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PREFACE

The International Library of Technology is the outgrowth

of a large and increasing demand that has arisen for the

Reference Libraries of the International Correspondence

Schools on the part of those who are not students of the

Schools. As the volumes composing this Library are all

printed from the same plates used in printing the Reference

Libraries above mentioned, a few words are necessary

regarding the scope and purpose of the instruction imparted

to the students of—and the class of students taught by

—

these Schools, in order to afford a clear understanding of

their salient and unique features.

The only requirement for admission to any of the courses

offered by the International Correspondence Schools is that

the applicant shall be able to read the English language and

to write it sufficiently well to make his written answers to

the questions asked him intelligible. Each course is com-

plete in itself, and no textbooks are . required other than

those prepared by the Schools for the particular course

selected. The students themselves are from every class,

trade, and profession and from every country; they are,

almost without exception, busily engaged in some vocation,

and can spare but little time for study, and that usually

outside of their regular working hours. The information

desired is such as can be immediately applied in practice,

so that the student may be enabled to exchange his

present vocation for a more congenial one or to rise to a

higher level in the one he now pursues. Furthermore, he
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iv PREFACE

wishes to obtain a good working knowledge of the subjects

treated in the shortest time and in the most direct manner
possible.

In meeting these requirements, we have produced a set of

books that in many respects, and particularly in the general

plan followed, are absolutely unique. In the majority of

subjects treated the knowledge of mathematics required is

limited to the simplest principles of arithmetic and men-

suration, and in no case is any greater knowledge of

mathematics needed than the simplest elementary principles

of algebra, geometry, and trigonometry, with a thorough,

practical acquaintance with the use of the logarithmic

table. To effect this result, derivations of rules and

formulas are omitted, but thorough and complete instruc-

tions are given regarding how, when, and under what
circumstances any particular rule, formula, or process

should be applied; and whenever possible one or more
examples, such as would be likely to arise in actual practice

—together with their solutions—-are given to illustrate and

explain its application.

In preparing these textbooks, it has been our constant

endeavor to view the matter from the student's standpoint,

and to try and anticipate everything that would cause him
trouble. The utmost pains have been taken to avoid and

correct any and all ambiguous expressions—both those due

to faulty rhetoric and those due to insufficiency of statement

or explanation. As the best Avay to make a statement,

explanation, or description clear is to give a picture or a

diagram in connection with it, illustrations have been used

almost without limit. The illustrations have in all cases

been adapted to the requirements of the text, and projec-

tions and sections or outline, partially shaded, or full-shaded

perspectives have been used, according to which will best

produce the desired results. Half-tones have been used

rather sparingly, except in those cases Avhere the general

effect is desjred rather than the actual details.

It is obvious that books prepared along the lines men-

tioned must not only be clear and concise beyond anything
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heretofore attempted, but they must also possess uuequaled

value for reference purposes. They not only give the max-

imum of information in a minimum space, but this informa-

tion is so ingeniously arranged and correlated, and the indexes

are so full and complete, that it can at once be made avail-

able to the reader. The numerous examples and explanatory

remarks, together with the absence of long demonstrations

and abstruse mathematical calculations, are of great assist-

ance in helping one to select the proper formula, method,

or process and in teaching him how and when it should

be used.

Complete instructions regarding electric transmission,

electric lighting, and the wiring of buildings for light and

power are given in this volume. In the portion relating to

electric transmission the various systems of transmitting

electrical energy, both by direct and alternating current, are

explained in the greatest detail. In Electric Lighting all the

important systems of distribution are described, and special

attention is given to enclosed arc lamps and.their operation.

Arc-lamp connections are explained more clearly than in any

textbook heretofore published, and the same is true regard-

ing arc-light switchboards. In presenting the subject of

Interior Wiring the object has been to show how work should

be done in order to be safe and in accordance with the Under-

writers' requirements. Interior Wiring is a branch that has

been sadly neglected in nearly all electrical textbooks, and

the present papers are easily the best treatise that has yet

appeared on the subject. This volume will be found

extremely convenient for looking up wiring formulas and

tables, special pains having been taken to arrange these in

the most convenient form.

The method of numbering the pages, cuts, articles, etc. is

such that each subject or part, when the subject is divided

into two or more parts, is complete in itself- hence, in order

to make the index intelligible, it was necessary to give each

subject or part a number This number is placed at the top

of each page, on the headline, opposite the page number;

and to distinguish it from the page number it is preceded by
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the printer's section mark (§). Consequently, a reference

such as § 16, page 26, will be readily found by looking along

the inside edges of the headlines until § 16 is found, and

then through § 16 until page 26 is found.

International Textbook Company.
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ELECTRIC TRANSMISSION
(PART 1.)

INTRODUCTORY.
1. Electric transmission may be defined as the trans-

ferring of power from one point to another by means of

electricity. The power so transmitted may be used for any

of the numerous applications to which electricity is now
adapted, such as operating motors, lights, electrolytic plants,

etc. The distance over which the power is transmitted

may vary from a few feet, as in factories, to several miles,

as in some of the modern long-distance transmission plants.

2. A power-transmission system consists of three essen-

tial parts: (a) The station containing the necessary dyna-

mos and prime movers for generating the electricity
;

{b) the

line for carrying the current to the distant point; and (c) the

various receiving devices by means of which the power is

utilized.

3. Electric transmission may be carried out either by

using the direct current, the alternating current, or a com-

bination of the two. Generally speaking, in cases where

the transmission is fairly short, the direct current is used.

When the distance is long, it is best to use the alternating

current. In cases where the distance is long and where

alternating current is not well adapted to the operation of

the receiving devices, the current transmitted over the line

is alternating, and this current is changed to direct current

at the distant end and there distributed, thus forming a

§ li
For notice of the copyright, see page immediately following the title page.



2 ELECTRIC TRANSMISSION. § 14

combination of the two systems. The special applications

of electric transmission to railway and lighting work will be

taken up later in connection with those branches of the

subject; for the present, the object is only to bring out

a few important points relating to the subject of elec-

tric-power transmission generally. Practically, all electric-

power-transmission plants, whether direct or alternating,

use constant-potential dynamos, i. e., the dynamos in the

power station maintain a nearly constant pressure and the

current varies with the load.

4. Power transmission is extensively used in connection

with water-powers that would in many cases be of little

use on account of their being located away from railways or

commercial centers. It is also coming into use largely in

factories to replace long lines of shafting and numerous

belts, which are wasteful of power. Its most extensive use,

however, is in connection with the operation of street rail-

ways, where the power is transmitted from the central sta-

tion to the cars scattered over the line. The style of

apparatus used will depend altogether on the special kind of

work that the plant is to do, and the type best adapted for

a given service will be taken up when the different trans-

mission systems are treated later.

THE POWER STATION.
5. The power station is a building intended for the

reception of all the apparatus necessary for the economical

and reliable generation of power and its transformation into

electric energy for transmission to the points where it is

to be used. It is usual, where ground is not expensive, to

build a one-story structure, providing room for offices, stores,

machinery, etc., or a separate building may be erected for

offices and stores.

6. Prime Movers.—At present there are three kinds of

prime movers in common use for electric-power-transmission
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work. These are steam engines, waterwheels, and gas

or oil engines. Steam is used more as a source of power

than either water or gas, but the development of long-

distance power transmission has greatly increased the use of

water-power, and the gas engine is rapidly gaining in favor.

STEAM PLANTS.

7. Engines.—The type of engine that is most suitable

for a power station depends entirely on the size of the

system and on the general requirements of the service.

The closest speed regulation under widely varying loads is

obtained with high-speed, automatic cut-off engines, and

this class is, therefore, particularly suitable for small electric

railways and lighting plants. A little consideration will

show that such systems may furnish extremes of load at

very short intervals; for if there were on a small railroad

only one car in service, the station load would be zero (or

simply the friction of the moving machinery) when the car

was at rest and a maximum when it was starting on a

heavy grade. Again, in a small lighting plant, a large pro-

portion of the lamps may be turned on or off at once, thus

causing great fluctuations in the central-station load. . In

general it may be stated that the larger the system, the

nearer will the load approach a constant normal value. In

very large systems the load will be a maximum at certain

hours of the day or night, and will gradually fall to a mini-

mum at other hours. For such an installation, it is best

to use low-speed Corliss engines and 'run them with con-

densers, if water for this purpose is readily available. In

large plants it is now customary to use large, low-speed

Corliss engines, either of the horizontal or vertical type, the

latter being preferable where the floor space is limited.

8. Boilers.—-The boilers in most general use are those

carrying the water in tubes and called water-tube boilers,

the reason for the preference being that they steam rapidly

and will therefore respond quickly to extra demands made



4 ELECTRIC TRANSMISSION. § 14

upon them. Many stations are, nevertheless, equipped with

return-tubular boilers, which give entire satisfaction. For

steady work, this type is preferred by many station man-
agers, as the steam pressure in a water-tube boiler will fall as

easily as it rises, if the boiler is not properly fired ; on the

score of safety, however, water-tube boilers are doubtless

superior. When space is very limited, vertical boilers are

sometimes put in.

Mechanical stokers are much used when it is desired to

burn fine coal, and in such cases generally prove economical

;

also, economizers may be placed in the chimney, close to the

boilers, their function being to warm the feedwater by

means of the waste furnace gases. The boiler room should

be designed with a special view to the expeditious handling

of coal and ashes with a minimum of labor. To accomplish

this, it is well to deliver the coal from a railroad car and
unload directly into bunkers, from which it can readily

be supplied to the several boilers. These bunkers should

have storage capacity for at least 15 days, unless there is

another large supply easily accessible. A subway may be

built beneath the ash-pits, and these may be fitted with

doors to open downwards, through which the ashes can be

swept into a small car running on a track beneath. This is

a refinement of practice perhaps justifiable only in the case

of very large plants.

Provision must be made for a plentiful supply of water.

It is not always well to trust entirely to city mains, although

this source is usually reliable. When the station is not

located near running water, it may be found advisable to

sink a well, from which water may be pumped into a tank

and the water from the mains used only in cases of emergency.

9. Steam Piping.—The steam piping for the station

should receive the most careful thought, as it is of the great-

est importance, and on its correct design will depend the

prime requisite of successful operation, which is, that under

no circumstances should there be failure of the current supply

to the lines. Some of the engines in many power stations
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must be kept turning all the time. The simplest means of

connection is to supply steam to each engine from an inde-

pendent boiler, ,but the objection to this is that, in the

event of trouble with any boiler necessitating repairs, its

engine would also be put out of service. To overcome this

difficulty, the boilers might all be connected together by a

steam main, as at m, Fig. 1; this is provided with stop

o^l^tt

Fig. 1.

valves v, v, which, with the valves z\ at the engines and
those at the boilers v

2 , afford a means of disconnecting any
engine or boiler without affecting the rest of the plant.

This system is the cheapest reliable one, but is not the safest,

because there is no duplication of pipes, and if one were to

burst or otherwise get out of order, the engine or boiler

connected to it would be put out of service.
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10. There are two principal methods of installing a

duplicate system, and they differ at first sight only in point

of size of pipes. A diagram of the arrangement is shown in

Fig. 2. Two mains ;//, m
1
run the whole length of the

boiler room, being connected on one side with leaders to the

boilers a, b, c, and on the other with leaders passing through

Pig. 2.

the fire-wall w to the engines. These connecting pipes, it

will be seen, are all in pairs, and start from the two mains;

each one is provided with a stop valve v at the end, and

every pair terminates in a cast-iron Y, both at the drum of

the boiler and at the engine. This system, therefore, pro-

vides a double path for the steam between any engine and any

boiler, and renders almost wholly improbable a suspension
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of operation due to accident to the steam-power gener-

ating plant. The difference alluded to between the two
methods of duplicating is that in one system, pipes are pro-

vided of such size that one set alone will carry the steam for

the engines and the duplicate piping is held as a reserve,

while in the other, the pipes are of smaller size and are in

use all the time, their combined area of cross-section being

necessary for delivering the steam at the determined pres-

sure. The first system is used quite frequently, but has,

nevertheless, many disadvantages. It is impossible to keep

the valves connecting with the reserve piping closed so

tightly that no steam will leak past, and there is always a

pressure indicated on the gauge. The exposure of all this

surface to condensation, even though protected by non-

conducting covering, entails a continual waste of energy,

and the drips always have to be left open to prevent the

.pipes filling up with water. Then, the first cost of such a

system is considerably higher than if the smaller pipes were

used, and repairs are more expensive. It may also happen

that an engineer will habitually use one set of pipes alone for

a long period, and when an accident compels him to close

this set, he finds that the valves of the auxiliary piping have

become seated through rust or deposits from the water and
are immovable, and a shut-down is the result. With the

second system, the exposed surface of pipes is less, both

sides are in service continually, and if an accident should

occur to one branch, the remaining branch will furnish

steam until a repair is accomplished. There would be,

through the one pipe, a greater drop in pressure, but this

would easily be remedied by closing the valves v
t

, z>
J

or

vv z\ communicating with the rest of the system and run-

ning one boiler at a higher pressure for a time. Other

methods of piping are sometimes resorted to, but these two,

as illustrated in Figs. 1 and 2, will generally be found to

satisfy the conditions of simple connections on the one hand
or the more expensive but more reliable construction on the

other. Generally speaking, it may be said that the use of

duplicate steam piping is not as popular as it once was.
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Some of the most modern power plants do not use duplicate

piping, but take great care to see that everything connected

with the single piping is of the best possible quality and has

a large factor of safety. If proper care is taken in selecting

the material and installing the piping system, there should

be little need of putting it up in duplicate.

