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practice after terminating the cable by any of the methods described,

is to run a No. 18 B. & S. rubber-covered braided wire from the

terminal in the cable box to the distributing insulator on the same

pole, and then drop off from its insulator with the drop wire to the

subscribers' premises. Drop wires differ largely, both bare and in-

sulating wire being used. Drop wire should be No. 14 hard drawn

FIG. 612.—TEN-PAIR TERMINAL DISTRIBUTING TO RESIDENCES.

copper if bare. If both are insulated, they should be not smaller

than No. 16 rubber-covered and braided, unless they are twisted, in

which case they may be as small as No. 18. Frequently one bare

and one insulated wire is used, these being run separate in practi-

cally the same manner as two bare would be run. In this case

both wires should be of No. 14 hard drawn copper.

In Figure 612 is well shown the methods of extending drop wires

53
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from a multiple tap terminated in a can to the various subscribers'

houses. Figure 613 shows a can at the top of a pole feeding to a

3>

FIG. 613.—TWENTY-FIVE-PAIR TERMINAL DISTRIBUTING TO
BUSINESS BLOCK.

distribution ring from which the various drop wires are led. These

cuts were loaned by Mr. L. W. Stanton, whose construction work
they represent.



CHAPTER XLI.

UNDERGROUND CABLE CONSTRUCTION.

It is now settled practice to place all telephone wires underground

in the business centres of large cities, and even to do so in the cen-

tral parts of smaller cities. The primary requisite for this construc-

tion is that a suitable conduit shall be provided in which the con-

ductors may be laid. It is usually necessary to provide conduits

having a suitable number of ducts to meet the requirements for

future as well as immediate use, and much judgment should be

exercised in this respect in planning the system. Suitable

openings are provided for the conduits at frequent intervals,

these being in the form of manholes, from which sections of the

cables may be drawn into the ducts and withdrawn when occasion

requires, for repairs. The principal requirements of a good con-

duit may be outlined as follows:

The material of which the conduit is made must be durable,

and this implies that it must be absolutely proof against decay or

corrosion due to moisture, dry rot, gases, or the liquids present

in the soil. It should, moreover, be fire-proof if possible, al-

though this is a minor consideration.

The conduit should possess both tensile, shearing and crush-

ing strength. Severe vertical strains are frequently imposed upon

subway structures, due to the removal of the support from be-

neath them, caused by excavations in the streets or by the

settling of the ground. Side strains are not so likely to occur,

and their effects are usually slight; therefore, it follows that

the conduit should be, if possible, strongest in a vertical direc-

tion. If the stress imposed upon the structure is such as to cause

a fracture or undue settling, the alignment of the ducts is thereby

destroyed, which may interfere with the drawing in or with-

drawal of cables. Moreover, the grade of the duct is destroyed,

so that the proper drainage cannot be effected. The ducts be-

tween the manholes should be straight, if possible, and where curves

are necessary they should be very gradual and present no sharp cor-

ners which would interfere with the drawing in or seriously abrade

the cable sheath. Slight turns in conduits are frequently made
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by joining together short straight sections, but where the nature

of the conduit used permits it, it is better to form all bends of

curved sections. It is desirable that the structure should be com-
posed of insulating material and be moisture-proof. No depend-

ence, however, for insulation of the conductors themselves must
be placed on the conduits, as the cables must in all cases provide

the means for keeping the conductors thoroughly insulated and
free from moisture, even under the most adverse circumstances.

No conduit system has yet been constructed which has been kept

dry, and to do so means to seal each end of each duct at each man-
hole. As yet, it has not been found absolutely necessary to get such

dryness.

It is very essential that the conduit must contain no chemical

agents capable of exerting a deleterious effect on the cable

sheath. As an example of this may be mentioned certain forms

of wooden conduits, which in the process of decay liberate acetic

acid, which in a short time totally destroys the cable sheath,

changing it to lead acetate. This difficulty has been experienced

with some forms of creosoted wood conduit, but in the later

products in this line this difficulty is said to have been completely

removed by the use of a better grade of creosote oil and improved

methods.

Economy of space is often an important item in the selection of

conduit to be used, and under crowded conditions that conduit which

will place a given number of ducts within the smallest space is the

most desirable, other things being equal.

The earliest form of conduit used in this country was the open-box

conduit, which consisted merely in a trough made of inch-and-a-

half or two-inch lumber and of sufficient size to accommodate

enough cables to meet the existing demands, as well as the future

growth of the system. These troughs were laid in a trench, the bot-

tom of which was properly graded, the sections of the trough being

about fifteen feet in length and butt-jointed—that is, laid together

end to end. The joints were held in line by boards nailed on the

outside and overlapping each end about a foot. The cable was

laid in these troughs by driving the reel containing it slowly along-

side of the trench, the cable being carefully laid as it was unwound

from the reel. After all the cables were in place the trough was

rilled with hot pitch, when the cover was nailed in position and the

trench refilled. This is probably the simplest form of underground

cable construction, with the exception of a method, infrequently
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practiced, of laying the cable directly in the ground without any

conduit whatever.

The cheapest and simplest form of conduit which permits the

drawing in or withdrawal of the cables is that composed of creo-

soted wood tubes, or "pump logs," as they are commonly and

appropriately termed. These are usually made in eight-foot lengths,

having a square external section 4^x4^ inches, with a 3-inch bore.

A tenon joint one and one-half inches long is used for securing

proper alignment of the joint. Several views of this tube are shown
in Fig. 614.

The wood is usually treated with creosote or dead oil of coal

tar in the following manner: The lumber is laid on cars and run

into a large steel cylinder six feet in diameter, which is closed by a

heavy iron door. It is first subjected to live steam at a temperature

of 250 F. until the timber is heated through and through, the pur-

pose of this being to coagulate the albumen in the sap. A vacuum

FIG. 614.-"PUMP LOG" CONDUIT.

pump is next applied to the tank, exhausting all air and steam, the

pump maintaining a vacuum of about twenty-six inches. This

evaporates practically all of the sap and water from the wood, thus

seasoning the timber. The next step in the process is to pump creo-

sote oil previously heated to a temperature of ioo° to 125 F. into

the tank until it is full. This is then placed under a pressure of

about eighty pounds per square inch and the amount of creosote

which is forced in after the filling of the tank is carefully measured,

this being the amount that is taken up by the pores of the wood.

Specifications for the treatment require that from eight to twenty

pounds of the oil shall be absorbed by each cubic foot of timber.

Twelve or fifteen pounds is the average amount required for elec-

trical purposes. As has been stated before, much trouble has ex-

isted owing to the liberation of acetic acid from conduit treated with

creosote. It is claimed, however, that by using a proper quality of

creosote oil, and by using the method of impregnation just de-
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scribed, that this trouble has been entirely eliminated. The life of

creosoted wood conduit is, to say the least, problematical, but there

seems to be good reason to believe that when properly treated and

laid it will last an ordinary lifetime, if not longer.

In laying this conduit the trench is dug, and after its bottom

is properly graded so as to have a gradual slope either from an in-

termediate point toward both man-holes or an uninterrupted slope

FIG. 615.—SINGLE AND MULTIPLE-DUCT CONDUIT.

from one man-hole to the other, a creosoted wood plank two inches

thick is laid as a foundation. The ducts are then laid on this plank

side by side and in as many different layers as are necessary to give

the required number. They should be so laid that the separate

ducts break joint in order to give strength to the entire structure.

Over the upper layer is then laid another creosoted wood plank two

inches thick, after which the trench is filled in with earth. The
great point in favor of this conduit is its cheapness, this being greatly
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enhanced by the fact that no concrete is employed for a foundation.

Conduits of clay or terra-cotta, burned hard and with vitrified

surface, are being extensively used and are giving unqualified satis-

faction. These are made up in a number of forms which may be

divided into two classes, namely, multiple duct and single duct.

The multiple duct conduit is made up in a variety of ways, some

of which are shown in cross-section in Fig. 615, loaned by the

H. B. Camp Company. For telephone purposes, the duct opening

is either round and 2,2 to 4 inches in diameter, or square with round

corners and of the same dimensions both ways.

The earliest form of clay duct, which was used at all, generally

was one having a square outer form in section, about 12 by 12 inches,

FIG. 616.—SINGLE AND QUADRUPLE TILE.

walls of one inch, and a horizontal shelf across the middle, one inch

thick. This divided the pipe into two ducts, one above the other, each

about zlJ inches high by 10 wide. Into each duct were drawn three

cables, two side by side, and one on top of these two. Economy of

duct space was gained at a sacrifice of safety, as it was found im-

possible to draw out one of three, if it became necessary, without

tearing ihe sheath off in doing so.

Single-duct tile then came into existence, and still later the mul-

tiple-duct type, but these latter, as Figs. 615 and 616 show, had one

duct opening for each cable. Fig. 616 is loaned by Field Clay Con-

duit Company.

The single-duct class of tiles possesses some advantages over the

multiple-duct tiles, chief among which are the greater flexibility
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and the increased ease of handling. The form shown in Fig. 617

has come into very wide use and has proven its adaptability to meet

almost any conditions that may arise. These tiles are 4! inches

square by 18 inches long, and have a 3^-inch bore. By it curves

are easily made, short curved lengths being provided, or curves of

long radius may be made with the regular tiles, the lengths being so

short as to form a practically smooth interior surface. This conduit

is laid in much the same way as ordinary brick, and in order to

insure proper alignment a mandrel (shown in lower portion of Fig.

617), three inches in diameter and about thirty inches long, is laid in

the duct and pulled along through it by the workmen as each ad-

ditional section is laid on. The rear end of this mandrel is pro-

vided with a rubber gasket a little larger than the diameter of the

FIG. 617.—SINGLE-DUCT CONDUIT AND MANDREL.

conduit, which effectually smoothes the inner surface and pre-

vents the formation of lips which might prove injurious to the

cable sheaths in drawing in. On the front end of the mandrel is

provided an eye which may be engaged by a hook carried by the

workmen in order to move it forward. Fig. 618 shows two examples

of single-duct subway in process of construction.

