape, and

formed into a core arranged in reverse layers.

3. PROTECTIVE COVERING.

The core shall be covered with two wraps of friction tape and one

wrap of tarred jute. Over this there shall be a braid saturated with

Weatherproof compound.

4. INSULATION RESISTANCE.

Each wire shall show an insulation resistance of not less than 300

megohms per mile, at 60 F., after being immersed in water 24 hours.

This test shall be made on the core after all the conductors are laid

up, but before the outside coverings are put on.

5. CONDUCTOR RESISTANCE.

Each conductor shall have a resistance of not more than 28 Inter-

national ohms, at 60 F., for each mile of cable.
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SUBMARINE CABLES.

The core consists of 7 X 22 B. & S. tinned copper wires,

insulated with rubber to /? of an inch, laid up with

proper jute bedding.
We are prepared to furnish telegraph cables with

gutta percha insulation. This is the best insulation for

submarine work, and its reliability and durability more
than make up the difference in cost between it and any
other insulation.

We are prepared to furnish submarine cables of any

description for use in electric lighting and street railway

work.

No list of these cables can be made, owing to the vary-

ing conditions to be met.
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THE COLUMBIA BAIL-BOND.

THE
COLUMBIA BOND consists of three parts, two

copper thimbles and the

connecting copper rod. On
each end of this copper rod is

a truncated cone-

head with a fillet

at the base. The
inside of the
thimble is tapered
to fit the head on
the bond, while the

outside is slightly tapered in the opposite way.
In applying the bond, the cone-shaped heads are

placed in the holes in the rail from one side and the

thimbles are slipped over them from the other.

A portable hand-press is then applied, and the wedge-
shaped head of the bond is forced into the thimble so

that it is not possible to see the line separating the

thimble and the head in a cross-section of the two.

The end of the head of the bond is expanded by a

center-punch, held in position in the press.

When installed, owing to the pressure exerted between
the head and the thimble, and also to the fact that they
are of the same kind of metal, the two become one, both

electrically and mechanically.
The contact of rail and bond is made by a wedge

expanding the thimble against the hole in the rail, and,
as the bond is wedged both ways, it cannot get loose.

For a 000 B. & S. G. or 000 B. & S. G. bond, the holes

in the rail should be |-inch, and for a 00 B. & S. G. or a
B. & S. G. bond, f-inch.

The total length of a bond is 3 inches more than the

distance from center to center of holes in rails. The
total length of a bond should be 8 inches more than that

of the splice plate.
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