ZH
~rie\

I
T3T

11. General Arrangement.—The general arrangement

of a steam plant depends very largely on the style of machin-

ery used. In any event,

the boiler room and engine

room should be separated

from each other by a fire-

wall with fireproof com-

municating doors. The
complete separation of these

departments will prevent

accumulation of dust on the

dynamos and engines due

to the handling of coal and

ashes. In some cases, where

ground space is limited, the

engines are placed on one

floor and the dynamos on

the floor above, the power

being transmitted by means
of belts. One method uses

individual driving from

each engine to one or two
dynamos located directly above, but a better one is to

make use of countershafts on the engine or dynamo floor, or

both. These countershafts are divided into sections and

fitted with friction pulleys in such a way as to permit of any
desired combination of engines and dynamos, an arrange-

ment best calculated to ensure uninterrupted service. A
simple example of such an installation is shown in Fig. 3,

the lower view being an elevation. The engines are on the

lower floor and the countershaft c on the upper floor, directly

Fig. 3.
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above the flywheels and connected by belting to the dyna-

mos d. Two engines are indicated, their flywheels w, w
being dotted in the plan.

12. Another plan showing the general arrangement of

machinery and boilers for a small station is given in Fig. 4.

The engines e, e are placed near the walls, allowing the.
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whole center of the room for the dynamos d. At one end is

the countershaft ac, which may be divided and fitted with a

coupling at/" for disconnecting one-half of the generating

plant when the load is light. The switchboard s should be

near the dynamos, but not so close as to be liable to injury

from a broken belt. Beyond the fire-wall are the boilers b,

arranged so that the distance from them to the engine shall

be as small as possible, to avoid condensation of steam in

the pipes.

13. The two ^ foregoing plans using belts and counter-

shafts were largely used at one time, but the countershaft

in electric-power plants is rapidly going out of existence.

The countershaft not only involves a certain waste of

power, but it also necessitates the use of a large amount of

belting. Now that dynamos are built to run at lower speeds

than formerly and are made in larger sizes, the need of a

countershaft does not exist to the extent it once did. In

medium-sized plants it is now customary either to belt each

dynamo directly to its engine or, what is still better, to

have the armature of the dynamo mounted directly on the

shaft of the engine. This last method of direct driving is

becoming almost universal in all large, modern plants.

The dynamos used for direct connection must, of course,

run slower than those driven by belt, because their speed

must suit that of the engine. This means that a direct-

connected dynamo must be larger, heavier, and more expen-

sive for the same output than the belt-driven machine.

The first cost of the direct-connected machine is, therefore,

greater than the belt-driven one. This extra expense is to

a certain extent offset by the absence of belting and the

decreased wear and tear on the machinery due to the low

speed of operation. A great saving in floor space is also

gained by using direct-connected generating sets, and this

saving of space is an important item in large cities, where

ground is very expensive. For small plants, where the

first cost must be kept down and where economy of space is

not necessary, belted units are still installed in many cases.
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1-4. Fig. 5 shows the arrangement of a typical modern

central station designed for a large output. The gener-

ators G are of the multipolar type and are driven directly

by the large vertical engines. An electric traveling crane E
runs the whole length of the dynamo room, so that parts of

Fig. 5.

the engines or dynamos may be easily handled in case

repairs are necessary. The condenser F is situated in the

basement, and in this case both the air pump and circula-

ting pump are driven by electric motors. The boiler room

is situated on the left and is separated from the engine room

by a fireproof wall. The boilers B are of the water-tube

4
-

J. III.—

2
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type. The hot furnace gases pass through the economizer//

on their way to the stack, and thus heat up the feedwater

before it enters the boilers. Coal is delivered to the hop-

per C by means of the conveyer A, and from C it is fed

to the boilers by means of the chute M and the auto-

matic stoker g. All the power required for the stokers,

coal-handling machinery, etc. is supplied by electric motors.

The hot water from the condenser is conveyed to a tower K,

where it is allowed to fall and come in contact with a cur-

rent of air set up by fans. The water is cooled by this

means, and may be used over again for condensing purposes.

The general tendency is towards a centralization of electric

light and power plants, while the former practice was to use

a number of smaller plants, each located near the district to

be supplied. The consequence is that city plants are con-

tinually increasing in size, and the plant shown in Fig. 5 is

a very fair example of one of these more recent installations.

WATER-POWER PLANTS.

15. The general arrangement of a water-power plant

must be made to fit the particular water-power that is used

to run the plant. In most cases the station is situated at

or near the stream supplying the power, and the type of

waterwheel used must be adapted to the head or fall of

water obtainable. For electric-power-transmission work,

two kinds of waterwheels are in common use, turbines and

tangential or impulse wheels. The former are used in by

far the greater number of cases, but the latter are especially

adapted for use in connection with the high heads .met with

in mountainous districts. Where waterwheels are used in

connection with electric-power-transmission plants, they are

frequently coupled directly to the dynamo. The wheel

itself in such cases may be of the vertical or horizontal

type, but the latter is by far the more common, because it

permits the use of ordinary types of dynamo. The most

notable example of vertical turbines direct-connected to

dynamos is the Niagara plant, part of which is shown in
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section in Fig. 6. The water from the canal C flows into

the head-race H and thence to the turbines T through the

penstocks P. The wheels are placed at the bottom of the

Fig. 6.

wheel pit and the revolving fields of the generators G are

carried by the vertical shaft. The water, after leaving

the wheels, drops into the tail race R and passes off through

the tunnel F'to a point below the falls.

16. Horizontal Turbines.—Fig. 7 shows a typical

arrangement of a horizontal turbine, or rather a pair of tur-

bines. In many cases these turbines are direct-connected
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to the dynamos, an arrangement that is becoming very

common in water-power-transmission plants, where the con-

ditions are suited to this method of operation. It is very

compact, and there is no belting or gearing of any kind.

Sometimes the turbine and dynamo are both mounted on the

same base, while in other plants the turbines are arranged in

Fig. 7.

one room, and the machines are driven by the shafts which

extend through into a separate dynamo room. When the

dynamos have to run at a high speed, it is necessary, of

course, to use belting. In a great many plants the dyna-

mos are driven by vertical turbines through belting or gear-

ing, but the horizontal type is gradually replacing the

vertical type for this kind of work.

GAS-ENGINE PLANTS.

17. Gas engines and oil engines have in the past been

used to but a very limited extent in America in connection

with electric-power-transmission plants. One of the objec-

tions to such engines was that they did not give a steady
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speed, and, hence, caused fluctuations in voltage. This has

been overcome in the later types of engine, and the gas

engine will no doubt come largely into use in connection

with electrical work. Power can be obtained from coal

cheaper by converting the coal into gas and utilizing this

gas in a gas engine than by burning the coal under a boiler

and using a steam engine. In a gas-engine plant, the

boilers would be replaced by gas producers and the steam

engines by gas engines. In some few cases natural gas is

available, but generally a gas-producing plant would have

to be provided. The general arrangement of such a station

would be practically the same as that already described for

a steam plant.

LINE CONDUCTORS.
18. Before going on with a consideration of the princi-

ples involved in electric-power transmission, it will be well

to take up briefly the properties of the metals used as con-

ductors. The line wire is, in the vast majority of cases, of

copper. Aluminum is now coming into use for this pur-

pose, and in the future it may replace copper for some lines

of work. Iron or steel is seldom used for a line conductor,

because its resistance is too high. There is one particular

case, however, in which it is largely used as a return con-

ductor, and that is in connection with electric railways,

where the current is led back to the power house through

the rails.

COPPER CONDUCTORS.

19. Bare and Insulated "Wires.—Line conductors are

usually in the form of copper wire of round cross-section

whenever the conductor is of moderate size. For conductors

of large cross-section, stranded cables are used, made up of a

number of strands of small wire twisted together. This con-

struction makes the conductor flexible and easy to handle.

When these wires or cables are strung in the air, they are
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usually insulated by a covering that consists of two or three

braids of cotton, soaked in a weather-proof compound com-

posed largely of pitch or asphalt. If a better insulation is

required, the wire is first covered with a layer of rubber and

Fig. 8.

the braid applied over it. For underground work, the con-

ductor is first insulated with rubber or paper soaked in com-

pound and the whole covered with a lead sheath to keep out

Fig. 9.

moisture. Fig. 8 shows a stranded cable for underground

work provided with an insulating layer of paper and a lead

sheath. Fig. 9 shows an ordinary triple-braid weather-proof

Fig. 10.

overhead line wire, and Fig. 10 a weather-proof overhead

cable. When the pressure used on the line is very high, say

10,000 volts or over, bare wires are often used, because the

ordinary weather-proof insulation is of little or no protection



§ 14 ELECTRIC TRANSMISSION. 17

against such pressures and only gives a false appearance of

security. The practice for such lines is, therefore, to use

bare wire and to insulate this wire thoroughly by means of

specially designed insulators.

WIRE GAUGES.

20. Various standards or wire gauges have been

adopted by different manufacturers, but the safest and best

wav is always to express the diameter of a wire in mi/s, or

thousandths of an inch, and its area of cross-section in circu-

lar mils. The American, or Brown & Sharpe, gauge is used

almost exclusively in America in connection with electrical

work, but it is always well to give the diameter of the wire

as well as its gauge number, so as to avoid any possibility

of mistake.

21. Circular Measure.—The diameter of a wire is

usually expressed either as a decimal part of an inch or in

terms of a unit called the rail. A mil is equal to one-thou-

sandth of an inch, i. e., 1 mil = .001 inch. For example, if

a wire were two-hundredths of an inch in diameter (.020"), it

would have a diameter of 20 mils.

22. A circular nail is a unit of area used in expressing

the area of cross-section of wires. It will be seen later that

a simple relation exists between the diameter of a wire and

its area of cross-section expressed in circular mils, so that if

either one of these quantities is known the other can be

readily obtained. If the diameter of a circle is d inches, its

area in square inches is d~ X .7854. If d is expressed in

mils, the area, calculated in the same manner, will be given

in square mils.

23. The square inch is not a convenient unit to use

for expressing the area of cross-section of wires because, in

the first place, it is too large, and, in the second place,

the quantity .7854 makes the calculations awkward to per-

form rapidly. In order to get around these difficulties, the
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circular mil is used for expressing the area of cross-section.

The circular mil is the area enclosed by a circle of which the

diameter is one mil, or one one-thousandth of an inch. Its

area is therefore (y^Yo)'
2 X .7854, or .0000007854 square inch.

Suppose now that' we have a wire the diameter of which

is d mils. Its area in square inches will be
|

I X .7854.

But we have seen above that the area of 1 circular mil

is .0000007854 square inch, hence the number of circular

mils that there must be in a wire of diameter d mils

. (r4o)' x - 7S54

is ,

' —r^ = d~\ or, the number of circular mils
(toVo)" X -7854

cross-section of a wire is equal to the square of its diameter

expressed in mils. If, then, we know the diameter of any

wire, we can at once obtain its area in circular mils by

expressing the diameter in mils and squaring it.

Example 1.—A round wire has a diameter of .036 inch; what is its

diameter in mils and its area in circular mils ?

Solution.—Since 1 mil = .001 inch, the diameter will be 36 mils.

Circular mils = d- = 36- = 1,296. Ans.

Example 2.—What would be the area of the above wire in square

mils ?

Solution.—Area in square mils = d'2 X .7854, where d is the diam-

eter in mils. Hence, square mils = d'2 X .7854 = 1,296 X .7854 = 1,018,

nearly. Ans.

Example 3.—Find the area in circular mils of a round copper rod

|- inch in diameter.

Solution.— ^ inch = .250 inch = 250 mils; hence, area in circular

mils = 250'2 = 62,500. Ans.

Example 4.—Find the area in square mils of a 4-inch square,

copper bar.

Solution.— i inch = .500 inch = 500 mils. Area in square mils

= 500 X 500 = 250,000. Ans.

Example 5.—A round rod has an area of 125,000 circular mils; what

is its diameter in mils ?

Solution. — We have area in circular mils = d'-, or d —

|/area in circular mils = 4/125,000 = 354 mils, nearly, or about .354 in.

Ans
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24. The Brown & Sharpe Gauge.—This gauge is

usually termed the B. & S. gauge, and is generally used in

the United States for designating the sizes of copper wire.

The sizes of wire as given by this gauge range from No. 0000,

which has a diameter of .460 inch, to No. 40, which has a

diameter of .0031 inch; the higher the gauge number the

smaller the wire. The rule by which the sizes of wire increase

as the gauge number diminishes is a very simple one. If

we take any given gauge number as a basis of compari-

son, a wire three numbers higher will have very nearly half

the cross-section, and one three numbers lower will have

twice the cross-section. For example, a No. 4 wire has

twice the cross-section of a No. 7, and a No. 10 has one-half

the cross-section of a No. 7.

25. Another point that is useful to bear in mind in

reference to the B. & S. gauge is that a No. 10 wire has a

diameter of very nearly ^ inch and that its resistance

per 1,000 feet is almost exactly 1 ohm. By remembering the

foregoing properties of this gauge and the figures relating

to the No. 10 wire, rough calculations may be made as to

the diameter and resistance of other sizes. It is better,

however, to consult a good wire table than attempt to

burden the mind with a lot of rules. A number of other

gauges are in use, and as the student may sometimes find

wires given in terms of these, Table I is given, showing the

diameters of wires according to the different gauges.

26. Table II gives the properties of copper wire accord-

ing to the B. &. S. gauge. Sizes smaller than No. 14 are

seldom used for electric transmission, but the complete

table is given for reference, as the small sizes are largely

used in connection with the windings of various types of

electrical apparatus. The resistances as given in this table

are based on the standard used by Matthiessen in his experi-

ments; if the purity of the copper is not up to this standard,

its resistance may run somewhat higher than the values

given in the table, but the difference will not be very great,
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because copper wire, as now manufactured, is remarkably

pure. All the weights given are, of course, for bare copper

wire.

27. Table III gives the approximate weights of weather-

proof line wire, such as is used for ordinary outside lines.

TABLE III.

APPROXIMATE WEIGHTS OP WEATHER-PROOF WIRE.
(American Electrical Works.)