In laying vitrified clay tile the process used is as follows:

The trench is dug to such a depth as to allow at least two feet of

earth above the top of the entire structure. Some specifications call

for as great depth as three feet, but this is necessary only where

there is a probability that new ducts may be added to the conduit

in the future. The width of the trench should be about six inches in

excess of the actual width of the number of ducts which are to be

laid side bv side. In the bottom of the trench is laid a concrete
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foundation to a depth of from three to six inches—the former under

ordinary circumstances is sufficient. The tiles are then laid in place

in cement mortar, and as each layer is finished the sides of the trench

should be filled to the top of that layer with the same concrete as

that used for the foundation. The space between the tiles in a layer

and between the layers should be carefully filled with good cement

mortar mixed thin enough to readily fill the interstices. After the

required number of layers are in place the top is covered with a

mass of concrete not less than four inches in thickness.

The concrete used in this work should be composed of one part of

FIG. 618.—TWENTY-DUCT SUBWAY.

hydraulic cement, two parts of clean sharp sand, and five parts of

broken stone, screened gravel, or broken brick. The size of the broken
stone or brick or gravel should not be larger than one inch in any
dimensions. The cement and sand should be thoroughly mixed
while dry, and then enough water added to form a soft mortar, after

which the broken stone should be thoroughly mixed in.

The mortar should be composed of one part of hydraulic cement
and two parts of clean sharp sand, thoroughly mixed together, and
then with water as before. It is a matter of greatest importance that

the ducts should not be moved while the mortar or concrete is setting.
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After the entire subway is laid from one man-hole to the other it

is advisable to draw through it a scraper, thus removing all projec-

tions on the inside walls. The ducts may then be washed out with

a hose, thus removing all grit and leaving a clean, polished tube.

Another style of conduit is cement lined pipe. This, as usually

constructed, consists of a wrought-iron pipe of Xo. 26 B. W. G.,

with riveted joints, the rivets being set one and one-half inches apart.

This pipe is lined with Rosendale cement, the thickness of the lining

being five-eighths of an inch, and the interior of the lining being

polished. The standard size of this tube is in eight-foot lengths,

with a three-inch bore. It is provided with cast-iron ball and socket

joints at the ends in order to insure proper alignment and to provide

a certain amount of flexibility in making turns.

This conduit is laid in concrete in much the same manner as the

clay pipe, it being common practice to separate the different pipes

in the layer by about one-half of an inch and the various layers

themselves by about one inch. While a great deal of such conduit

is in use, not much of it is now being laid.

In laying conduit in city streets numerous obstructions are met,

and must be overcome in the manner best suited to the individual

case. It frequently becomes necessary to remove the support from

heavy pipe lines for a considerable distance, as, for instance, when
such a pipe line lies diagonally across the trench. In all cases

suitable supports for these pipes or other structures should be pro-

vided until such time as the trench is again filled. The usual means

adopted is to place a beam of sufficient strength across the top of

the trench and support the pipe therefrom by chains or heavy rope..

It is frequently necessary in passing an obstruction to fan out the

pipes in one layer so that they occupy the same level as those of

another layer. Such a construction, and also a rather crooked piece

of conduit work, is shown in Fig. 619, where, on account of ob-

structions in the street, the two layers of two pipes were formed into

one layer of four until the obstructions were passed. This par-

ticular obstruction was a sub-cellar extending out under the street.

The manholes may be built of various forms and dimensions to

meet existing requirements. In the best construction the founda-

tion consists of a layer of concrete six inches deep, the concrete

being mixed as specified for the laying of tiles, with the exception

that the crushed stone may be considerably coarser. The walls of

the manhole are then built of good brick-work of suitable thickness

and well plastered on the outside with cement mortar in order to
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exclude as much dampness as possible. For the ordinary manhole

an eight-inch wall is sufficiently thick, but in building very large

underground vaults it sometimes becomes necessary to double or

treble this thickness. Where these very thick walls are required it

FIG. 619.-AVOIDING OBSTACLES.

is good practice to allow about one inch air space between the outer

course of brick and the inner in order to render the interior as dry

as possible. A common-sized manhole is five by five by five feet, and

smaller sizes down to three bv three feet with five feet head room are
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also common. As a rule a manhole should provide at least enough

room for two men to work in conveniently. Of course, where a

great number of ducts enter a manhole the size must be increased

accordingly.

After the conduits are laid and the manholes finished the next

step is the drawing in of the cables. In order to accomplish this

a process called rodding is in most cases first necessary, in order

that a rope may be stretched through the duct, which is afterwards

to be used for drawing in the cable itself. For this purpose a large

number of wooden rods about three-fourths of an inch in diameter

and four feet long, and equipped with screw or bayonet joints at

each end, so that they may readily join together, are necessary. A
man stationed in one of the manholes inserts one rod into the duct,

and, after joining another rod to it, pushes this also into the duct.

Successive rods are joined and pushed through until finally the

first rod reaches the next manhole. A rope is then attached to one

end of the series of rods, which is then pulled through, unjointing the

rods as they are taken out of the duct. Where the ducts are smooth

and comparatively straight this process may be simplified by using

a continuous steel wire about one-fourth of an inch in diameter in

place of the rods. It is a good plan to attach to the forward end of

this wire a lead ball, which will facilitate it in riding over obstruc-

tions.

The cable reel is then placed near one of the manholes in such

manner that the cable will pay out from the top of the reel instead

of from the bottom. The end of the cable is then attached to the

rope and started into the duct. In the distant manhole the rope is

led over one or more sheaves suitably arranged on upright beams

placed within the manhole to a capstan or other form of windlass

by which the cable may be slowly drawn through the duct. A fun-

nel-shaped shield should be placed at the mouth of the duct into

which the cable is being fed for protecting the shield against the

sharp corners at the entrance. This shield, however, is not a suf-

ficient protection for the cable, and one or more men should be

stationed in the manhole for guiding the cable into the duct. The

best way to attach the rope to the end is by means of clamps es-

pecially provided by the cable companies for this purpose. How-

ever, if these are not used, a secure grip may be had upon the cable

end by winding several strands of stout iron wire in opposite direc-

tions about the cable sheath for a distance of two feet from its end.

An eye may be formed in this wire opposite the cable end to which
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the rope may be attached. Particular attention should be paid to

the sealing of the cable end before it is drawn into the duct, as ducts

are always moist, due to sweating of the interior walls, or to leaks.

Where a large amount of cable is to be drawn in the method

shown Fig. 620 may be employed. Instead of the hand-operated

winch or windlass a three and one-half horsepower horizontal en-

gine and capstan mounted on a low wagon is used. By suitable

gearing the engine causes the capstan to revolve slowly. This

method was used in the recent extensive underground construction

work in St. Louis by the Bell Telephone Company, of Missouri.

With this contrivance a speed of twenty-five feet of cable per min-

ute is easily attained without in any way damaging the cable and the

remarkably short time in which the enormous amount of cable in-

$mM&&.
FIG. 620.-DRAWING IN BY STEAM POWER.

stalled by that company was drawn in testifies further to the practi-

cal value of this scheme.

Mr. C. L. Zahm has used with success in cable-drawing the form

of winch shown in Fig. 621. This is an electric-motor arrange-

ment, the motor being wound to operate on a voltage of 600 or

thereabouts, and geared down to the drum. Power is taken from

any convenient circuit carrying direct current at 500 to 650 volts,

and if it be a trolley wire, the connections are very simply made by

means of a portable trolley pole and flexible wire. The wheels on

the whole outfit enable it to be taken from place to place with ease.

Another convenience used by Mr. Zahm is shown in Fig. 622. This

reel-truck has strong spider wheels with ample width of tire, and has

an extended shaft enabling a clevis tongue to be attached. A
team of horses can then draw the reel and truck. When set for

paying off cable the reel turns on the shaft. »

Cables, in passing through manholes, should be laid around the

side of the manhole and supported on hooks provided for that pur-
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pose. Shields formed of sheet lead or of heavy felt should be placed

under each cable just at the point where it emerges from the duct,

in order to prevent injury of the sheath at that point. Workmen
should be cautioned against needlessly bending cables while working
in ducts, and the use of the cables in place of ladders for climbing in

and out of the manholes should be strictly prohibited. Slack should

be left in the manhole, in order to allow room for subsequent splicing

when necessary.

Trouble is frequently experienced, due to the presence of gas in

FIG. 621.—ELECTRIC WINCH.

the manhole, due to leakage through the earth from gas mains, and

care should always be exercised before striking a match or taking

a torch into a manhole, to make sure that all gas has been removed.

There are several methods of doing this, one of which is to pump
the gas out with an inverted umbrella made specially for the pur-

pose. The umbrella is lowered into the manhole while closed and

then suddenly withdrawn, this opening the umbrella and lifting out

the gas. Another way of clearing manholes from gas is to place

a cloth screen above the manhole and on the side opposite to that
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from which the wind is blowing. The wind on striking the screen

is deflected downward, thus causing an eddy which removes the

gas from the manhole. Very serious explosions have been caused

by the collection of gas in manholes, which becomes ignited either

by an electric spark or by the torch of a workman.
One of the most serious difficulties in connection with under-

ground cable work is that brought about by electrolysis, due to

the action of stray earth currents, usually due to the ground return

of electric railways. It is found that the electrolysis occurs at points

FIG. 622.—REEL TRUCK.

where a current flowing along the cable sheath leaves the sheath

and enters the ground. At this point oxygen is liberated, which,

with the chemicals in the earth, rapidly corrodes the lead sheath. Of

course, the construction of conduits, composed of insulating mate-

rial, will do something towards the alleviation of this trouble.