Triple-Braided Insulation.

Size.
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TABLE III.—Continued.
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TABLE IV.

25

STANDARD WEATHER-PROOF FEED-WIRE.

(Roebling's )

Circular Mils.
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difficult to make and there is greater liability of the spans

breaking. A comparison of some of the properties of alumi-

num and copper is given in Table V.

TABLE V.

COMPARISON OF PROPERTIES OF COPPER AND ALUMINUM.

Conductivity (for equal sizes)

Weight (for equal sizes)

Weight (for equal length and re-

sistance)

Price, Al. 29c. ; Cop. 16c. (bare line

wire)

Price (equal resistance and length,

bare line wire)

Temperature coefficient per de-

gree F
Resistance of mil-foot (20° C.)

Specific gravity

Breaking strength (equal sizes) ....

Tensile strength (pounds per sq. in.,

hard drawn)

Coefficient of expansion per de-

gree F

Aluminum.

.54 to .63

.33

.48

1.81

.868

.002138
'

18.73

2 . 5 to 2 . 68

1,

40,000

.0000231

Copper.

1.

1.

1.

1.

1.

.002155

10.05

8.89to8.93

1. '

60,000

.0000093

IRON WIRE.

30. Iron wire is used largely for telegraph and telephone

work, but it is seldom employed in connection with electric

transmission because of its high resistance. The approxi-

mate value of the resistance per mile of a good quality of

iron wire may be determined from the formula

360,000R =
d*

(1-)

where d = diameter of wire in mils.
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TABLE VI.

27

DIMENSIONS AXD RESISTANCE OF IRON WIRE.

6

w



TABLE VII.
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have great tensile strength. Table VI gives the weight,

resistance, etc. of iron wire according to the Birmingham

wire gauge, which is most commonly used in connection

with iron wire.

GERMAN-SILVER WIRE.

32. German-silver wire is used principally in resistance

boxes or electrical instruments where a high resistance is

required. The resistance of this wire varies greatly accord-

ing to the materials and methods of manufacture used. It

is an alloy of copper, nickel, and zinc, and has a resistance

anywhere from 18 to 28 times that of copper. Its resistance

changes only to a small extent with changes in temperature,

a feature of value in connection with rheostats and resistance

boxes. Table VII gives some of the properties of German-

silver wire containing 18 or 30 per cent, of nickel.

POWER TRANSMISSION BY DIRECT
CURRENT.

33. Up to within a comparatively recent date, electric

transmission for power purposes was carried out by means

of the direct current, alternating current being used when
the power was required for lighting purposes only. Later,

however, alternating-current motors came into use, and at

the present time, large transmission systems use alternating

current both for light and power. We will first take up

the use of direct current and see what conditions are neces-

sary in order that power may be transmitted to the best

advantage.

34. Dynamos and Motors Used.—Direct-current dyna-

mos may be either of the constant-current or the constant-

potential type. There are but very few power-transmission

systems operated by constant-current dynamos, so few that

it is not worth while considering such systems. Practically
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all the current is distributed at constant potential and, in

America, compound-wound dynamos are generally used.

The motors used in

connection with such

constant-potential sys-

tems are generally of

the shunt type, if used

for ordinary stationary

work, such as driving

machinery. If used for

railway work, hoisting,

mine haulage, etc., they

are of the series type.

For some kinds of spe-

cial work, such as run-

ning printing presses,

elevators, etc., com-

pound-wound motors

are used, but such mo-

tors are few in num-
ber compared with the

others.

35. Simple Power-
Transmission System.

About the simplest pos-

sible system of electric-

power transmission is

that shown in Fig. 11.

Here we have a com-

pound-wound dynamo
Shunt Wound j[ driven by means of

an engine not shown.

This dynamo sends a

current through the

motor B by means of

fig. li. the lines M, M. The

dynamo is driven at a constant speed and its series winding

Motor
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is adjusted so that the pressure at the terminals of the

dynamo rises slightly as the current increases, due to the

increase of the load on the motor. This slight rise in volt-

age is to make up for the loss in pressure in the line, as

will be explained later. The pressure at the motor as a

whole, however, remains nearly constant, no matter what
load the motor may be carrying, but the current supplied

increases as the load is increased. Of course, lamps could

also be operated on the same system, although it is advi-

sable to have separate circuits for the lamps and motors

whenever possible, because if the load on the motor fluctu-

ates, it is apt to cause variations in the lights. When both

lights and motors are operated, such a system would probably

use a pressure of 110 volts at the receiving end of the circuit;

if used for power alone, a pressure of 250 or 500 volts would be

employed. It should be mentioned that when the receiving
end of a circuit is spoken of, the end distant from the station

is meant, because this is the end where the various devices,

such as lamps, motors, etc., receive their current.

36. Lost Power and Line Drop.—In order that a

transmission plant may be efficient, the generating appa-

ratus, line, and motors must be efficient. Dynamos and
motors of good make are generally satisfactory as regards

efficiency, and the question is, how efficient can the line be

made ? In answer to this, it might be said that the loss of

power in the line could be made as small as we please if

expense were no consideration. All conductors, no matter

how large, offer some resistance to the current and there is

bound to be some loss in power. By making the conductor

very large we can make the loss small, because the resistance

will be low, but a point is soon reached where it pays better

to allow a certain amount of power to be lost rather than to

further increase the size of the conductor. The pressure

necessary to force the current over the line is spoken of in

power-transmission work as the drop in the line, because

this pressure is represented by a falling off in voltage

between the dynamo and the distant end of the line.
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37. If R is the resistance of the line and C the current

flowing, the drop is, from Ohm's law, c = C R. The power,

in watts, lost in the line is CR X C = C 2 R. The power

lost, due to the resistance encountered by the current, reap-

pears in the form of heat. The power generated by the

dynamo is equal to the product of the pressure generated by

the dynamo and the current flowing ; or, if E
1
represents the

dynamo pressure, then

Watts generated = W
7
= E

1
X

C

(3.)

The power delivered at the end of the line is equal to the

product of the pressure at the end of the line multiplied by

the current, or, if E
2
represents the pressure at the distant,

or receiving, end, then

Watts delivered == IV, — E
2 X C. (4.)

It should be particularly noted at this point that the cur-

rent C is the same in all parts of the circuit. Thus, in

Fig. 11 the same current flows through the motor that flows

through the dynamo, unless there is leakage at some point

between the lines, and this would not be the case if the lines

were properly insulated. What does occur is a drop or loss

in pressure between the station and the receiving end, but

there is practically no loss in current except, perhaps, in a

few cases where the line pressure is exceedingly high or the

insulation unusually bad. This point is mentioned here

because the mistaken idea that there is a loss of current in

the line is a common one.

38. We have already seen that the number of watts lost

in the line is given by the equation

W = O R.

The lost power must also be equal to the difference

between the power supplied and the power delivered, or

W= W
1
- W

%

= E
t
C-E

2
C

= C{E,~E
i).
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E — E
3
represents the loss of pressure, or the drop, and

it is at once seen that the greater the drop, the greater the

loss in power. For example, a 5-per-cent. drop in voltage

is equivalent to a 5-per-cent. loss of power in the line.

39. In order to transmit power, we must be willing,

then, to put up with a certain amount of loss, or, what is

equivalent, with a certain amount of drop in the line. The
amount of drop can be made anything we please,, depending

on the amount of copper we are willing to put into the line.

The percentage of drop allowed is seldom lower than 5 per

cent, and not often over 15 per cent. ; 10 per cent, is a fair

average. In cases where the distribution is local, as, for

example, in house wiring, the allowable drop from the point

where the current enters to the farthest point on the system

may be as low as 1 or 2 per cent. If the drop is excessive,

the pressure at the end of the line is apt to fluctuate greatly

with changes of load and thus render the service bad. In

a few special cases there may be conditions that warrant the

use of an excessive drop, but in general the above values

are the ones commonly met with.

40. When the loss, or drop, in a circuit is given as a

percentage, this percentage may refer to the power or volt-

age at the station end of the line, or the receiving end.

For example, suppose we take the case where the percentage

loss refers to the power at the station end, and let

E^ = voltage at dynamo

;

En_ = voltage at end of line;

<f
= percentage loss (expressed as a number, not as a

decimal)

;

e = actual number of volts drop in the line.
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Example.—The voltage at the end of alighting circuit is to be 110

and the allowable drop is to be 3 per cent, of the dynamo voltage.

(a) What will be the dynamo voltage ? (b) What will be the actual drop

in volts in the circuit ?

/ x ,tt , *r 100 X 110 -,.„ , ASolution.— (a) We have h x
= ——r—^- = 113.4. Ans.

(b) The drop e =
10° *™ - 110 = 3.4 volts. Ans.

41. It is frequently more convenient to express the loss

as a percentage of the power delivered at the end of the line.

For example, if the voltage at the end of the line were 110,

and the loss were to be an amount equivalent to 3 per cent,

of the power delivered, instead of 3 per cent, of the power

generated, it would mean that the allowable drop was 3 per

cent, of 110, or 3.3 volts, instead of 3.4 volts. Railway

generators are commonly spoken of as being adjusted for

10-per-cent. loss when they are so wound as to generate

500 volts at no load and 550 volts at full load; i. e., 50 volts,

or 10 per cent., of 500, is allowed as drop in the line, 500

being the voltage at the end of the line. In expressing the

loss as a percentage, then, it should be distinctly understood

as to whether this percentage refers to the power generated

or the power delivered, otherwise there is liable to be con-

fusion. The best way is to express the drop directly in

volts and then there can be no doubt as to what is meant.

In what follows, we will, when expressing the loss as a per-

centage, refer to the power delivered unless it is otherwise

specified, as this method is now very generally followed.

LINE CALCULATIONS.

42. Calculations for Two-Wire System.—We are now
in a position to look into the method of determining the size

of wire necessary for a given case. We will first consider

the simple transmission system, shown in Fig. 11. The
problem of determining the size of a line wire usually comes

up about as follows: Given a certain amount of power to be

transmitted over a given distance with a given amount of
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loss; also, given the required terminal voltage; determine

the size of line wire required. The whole problem of deter-

mining the size of line wire simply amounts to estimating

the size of wire to give such a resistance that the drop will

not exceed the specified amount. All the formulas for this

purpose are based on Ohm's law, and are simply this law

arranged in a little more convenient form to use. There

have been a large number of these formulas devised, each

for its own special line of work, and the one that is derived

below is given because it is as generally applicable as any.

43. In the first place, if we are given the watts or horse-

power to be delivered and are also given the voltage at the

end of the line, we can at once determine the current,

because

C = f, (7.)

in which IF
2

is the power delivered. Furthermore, the

drop e in the line is known or specified, and since

e = CR, (8.)

or R=-~-~,

the resistance R of the line is easily determined.

44. Referring to Fig. 11, we see that the total length L
of line through which the current flows is twice the distance

from the dynamo to the end of the line. It has already been

shown that the resistance of a wire is directly proportional

to its length and inversely proportional to the area of its

cross-section, and we may then say that

KxLR A

when K is a constant that depends on the units used for

expressing the length L and the area of cross-section A. In

practice, it is generally most convenient to have the length L
expressed in feet and the area in circular mils. When these

units are used, the quantity K is the resistance of 1 rail-foot
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of wire; i. e., the resistance of 1 foot of wire xoVrr inch in

diameter. If the area of cross-section of the wire were only

1 circular mil, it is evident that the resistance of L feet of

it would be K X L, and if the area of the wire were A circular

., . . , , . K X L
mils, its resistance would be -.—

.

A
The resistance of 1 mil-foot of copper wire such as is used

for line work may be taken as 10.8 ohms. This resistance

will, of course, vary with the temperature and also with the

quality of the wire used, but the above value is close enough

for ordinary line calculations. We may then use the follow-

ing formula for calculating the resistance of any line:

R = 10 - 8

/
Z

, (9.)A

where R = resistance in ohms;

L = length of line in feet (total length, both ways)
;

A — area of cross-section in circular mils.

45. What we usually wish to obtain is the area of the

wire required for the transmission, not the resistance, and

by combining formulas 8 and 9, this can be readily done.

We have e = C R,

10.8 X L
but R

hence. e

A '
'

10.8 X Lx C

IO.SxLxC
or A = —. (1<J.)

e '

Expressing this formula in words, we have the required

area of cross-section in circular mils

_ 10. 8 X length of line in feet X current in amperes

drop in volts

This rule for determining the size of wire for a given

transmission may be written as follows:
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Utile.— Take the continuedproduct of 10.8, the total length

of the line in feet, and the current in amperes ; divide by the

drop in volts, and the result zuill be the area of cross-section

in circular mils.

46. It will be noticed that the size of wire has been

determined by making it of such size that the drop will not

exceed the allowable amount. In other words, the drop has

been made the determining factor and no attention has been

paid to the current-carrying capacity of the wire. If the

distance were very short and the drop allowed were large,

the size of wire as given by the formula might be such that

it would not carry the current without greatly overheating.

This is an important consideration where wires are run

indoors, because the distances are then short and the rise in

temperature of the wire needs to be carefully considered,

owing to the fire risk. This point will be taken up in con-

nection with interior wiring. For line work such as we are

now considering, the distances are usually so large that the

size of wire as determined by the allowable drop is nearly

always much larger than would be called for simply to carry

the current without becoming hot enough to do damage.

47. The formula given above is also often written in the

form

. 21.6 X D X C ...
,A —

» I
11 *)

where D is the distance (one way) from the station to the

center where the power is delivered. Evidently, D is only

one-half the length of line through which the current flows,

i. e. , L = 2D; hence, we double the constant 10.8 and
use 21.6 in the formula.