Frequent tests should be made, however, on all cable systems to

determine the polarity of the cable sheaths with respect to sur-

rounding conductors. The tests for this purpose may be made as

follows: Two brass rods about six feet long should be provided, each
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having a steel contact at one end. Between these two rods should

be connected by flexible wires a portable voltmeter—one reading to

five volts will usually be found most suitable. The test should be

made at the manholes, these being the most available points for

reaching the cable. One of the steel contact points should then be

placed in firm contact with the cable sheath and the other into con-

tact with any water or gas pipes which run through the manhole,

and in each case the voltage should be noted, not only in amount
but in direction. Reading should also be taken between the cable

sheaths and the rails of adjacent electric railroads, and to whatever

underground structures exist in the immediate vicinity. It is evi-

dent that where the cable sheaths are negative to the surrounding

conductors no danger will exist, as this would indicate that the cur-

rent tended to flow from the other conductors to the sheath. If,

however, the cable is found positive to the surrounding conductors,

the matter should be carefully followed up by taking readings in

successive manholes. By these means the maximum danger point

can be located, it being, as a rule, the point at which the maximum
positive difference of potential exists. At this point the cable sheath

should be securely bonded by a heavy conductor to the water or gas

pipe or to other metallic structures that are in the vicinity. These

bonds serve to allow the current to flow from the cable sheath to

the other conductors, instead of forcing it to find circuit through

the ground or through the walls of the conduit. In some cases

the only remedy has been to run separate return circuits from

the maximum danger points on a cable directly to the power-house

from which the troublesome current emanates.

All of the cable sheaths entering a manhole should be bonded to-

gether, the usual method of doing this being to brighten the surface

of the lead sheaths and to bend a No. 10 B. & S. copper wire around

each sheath, afterwards soldering the connection. This assures

the fact that all of the cable sheaths will be at an equal potential and

that whatever bonds are run for the protection of one sheath will

afford protection for all. The method of bonding to a gas pipe

usually adopted is as follows: The surface of the pipe is brightened

for a space of about three by eight inches with a coarse file. This

surface is then heated by a torch and tinned with ordinary solder.

A copper plate about three by seven inches previously tinned is then

soldered to the gas pipe, after which the bond wire leading from the

cable is wound into a flat coil and soldered to a copper plate. In

bonding to a water pipe it is impossible to heat the pipe sufficiently
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to make it take solder on account of the water flowing within. The
method to be followed is to provide a heavy wrought-iron U-shaped

band adapted to fit snugly around the pipe. The ends of this band

are screw-threaded and pass through a yoke-piece bent to fit the

upper portion of the pipe. This yoke-piece is then firmly screwed

in place by nuts, the surface of the pipe and the interior of the iron

clamp having previously been thoroughly brightened. The bond
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FIG. 623.—CURVE OF CONDUIT COSTS.

wire may then be soldered to this yoke-piece and the whole device

smeared with asphalt paint.

A form of duct material other than that made of clay is made of

paper or similar fibre, saturated while making, or after making, with

some asphaltic or bituminous compound. The form of a complete

duct of this kind is round, and of cylindrical bore. The thickness of

the walls does not need to be great, and there is next to no danger

54
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of breakage. It is claimed that there is an advantage in the fact

that this form of material will not absorb moisture, and that there

will thereby be very much less danger of electrolytic corrosion. It

is certainly true that there is much less weight per foot of duct, and

a less loss by breakage. Whether the material is a satisfactory one

for a structure that ought to be expected to last fifty years or more

is a question which it is not attempted to answer here. It is dif-

ficult to see, however, why it is not.

In the matter of estimating the cost of an underground system of

distribution of telephone wires, there is no royal road; the costs of

the material and labor for the varions parts of even one system will

var.y so much that there is only one accurate way, and that is to lay

out the routes and figure the cost of each, adding the results. For

purposes of preliminary estimates, however, it is often necessary to

approximate final results, and to do this one may not always need to

know all the details of the final plan. Mr. C. J. Field has con-

tributed a valuable compilation of data in giving engineers a graphic

table of approximate costs. The curve in Fig. 623 gives such costs

based on a duct material price of five cents per foot. To use the

curve in compiling an estimate, tabulate the runs of conduit under

their various sizes and character of pavement, and look out in the

curve the cost per duct foot for each. Multiply the cost thus found

by the number of ducts in that trench, and by its length ; do the same

for all the trenches, and add the result. The sum will be the cost

of the system. If the cost of duct material on the ground is less, or

more than five cents, the curve must be modified accordingly, but

need not be necessarily redrawn.



CHAPTER XLII.

TESTING.

Tests of telephone lines, whether of bare wire on poles or of over-

head or underground cables, may be divided' into two general

classes

:

First : Those which are for the determination of the existence

of certain conditions, without the necessity of measuring quanti-

tatively the extent to which those conditions exist ; in other words,

rough tests for the determination of grounds, crosses, or breaks,

usually made with instruments such as the magneto bell, tele-

phone receiver and battery, and a few other such simple but often

in the hands of an experienced person most effective instruments.

Second: Those for not only determining the existence of cer-

tain conditions, but also for their quantitative measurements. These

require the use of different and more intricate instruments, and in

many cases the operator must be possessed of a fair degree of

mathematical training combined with an ingenuity for meeting and

mastering unusual problems that arise under different conditions.

The magneto testing set is the most important instrument in

making tests under the first class. Such an instrument usually

consists of a powerful magneto generator, so wound as to enable

it to ring its own bell through a resistance of from 25,000 to 75,000

ohms. A powerful magneto telephone is carried on the outside of

the case in suitable clips, and may be switched in circuit alternately

with the generator by a small hand switch. This magneto telephone

serves as both transmitter and receiver, and enables the lineman or

other party to communicate from a pole top or man-hole with any

other party on the circuit. Frequently these sets are made to include

microphone transmitter and battery ; but, inasmuch as the instrument

is seldom if ever used to talk over very long circuits, the extra weight

of these is considered in most cases undesirable. A small, inex-

pensive galvanoscope or current detector will also prove very con-

venient.

In testing for a ground on a wire, whether it be in a cable or

bare, and on poles, make sure that the far end of the line is open

and then connects one terminal of the magneto bell to the near

S51
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end of the line and ground the other terminal. The ringing of

the bell would seem to indicate that the circuit was complete and the

line grounded in this case, but this is not always true, and this test

must therefore be relied on only with caution. The static capacity

of a long line or of a comparatively short length of cable will often

allow enough current to pass to and from the line in charging and

discharging to ring the magneto bell.

For testing out local work where there is no room for this ca-

pacity effect, the magneto bell is invaluable.

A more reliable means of making tests for grounds or crosses

is to connect the current detector in series with several cells of

battery and to ground one terminal. Then with the other ter-

minal make contact with the near end of the line. A kick of the

needle will take place in any event on closing the circuit, due to the

current flowing to charge the line, but a permanent deflection will

indicate a ground.

In testing for a cross, as, for instance, with some other wire in

the line or cable, one terminal of the magneto bell or the galvano-

scope and batteries should be connected to the wire under test and

the other to all the other wires in the same lead, for which purpose

they are bunched. In case it is not convenient to bunch them, how-

ever, the test may be made between the suspected line and each of

the others in succession.

Another and perhaps still more simple method for determining

a cross or ground is one described in Roebling's pamphlet on Tele-

phone Cables, and illustrated in Fig. 624, as applied to the testing

of a cablebefore it has been unreeled.

N represents the near end, and F the far end of the wire being

tested. B is a battery, of about three cells. T is an ordinary tele-

phone receiver. The wire, N F, is carefully separated from all the

others at each end.

At the near end all the wires are stripped of insulation and, ex-

cept the one under test, are connected together and also with the

sheath. The wire, C, connects the sheath to one side of battery, B,

and the other side of battery is connected to one side of telephone

receiver, T. The testing man rapidly taps with the wire, N F, the

unoccupied binding post of the receiver, T. The first tap will pro-

duce in the receiver a distinct click, and if the cable is long there may
possibly occur a second faint click, but if the wire, Ar F, is perfectly

insulated no more sound in the telephone will follow the tapping.

If, however, the wire, AT F, is crossed with any wire in the cable, or
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with the sheath, every tap will be followed by a distinct click, and if

there is moisture in the paper, making a partial connection, clicking

sounds will occur, which are loud or faint, according to the amount

of moisture present.

The philosophy of this method of testing is very simple, and serves

to make the operation more readily understood.

When the wire, N F, is first connected to the battery it becomes

charged. During the process of charging a current flows into the

wire and passes through the coil of the receiver and causes the click.

If the wire is well insulated, the second tap, immediately following,

finds it charged, or nearly so, and there is, therefore, no click, or a

very faint one. If, on the contrary, the wire under test is crossed with

any of the other wires, or imperfectly insulated from them, or from

the sheath, the wire will immediately discharge itself through the

cross to the other wires and the sheath, and there will be a flow of

FIG. 624.-RECEIVER TEST FOR CROSSES AND GROUNDS.

current at every tap, and consequently a continuous clicking. If a

conductor in a perfectly insulated cable is very long, two or three

taps or a long first contact may be necessary to charge it completely.

If the cable is in place or if it is a bare aerial line that is being

tested this same method may be used. In case of a new cable it is

well to test every wire in this manner, and therefore the wire. N F,

should be put aside and another slipped out of the bunch and tested

in the same way, and so on until all have been gone over.

If any of them are found to be in trouble, it is well to carefully

inspect the exposed ends to be sure they are properly cleared from

each other and from the sheath. If it is still found to be defective.

it should be plainly tagged.
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In the manner just described, twenty-five minutes with two men
should be ample time for testing one hundred wires, the testing op-

erator listening and his helper attending to the connection of the

different wires at N.

For this test, as well as many others, it is very convenient to

use a regular operator's receiver and head band, as it will save the

tester a very tired arm at the end of a long test. As a matter of fact,

the receiver is little appreciated as a testing instrument. A very

convenient set is formed by a watch-case receiver and head band,

and two small-sized cells of dry battery, strapped together so as

to be carried in the coat pocket. The receiver and battery are con-

nected in series, the free terminals of the circuit being formed by

flexible cords about four feet long. These cords should terminate in

FIG. 625.—CONTINUITY TEST.

convenient clips, or contact points adapted to make contact with the

wires to be tested. This arrangement leaves both hands free at all

times, and is wonderfully sensitive.