48. Formulas 10 and 11 may be applied to a large

number of cases if care is taken to see that the proper values

are substituted in them. The length L or distance D must
always be expressed in feet. The use of the formula will be

illustrated in connection with the following examples:



38 ELECTRIC TRANSMISSION. § 14

Example 1.— In Fig. 11. the pressure at the receiving end of the

line is to be 500 volts, and 40 kilowatts are to be transmitted with a

drop of 50 volts. The distance from the station to the end of the line

is 3 miles. Calculate the cross-section of wire necessary and give the

nearest size B. & S. that will answer.

Solution.— 40 kilowatts = 40,000 watts; hence, current = '

oOO

= 80 amperes. The distance from the station to the end of the line is

3 miles, but the current has to flow to the end and back again, so that

the length of line L through which the current flows is 6 miles, or

31,680 feet. Applying formula 10, we then have

10.8 X 31,680x80
-/I

50

= 547,430 circular mils, nearly. Ans.

This is considerably larger than any of the B. & S. sizes, so that a

stranded cable would be used.

Example 2.—It is desired to transmit 20 horsepower over a line

\ mile long with a drop of 10 per cent, of the voltage at the receiving

end. The voltage at the end of the line is to be 110. Find the size of

wire required.

Solution.— 20 horsepower = 20 X 746 watts, and, hence,

_ . 20x746 .„_,,
Current = —

—

-x— = 135. o amperes.

The drop is to be 10 per cent, of the voltage at the receiving end;

hence,

^ lioxio
1t ..

Drop e — —TTjTj— =11 volts.

The length L is 1 mile, since the distance from the station to the end

is \ mile, and applying formula 10, we have

. 10.8X5,280X135.6 .... .

A =
Yi

= 702, 9o0 circular mils, nearly. Ans.

This also would call for a large cable.

Example 3.— Fig. 12 shows a simple transmission system as used in

connection with a street railway. The feeder ac runs out from the

station and taps into the trolley wire xy at the point c. The pressure

between the trolley and track at the point c is to be 500 volts, and
the loss in thefeeder is to be 10 per cent, of the voltage at the car when
a current of 60 amperes is being supplied. The current returns through
the track, and we will suppose in this case that the resistance of the

return circuit is negligible. Required the cross-section of the feeder a c.
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Solution.—In this case the drop takes place altogether in the

wire a c. because the resistance of the return circuit through the rails is

Fig. 12.

taken as zero; hence, the length L used in the formula will be f mile,

or 3,960 feet, and not twice this distance, as in the previous examples.

The drop in voltage will be

500 X 10

100
= 50,

and since the current is 60 amperes, we have

. 10.8 X 3,960 X 60 QQ0 .A = =^ = 51,322 circular mils. Ans.
50

Referring to the wire table, we find that this is nearly a No. 3

B. &S.

49. In making line calculations, it seldom happens that

the calculated value will agree exactly with any of the sizes

given in the wire table. It is usual in such cases to take

the next larger size, unless the smaller size should be con-

siderably nearer the calculated value. Generally, the load

operated on a line always tends to increase, because business

increases, and it is better to have the line a little large,

even if it entails a slightly greater cost when the line is

erected.

50. Formula 10 may also be used for determining the

drop that will occur on a given line with a given current.

In this case the formula is written

Volts drop = e— 10.8 X L X C
A (12.)
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Example.—Power is transmitted over a No. 3 B. & S. line for a

distance of 4,000 feet. What will be the drop in the line when a cur-

rent of 30 amperes is flowing ?

Solution.—The length of wire through which the current flows

is 2 X 4,000 = 8,000 feet. The cross-section of a No. 3 B. & S. wire is

52,634 circular mils; hence,

TT , . 10.8 X 8,000 X 30 , A _ .

Volts drop = ptl
'

, — = 49.2. Ans.
52,634

EXAMPLES FOK PRACTICE.

1. A dynamo delivers current to a motor situated 850 yards distant.

The current taken by the motor at full load is 30 amperes, and the

pressure at the motor is to be 220 volts. The drop in the line is to be

8 per cent, of the voltage at the receiving end. Required (a) the drop

in volts
;
(b) the size of the wire in circular mils and also the nearest

size B. & S. j (a) 17.60 volts.
nS

"

I (b) 93,886 cir. mils., No. 1 wire.

2. A current of 40 amperes is transmitted from a station to a point

1 mile distant through a No. 0B. & S. wire, {a) What will be the

drop in volts in the wire ? (b) How many watts will be wasted in the

wire? ((a) 43.2.

}(£) 1,728.

USE OE HIGH PRESSURE.

51. By referring to the first two examples of Art. 48,

it will be noticed that the wire called for is very large,

although the amount of power transmitted is not very great

nor the distances long. Suppose we have a fixed number of

watts W
2
to transmit with a given voltage E„ at the end of

the line; then, the current that must flow through the line

is -^. Also, we have already seen in Art. 37 that the loss

in the line is C 2 R; i. e., if the current be doubled the loss

becomes 4 times as great. If we can double the E. M. F.,

we will be able to transmit the same amount of power with

one-half the current, and, hence, with one-quarter the loss.

Or, if we put it the other way, and suppose that our loss is

to be a fixed amount, we can, by doubling the pressure and
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thereby halving1 the current, use a wire of 4 times the resist-

ance. For example, suppose we have to transmit 20 kilo-

watts at a terminal pressure of 500 volts and that the loss in

the line is to be limited to 2 kilowatts. The current would

be C= -HtHP = 40 amperes, and OR = 2,000 watts, or 40
2^

= 2,000; hence, R =
-f-g-ft

= 1-25 ohms. Now, suppose

that we use a terminal pressure of 1,000 volts instead of 500,

and transmit the same amount of power with the same

number of watts loss as before. The current will now be

C= -2
TV°AQ = ~° amperes, and OR = 2,000 watts,- as before.

We will then have 20
2
7t = 2,000; R — \\\°- = 5 ohms.

In other words, for the same amount of loss and for the

same amount ofpower delivered, the allowable resistance of

the line is made four times as great by doubling the pres-

sure. Since the length is supposed to be the same in both

cases, this means that doubling the pressure makes the

amount of copper required just one-fourth as great. If the

pressure were increased threefold, the amount of copper

required would be one-ninth as great, other things being

kept equal, as before. This may be stated as follows: For

the same amount ofpower delivered andfor tlie same amount

of loss, the amount of copper requiredfor transmission over a

given distance varies inversely as the square of the voltage.

52. Edison Three-Wire System.—From the preceding

it will at once be seen that an increase in the voltage

results in a large decrease in the amount of copper required.

Incandescent lighting was first carried out at a pressure of

110 volts, but this pressure rendered the use of large con-

ductors necessary, and systems w,ere, therefore, brought

out that would permit the use of a higher pressure. In

street-railway work, a pressure of about 500 volts soon

became the standard, because this appeared to be the limit

to which the voltage could be pushed for this class of work

without danger to life.

The Edison three-wire system allows current to be sup-

plied at 110 volts, although the transmission itself is really

carried out at 220 volts, and, therefore., results in a large
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saving in copper over the old 110-volt system. The three-

wire system is shown in Fig. 13. Two compound-wound
dynamos A and B are connected in series across the two

lines de and h k. Each dynamo generates 110 volts, so that

the pressure between the two outside wires is 220 volts,

F/e/dflhgosta.

because the two machines are connected in series, and their

pressures will be added. A third wire, called the neutral

zaire, is connected to the point f between the machines, so

that between the lines de and fg we have a pressure of

110 volts, and between fg and // k a pressure of 110 volts

also.

53. In order to illustrate the action of such a system,

we will suppose that we have six 32-candlepower lamps on
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one side and four on the other, each lamp taking, say,

1 ampere. A current of 4 amperes will flow from the posi-

tive side of B through the line h k and through the lamps to

the neutral wire. At the same time, a current of 6 amperes

will tend to flow out from the positive pole of A over the

\\\\& fg through the left-hand set of lamps and back through

e d, as shown by the arrows. In the neutral wire we have a

current of 6 amperes tending to flow in one direction and a

current of 4 amperes tending to flow in the other direc-

tion, the result being that the actual current is the differ-

ence between the two, or 2 amperes, as shown by the full

arrow; or, looking at it in another way, we have 4 amperes

flowing directly across from h k to de and 2 amperes flow-

ing from A through the neutral wire fg and back through

c d to A, thus making 6 amperes in the line e d. If the cur-

rents taken by the two sides were exactly balanced, no

current would flow in the neutral wire and we would have

what is practically a 220-volt two-wire transmission. In

any case, the current in the neutral wire is the difference

between the currents in the two sides, and its direction will

depend on which side is the more heavily loaded.

54. A three-wire system should always be installed so

that the load on the two sides will be as nearly balanced as

possible. The simplest way to estimate the size of the con-

ductors is to first calculate the size of the outside wires,

treating it as if it were a 220-volt two-wire system. When
motors are operated on the three-wire system, they are usually

wound for 220 volts and connected across the outside lines.

The following example will illustrate the method of calcu-

lating the wires for a three-wire transmission

:

Example.—Two dynamos deliver power over a distance of 1 mile

to sixty 32-candlepower lamps, thirty lamps on each side of the circuit,

as shown in Fig. 14 A motor that requires a current of 40 amperes is

also connected across the outside wires. Each lamp requires a current

of 1 ampere, and the pressure at the lamps is to be 110 volts. Calculate

the size of wire required for the two outside conductors if the drop in

pressure is not to exceed 10 per cent, of the voltage at the end where
the power is delivered.

I. III.—

4
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Solution.—The first thing to determine is the current. Thirty

lamps are connected on each side and these lamps are connected in

multiple, each taking 1 ampere. The current, therefore, in the out-

side lines due to the lamps is 30 amperes. The motor is connected

301amps
32 C.f?

/Mi/e.-

£43 Vo/fs. 3S0Vo/fs'

30lamps
32 C.f?

Fig. 14.

directly across the outside lines ; hence, the current due to the motor

is 40 amperes, and the total current in the outside lines is 70 amperes.

The pressure across the outside wires must be. 220 volts at the end of

the line, because the pressure at the lamps is to be 110. The drop in

the outside wires is, therefore,

220 X .10 = 22 volts.

The length of the outside wires is 2 miles, or 10,560 feet. Apply-

ing formula 10, we have

10.8 X 10,560 X TO
Circular mils 362,880. Ans.

This would require a stranded cable.

55. The neutral wire is often made one-half the cross-

section of the outside wires, though practice differs in this

respect. It is seldom, however, made less than one-half,

and in a number of cases it is made equal in cross-section.

Of course, if the load could be kept very nearly balanced at

all times, a small neutral wire would be sufficient, but it is

impossible to keep the load balanced, and, hence, it is usual

to put in a neutral of at least one-half the cross-section of

the outside wires. In the above example, a No. 000 wire

would probably be large enough for the neutral wire. For

distributing mains, when there is much liability to unbalan-

cing, the neutral is made equal in size, to the outside wires.
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In some cases, three-wire systems are arranged so that they

can be changed to a two-wire system by connecting the two

outside wires together to form one side of the circuit, the

neutral wire constituting the other side. If this is done, the

neutral would have to carry double the current in the outside

wires and would be made twice as large as the outside wires.

•56. Since the outside wires are only i the size required

for the same power delivered by means of the two-wire

110-volt system with the same percentage of loss, it follows

that, even if the neutral wire be made as large as the out-

side wires, the total amount of copper required is only

^ -\- |, or
-f
of that required for the two-wire 110-volt system.

The axnount of copper in the neutral wire is only -^ that

which would be required for the two-wire system, because it

is only i the cross-section and its total length is only \ that

required for the two-wire system.

57. From the preceding it will be seen that the three-wire

system of distribution effects a considerable saving in copper,

owing to the use of a higher pressure. Three-wire systems

operating 220-volt lamps with 440 volts across the outside

wires have been introduced with considerable success, thus

making a still further reduction in copper. The tendency

has naturally been to use as high pressures as possible, but

there are grave difficulties in the way of transmitting cur-

rent at high pressure by means of direct current. These

difficulties may be classed under the heads (a) difficulty of

generating direct current at high E. M. F. ; and [b) difficulty

of utilizing direct current at high pressure after it has been

generated.

58. Machines for the generation of direct current must
be provided with a commutator, and this part of a well-

designed machine gives comparatively little trouble if the

pressure generated does not exceed 700 or 800 volts. If the

pressure is increased beyond this amount, it becomes a dif-

ficult matter to make' a machine that will operate without

sparking. Moreover, in direct-current dynamos, the arma-

ture winding has to be divided into a large number of
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sections or coils, and the numerous crossings of these coils

make it exceedingly difficult to insulate such armatures for

high pressures.

59. Even if it were possible to generate high-pressure

direct current, it would be difficult to utilize it at the other

end on account of the danger to life. About 500 volts is as

high as it has been found safe to operate street railways,

the consideration of safety setting this limit on the pressure

used. Moreover, it is just as difficult to build motors for

high-pressure direct current as it is dynamos, and for most

purposes the high-pressure current would have to be reduced

to low pressure before it could be utilized with safety at the

distant end of the line. This transformation could be effected

by using a high-voltage motor to drive a low-voltage dynamo.

In some cases, these two machines might be combined into

one having an armature provided with two windings and two
commutators, this armature being arranged so as to revolve

in a common field magnet. The high-tension current from

the line is here led into one winding through one commutator
and drives the machine as a motor. The second set of

windings connected to the other commutator cuts across the

field and sets up the secondary E. M. F., thus applying cur-

rent to the low-pressure lines. A machine of this kind is

known as a dynamotor. It is thus seen that the trans-

formation of direct current from high pressure to low

pressure involves the use of what is essentially a high-pressure

direct-current motor—a piece of machinery that is liable to

give more or less trouble for the reasons already given.

PO¥EE TRANSMISSION BY ALTER-
NATING- CURRENT.

60. The difficulties connected with the generation and

utilization of high-tension direct current led engineers to

adopt alternating current for places where the power had to

be transmitted over considerable distances. At first, alter-

nating current was used for lighting work only, because the
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single-phase alternators first introduced were not capable of

readily operating motors, although they were quite satisfac-

tory for the operation of incandescent lamps. With the

introduction of multiphase alternators along with the induc-

tion motor, the use of alternating current, for power pur-

poses became very common, and plants using line pressures

as high as 40,000 volts, or even higher, are now in use.

61. The alternating current is well adapted for high-

pressure work, because not only can it easily be generated,

but what is even of greater importance, it can be readily

transformed from one pressure to another by means of

transformers. The winding of an alternator armature is

very simple, no commutator is necessary, and the problem

of generating high pressures becomes a comparatively

simple one. Alternators with stationary armatures have

been successfully built for pressures as high as 10,000 or

12,000 volts. In some cases, the current is generated at a

comparatively low pressure and raised by step-up trans-

formers for transmission over the line. At the distant end

it is easily lowered, by means of step-down transformers, to

any pressure required for the work to which it is to be put.

SINGLE-PHASE TRANSMISSION.

62. The simplest scheme for alternating-current power
transmission is that which uses a single-phase dynamo, i. e.

,

a machine that generates a single alternating current. In

Fig. 15, A represents a simple alternator that generates

current at high pressure. This current is transmitted over

the line to the distant end, where it is sent through the

primary of transformer B, which lowers the pressure to an

amount suitable for distribution to the lamps /. The syn-

chronous motorM is operated directly from the line, because

it can be wound for a high voltage. If, however, this high

pressure about the motor should for any reason be objection-

able, step-down transformers could be used. As already
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mentioned, such systems are installed for lighting work
almost exclusively, because the single-phase alternating

current is not well adapted for the operation of motors.

At first a pressure of 1,100 volts at the alternator, or about

1,000' at the end of the line, was commonly used. Later,

pressures of 2,200 and 2,000 volts became the ordinary prac-

tice. In cases where the distance was very long, step-up

transformers were used, as shown in Fig. 16. Here the

current from the alternator A is first sent into the primary

of the transformer T, which raises the voltage to any
required amount, with, of course, a corresponding reduc-

tion in current. The alternator might, for example, gener-

ate a pressure of 1,000 volts and this pressure be raised to

22,000 for transmission over the line. At the other end, the

transformer T' steps down the high line pressure to what-

ever pressure is suitable for the local distribution. The
single-phase alternating-current system is in many respects

similar to the two-wire direct-current system, the principal

distinguishing feature being the use of transformers.

63. The single-phase system has been used in the past to

a limited extent for the operation of synchronous motors.

The ordinary single-phase synchronous motor, i. e., a motor
constructed in the same way as an alternator, will not start

up even if it is not loaded ; it has to be brought up to speed

from some outside source ; this is a great drawback to its use,

and the single-phase system is now seldom, if ever, installed

where power is to be transmitted for the operation of alterna-

ting-current motors of large size. The motor M shown in

Fig. 15 is the same in construction as an alternator, but it

would have to be provided with some arrangement for

bringing it up to speed. This could be done by means of a

small single-phase induction motor or by using the exciter

of the synchronous motor, running it as a motor from stor-

age batteries. This difficulty of getting single-phase syn-

chronous motors started has kept them from being used to

any great extent, and even in those places where they were
installed, they are being replaced by multiphase synchronous





§ 14 ELECTRIC TRANSMISSION. 51

motors, which will run up to speed of their own accord

when not loaded.

If the amount of power required is not large, say under

10 horsepower, special self-starting single-phase synchronous

motors may be used. Induction motors are also made to

operate on single-phase circuits by using special starting

devices, but in general it may be stated that the single-phase

system is not well adapted for motor operation, at least not

in those cases Avhere large motors are required.

TWO-PHASE POWER TRANSMISSION.

64. A two-phase alternator delivers two currents differ-

ing in phase by 90°, so that when the current in one phase

is at its maximum value, the current in the other phase is at

zero. The great advantage of the tAvo-phase system over

the single-phase is that it allows the operation of rotary-

field induction motors and two-phase synchronous motors.

Two-phase induction motors will start up under full load.

The synchronous motors will not start up under load, but

they will run up to synchronous speed if they are not loaded,

and the load can be thrown on afterwards, thus avoiding

the necessity of any outside means of bringing the machines

up to synchronism. Lights may, of course, be operated on

the two-phase system equally as well as on the single-phase.

65. Fig. 17 shows a two-phase system. In this case, we
have taken the simplest arrangement, where the alternator

feeds directly into the line without the use of step-up trans-

formers. If, however, the distance is very long, a pair of

step-up transformers could be connected at each end, one in

each phase, in a manner similar to that shown in Fig. 16.

We have taken the line pressure at 2,000 volts for the sake of

illustration. A is the alternator supplying the two currents

differing in phase by 90° to the four line wires. The only

difference between this alternator and a single-phase machine

lies in its armature winding and the addition of two more
collector rings. B, B are two transformers supplying lights.
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One is connected on Phase No. 1 and the other on Phase

No. 2, so as not to unbalance the load on the alternator.

C, C are two large transformers supplying alternating cur-

rent at 389 volts to the rotary transformer D, which

changes it to direct current at 550 volts suitable for opera-

ting the street-railway system E.

The alternating-current voltage of a two-phase rotary is

.707 times the direct-current voltage. If, then, a voltage for

operating the street railway is to be 550 volts, the trans-

formers must supply 550 X .707 = 389 volts, nearly, to the

alternating-current side of the rotary, i7, F are two trans-

formers supplying a two-phase induction motor G. As
stated above, this type of motor is capable of starting up

under full load, and, generally speaking, may be used for all

kinds of stationary work for which the ordinary direct-cur-

rent motor is adapted. H shows a two-phase synchronous

motor. This is the same in construction as the generator A,

and it is not necessary to use transformers with it, as it can

be constructed for the same voltage as the generator.

Synchronous two-phase motors are well adapted for places

where power is required in fairly large units and where the

motor does not have to be started and stopped frequently.

They do not, if properly handled, set up lagging currents;

i. e., currents that lag behind the E. M. F., and, hence, are

out of phase with the E. M. F. The nature and disadvan-

tages of these lagging currents will be explained more fully

in connection with the calculation of lines for alternating

current. If synchronous motors and induction motors are

operated on the same system as shown in Fig. 17, the lag-

ging current set up by the induction motor may be neutral-

ized by the synchronous motor by increasing the field

excitation of the latter to the proper amount. The ordinary

method of connecting up transformers on a two-phase circuit

is that shown in Fig. 17. Other methods are sometimes

used, but these will be taken up later when transformer

connections are discussed. In some cases, three line wires

only are used, but otherwise the connections are the same

as shown in Fig. 17.
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THREE-PHASE POWER TRANSMISSION.

66. In the three-phase system, three currents differing

in phase by 120°, or one-third a complete cycle, are employed.

If the load on all three phases is kept nearly balanced, as it

usually is in practice, only three wires are needed. For the

same amount of power, line loss, and distance of transmis-

sion, the three-phase system requires only three-fourths the

amount of copper called for by the single-phase or two-

phase system. For this reason, it is often used for the

transmission itself, even if the power is generated by means
of two-phase alternators. By a special arrangement of

transformers, which will be described later, two currents

differing in phase by 90° can be transformed into three dif-

fering in phase by 120°. Fig. 18 is similar to Fig. 17,

except that it is arranged for a three-phase transmission.

Lights, rotary transformers, induction motors, and syn-

chronous motors may be operated as previously described,

and all the advantages that have been noted with reference

to two-phase motors apply equally to three-phase motors.

There is little choice between the two-phase systems so far

as actual operation is concerned, the chief point in favor of

the three-phase system being the saving in line wire.

67. Substations.—In many large transmission systems,

it is customary to generate the power in one large central

station and distribute it at high pressure to a number of

substations located at the various distributing centers. At
these substations the current is transformed down and passed

through rotary transformers, if direct current is necessary,

and distributed to the various devices to be operated. This

is commonly done in connection with both lighting and
street-railway work. If alternating current alone is used,

the voltage is merely stepped down by means of large trans-

formers. Perhaps one of the best examples of three-phase

transmission is that of the Metropolitan Street Railway Com-
pany, of New York. Most of the surface cars in New York
City are operated by direct current, at 500 to 600 volts, sup-

plied to the cars by means of conductors placed in a conduit
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between the rails. Power is generated at one large central

station located on the river front, where coal and water are

easily supplied. Large 3,500-kilowatt three-phase gener-

ators are located in this station. They are of the revolving-

field type and are driven directly by large, vertical Corliss

engines. These machines generate current at a pressure of

6,600 volts, so that no step-up transformers are used. The
current is led from the main station by means of lead-covered

underground cables to a number of substations located in

different parts of the city. These substations contain the

step-down transformers and rotary transformers that are

necessary to convert the three-phase current into a direct

current of 500 volts suitable for operating the street cars.

Each of the rotary transformers is of 900 kilowatts capacity,

and before sending the current into rotaries, it is trans-

formed to six phases, as the increased number of phases

makes the output of the rotary for a given size of machine

greater. Otherwise, the arrangement in the substations is

very much the same in principle as that shown at C and D
y

Fig. 18. In addition to the rotaries and transformers, such

substations are usually provided with two switchboards,

one for the high-tension side and the other for the low-

tension side, from which the power is distributed. When
three-phase rotaries are used, they must be supplied with

alternating current at a voltage about .612 times that of the

continuous current which they are to supply. For example,

in Fig. 18, if the rotary D supplies 550 volts direct cur-

rent, the transformer C must supply current at 550 X .612

= 337 volts, nearly, to the alternating-current side of the

rotaries.

68. Frequencies.—-Where motors are operated by alter-

nating current, the frequency used is seldom above 60,

although frequencies as high as 125 have been used to a

slight extent. A frequency of 60 is very largely used where

both lights and motors are operated. Where the current is

used for power purposes alone, lower frequencies are com-
mon

; for example, both the Niagara plant and the plant of
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the Metropolitan Street Railway Company, referred to

above, use a frequency of 25, as a low frequency is better

adapted for the operation of rotary transformers than a

high frequency.

TRANSFORMERS AND TRANSFORMER
CONNECTIONS.

69. The use of transformers has frequently been men-

tioned in connection with the preceding articles and their

action has already been explained. It will be well, how-

ever, to take up here some points relating more particularly

to their operation and connections.

70. Transformers vary somewhat as to their construc-

tion, but they all have the three essential parts, i. e. , the

primary and secondary coils or groups of coils and the iron

core that serves to carry the magnetic flux through the

coils. Their construction also depends to some extent on

whether they are to be used outdoors or indoors. Fig. 19

shows a typical transformer for outdoor use mounted on a

pole in the usual manner. Where transformers are large,

say above 25 or 30 kilowatts capacity, it is not advisable to

mount them on poles if it is possible to avoid it. For this rea-

son, large transformers are usually of the indoor type. There

is no need of providing weather-proof cases for such trans-

formers, and their construction is very frequently quite open.

Most modern transformers for outdoor use are now built so

that the case may be filled with oil. This improves the insu-

lation, keeps out moisture, and has considerable effect on the

temperature that the transformer attains while in operation.

There is bound to be a certain amount of loss in every trans-

former, owing to the resistance of the coils and the resistance

that the core offers to the changing magnetism, i. e., owing

to the hysteresis loss. These losses all reappear in the form

of heat, and this heat must be gotten rid of by radiation. If

there is an air space between the coils and the iron case of

the transformer, the heat is conducted away with difficulty;
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but if the case is filled with oil, the oil circulates more or

less and serves as a conducting medium for carrying the

heat from the coils and core to the case, where it is radiated

to the surrounding air. Very often, when the transformers

are large, they are unable to get rid of the heat by radiation

alone, without becoming so hot that there is danger of dama-

ging the insulation, and it is necessary to provide some arti-

ficial means for cooling them. This is usually accomplished

either by mounting the transformer so that air may be

fr/mary Ma//7S

Suspension JiooAs

FIG. 19.

circulated through it by means of fans or by immersing the

transformer in oil, which is kept cool by water circulating

in coiled pipes. As stated above, these precautions are only

necessary in the case of large transformers, such as those

used in substations. ' Transformers of ordinary size, such as

are placed on poles, are able to get rid of the heat generated

without any special cooling devices, because the area exposed

to the air is much larger in proportion to the output in the

case of a small transformer than in the case of a large trans-

former.
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71. Primary Fuses.—Transformers are operated on

constant-potential circuits almost exclusively; hence, if a

short circuit occurs on either primary or secondary, there

will be a heavy rush of current, which will do damage

unless the transformer is instantly disconnected from the

circuit. This is accomplished by inserting fuses in the pri-

mary between the transformer and the line. These fuses

are contained in the fuse boxes b, b, Fig. 19. They also

protect the transformer against overloads, because, if the

secondary current is more than it should be, the primary

current will also exceed the allowable amount and the fuses

will blow. Fuses should be placed in each side of the pri-

mary and they should be so mounted that they may be

easily replaced by the lineman. In order to accomplish

this, nearly all modern primary fuse blocks are made so

that the fuse holder may be entirely disconnected from the

primary mains when the fuse is being renewed. In other

words, the fuse block is made to serve the purpose of a

switch as well as a fuse holder. In some cases these primary

fuse blocks are double-pole, but when the primary pres-

sure is high, it is better to use two single-pole fuse blocks.

Double-pole blocks are not recommended for transformers

of larger capacity than 2,500 watts. Above this size it is

better to use a single

block in each side.

72. Fig. 20 (a) shows

a General Electric
double-pole primary

switch and fuse block,

with one fuse holder (b)

removed for replacing

a fuse. The fuse lies

in a deep slot c in the

porcelain holder (b)

and is fastened to the

clips d, d. When the

holder is in place, the

7bL/ne

7b Transformer

(a)

Fig. 20.