The continuity test, or test for broken wires, may be made with

the same simple instruments. The wires to be tested should all be

grounded or connected to a return wire at the far end. At the near

end, one pole of a magneto bell, or of the battery and galvanoscope,

or of the receiver, should be connected to ground or the return wire

and the other terminal connected successively to the terminals of the

line, which, of course, should all be separated. A ring in the case of

the magneto, or a permanent deflection of the needle in the case of

the galvanoscope, or a continuous clicking in the receiver, will indi-

cate that the wire is continuous. The same precaution as previously
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pointed out must, however, be observed with the magneto bell. This

same test for continuity is well illustrated in Fig. 625, in which case

a vibrating bell instead of the receiver or galvanoscope is used.

In testing a cable all defective wires should be marked "crossed,"

"grounded," or "broken" at the end at which they are tested. The
corresponding ends of the tagged wires at the other end of the cable

should then be found and similarly marked. If there are not the

requisite number of good wires in a new cable it should be rejected.

It is often desirable to be able to pick out a certain wire at some

intermediate point in an open cable, or in a large bunch of insulated

wires, in order to establish a branch connection. This is easily done

by the foregoing methods if the cable is to be cut, but frequently

this is not the case. It may be done without cutting by the following

simple method : Ground the wire or wires desired at the distant end,

FIG. 626.—DIAGRAM OF WHEATSTONE BRIDGE.

being sure that these wires are free from all the others at both ends.

Then having loosened the bunch of wires at the point at which the

branch is to be taken off, test each by means of a needle-pointed in-

strument, connected to ground through a bell or receiver and battery.

The needle-point can readily pierce the insulation and make good

contact with the conductor within. A knowledge of this very simple

test will often save an immense amount of trouble.

In the second class of test—that is, those requiring quantitative

measurements—there are three distinct subdivisions, which are as

follows: Tests for resistance or conductivity, tests for capacity,

and tests for insulation. Tests for the location of faults in lines

always depend on the application of one or more of these.

There are three principal methods of making resistance tests :

First, by the use of a Wheatstone bridge, which is accurate for all

resistances except those very large or those very small. Second.
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the fall of potential method, which is largely used for making many
tests in telephone work. Third, by the use of a sensitive galvano-

meter in series with a battery. This method is the most accurate for

the determination of extremely high resistances and is, therefore, of

great use in measurements of insulation resistance.

For general resistance measurements the Wheatstone bridge is

the most suitable, being very accurate and exceedingly simple in

manipulation. In order to appreciate the possibilities of this instru-

ment its underlying principles should be understood. In Fig. 626,

A, B, R, and X represent resistances. G is a galvanometer or in-

strument for detecting the flow of current. The four resistances are

connected together as shown, the galvanometer being connected in

the "bridge" between the junctures of A and R, and B and X. A
battery, B', is connected between the junctures of A and B, and of

R and X. Each resistance, A, B, R, and X, forms what is termed

an arm of the bridge.

The two fundamental laws upon which the action of the bridge

is based may be stated as follows

:

1. No current will How between points of equal potential; and

2. The drop in potential along the various parts of a conductor

is proportional respectively to the resistances of those parts.

Referring again to the diagram, it is evident that a current

from the battery flows to the point, e, where it divides, part flow-

ing through A R and part through B X, after which they unite

and pass to the negative pole of the battery. But what of the

galvanometer? Evidently by Rule 1 the only time at which no

current will pass through it will be at the time when the points,

/ and h, are at the same potential. By Rule 2 these points will be

at the same potential only when A bears the same relation to R as B
does to X.

That is

A : R : : B : X, or, by alternation,

A_ R^

B ~ X'
A little algebra will render the above evident if not so already.

Call a the drop of potential between the points e and i, b that

between e and /, and c that between e and h.

Then

b : a : : A : A + R by Rule 2.

. a
A
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Similarly

_ B
B+ X

For a condition of equal potentials at / and h so that no current

will flow through the galvanometer, b must = c

Then

A _ B
A + R a ~ B+ X a '

whence

:

AB + AX = AB +BR,
and AX = BR.
Dividing by BX, we have

A —K
B ~ X y

which is the equation of the ratios between the resistances of the

arms of the bridge, to insure no flow of current through the gal-

vanometer.

The resistance to be measured forms the arm X of the bridge,

and in order to determine its value the resistances in the various

arms are adjusted till no current flows through the galvanometer.

Then the equation just derived holds good and may be solved for X,

thus X= -^- R.

The arms A and B are best termed the "ratio arms" of the bridge

and arm R the rheostat arm.

In commercial forms of the Wheatstone bridge, A and B are

usually so arranged that each may be given the values, 10, ioo, and

iooo ohms, and in some cases I ohm and 10,000 ohms also.

The ratio arms, A and B, may therefore be adjusted to bear any

convenient ratio to each other from to , or, in
1000 10

. 1 10,000
some instances, from — to . The rheostat arm

10,000 1

is in reality a rheostat capable of being adjusted to any value

from 1 to about 11,000 ohms.

In some bridges a sealed battery is furnished with and forms

a part of the instrument. In those having no battery, suitable

binding posts are provided, usually marked BB, between which the

battery may be connected. Other binding posts, usually marked

XX, are furnished for connecting the terminals of the unknown
resistance to be measured.
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Two keys are usually furnished, one in the battery circuit and the

other in the galvanometer circuit. Each keeps its circuit normally

open.

The operation of the bridge is very simple. First some ratio

between the arms A and B is determined upon. The battery is

then connected between the proper binding posts, and likewise the

resistance to be measured is connected between its binding posts.

The battery key is first depressed and then the galvanometer key.

A deflection of the galvanometer needle will take place which by

its direction will after a few trials show whether the resistance in

the rheostat arm is too great or too small. The rheostat is adjusted

FIG. 627.—PORTABLE TESTING SET.

accordingly until the galvanometer needle shows no deflection upon
the operation of the keys. We then know that our equation

and consequently

A_

B

X

— holds good,

A
X R.

That is, the unknown resistance is equal to the ratio between B
and A multiplied by the resistance in the adjustable arm.

Considerable judgment may be exercised in the choosing of

the appropriate ratio in the ratio arm to obtain the greatest accuracy.

Obviously, if a high resistance is to be measured the ratio should

be large, and vice versa.
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In bridges having resistances of 10, ioo, and iooo ohms in the

ratio arms, the following values in arms A and B will give the

best results

:

Resistance to be measured.

Under ioo ohms,

ioo to iooo ohms,

iooo to 10,000 ohms, .

10,000 to 100,000 ohms,

100,000 to 1,000,000 ohms,

As to the accuracy of measurements attainable by the use of

the Wheatstone bridge, the following table represents the claim

of one reliable manufacturer:

.01 of an ohm to an accuracy of 1 per cent.
u a u a a

jl " ct

" l
" "

a a (i 1 a a
5

a a a -^ a a

A arm. B arm.

. IOOO 10

. IOOO IOO

. IOOO IOOO

IOO IOOO

10 IOOO

I ohm
IO ohms

IOO
11

IOOO
a

10,000
u

100,000
a

1 ,000,000
a

a a << \ a a
4

,
s

„ „

If using the no volt lighting circuit as battery power 1 meg-

ohm may be measured accurate to \ per cent.

There is no doubt that with a well-made bridge with a sen-

sitive galvanometer, these results may be equaled if not surpassed.

Great care must be taken in using a voltage as high as no, as

there is danger of burning out the coils. Such high voltage should

be used only in measuring very high resistances, and the ratio arms

should be adjusted to give as high a multiplying ratio as pos-

sible.

A particular form of bridge which has come into extensive use in

this country and which possesses several unique features is shown

complete in Fig. 627 and in plan view in Fig. 628.

The various adjustments of the arms are accomplished by placing

plugs in the various holes between the brass blocks arranged in rows

as shown in the latter figure. Between each successive pair of blocks

are arranged resistance coils having the resistance in ohms desig-

nated on the plan. Placing a plug in a hole between two blocks short-

circuits the resistance connected between those two blocks. The

rheostat arm of this bridge is represented by the top and bottom

row of blocks, and if all plugs are removed the resistance in this arm
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will amount to 11,110 ohms. The ratio arms A and B are repre-

sented by the left and right-hand halves respectively of the center

row. A galvanometer and suitable battery, together with battery

and galvanometer keys, are all mounted in a carrying case as shown.

The connections of this instrument are indicated in Fig. 628, and

are as follows : The top row of blocks is connected to the bottom

row by a heavy copper bar joining the right-hand blocks. This

connection is made very heavy so as to interpose no extra resistance

in the rheostat. On the rheostat formed by the upper and lower

rows of blocks any resistance from 1 to 11,110 ohms may be obtained,

the resistance being added by leaving out plugs. The lower left-

hand block of the rheostat is connected to the lower binding post, D,

forming one terminal of the unknown resistance. The upper post,

7B QDODDOO££T ]

FIG. 62S.-PLAN OF PORTABLE TESTING SET.

C, forming the other terminal of the unknown resistance, is con-

nected to block, X, which block is also joined to the galvanometer

key. The block, R, is connected to the upper left-hand block of

the rheostat. The end blocks of the middle row are connected to-

gether and to the + terminal of the battery. The — terminal of

the battery is connected through the battery key to the lower left-

hand end of the rheostat. One galvanometer terminal is connected

directly to the block, R, the left-hand block of the rheostat, and to

the back contact of the galvanometer key. The other galvanometer

terminal is connected through the key to the block, X.

By carefully following out these connections it will be apparent that

the parts as connected form three arms of a Wheatstone bridge, the

fourth, of course, being the unknown resistance joined to the line
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posts. This is shown diagrammatically in Fig. 629, where the cor-

responding parts are similarly lettered.