§14 ELECTRIC TRANSMISSION. 59

clips d, d engage with the terminals /, /, thus completing

the connection to the transformer primary. When a fuse

is to be renewed, the porcelain base is pulled out and the

lineman can replace the fuse without danger.

73. Fig. 21 shows a single-pole block made by the Stan-

ley Company. In this case, the lid of the iron box is placed

at the bottom and the fuse holder A is pulled out, thus

breaking connection with the terminals /, /. The fuse g

Fig. 21.

runs through a block of wood h, thus confining the arc

and preventing it from arcing and burning the terminals t, t.

Fig. 21 {b) shows the box closed and in the position in which

it is placed on the pole. In the General Electric single-pole

primary cut-out, the wires enter at the bottom, as shown in

J. III.—

5



60 ELECTRIC TRANSMISSION. 14

Fig. 19. Where large transformers are operated in substa-

tions, automatic switches or circuit-breakers are used instead

of fuses to disconnect the transformer from the line in case

of a short circuit or overload.

TRANSFORMERS ON SINGLE-PHASE CIRCUITS.

74. Transformers in Parallel.—Transformers may be

connected in parallel so as to feed a single circuit, as shown
in Fig. 22, but care

2000 Vo/fs

1
must be taken in con-

~^T 3~ " meeting them up, or else

[}— Fuses —\j Q.— Fuses —>\\
a short circuit may re-

sult. We will suppose

that the two transform-

ers to be connected in

parallel are of the same
type, so that they will

both be wound alike.

The primary terminals

P
x
and P

%
must be con-

nected to the same

main, and P„ and P
4
to the other main. If this is done,

then the secondary terminals a and c, and b and d will have

the same polarity at the same instant, and these terminals

should be connected together, as shown. The external cir-

cuit, consisting of lamps or other load, is connected to the

secondary mains. Now, it will be noticed that, from the

way in which the two secondaries are connected, they oppose

each other, and that little or no current will flow until the

outside circuit is connected. In practice, it will be found

that a small current will flow between the transformers, but.

this current will not be at all large. Suppose, however,

that the secondary terminals should be connected as shown

in Fig. 23 ; it will be seen that the two secondary coils are

here connected in series so that the E. M. F.'s generated

in them act together to set up a current through the coils,
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thus resulting in a short circuit. In connecting up the sec-

ondaries, before making the final connections and before

connecting on the circuit, it is always well to make sure

that the proper secondary terminals are being connected

together. This can be

found out by connect-

ing two of them to-

gether and then con-

necting the other two
through a piece of small Pl

fuse wire or fine copper

wire. If the fuse blows

it shows that the con

nections should be re-

versed. It is often more
convenient to reverse

the primary terminals FlG
-
23 -

than the secondary, especially if the latter have been

joined up permanently. Reversing the primary has, of

course, the same effect as reversing the secondary, and it

is usually easier to carry out, because the primary connec-

tions are light and easy to handle compared with the sec-

ondary.

/OO Vr-

15. Generally speaking, it is not advisable to operate

several transformers in parallel, or banked, as it is some-

times termed. This is especially true if the transformers are

small and scattered, as on many lighting systems, although

it was commonly done some years ago, when transformers

were not made in large sizes and where it was necessary to

have a large transformer capacity. Suppose a number of

transformers are operating in parallel, as shown in Fig. 24.

If they do not all have the same voltage regulation, the load

may divide unequally between them and one or more of

them take more than its share. The result is that the fuses

of the heavily loaded transformer blow, and this throws a

heavier load on the remaining transformers. Cases have

been known where the fuses would bloAV one after the other
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after they were once started by one transformer taking

more than its share of the load. Of course, if the trans-

formers are all of the same size and of similar design, such

Fig. 24.

trouble is not very likely to happen ; but it is better, if pos-

sible, to have each transformer supply its own particular

part of the load, and if more capacity is needed, to use one

large transformer rather than a number of small ones.

76. Transformers are very often wound with their pri-

maries and secondaries in two sections, so that they may be

-£000 V-

/ooovC^ IOOOY>

— Core

~J0V-\ ~50V^

rrirr.

-/oov-

-o-

-/000V'

nm

WOO Vo/tPrimaryMams

-woov*
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sue

—
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TTXTT.U
-/00V-

—O-
O

FlG. 25. FIG. 26.

connected in series for high voltage and in parallel for low

voltage. For example, in Fig. 25 the transformer is wound
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with two primary coils P, P
t
, each designed for 1,000 volts

and two secondary coils each wound for 50 volts. By con-

necting the coils P, P^ in series, the transformer may be

operated on 2,000-volt mains, and if the secondaries are also

connected in series, it will supply current to 100-volt second-

ary mains. If the two primaries P, P
x
are connected in

multiple, as shown in Fig. 20, they may be operated on

1,000-volt mains, and if the secondaries are connected in

series, they will supply current at 100 volts. If desired, the

secondaries could be connected in parallel to supply current

at 50 volts, but the 50-volt secondary circuit is rapidly

going out of use. A pressure of 50 volts was, at one time,

•used quite largely for incandescent lamps operated from

transformers, but has given place to 100 to 110 volts,

because the latter requires less copper and it is now possible

to obtain 100- to 110-volt lamps that operate fully as satis-

factory as those made for 50 volts. For operating motors,

secondary pressures of 110, 220, or 500 volts are commonly

used.

2000 Vo/t Primary Ma/ns.

/OOOVo/t Transformers

77. In many places, plants that were originally installed

to operate at 1,000 volts primary pressure have been changed

over to 2,000 volts,

in order to allow a

larger load to be car-

ried without increas-

ing the size of the

line wires. In such

cases it has been
common practice to

connect old 1,000-

volt transformers up

in pairs, as shown

in Fig. 27. In this

case, the primaries

of the two trans-

formers A, B are connected in series across the 2,000 volt

mains and the secondaries are connected in parallel.

fig. 27.
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78. Transformers on the Three-Wire System.—The
general tendency is to use a few large transformers for

supplying a given district rather than a number of small

ones. Small transformers are wasteful of power, and

though each in itself may not represent a very large amount
of waste, yet when a large number are connected up, the

total amount of energy that might be saved during a year

by using a few large transformers may be surprisingly large.

Of course, in most cases where the customers are scattered,

it is impossible - to avoid using a number of small trans-

formers, but in business districts it is generally easy to use

Three Wire Secondary f Mains 6 O O O o
[

Fig. 28.

a few large transformers of high efficiency. These are fre-

quently connected in pairs so as to feed into three-wire

secondary mains m, m, ;//, as shown in Fig. 28. The
primaries are connected directly across the line in parallel,

and the secondaries are connected in series with the neutral

wire connected between them at the point o, just as in the

case where two dynamos are operated on the three-wire sys-

tem. Care must be taken in connecting the secondaries

to see that the terminals a and b are of opposite sign. If

they are correctly connected, a pair of lamps /, / connected

in series across the outside lines should burn up to full
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brightness. If they are wrongly connected, the lamps will

not light at all, showing that terminals a and b are of the

same polarity and that c and d are also the same, the second-

aries being connected so that the two outside mains are of

the same polarity with a common return wire in the middle.

If such is found to be the case, the trouble can be remedied

by reversing either one of the primary or secondary connec-

tions. It may be well to mention in passing that if two

transformers are of the same style and make, the terminals

of corresponding polarity will usually be brought out of the

case in the same way. For example, in Fig. 22, termi-

nals a and c would be of the same polarity at the same

instant. It is always best, hoAvever, to test out the con-

nections before connecting things up permanently, and this

is especially necessary in case two transformers of different

make or type are being dealt with.

TRANSFORMERS ON TWO-PHASE CIRCUITS.

79. As already mentioned, most two-phase circuits are

operated with four wires, and such a system is practically

equivalent to two single-phase circuits. The general

method of connecting transformers on a four-wire circuit is

shown in Fig. 17. If a motor is to be operated, it is neces-

sary to use a transformer on each phase, the capacity of

each being one-half that of the motor. When lights are

operated, they are connected to each phase in the same way
as to a single-phase circuit and the load divided up as evenly

as possible between the two phases. If it is necessary to

connect two transformers in parallel, as shown at (a),

Fig. 29, their primaries must both be connected to the same
phase. If they were connected to different phases, as indi-

cated by the dotted lines running to Phase 1, a local current

would flow around through the secondary coils, because the

two secondary currents would not be in phase and there

would be intervals of time when the E. M. F. of one would

be greater than that of the other. The secondaries may,
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however, be connected in series as shown at (b), when the

primaries are connected to different phases, forming a kind

of three-wire system. The voltage obtained between the

outside wires will not be twice that of one transformer, as

in the regular three-wire system. If the voltage of each

secondary is E, the voltage between the two outside wires

will be E X 1.414. For example, if each secondary gave

100 volts, the pressure between the outside wires would be

141.4: volts. This is because the E. M. F.'s in the two coils

are not in phase. This method of connecting up trans-

formers is, however, not to be recommended, as the volt-

ages on the two sides of the three-wire system are apt to

become unbalanced. If a three-wire system is desired, it is

best to use the connections shown at (c), where both pri-

maries are connected to the same phase. The E. M. F.'s in

the two secondary coils are in this case in phase with each

other and the pressure across the outside wires is twice

that of one secondary coil.

80. In connecting transformers to a two-phase system,

the" aim should be to get the load on the two phases as

nearly balanced as possible. Of course, where motors are

operated, both phases are used, and, hence r there is not

much danger of an unequal division of load. When lamps

are connected, one transformer or set of transformers at

one point on the circuit can usually be balanced against

another group at some other point, so that the load on the

whole will be equally divided, as indicated in Fig. 17.

Fig. 30 shows a number of different methods of connecting

transformers on a two-phase system, using three line wires.

In this case, the central wire acts as a common return, and

the voltage between the outside wires is 1.414 times that of

each phase. The same remarks apply here as in the previ-

ous case, and the three-wire arrangement shown at (b) is not

as generally satisfactory as that shown at (V). In both

cases the primary pressure is shown as 2,000 volts, and

transformers with a ratio of 20 to 1 are taken for the sake

of illustration.
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TRANSFORMERS OjNT THREE-PHASE CIRCUITS.

81. It is customary in America to use three single-phase

transformers for transforming from one pressure to another

on three-phase circuits. In Europe, three-phase trans-

formers are used in which there are three primary coils and

three secondary coils wound on a three-legged iron core. In

America, the general practice is to use three standard single-

phase transformers connected up either Y or A, as the case

may be. With the A arrangement, the power supply will

not be entirely crippled even if one of the transformers

should become damaged. In some cases the primaries are

connected across the lines according to the Y scheme, as

shown at (a), Fig. 31. By using the Y connection, there are

two primary coils in series between any pair of mains, and,

consequently, the pressure on any one primary coil is less

than that between the mains; the pressure on each primary

is equal to the pressure between the mains divided by 1.732.

When the primaries are connected Y, the secondaries are

usually connected Y also, as shown at (a). Sometimes,

however, the primaries are connected Y and the secondaries

A, as shown at (b). If transformers having a ratio of 20 to 1

were connected in this way, the secondary pressure would

not be the primary pressure divided by 20, i. e., 100 volts;

but would be w or 57.7 volts. In order to get 100 volts
1. i oZ

secondary with this scheme of connections, the transformers

would have to be wound with a ratio of ^, to 1, i. e. , 11.55
1. I oZ

to 1, approximately. Fig. 31 (c) shows transformers with

both primaries and secondaries having A connections. The
arrangements shown at (a) and (c) are the ones commonly
used in connection with three-phase work, as the other

scheme either calls for special windings on the transformers

or else gives rise to odd secondary voltages. If the primaries

are to be connected A, then each primary coil must be

wound for the full-line voltage. If the primaries are con-

nected Y, each primary coil is wound for the pressure divided

by 1.732. It is possible to use only two transformers on a
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three-phase system, as shown in Fig. 31 (d), but this

arrangement is not on the whole as desirable as the others

using three transformers, because if one breaks down the

service is crippled. This connection is equivalent to the

delta arrangement with one side left out. The connections

shown in (e) are doubtless used more largely than any of the

others. These connections allow the use of transformers

wound for standard voltages and a breakdown of one trans-

former does not necessarily interrupt the service.

82. Phase-Changing* Transformers.—Two-phase cur-

rents may be transformed to three-phase, and vice versa, by

means of an arrangement

of transformers devised

by. Mr. C. F. Scott.

Fig. 32 shows the con-

nections necessary. Two
transformers A and B
have their primary coils P
and P' connected to the

two-phase mains as

shown. The secondary vS

of transformer y^ has .87

times as many turns as

the secondary S' of trans-

former B. One end of S is connected to the middle point c

of S'. The three-phase lines are attached to terminals e, b, d.

This scheme of transformation is used quite largely at

Niagara, where two-phase generators are used and the cur-

rent transformed to three-phase for transmission to Buffalo.

83. Capacity of Transformers on Two- and Three-

Phase Systems.—When transformers are connected on a

two-phase system, as, for example, to feed a two-phase

motor, each transformer has to be of capacity sufficient to

carry half the load. If the three-phase system using three

transformers is used, each transformer must be capable of

carrying one-third the load. When the transformers are

used to operate induction motors, a safe plan to follow is. to
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install 1 kilowatt of transformer capacity for every horsepower

delivered by the motor. Thus a 20-horsepower, two-phase

induction motor would require tA\ro 10-kilowatt transform-

ers; a 30-horsepower three-phase motor would require three

10-kilowatt transformers; and so on. The following table,

issued by the General Electric Company, shows the size and

number of transformers suitable for 60-cycle, three-phase

induction motors.

TABLE Till.