It will be noticed that this latter figure is practically the same

as Fig. 626, with the addition of the center blocks, A, B, X, R,

forming a sort of commutator. The object of this arrangement

is to make it possible to reverse the connections of arms, A and

B, with R and X. Thus with the plugs in the position shown by

the black dots the connection is precisely as shown in Fig. 626,

and the equation — = — holds true. If, however, the plugs are

inserted in the holes on the other diagonal, arm, A, will be con-

nected to arm, X, and arm, B, to arm, R, and the equation of

/? /?
the bridge will be —- == -^.

fe AX
The bridge arms, A and B, have not the same range of resist-

ances in this bridge, A, having only 1, 10, and 100 ohm coils,

FIG. 629.—CIRCUITS OF PORTABLE TESTING SET.

while the resistances of B are 10, 100, and 1000 ohms. Therefore,

if a ratio of 1000 to 1 for measuring large resistances is desired,

the plugs are inserted in the commutator along the arrow H (Fig.

628) ; while an opposite arrangement of the plugs along the arrow

L will give a ratio of 1 to 1000 for very small resistances. In this

bridge the galvanometer key is so arranged as to short-circuit the

galvanometer while the key is up.

The galvanometers usually furnished with the complete bridges

consist of a needle so mounted as to swing freely in a hori-

zontal plane. This needle is given a tendency to point in one

direction, sometimes by the action of the earth's magnetic field and

sometimes by the field of a powerful permanent magnet. By caus-

ing the current through the bridge wire to flow through a coil.
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either stationary and surrounding the needle, or movable and car-

ried on the needle, the needle is caused to swerve from its normal

position and to place itself at right-angles to the lines of force due

to the permanent field. The deflection of the needle is great or small

according to the strength of the current, and to the right or left

according to the direction of the current.

In many of the tests to be described later a galvanometer of

greater sensitiveness is required, and some form of reflecting in-

strument is used. In these the needle carries a small circular

mirror, which reflects a spot of light from a lamp or some other

source against a scale. In this arrangement every movement of

the needle causes the spot of light to move along the scale, and

a little consideration will show that the angle through which the

reflected ray of light moves is double that through which the needle

travels. Thus this reflected ray of light serves as a needle of any

desired length, and has the advantages of magnifying the angular

movement of the needle to twice its real amount, and of possessing

no mass, and therefore no inertia.

The two galvanometers used to the greatest extent for quanti-

tative measurements in practical work are the Thomson and the

D'Arsonval.

The Thomson galvanometer is made in a great variety of forms.

The needle consists of several very light bar-magnets arranged side

by side and with opposing poles together, so that the directive influ-

ence of the earth's field shall be very slight. The needle is directly

attached to a small silvered glass mirror, and is suspended within

the coil or coils by means of a silk or quartz fibre. The current to

be measured is passed through the coils, and the magnetic field set

up thereby causes the needle to swerve from its normal position.

The Thomson galvanometer is used in the most delicate tests, and

is essentially a laboratory instrument. It has the disadvantage

of being affected to such an extent by external magnetic fields as to

render its use impossible in many cases. A passing street car or

variations in the current flowing in a neighboring circuit will cause

the needle to swing violently, thus making accurate work out of the

question. These disadvantages may be overcome to some extent

by inclosing the galvanometer in a heavy iron case—such as an old

safe—but they tend to make it a very undesirable instrument for

portable work. Where the instrument can be permanently set up

and properly guarded, it is unequaled for delicacy and accuracy.

For nearly all practical engineering work, the D'Arsonval gal-
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vanometer is sensitive enough, and has the advantage of being much

more convenient for general work. In this the needle is a coil

instead of a permanent magnet, and is suspended within the field

of a powerful permanent magnet instead of in a coil. The needle

carries a mirror, as in the Thomson instrument. The current to

be measured is passed through the coil, and as this coil lies in the

FIG. 630.-D'ARSONVAL GALVANOMETER.

field of the permanent magnet, a rotation of the coil ensues, the action

being identical with that which causes the armature of an electric

motor to revolve.

In Fig. 630 is shown a much-used form of D'Arsonval galvano-

meter made by Queen & Co., Philadelphia. The field is built up of

a number of horizontal permanent magnets, between the polos of

which is suspended the needle. The needle system is shown in
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detail in Fig. 631. It consists of a coil of wire, W, wound on a box-

wood frame, D, and supported by means of the flat phosphor-bronze

filament, A, from the torsion pin, E. The current is led in by

means of the torsion pin, E, and suspension wire to the coil ; thence

to the spiral spring, B, and by means of the bottom contact out to

the external circuit. A ring, F, is joined above the coil frame, and

another, G, below the coil frame. These are normally a sufficient

FIG. 631.—SUSPENSION OF D'ARSONVAL GALVANOMETER.

distance apart to enable the system to swing freely, but when pack-

ing for transportation the torsion head may be pressed down until

the rings above mentioned firmly clamp the coil. In this condition

it will withstand shipment satisfactorily. To the right is shown the

coil more clearly. The two points, U and L, have soldered to them

the ends of the coil, IV. The mirror is shown at C.

The great advantage of the D'Arsonval galvanometer is that

it is unaffected by variations in the external magnetic field. It may
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even be used close to dynamo machinery without being sensibly

affected.

In order to read the deflection produced by a current, in any form

of reflecting galvanometers, two method's may be employed. One

is to cause the needle to reflect a spot of light from a stationary

source, upon a horizontal scale, and by watching the movement of the

spot the number of scale divisions deflection may be accurately de-

termined. Another and better way is to focus a telescope on the

mirror, in such manner that the horizontal scale will be visible in the

telescope. The mirror in its movements will reflect different por-

tions of the scale into the telescope, and the deflection may thus be

FIG. 632.—SCALE AND TELESCOPE.

observed with great precision. When this method is used the num-
bers on the scale should be reversed, in order to appear normal in the

telescope. Fig. 632 shows a telescope and scale as arranged for this

purpose.

Complete testing sets, containing reflecting galvanometers,

bridges, batteries, keys and other accessories, are frequently mounted

in one case, and so arranged as to fold within small compass when
not in use. This arrangement is very convenient, but has one dis-

advantage—the manipulation of the keys and plugs jar the box to

such an extent as to make the readings on the galvanometer unrelia-

ble. The separately mounted galvanometer is therefore in general
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to be preferred. Of course, this applies only to reflecting galvano-

meters.

It is frequently found that a current that it is desired to measure

is so large that it sends the spot of light completely off the scale,

thus rendering the measurement of the deflection impossible. In

order to increase the range of the galvanometer so as to make it

available for measuring both large and small currents, certain resist-

ances called shunts may be placed in parallel with the galvanometer

FIG. 633.—GALVANOMETER AND SHUNT.

coil as in Fig. 633. The resistance of the shunt being, known, it is

easy to calculate the amounts of the currents that pass through the

galvanometer coil and the shunt.

Calling R g the resistance of the galvanometer, R s that of the

shunt, I g the current through the galvanometer, I s that through

the shunt, and / the total current through both, then

/= /„ + /„

Also when E is the difference of potential between the common
terminals of the galvanometer and shunt,

It = -§- and /. = A.

I^RZE= LRg
= Is R% . Hence Is =

Substituting this value of I S} in the first equation we have

/_ j 4- ^g^g _ / ( T j. ^s \ _ / ^ + Rg= 7
-(

I + f) = /
'§ rs

—~*y RJ~ s R,

R + R
The quantity

s —- is called the multiplying power of theRs

shunt because it represents the number by which the current through

the galvanometer must be multiplied, in order to give the value of

the current being measured.

Shunt boxes are usually provided for a given galvanometer with

a number of coils specially arranged to give such convenient values

of the multiplying powers, as 10, 100, and 1000. For this purpose
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the various coils of the shunt box have resistances of £, *V, and m
of the resistance of the galvanometer.

To better show this relation, assume that a multiplying power

of iooo is desired, then

i?s + R
iooo —

Rs
•

oooRs
— Rs

= xs

R, A
iooo - i 999

A commercial form of shunt box is shown in Fig. 634, the various

multiplying values of the shunt being obtained by plugging the block

corresponding to the multiplying power desired.

For moderate deflections, the current traversing the coils of a

reflecting galvanometer may, without sensible error, be taken as

proportional to the deflection of the spot of light on the scale, or

FIG. 634.—SHUNT BOX.

to the deflection read through the telescope. The current is, of

course, inversely proportional to the total resistance of the circuit,

and from this it follows that the deflections are inversely proportional

to the resistance. This fact enables the galvanometer to be used for

measuring unknown resistances by comparing the deflection obtained

when a given E. M. F. acts through a known resistance with that

obtained when the same E. M. F. acts through an unknown resist-

ance.

The general method of measuring resistances by the use of a

galvanometer is to note the deflection obtained with a given bat-

tery and a known resistance in the circuit, and from this to com-

pute what is called the working constant. This working constant

may be defined as the number of scale divisions deflection that would

be obtained by causing the current from the given battery to pass



868 AMERICAN TELEPHONE PRACTICE.

through the galvanometer and a resistance of one megohm. Of
course such a deflection as this can exist in our imagination only,

but it serves, nevertheless, as a convenient standard upon which

to base our calculations. Having obtained the working constant,

a reading is taken of the deflection produced by passing the battery

current through the galvanometer in series with the unknown resist-

ance. As the deflections are inversely proportional to the resist-

ances, the unknown resistance is then readily computed.

If measurements of comparatively low resistance are to be made,

then the resistance of the battery and of the galvanometer must be

taken into consideration as well as that of the resistance placed in

circuit with them, but as the measurements here considered will be

those of very high resistances only, the resistance of the battery and

of the galvanometer may be neglected. For the purpose of taking

FIG. 635.—CIRCUITS FOR GALVANOMETER CONSTANT.

the constant, connections are made as shown in Fig. 635, where B is

the battery, G the galvanometer, 5 the shunt, and R the known
resistance. Usually the value of R is to of a megohm, or 100,000

ohms. With the vfa shunt a certain deflection will be obtained

when the circuit is closed. Obviously, if the shunt were not present

the deflection would be 1000 times as great, because only -nnnr of

the current passes through the galvanometer. Therefore the total

deflection, if it could be measured, that would be produced through

the galvanometer and the 100,000 ohms resistance, would be the

deflection noted multiplied by 1000. If, now, the resistance, R,

had a value of 1 megohm instead of tV megohm, the deflection would

have been only xV as great as this. Therefore to find the number

of scale divisions deflections which the galvanometer alone would

give with 1 megohm in circuit, we multiply the deflection noted by

1000 and by to.

In general we may say: to find the working constant, multiply
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the deflection obtained by the multiplying power of the shunt, and

by the value of the known resistance in megohms.

As a numerical example let us assume that with the m? shunt

and the iV megohm resistance, we obtain a deflection of 2000 scale

divisions, then the working constant is

1

200 X lOOo X — = 20,000.
10

In other words, 20,000 would be the number of scale divisions

obtained were the entire current from the battery allowed to pass

through the galvanometer with one megohm in series.

. With 50 cells of battery (45 or 50 volts), the constant under

ordinary working conditions with a good D'Arsonval galvanometer,

will be from 10,000 to 25,000. With a Thomson instrument a much
higher constant may be obtained. Mr. George D. Hale of the

Western Electric Company's cable-testing department, uses a large

four coil Thomson instrument with 600 volts obtained from a motor

generator. With this he obtains a constant of 528,000, and by

adjusting the suspension for greater delicacy can obtain as high as

2,000,000. Of course this is entirely impracticable for portable

instruments, and is, in fact, unnecessary, as good work may be done

with a constant of 20,000. In ordinary testing a battery of 50 cells

is sufficient. Of course a higher working constant may be obtained

with a larger battery, and frequently 100 cells are used.

INSULATION TESTS.

One of the principal uses of the galvanometer in line testing is in

the measurement of insulation resistance. The insulation resistance

of any line or conductor is the joint resistance of all the leaks from

the line to the ground or to other conductors. On a pole line every

insulator forms a leak to earth, and on a line having 40 poles to the

mile there would be 40 such leaks in parallel. The insulation resist-

ance of a line as a whole varies inversely as its length, if the insula-

tion is uniform. Evidently, a line two miles long would have one-

half as great an insulation resistance as a similar line one mile long,

because on the latter there would be only half as many leaks as on

the former. In general it may be stated that a line n miles long

will have only — as great an insulation resistance as a similar line

one mile in length. In order to obtain a standard of insulation

resistance independent of the length of the line, it is convenient

to express the insulation resistance as so many megohms per mile.
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The insulation resistance per mile is found by multiplying the insu-

lation of the line as a whole by the length of the line in miles.

In order to measure the insulation resistance of a line the con-

stant of the galvanometer is first taken and then the known resistance

is cut out of circuit and the line insulation resistance substituted for.

it. Assuming that the insulation resistance to be measured is that

of a wire in a cable, the terminals of the circuit which were connected

with resistance, R, in Fig. 635, will be connected one with the wire

and the other with the sheath of the cable as shown in Fig. 636.

Care must be taken that the wire being measured is carefully insu-

lated from the sheath at the other end of the cable. The shunt, S,

is then cut out of circuit in order that the full current may pass

through the galvanometer. Before completing the circuit with the

cable conductor and sheath, however, the key, K, should be closed

TAPE
lN5UL*TIO^ / LEAD SHEATH,

ca.bl.el

FIG. 636.—INSULATION RESISTANCE OF CABLE.

in parallel with the galvanometer, in order to prevent the rush of

current that will take place in charging the cable, from causing

the needle to give too violent a kick. After a short time the key is

opened and all of the current diverted through the galvanometer.

The galvanometer then receives only that current which leaks from

the core of the cable to the sheath through the insulation. Under
these circumstances a certain deflection will be noted, and by compar-

ing this deflection with the constant already obtained the value of the

insulation resistance in megohms is readily determined.

To illustrate, suppose that a deflection of 75 scale divisions is

obtained with the apparatus connected as in Fig. 636. If the con-

stant is 20,000, as already determined, we know that the insulation

resistance must be 20,000 divided by 75, or 266 megohms, thus

indicating that the total insulation resistance of the cable is 266 meg-

ohms. That this is true is evident from the fact that the constant,



TESTING. 871

20,000, represents the number of scale divisions deflection that would

be obtained were only one megohm in the circuit. The deflections

are inversely proportional to the resistance in the circuit, and there-

fore the total insulation resistance is equal to the deflection

through one megohm divided by the deflection through the insula-

tion resistance, or 20,000 divided by 75. To sum up these opera-

tions :

1st. Obtain the galvanometer constant or deflection obtained when
the galvanometer in series with one megohm resistance is subjected

to the potential of the battery. 2d. Find the deflection obtained

when the galvanometer and insulation resistance in series are sub-

jected to the potential of the battery. 3d. Divide the constant by the

LEAD 1 SHEATH

BZ=

FIG. 637.—CONNECTION FOR INSULATION TEST.

deflection obtained through the insulation resistance, the result being

the insulation resistance of the cable expressed in megohms. 4th.

To find the insulation resistance per mile, multiply the total insula-

tion resistance by the length of the cable in miles.

If the insulation of the cable is low, a shunt must be used in

obtaining the deflection through the insulation resistance. If the

insulation resistance is high, the deflection will be small and no

shunt will be required. The purpose of the shunt is merely to keep

the deflections on the scale so that they may be read.

In Fig. 637 is shown a convenient arrangement of connections

for making insulation tests. In this, B is the battery of say 50

cells, R the T\ megohm box, 5 the shunt box, G the galvanometer.
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and V a convenient switch for throwing either the fa megohm box
or the line insulation into circuit with the galvanometer and bat-

tery. When the levers of the switch, V, are in the position rep-

resented by the dotted line, the circuits are those for taking con-

stant of the galvanometer, and when in the position shown by full,

lines, the circuits are those for obtaining the deflection through the

insulation of the cable. Various forms of keys for changing the

direction of the battery current through the galvanometer, and for

performing other switching operations with the greatest possible

convenience, are obtainable, and form an important part of all test-

ing outfits. The scope of this work will not permit of their detailed

description.

In making insulation tests the resistance of the lead wires to the

cable or line need not be taken into account. It is a matter of the

greatest importance, however, that these wires be perfectly insu-

lated from each other. It is a very easy matter in making tests of

this nature to measure the wrong quantity.

One very important matter in connection with the insulation tests

has not yet been spoken of. When the reading is being taken,

with the cable or line insulation in circuit, it will be noticed that

a maximum deflection is obtained at first, and that this gradu-

ally diminishes, as though the insulation resistance were increas-

ing. This is due to what is called electrification, a phenomenon

that is not very thoroughly understood. When the electromo-

tive force of the battery is first applied to the cable or line,

there is a sudden rush of current, due to the charging of the con-

ductors. The charges, however, apparently soak in to the insu-

lation to a slight extent, thus allowing more current to flow to the

conductors. After the first rush due to the first charging of the

conductors, there is still a flow of current, due in part to this soak-

ing in, and in part to the actual leakage through the insulation.

It is the current due to the latter that we are concerned with in insu-

lation measurements, and therefore we must wait till the soaking

in process ceases, when the flow of current will be practically con-

stant, being that through the insulation. In nearly all telephone-

testing work, one minute is allowed for electrification, after which

the reading is taken of the deflection. When one is thoroughly

familiar with his instruments he may often, where great accuracy

is not required, estimate what the deflection at the end of one minute

will be, by watching the deflection for 30 or 40 seconds. This

method saves time, but must be used with extreme caution.
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With a constant of 20,000 a reading taken on a wire in a piece

of good new telephone cable, one-quarter mile long, would probably

show a deflection of 8 or 10 scale divisions upon the closure of the

key. This would decrease to about 6 scale divisions in 2 seconds,

and to about 2 scale divisions in 30 seconds, after which it would

remain constant. The reading of 2 divisions at the end of the

ii-i- ,. . . . 20,000
minute would indicate an installation resistance 01 = 10, cod

2

megohms, or 2500 megohms per mile.

As examples of deflections on the different wires in various cables

the following are given :

Dry cable, J mile long, two years old. Galvanometer constant

22,000: Readings, 12— 15—15—10—10— 15— 15—15— 13 scale

divisions.

Another dry paper cable, 2750 feet long one year old. Gal-

vanometer constant 19,000: Readings, 5—6—5—4—5—5—5—5

—

6, etc.

A piece of jute and ozite cable five years old, 6000 feet long, gave

the following with a constant of 20,000: 7500—2500—1000—1000

—600—800—900—800— 1000. It was necessary to use the tV shunt

in taking these readings.

Another piece of the same kind of cable, 800 feet long, with a con-

stant of 20,000, gave 175—200—250—270—160—no—120—160

—

no—125.

CAPACITY TESTS

A very important measurement, especially in telephone cables,

is the determination of the capacity of the line conductors with

respect to all neighboring conductors. The usual method of making

capacity tests is to note the deflection produced when a condenser

of known capacity, after having been charged to a known potential,

is discharged suddenly through the galvanometer, and to compare

this with the deflection obtained when the cable or conductor being

measured, after being charged to the same potential, is discharged

through the galvanometer. The deflections produced under these

circumstances are proportional to the charges, and therefore to the

capacities of the standard condenser and the line or cable. The

circuits for obtaining the deflection produced by the discharge of the

condenser are shown in F.g. 638, where C is the standard condenser.