CAPACITY OF TRANSFORMERS FOR THREE-PHASE
INDUCTION MOTORS.
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drop will not be excessive. If the load to be carried is

practically all lights, and if the distances are not long
?
the

same rules that have already been given for direct-current

circuits may be applied with sufficient accuracy to alterna-

ting-current lines. If, however, the lines are long, say more
than 2 or 3 miles, there are other effects that must be taken

into account. It must be remembered that the current is

continually changing, and this introduces effects not met

with in continuous-current circuits where the current flows

steadily in one direction. The size of wire required will

depend not only on the amount of the load, but also on the

kind of load, i. e. , on whether it consists wholly of motors or

lights, or a combination of the two. In direct-current cir-

cuits, it makes no difference, so far as the drop in the line is

concerned, how far the wires are strung apart on the poles,

but in an alternating-current circuit this may have an

appreciable effect.

85. Self-induction of Line.— Suppose A, £, Fig. 33,

represent two line wires, and suppose, for the oresent, that

a continuous current is flowing in

^•o\ //V^zr- them. The result of this current

,'lflllW 1 \ I ^iffti^i
wil1 be t0 Set up a maSnetic field

wt^V/ l^v^S^V around each wire as indicated by
v<rz

£>-/y Av^7 the dotted circles, and as the cur-

rent is supposed to be steady,

these lines of force will not change

in any way and will have no effect on the current. Suppose,

however, that the current is alternating instead of con-

tinuous. The lines of force surrounding the wires will then

change with the change in current ; as the current increases,

the magnetic field will be built up and lines of force will

expand, and as it decreases, the lines will collapse on the

wire. The result is that there is a cutting of lines of force

by the line wires; or, a still better way of looking at it is

that the number of lines threading the space between the

wires is constantly changing, and the result of this changing

magnetic field is that an electromotive force is set up in the
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wires. This E. M. F. of self-induction, as it is called, depends

on the number of lines of force that are set up between the

wires and on the rate at which these lines change ; in other

words, it depends on the frequency of the current. The
effect of this E. M. F. of self-induction is to make the cir-

cuit have apparently a greater resistance than it has when
direct current is used, because a certain portion of the pres-

sure applied to the circuit is used up in overcoming this

E. M. F. of self-induction. By referring to Fig. 33, it will

be seen that the farther the line wires are apart, the more
room there will be between them for lines to be set up, and,

hence, the greater will be the E. M. F. of self-induction. If

the wires could be placed side by side in contact with each

other, there, would be little or no self-induction. This, how-

ever, is not possible, and lines, as strung on poles, always

possess a certain amount of self-induction. When the two
wires are twisted together to form a cable, as in under-

ground work, they have little or no self-induction. The
amount of the E. M. F. set up in a conductor depends on

the rate at which lines of force are cut. If the alternating

current flowing through a line changes very rapidly, it is

evident that the E. M. F. of self-induction will be much
higher than if it changed slowly, because the cutting of lines

of force would not be so great in the latter case.

86. This E. M. F. of self-induction, as stated above, is,

to a certain extent, opposed to the current and increases the

apparent resistance of the circuit. Its effect is to make the

current lag behind the E. M. F., so that the current and
E. M. F. do not come to their maximum values at the same
instant. This self-induction may also be present to a

greater or less degree in the devices that are operated on
the circuit. A load of lamps possesses very little self-induc-

tion, but a load of induction motors may introduce quite a

large amount, and thus make the current lag considerably

behind the E. M. F.

87. If we have direct current or if there is no self-

induction in the alternating-current circuit, the power
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factor is 1, and the watts are given directly by the product

of the current and E. M. F. If in an alternating system

we have to deliver W watts, the apparent watts, or volt-

W
amperes, as they are sometimes called, will be -^, where

f is the power factor, and the current will be

C=-J^ (13.)

88. The greatest value that the power factor can have

is 1, and it has this value very nearly when the load consists

wholly of incandescent lamps or any other load that has no

appreciable self-induction. Even when the load is all lights,

the transformers have a slight amount of self-induction, so

that the power factor may be about .98. Where the load is

all motors, the power factor may be taken as .80, and where

the load is a combination of motors and lights, as about .85.

Example.— 10 kilowatts are to be delivered at the end of a trans-

mission line to a load that consists wholly of motors, {a) What will be

the apparent number of watts delivered, i. e., what will be the product

of the current and voltage at the end of the line ? (b) What will be the

current if the pressure at the end of the line is 1,000 volts ?

Solution.—Since the load is all motors, we may take the power

factor as .80 ; hence, we have

(a) Apparent watts = —^r-— = 12,500. Ans.
.o<J

12 500
{/>) The current will be "^ = 12.5 amperes. Ans.

Note.—If the power factor had been 1 instead of .80, the apparent
watts would have been the same as the true watts and the current
would be 10 amperes.

89. From what has just been said, it will be seen that the

effect of an inductive load, and, consequently, low power

factor, is to necessitate a larger current for a given amount

of power transmitted than would be required if the load

were non-inductive. This means, then, that a larger line

wire must be provided if the drop is to be kept the same.
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FORMULAS FOR LINE CALCULATIONS.
90. Estimation of Cross-Section of Lines.—It has

been shown that in a direct-current transmission line a

certain drop in voltage is equivalent to a corresponding loss

in power. For example, if the drop were 10 per cent, of the

delivered voltage, the loss of power in the line would also be

10 per cent, of that delivered at the receiving end. With
alternating current, the percentage of drop in pressure may
be quite different from the percentage loss in power. In

case alternating current were used in the circuit mentioned

above, the drop in voltage would very likely be more than

10 per cent., on account of the self-induction of the line.

Just what the drop would be, corresponding to a given loss

in power, depends on the size of the wire, distance apart on

the poles, etc. The exact calculation of line wires for alter-

nating current is a complicated matter, but in nearly all the

cases that arise in practice they can be estimated with

sufficient accuracy by means of comparatively simple for-

mulas. It is seldom that a wire can be obtained of exactly

the same size calculated unless it is made to order, so that

the approximate formulas give sufficiently close results for

practical work. The following formulas, originated by

Mr. E. J. Berg, will be found convenient for estimating

alternating-current lines. We will denote the different

quantities entering into the calculations as follows:

D = distance in feet over which power is transmitted (this

distance is to be taken one way only, i. e., it is the

single distance)

;

W = total watts delivered at the end of the line (this

number must express the actual watts delivered, not

the apparent Avatts)

;

P = percentage of power lost in line (it should be noted

that this percentage is that of the power delivered, not

the power generated; also, it is the percentage power
lost, not the percentage drop in voltage)

;

E
2
= voltage required at the receiving end of the line, i. e.,

the voltage at the end where the power is delivered

;

t = a constant having the following values:

/. IIL-6
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2,400 for a single-phase system operating lights only.

3,000 for a single-phase system operating motors and lights.

3,380 for a single-phase system operating motors only.

1,200 for a three-wire three-phase, and four-wire two-phase

system, all lights.

1,500 for a three-wire three-phase and four-wire two-phase

system, motors and lights.

1,690 for a three-wire three-phase and four-wire two-phase

system, all motors.

The cross-section of the wire required for any given case

may then be calculated from the following formula:

Circular mils = -p ^ X t. (14.)

Example.— 300 horsepower is to be transmitted by means of the

three-phase system over a distance of 5 miles with a loss of 10 per cent.

of the power delivered. The pressure at the end of the line is to be

4,000 volts and the power is to be used altogether for operating motors.

Calculate the size of line wire required.

Solution.—In this case the distance D is 5,280x5=26,400 feet.

The watts delivered will be 300 X 746 = 223,800. P = 10 and E, = 4,000.

The constant / for this case will be 1,690; hence, we have from

formula

^- , -1 26,400 X 223,800 , „nA on ,A„drcular mils = fo x 4)000 x 4)00Q
* !,«» = 62,407,

or about a No. 2 B. & S. Ans.

91. Estimation of Current in Xiines.—The current in

the line wires of an ordinary continuous-current line is easily

obtained by dividing the watts supplied by the voltage at the

end of the line. We can obtain the current in the case of

alternating-current systems by using a similar formula and

multiplying by a constant, to allow for the circumstances

under which the current is used. We may then use the fob

lowing formula:

Current in line = -~ X T, (15.)

where IV— watts delivered;

£
2
— voltage at the receiving end of the line

;

T = constant referred to above.
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Values of Constant T.

Single-phase system, all lights 1.052.

Single-phase system, motors and lights 1.176.

Single-phase system, all motors 1.250.

Two-phase, four-wire system, all lights 526.

Two-phase, four-wire system, motors and lights. .588.

Two-phase, four-wire system, all motors 625.

Three-phase system, all lights 607.

Three-phase system, motors and lights 679.

Three-phase system, all motors 725.

Example 1.— 100 kilowatts are delivered by means of the two-

phase, four-wire system to a mixed load of motors and lights. The
pressure at the receiving end of the line is 2,000 volts. Calculate the

current in each line wire.

Solution.— 100 kilowatts = 100,000 watts. For this case the con-

stant T will be .588; hence,

Current = igggo X .588 = 29.4 amperes. Ans.

Example 2.— 200 kilowatts are transmitted by means of the three-

phase system, the voltage between lines at the receiving end being
4,000 volts. The load consists wholly of motors; calculate the current
in each line.

Solution.— 200 kilowatts = 200,000 watts. For this case the value
of T will be .725; hence,

Current = 2
Sg °o° X .725 = 36.25 amperes. Ans.

92. Estimation of Drop.—The volts drop in the line

PX E
for a continuous-current system would be 2

, when Pis

the percentage of delivered power lost and E
a

is the voltage

at the receiving end of the line. This formula can be made
to give the approximate drop in an alternating-current line

by multiplying it by a constant that takes into account the

conditions under which the line is operated. We may then

write

Volts drop in line = ^~~^ X M. (16.)

The value of the constant M depends on the frequency,

the power factor of the load, and the size of the line wire.

The value of J/, under various conditions, is given in the

following table:
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TABLE IX.

14

6
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lamp and motor load, the value of the constantM is found to be 1.21 by

referring to the table ; hence,

,r 1 * 10 X 6,000 , nH „no .

Volts drop = —^—y X 1.21 = 726. Ans.

(d) Since the drop in the line is 726 volts, the pressure at the dynamo
must be 6,000 + 726 = 6,726 volts when the full-load current is being

delivered. Ans*.

Note.—In the above example, the drop in the line would have been
only 600 volts if continuous current were used.

EXAMPLES FOR PRACTICE.
1. 250 horsepower is to be supplied to 60-cycle induction motors by

means of the two-phase, four-wire system over a line 3 miles long. The
pressure at the distant end of the line is to be 4,000 volts and the loss

in the line is to be limited to 8 per cent, of the power delivered. Cal-

culate (a) the size of the wire required
;
(b) the current in each line wire

;

fc) the drop in the line. f
(a) 39,000 cir. mils, nearly

;

about No. 4 B. & S.

(b) 29.14 amperes.

(c) 320 volts.

2. A three-phase alternator delivers 400 horsepower to a mixed load

of motors and lights. The pressure at the distant end of the line is

3,000 volts. Calculate the current in each line. Ans. 67.54 amperes.

3. 5,000 incandescent lamps are supplied with current from a single-

phase alternator, having a frequency of 125, over a distance of 3 miles.

The loss in the line is to be limited to 10 per cent, of the power deliv-

ered and the pressure at the end of the line is to be 3,000 volts. Allow

60 watts for each lamp supplied and calculate (a) the size of the line

wire
;
(b) the current in the line

;
(c) the volts drop in the line

;
(d) the

(a) 126,720 cir. mils, or about

No. 00 B. & S.

(b) 105.2 amperes.

(0 576 volts.

L (d) 3,576 volts.

voltage at the generator.

Ans

POWER MEASUREMENT.

DIRECT-CURRENT CIRCUITS.

93. It has been shown that the power in watts supplied to

any direct-current circuit may be obtained by multiplying the

current by the E. M. F. across the lines. For example, in

Fig. 34, we may, at any time, obtain the watts supplied to

the motor M by multiplying the reading given by the



80 ELECTRIC TRANSMISSION. 14

Fig. 34.

ammeter A by that given by the voltmeter V. The num-

ber of watts so obtained represents the rate at which work
is being done at the in-

stant the readings are

taken. It must be re-

membered that the

watt is a unit of elec-

trical power, not work,

and expresses rate of
doing work. The elec-

trical unit of work is

the joule, and when
work is done at the rate

of 1 joule per second,

1 watt is expended.

By combining the volt-

meter and ammeter we
can make an instru-

ment the indications

of which will be equal to the product of the current and

voltage, and thus indicate the watts directly. Such an

instrument is called

an indicating wattme-

ter. Fig. 35 shows a

Weston wattmeter of

the kind referred to.

The principle on which

this wattmeter oper-

ates will be understood

by referring to Fig. 3G.

Two stationary coils,

consisting of a few

turns of heavy wire,

as indicated by a, a,

are mounted side by

side, and a small coil b, consisting of a large number of turns

of fine wire, is mounted between them on jeweled bearings.

The motion of the swinging coil is controlled by spiral
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springs c, c, which also serve to carry the current into the

coil. The pointer is attached to the axis of the swinging

coil and plays over a horizontal scale. The stationary

coils a, a are connected in series in the circuit, so that the

current supplied to the motor or other device passes through

them. The swinging coil is connected directly across the

Fig. 36.

circuit, and a high resistance T is usually connected in

series with the swinging coil, so as to limit the current flow-

ing through it to a very small amount ; d, d are the current

terminals of the instrument, i. e., the terminals that con-

nect to the fixed coils; and e, e are the terminals of the

swinging coil.
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94. From the way in which the instrument is connected

it is seen at once that the current in the fixed coils is the

same as the current supplied to the device operated; also,

since the swinging coil is connected directly across the cir-

cuit, like a voltmeter, the current in the swinging coil will

be proportional to the voltage between the lines. Now, the

twisting force exerted upon the swinging coil depends on

the current in the coil and the strength of the field. The
strength of the magnetic field set up through the fixed coil

is directly proportional to the current flowing through it, so

that the twisting force exerted on the swinging coil depends

on the product of the current and the voltage; conse-

quently, the instrument may be graduated to read in watts.