B the battery, and G the galvanometer. When the key is depressed

the condenser is charged to the full potential of the battery, B. The
key is then suddenly released, thus allowing the charge from the
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condenser to pass through the galvanometer, thus producing a cer-

tain throw of the needle. The connections are then made as shown

in Fig. 639, the same battery, B, being used. When the key is

depressed the cable is charged, and when suddenly released this

charge flows through the galvanometer and produces another throw

of the needle. By comparing the throw produced by the charge of

|l|i|i|l|l

B
FIG. 638.—CAPACITY TEST.

the condenser with that produced by the charge of the cable, a direct

comparison may be made between the capacity of the cable and that

of the condenser. Thus, if with the 979 shunt the discharge from

the condenser gave a deflection of 100 scale divisions, the capacity

of the condenser being vs microfarad, and if with the same shunt

LEAD SHEATH-

FIG. 639.—CAPACITY TEST FOR CABLE.

the discharge of the cable produced a deflection twice as great, we

would know that the capacity of the cable was 2 X — ~ - micro-

farad.
IO 5

Convenient connections for making capacity tests are shown in

Fig. 640, where G is the galvanometer, 5 the shunt, C the stand-

ard condenser KK discharge keys, V the selecting switch and B,
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a battery of eight or ten cells. With the switch, V, at the left and

both discharge keys depressed, the current from the battery will

flow into the condenser, thus charging it. Upon the sudden release

of the discharge keys, the condenser will discharge through the gal-

vanometer and shunt, giving a deflection which should be noted. With

the switch, V, at the right, the cable may be charged or discharged in

the same manner, and the deflection produced by its discharge noted.

About seven cells of battery is usually sufficient for making capacity

tests on telephone cables. If a non-adjustable condenser only is

available, one having a capacity of to microfarad is probably most

desirable. For accurate work a subdivided condenser, having its

»NSULAT.ON7Ar
E

LEAD SHEA

<-S_lSZ3-\

CABLE.

L#6fr-J
FIG. 640.-CIRCUITS FOR CAPACITY TEST.

divisions so arranged as to be easily connected in multiple or in

series, or in combinations of the two, is very desirable. Then the

condenser capacity may be varied until the throw from the con-

denser is nearly equal to that from the cable, thus greatly minimiz-

ing the liability to error in the results. In making capacity tests the

wire under test should be carefully insulated and all the other wires

in the cable should be connected together and to the sheath or ground.

Fifteen seconds should always be allowed for the charging of the

cable.

If d is the throw due to the discharge of the condenser, d' that

to the discharge of the cable, K the capacity of the condenser in
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microfarads, and X the capacity of the wire being measured, then

X : K :: d' : d

X=^K.
a

If the throws of the galvanometer are too large to be measured,

the shunt must be used. In this case d or d' in the formula will

be the actual throws observed multiplied by the multiplying power
of the shunt.

THE LOCATION OF VAULTS.

When a break occurs in a wire in a line or cable, the ends remain-

ing insulated from other wires and the ground, the only recourse is

to capacity tests. The capacity of the two parts of the wire will be

proportional to their lengths, the wire being uniform in size and in

its relation to other wires, throughout its length.

We may locate a break of this nature in several ways.

Measure the capacity of one end of the broken wire, then go to

the other end of the cable and do the same. Calling D the length

of the cable in feet, C the capacity of the first portion of the wire, C
that of the other, and X the distance in feet to the break from the

first end, then

:

X : D :: C : C + C
A V CD

and X = c+ c,
.

When a good wire is available, and this is usually the case, set

up the instruments for capacity for testing, and take a throw, d,

on the broken wire, another, d', on the good wire, and a third, d"

,

on the good wire with the broken wire connected to it at the far end.

Evidently the throw on the whole broken wire would be d" — d'

+ d.

Hence where D and X have the same significance as before

X : d : : d : d" — d' + d

andX dD
d" — d + d

The location of breaks is much complicated by the presence of

poor insulation between ruptured portions, and between other wires.

The insulation resistances between these parts should always be

taken. If less than one megohm, the results obtained by the capacity

tests should not be relied on, and other methods too complex for

description here may be resorted to. It seldom pays to open a lead-

covered telephone cable for the purpose of joining a few broken wires,
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the expense of making the splice being usually in excess of the value

of the wires.

The location of crosses or grounds is rendered somewhat difficult

by the fact that there is nearly always some resistance in the fault

itself. If we know the resistance of the defective wire and have no

good wire running parallel with it, we may proceed as follows, using

a good Wheatstone bridge

:

Measure the resistance of one end of the defective wire through

the fault to ground. Do the same at the other end. Then calling R
the total resistance of the wire (either known or calculated from its

size and length), R' the measured resistance from the first end, R"
that from the other end, X the resistance from the first end to the

BAP WIRE x
<5QOP WIRE. C

FIG. 641.—VARLEY LOOP TEST.

fault, Y the resistance from the second end to the fault, and Z the

resistance of the fault, we have

:

R = X + Y.

R> = x + Z.

R" — Y + Z.

Solving these for X and Y we have

R + R' — R"X=

Y= R— R' + R"

which values are independent of the resistance of the fault. Know-
ing the resistance to the fault, it is easy to compute the distance to

it, from the resistance per foot of the conductor.

When a good wire is available, the Varley loop test should be

used, as it is more accurate than the method just described. For
this a Wheatstone bridge is used, and connected as in Fig. 641. The
good and bad wires are joined at their distant ends, and one terminal
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of the battery connected to the point, c, on the bridge, while the other

terminal is grounded. It is not difficult to see that the partial ground

or fault now bears the same relation to the bridge as the point, i, in

the diagram of Fig. 626 ; the rheostat arm now includes the resist-

ance R, plus the resistance of the bad wire to the fault, while the

unknown arm includes the resistance of the good wire, plus the resist-

ance of the bad wire on the other side of the fault.

The equation of the bridge, when balanced, then becomes

A _ R + X
B ~ C+ Y'

where R is the unplugged resistance of the rheostat, X the resist-

ance to the fault, Y the resistance beyond the fault, and C that of the

good wire.

Now calling L the resistance of the loop consisting of the good and

bad wires, we have

L = X+Y + C,

or C + Y = L —X.

Substituting this in the second member of the equation of the

bridge, we have

A R + X

whence X=
B L— X'

A L— B R
A + B '

which is independent of the resistance of the fault. When the two

ratio arms of the bridge are given equal values we have A = B, and

the equation for X becomes :

2

L may be known from records previously made, may be computed

from the size and length of the wires, or, if only one ground is

present on the bad wire, it may be measured directly on the bridge.

Sometimes, in ordinary paper cables, a requirement is made that a

rubber-covered test wire shall be run through the center of the cable,

so that at least one good wire may always be available in testing.

Where no good wire is available, a separate wire may be strung to

be used as the return in this test.

If the lead wires, from the instruments to the faults' wire, have

appreciable resistance, this should be measured, and deducted from

the value of X. After this the distance to the fault may be readily

obtained from the resistance per foot of the conductor.
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A second Varley method, quite as good as this, and very valuable

as a check method, is the following: The apparatus is arranged as

in Fig. 642, and it will be noted that the conditions are similar to

those of the first method, and that only a reversal, at the set, of the

good and bad wires is required.

With this arrangement, the bridge equation, when a balance is

reached, must be

the letters referring to the same things as before.

again calling L the loop resistance of the good and bad wires, we
have

L = X+Y+C,
ovC+Y— L— X.

SAD WlfTE X / V
qoop vyi^E Q

FAUUT'i"

FIG. 642.—VARLEY LOOP TEST—CHECK METHOD.

Substituting this in the second member of the last form of the equa-

tion, we have

A (R+ L—X)—BX,

whence X= A + B
This result also is independent of the resistance of the fault, and

it may be said of both Varley methods that the fault resistance may
be one which changes its value from moment to moment, without

changing the final result. Also the potentials of the two ground

connections with reference to the bad wire may change from mo-

ment to moment and not harm the result. Indeed, it is possible

sometimes to locate a fault with no battery at all, as the difference

of potential between the two grounds is frequently great, where

grounded trolley systems exist.

These two methods ordinarily will be applied to pairs of wires
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forming a loop of which the two sides are about alike ; this is the case

in testing cable conductors for a ground on one or more, when one

good cable wire exists ; it is also true in testing for a ground on one

wire of a metallic circuit open wire line, the other wire being good.

In these cases the resistance to the fault always will be less than

the whole resistance of either wire. In the second Varley form,

therefore, the bridge arms can never be equal, with a ratio of i,

but the arm A must always be greater that the arm B.

VARLEY TEST BY ARITHMETIC.

The great certainty of the Varley tests in locating grounds and

crosses make them of value to all persons having, to do with telephone

lines ; by using the following simple rule, anyone who can add and

divide by two can make fault locations by the first method. The con-

nections are shown in Fig. 641 and the conditions are that the good

and bad wires shall be alike and the bridge arms equal

:

Rule.—Adjust the rheostat till the deflection is the smallest possi-

BAD WIRE X
GOODWinE >~

FAULT "*&

FIG 643.—MURRAY LOOP TEST.

ble; read the resistance in the rheostat and divide it by two; the result

is the resistance from the fault to the further end of the wire under

test.

It must be observed that the result is not given in ohms from the

testing point to the fault, but in ohms from the fault to the other end.

This is as serviceable, however, and is sometimes just what is wanted.

There is another loop test not quite so convenient as the Varley

for those possessing only an ordinary bridge, but available and relia-

ble where one has a standard resistance box and a galvanometer.

This is known as the Murray loop test and connections for it should

be made as shown in Fig. 643. The point e may be a plug inserted

into an intermediate hole in a standard resistance box, the points

/ and h being the end terminals of the box. If two separate resist-
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ances are available, the two may be connected in series, the point

between them being then represented by e, in Fig. 642.

The two resistances are manipulated until a balance is obtained,

no current being indicated by the galvanometer, when

A X
B ~ C + K'

the significance of the various letters being the same as used in

describing the Varley test above. From this is obtained

A L

whence X

B ~ L — X y

A L
A + B y

in which L is as before the resistance of the loop. This value of X
is independent of the resistance of the fault.
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Heat coils, 593

Henry, Joseph, progress of knowledge in

electromagnetism, 1

Hibbard distributing frame, 614

party line, 435

Holtzer-Cabot generators, 118

house system, 741

ringer, 124

Hook switch, Kellogg, 154

, Monarch, 156

, Stromberg-Carlson, 155

, Warner, 154

House, Royal E., "electro-phonetic tele-

graph," 11

system circuit, 73

1

Hughes, Professor David B., microphone
experiments, 17

Hunnings, Henry, granular carbon trans-

mitter, 20

Impedance coil, 559

Induction coil data, table, 79

coil, Varley wound, 77

coil, with transmitter, 21

coils, circuit for comparative tests,

- coils for local battery telephones, 73

- coils, table of various makes, 81

-, electromagnetic and electrostatic,

23

-, local, on lines, elimination of, 16S

Insulation tests,
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Intercommunicating system, magneto, 742

systems, 733

Intermediate distributing frame, 623

"ack and drop, combined, 197

multiple cabling assembly, 672

strips, 239

, three conductor, 234

wiring, 656

Jacks, answering and multiple, relation, 518

E eith-Lundquist & Ericsons, 693

Kellogg combined drop and jack, 203

common battery sub-station circuit,

common battery transmission sys-

tem, 272

— common battery trunk circuit, 366

four-party line key, 529

generator, 122

hook switch, 155

intermediate distributing frame cir-

cuits, 626

jack, 513

key, 527

plug, 523

private branch trunks, 415

receiver, 41 *

relays, 539

ringer, 127

transmitter, 63

two-wire, multiple, common battery

system, 322

Kelvin, Lord, comment on Bell's telephone,

10

Keys, party line, 529

Key, repeating coil, i93

, ringing and listening, 190

, 526

Lamps, switchboard, types of, 288

Lay-out of central-office equipment, 651

Lead burning, 578

LeClanche battery, 86

Leich party line, 458

Lines, grounded, defects and objections,

158

, metallic and grounded, intercon-

tion, 167

, telephone, 158

Listening and ringing keys, 190

Local battery sub-station equipments, 131

, telephones, induction coils for, 73

Los Angeles lay-out details, 679

M agnetism, history and principles, 1

Magneto bell, 109

, calling apparatus, 104

, generator, 104

, multiple switch-board, 225

Magneto, multiple switch-board, branch ter-

minal system, 233

, multiple switch-board, series sys-

tem, 225

, switch-board circuits, simple, 180

Marlin hangers, 817

Mclntyre sleeve, 799

Measured service, 460

Messenger wire, 813

, table of loads, 814

, table of strengths, 814

Meters, 476

Mica fuses, 592

Monarch hook switch, 156

Monitors' equipment, 628

Morse, Professor S. F. B., electro-magnetic

telegraph, 4

, relay, 534

Multiple cable distribution, 828

, divided system, 378

jack cabling assembly, 672

jack strips, 239

jack wiring, 656

jacks, numbering of, 515

, Kellogg two-wire common battery,

322

section frame, 520

, Stromberg-Carlson two-wire, 327

switch-board, Bell Exchange in St.

Louis, 350

switch-board, common battery, 313

switch-board, details, 511

switchboard, magneto, 225

switchboard, theory of, 219

Murdock solid receiver, 46

Murray loop tests, 880

N orth Electric Company's common bat-

tery multiple, 340

lamp jack, 516

bservation circuit, 632

line, 631

O'Connell, J. J., originator of incandescent

lamps for signaling, 278

Oersted, Professor, discovery of electro-

magnetism, 1

Ohm's law, 23

Operator's equipment details, 532

Order wire keys, 530

Packing in transmitters. 71

Page, Professor, "Pago's effect" in

magnetism, 4

Paris switch-board, 242

Party-line keys, 529

Party lines classified, 423

Pay-station coin collectors. 462

Phelps, George M.. form of transmitter. 17

Pilot lamp, 521

Plugs, 523



886 INDEX.

Plug, three conductor, 234

Pole strips and butt plates, 770

Poles, table of sizes, 769

, table of weights, 771

Poling of receivers, 305

Pot-heads, 824

Power board, 556

;, rear view, 558

Power plant circuit, 547

Power plants, 544

Power table, 566

Primary batteries, 85

, method of test, 99

Protector combined central office, 607

Protective device, 587

Protection diagram, 595

Protector test-plug, 608

Private branch exchange defined, 396

service, 396

, Western Electric cord circuit, 403

Private branch switch-board types, 420

Private exchange Kellogg circuits, 415

Receiver, Ader, 39

, Bell type, 34

— cord tips, 50

, Ericsson, 45

, Kellogg, 41

, modern construction and design,

34

, Murdock solid, 46

, poling of, 305

, Stromberg-Carlson, 44

, watch case, 47

, Western Telephone Construction

Company, 43

Recording operator toll systems, 487

Reis, Philip, experiments, 5

, rights as inventor of telephone, 11

Relays, line and cut-off, 536

Relay, Morse, 534

Relays, supervisory, 535

Repeater telephone, 745

Repeating coil in cord circuit, 193

Repeating coil key, 193

Rheostat, 568

Ringback key, 192

Ringer and drop, combined, 206

Ringer, biased, 129

coil, Varley, 115

, Holtzer-Cabot, 124

, Kellogg, 127

, Stromberg-Carlson, 125

, Williams-Abbott, 128—— , Yaxley, 126

Ringing and listening keys, 190

Ringing circuit, automatic, Kellogg, 372

, Western Electric, 365

Ringing machines, 560

Rorty & Bullard Automatic system, 726

Ross, on carbon action in transmitter, 54

Sabin, express transfer system, 246

Sag table, 800

Saint Louis Bell switch-board, 350

Saw-tooth arresters, 5b8

Scribner coin collector, 466

common battery system, 296

meter system, 482

Seasoning poles, 768

Selector circuit, Automatic Electric Com-
pany, 709

Selector switch, 696

Self-soldering heat coil, 609

Series local battery sub-station equipment,

134

Service observation circuits, 632

Service observation line, 631

Shunts, for magneto generator, 116

Signaling in common battery systems, 277

Single-track trunk defined, 397

Solid-back transmitter, 60

Splicing cables, 820

Springjacks, 512

Springjack and plug for small switch-

board, 178

Sterling common battery multiple, 336

Stone common battery transmission sys-

tem, 268

telephone repeater, 749

Storage batteries, 572

Stromberg-Carlson common battery sub-

station circuit, 308

common battery trunk circuit, 373

hook switch, 155

jack, 514

lamp and answering jacks, 517

receiver, 44

relays, 542

ringer, 125

three-wire multiple, 333

transmitter, 65

two-wire common battery multiple,

327

Stroud coin collectors, 471

meter, 478

Strowger, A. B., 692

Sturgeon, William, progress of knowledge
in electromagnetism, 1

Sub-station automatic equipment, 702

, common battery, Western Electric

circuit, 307

, divided multiple, 385

equipment, common battery, 304

equipments, local battery, 131

local battery circuits, 138

protection, 602

Supervisory lamp, 521

Sutton transmitter, 68

Switch-board circuits, simple magneto, 180

, common battery, for small ex-

changes, 293

, common battery, signaling in, 277



INDEX. 887

Switch-board, common battery, transmis-

sion systems, 265

frame, modern, 520

keys, 526

lamps, types of, 288

, magneto, for small exchanges, 176

, magneto multiple, 225

, multiple, common battery, 313

, multiple, theory of, 219

, rear view, 485

, small, standard types, 209

transfer systems, 245

, transfer system, Western Tele-

phone Construction Company,
256

Table of breaking weights of copper

wire, 763

cable capacity, 810

copper wire, 761
'

cross-arm sizes, 773

differences of wire gauges, 757

galvanized iron wire, 760

• induction coil data, 79

messenger wire data, 814

pole sizes, 769

pole weights, 771

— resistance of copper wire, 764

rubber-covered cable, 806

sag in spans, 800— specific inductive capacities, 29

of various makes of induction coils,

81

weights of cable, 812

Telegraph, House's "electro-phonetic," 11

, Morse's electro-magnetic, 4

Telephone, invention of, 7

lines, 158

, magneto, history and principles^ 1

repeater, 745

Tests for induction coils, comparative, cir-

cuit for, 83

•Test plug protector, 608

-Test, primary batteries, method of, 99

Testing, 851

by wire chief, 635

Thermopile for transmitter supply, 276

Thompson meter system, 481

Thompson & Robes, party line, 440

Thomson, Sir William, first English ex-

periments, 10

Three-conductor jack and plug, 234

Tips, receiver cord, 50

Toll switch-board, type, 509

systems, 485

Toll trunk line, Western Electric, 490

Transfer systems, 245

Transfer system, Western Telephone Con-
struction Company, 256

Transmission systems in common battery

exchanges, 265

Transmitter, Ahearn, 71

, Berliner, 14

, Berliner Universal, 59

, Blake, 55

, Clamond, 58

—
, Colvin, 67

, Crossley, 57

, Edison carbon, 15

, Ericsson, 69

, Hughes' experiments, 17

, Hunning's granular carbon, 20

, Kellogg, 63

, liquid, 13

, modern construction and design,

53

, packing in, 71

, Phelps form, 17

, Stromberg-Carlson, 65

, Sutton, 68

, Turnbull, 57

, variable resistance, history and
principles, 13

, Western Telephone Construction

Company, 70

, White or solid-back, 60

Transposition, 163

Trunking system between common battery

offices, 354

Trunks, single-track and double-track de-

fined, 397

Tubular fuses, 603

Turnbull transmitter, 57

Turning section view, 669

Two-wire multiple, Kellogg, 322

, Stromberg-Carlson, 327

u nderground cable construction, 835

'arley induction coil, 77

loop tests, 877

ringer coil, 115

Visual signals, types of, 291

w arner hook switch, 154

tubular drop, 187

Watch case receiver, 47

Western combined drop and jack, 197

Western Electric central office meter. 4S4

common battery circuit, 307

common battery multiple switch-

board circuits, 314

common battery trunk circuit, 35S

four party line key. 529

intermediate distributing frame cir-

cuits. 625—
;

jack, 512

keys. 526

«

—

ttt relays. 535
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Western Telephone Construction

pany receiver, 43

, transfer system, 256

transmitter, 70

Wheatstone Bridge, 855

White, or solid-back, transmitter, 60

Williams-Abbot generator, 122

ringer, 128

Com- Wire chief's equipment, 635

testing circuit, 643

testing trunk, 636

Wire for telephone use, 752

Wiring of central-office equipment, 651

"\7axley ringer, 126

THE END.
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