Care must be exercised when connecting a wattmeter in a

circuit not to get the current and pressure terminals con-

fused, because if the current terminals were connected

across the line, a short circuit would result, and the instru-

ment would, in all probability, be destroyed. There is gen-

erally no excuse for making such a mistake as this, because

the terminals are entirely different in appearance; never-

theless, it has been known to occur. If the fine-wire coil is

connected in series in the circuit, no damage will result,

but scarcely any current will flow on

account of the high resistance so in-

troduced.

95. If an indicating wattmeter

were connected to a motor as shown
in Fig. 37, it would indicate the power

supplied, and its readings would vary

as the load on the motor changed.

Where power is sold to customers from

a central station, it is generally more
important to know the total amount
of work done during a given interval

of time than the power that the

motor or other device is taking at any

fig. 37. particular instant. For example, the
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company supplying power wishes to know just how much
work has been done during, say, 1 month, so that the bill

may be rendered accordingly. If we do work at the rate of

1 watt, i. e., 1 joule per second, and keep this up for an hour,

we do a certain definite amount of work. This quantity of

work is known as the watt-hour. 1 joule is equivalent to

.7373 foot-pound, and .7373 foot-pound per second is 1 watt.

If, then, we work at the rate of 1 watt and keep it up for

1 hour, or 60 X 60 seconds, at the end of the hour we will

have done .7373 X 60 X 60 = 2,654.28 foot-pounds of work.

In order to obtain the total amount of work expended on

any device, we must use some instrument that will give us

the product of the average rate at which work has been

done by the time during which it was done. Such an

instrument is known as a recording wattmeter, or watt-

hour meter. The latter name is preferable, because the

readings of these instruments do not give watts, but watt-

hours.

96. Fig. 38 shows a Thomson recording wattmeter,

which is without doubt more largely in use than any other

one type. It is in principle a wattmeter similar to that

shown in Fig. 36, except that the fine-wire coil is arranged

so as to revolve instead of being merely deflected. In order

to bring this about, the fine-wire coil is made up in the form

of a small drum-wound armature without an iron core, as

shown at a. This armature is mounted on a vertical shaft

and is provided with a small silver commutator, the current

being led into the armature by means of the silver-tipped

brushes b. The current coils are shown at c, c. The meter

is, in fact, a small electric motor without iron in either its

armature or field. The lower end of the shaft carries a

copper disk that revolves between the poles of permanent

magnets. The eddy currents set up in the disk retard the

motion of the armature, just as the reaction of the current

in the armature of an ordinary dynamo retards the engine.

This retarding action of the disk can be adjusted by swing-

ing the poles of the magnets in or out from the periphery.
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The speed with which the meter runs is thus made propor-

tional to the watts expended at any given instant, and the

total number of'revolutions that the disk makes in a given

period is proportional to the total number of watt-hours of

work done during that period.

Fig. 38.

The number of watt-hours used during a given time is

obtained by taking readings from the dials at the top of the

meter in much the same way as a gas meter is read. On
some meters, the reading as taken from the dial has to be

multiplied by a constant in order to give the watt-hours.

This constant is marked on the dial.

97. Fig. 39 shows the method of connecting up a Thom-
son recording wattmeter of small capacity on a two-wire

circuit. The wires from the line always enter the meter at

the left, and those going to the load pass out at the right.

When the meter is of large capacity, only one side of the

circuit is run through it and a small " potential wire " is run
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in from the other side, so as to put the armature across the

circuit. This method of connection is shown in Fig. 40.

Fio-. 41 shows a meter connected to a three-wire circuit.

Shuntor
Starting Co//.

Fig. 39.

The neutral wire does not enter the meter, but a tap is taken

off from it so as to put the armature across one side of the

Fig. 40.

circuit. The field coils are connected in series with the

outside wires, as shown. In Fig. 39 the starting, or shunt,

coil, as it is sometimes called, is a coil of fine wire in series
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with the armature and placed inside one of the field coils.

It provides just about enough field to start up the meter, so

that when a light load is thrown on, the meter will start up

readily. The coil is intended to overcome friction and make
the meter more accurate on light loads.

98. The above remarks relating to recording wattmeters

have been made with special reference to the Thomson
meter, because this one is so widely used. It is accurate

and has the great advantage that it will operate on either

direct or alternating current. If properly cared for it will

give good results, but the commutator is delicate and must

be kept in good order.

ALTERNATING-CURRENT CIRCUITS.

99. Single-Phase Circuits.—The power supplied to an

alternating-current circuit cannot generally be obtained by

multiplying the current by the voltage. The power factor

of the load must be taken into account, and the only case
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where the volts multiplied by amperes would be equal to the

watts would be where the device operated had practically no

self-induction or electrostatic capacity, as, for example, a

load of lamps.

100. The best method of measuring the power supplied

to an alternating-current circuit is by means of a watt-

meter. There are methods of doing it by means of amme-
ters and voltmeters, but they are seldom used in practical

work. An indicating wattmeter connected as shown in

Fig. 37 on a single-phase alternating-current circuit will

indicate the actual watts expended. If a record of the watt-

hours supplied is desired, a Thomson recording wattmeter

may be connected in the same way as for a direct-current

circuit, as shown in Fig. 39, 40, or 41, because, as already

mentioned, this type of recording wattmeter will work on

either direct or alternating current. Also, the Thomson
meter may be used on any of the ordinary frequencies and

still give accurate results.

101. Incliiction Wattmeters.—There are a number of

different types of recording wattmeters that operate on the

principle of the induction motor. In these meters two

coils are usually provided (for a single-phase meter), one

being a current coil and the other a potential coil. These

coils are so arranged that the currents in them differ in

phase, and the shifting magnetism so set up acts on a small

armature, which usually takes the form of a copper or

aluminum disk or drum. Currents are set up in this arma-

ture under the influence of the changing magnetic field, just

as in the squirrel-cage armature of an induction motor;

in fact, induction meters are practically small induction

motors. Fig. 42 shows an induction meter (single-phase)

made by the Fort Wayne Electric Works. D is the revolv-

ing aluminum armature, which is in the form of an inverted

cup; a is the current coil, which is wound on an iron core,

the pole piece of which faces D. The potential coil occupies

a similar position back of the armature D, and is therefore

not seen in the figure. The fine-wire potential coil is used



ELECTRIC TRANSMISSION. 14

in connection with a choke coil, so that the currents in a

and the potential coil differ in phase, and the result is that a

turning effort is exerted on drum D. The cup-shaped drum
D answers both for the armature and damping disk, and the

speed control is effected by the permanent magnet £, which

exerts a dragging action on the armature. The adjustment

- To Line

Fig. 42.

of. the meter is brought about by raising or lowering E, thus

making the meter run slower or faster, as desired. Induc-

tion meters can, of course, be used on alternating current

only and current of the frequency for which they are

adjusted. They have one advantage over the Thomson
meter in that they have no commutator to give trouble.

102. Ampere-Hour Meters.—Many of the meters for-

merly used recorded ampere-hours instead of watt-hours.

It is evident that the number of ampere-hours gives no idea

as to the amount of work done during a given time, unless

the pressure at which the current was supplied is known.

For example, 200 ampere-hours at a pressure of 50 volts

would be equal to 10,000 watt-hours, assuming that the

pressure remained constant at 50 volts during the time and

that the power factor of the load was 1. If the pressure
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were 100 volts, the same meter reading would be equivalent

to 20,000 watt-hours. Ampere-hour meters are not used

nearly so much as formerly. Practically, all the modern

meters are watt-hour meters, and, hence, take account cf

variations in pressure as well as of current. The earlier

types of Westinghouse, or Shallenberger, and Duncan meters

measured in ampere-hours. The great objection, however,

to the use of ampere-hour meters on alternating-current

circuits is that, if the load is at all inductive, i. e., if the

power factor is less than 1, they run up a larger bill against

the consumer than they should for the actual power sup-

plied. An ampere-hour meter takes no account of the power

factor, but simply measures up the current; consequently,

for the same actual power used it will run up a larger bill

than a recording wattmeter would if it were connected on

the same circuit. The customer pays for power, not for

current, and the ampere-hour meter readings multiplied by

the average voltage would give a larger number of watt-

hours than was actually used. Of course, when the load is

all lights, the power factor is practically 1, and for such

service the ampere-hour meter gives fair readings ; but when
it comes to measuring power supplied to induction motors

or other inductive loads, recording wattmeters should

be used.

103. If the power supplied to an alternating-current

single-phase circuit is to be measured by means of an

ammeter and voltmeter, the power factor f of the circuit

must be known. The watts may be obtained by solving

formula 13 for IV, which gives

W=CxExf, (17.)

where C is the ammeter reading and E the voltmeter read-

ing. In most cases, the value of the power factor/" is not

known exactly, so that it is best to use a wattmeter.

104. Two-Phase Circuits.—In order to measure the

power supplied to any receiving device operated on a two-

phase system, as, for example, a two-phase induction motor,
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it is best to use two wattmeters, one connected in each

phase, as shown in Fig. 43. The total power supplied will

then be the sum of the readings of the two meters. If the

load on the two phases is exactly balanced, one wattmeter

may be connected in one phase and its reading multiplied

by 2. It is not safe to do this, however, unless it is known
that the two sides are balanced. If only one wattmeter is

available, it may sometimes be arranged so that it may be

Current Coil

nffitfffiT

Phase/ Pressure Coil

ToL/ne. To Load

Pf?aje2.

U0.Q-Q.0J

Fig. 43.

connected first in one side and then in the other, but as a

rule this is troublesome. On a three-wire two-phase system,

the two wattmeters would be connected in very much the

same way as shown in Fig, 43, one end of each of the pres-

sure coils being connected to the middle wire. If f is the

power factor of a balanced two-phase system, C the current

in each phase, and E the E. M. F. per phase; then the

watts supplied will be

W. = %CEf. (18.)

Example.—Power is delivered to a two-phase induction motor

having a power factor of .85. The current in each phase is 30 amperes,

and the voltage of each phase 220 volts. Calculate the horsepower

supplied to the motor.

Solution.—We have

Watts = 2 CxExf
= 2 X 30 X 220 X .85

= 11,220.

Hence, H P. = ^ff- = 15, nearly. Ans.

105. Three-Phase Circuits.—In the three-phase sys-

tem we do not usually have three distinct circuits. If three
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distinct circuits were used, six wires would be necessary.

Each wire serves alternately as the return for the other two,

and on this account wattmeters have to be connected some-

what differently than on an ordinary circuit when measure-

ments of power are being made. If the power is supplied to

Current CcvV

7d£//?e 7alcarf.

Fig. 44.

a balanced load, as, for example, a load consisting wholly of

three-phase motors, one wattmeter may be used to measure

the power, as indicated in Fig. 44. The method of connect-

ing the
.

potential coil/ and the resistances r
lf

r
2 , and r

3

should be noted. These

resistances are connect-

ed as shown in order to

obtain an artificial neu-

tral point, similar to the

common connection of

a Y-connected three-

phase armature. This

combination of resist-'

ances is sometimes
called a " Y resistance,

"

or a" Y box." Although

the current coil is in one

side of the system only,

the instrument can be

calibrated to read the

total watts delivered,

assuming, of course,

that the load is bal-

anced

/. III.—

7
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106. Fig. 45 shows how to connect a Thomson record-

ing wattmeter with its Y resistance so as to measure the

power on a balanced three-phase circuit. The recording

meters are so calibrated that their reading multiplied

by the meter constant, if there is one, gives the total

power supplied. Fig. 45

shows the connections

when the meter is used

on circuits where the

pressure is not over

500 volts. When the

pressure is higher than

this, small transform-

ers t, t, Fig. 46, are

used to step down the

voltage for the pres-

sure coil of the record-

ing wattmeter, and the

connections are as

shown in the figure re-

ferred to.

107. If the cur-

rent in each line of a

balanced three-phase

system is C, the pres-

sure between the
FlG

-
46, lines E, and the power

factor of the load/", then the watts delivered will be

W= 1.732 X E X Cxf. (19.)

Example.—A three-phase motor takes a current of 40 amperes from

a 500-volt line. How many horsepower are supplied if the power factor

of the motor is .80 ?

Solution.—We have

W= 1.732 X ExCxf
= 1.732 X500 X40 X .80'

= 27,712.

Hence, H. P. = **ft* = 37.1. Ans.
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108. The power factor of induction motors varies

greatly with the load and also with the size of the motor.

The power factor of a good motor of fair size running at full

load will usually lie between .85 and .90. When running at

| to f load, the power factor may drop to .75 or .80. For

this reason, the student is cautioned against making power

calculations in connection with induction motors or any other

piece of alternating-current apparatus by multiplying the

current and E. M. F. together. Such calculations may be

far from correct, unless the power factor is known and

taken into account as shown above. Take, for example, the

common case where a transformer primary is connected, say,

to 2,000-volt mains and its secondary is open and supplying

no current whatever. A small current will flow through

the primary; in this case we will say .25 ampere. The
apparent power that the primary is taking is .25 X 2,000

= 500 watts. If the power were measured by means of a

wattmeter, it would be found that the actual power supplied

was not nearly as large as this; it might not, in fact, be

more than one-half this amount. On the other hand, if the

transformer were working on a full load composed of lights,

the product of the current and the E. M. F. would give very

nearly the actual power, because the power factor would,

under such circumstances, be nearly equal to 1.

SPECIAL METERS.

109. The Twc-Rate Meter.—Most electric-light sta-

tions have their period of heaviest load for a few hours only,

in the evening. During the daytime the plant is lightly

loaded and a large part of the machinery is standing idle.

In order to obtain a " day load" and thus work the plant to

best advantage, some companies supply power during the

daytime at specially low rates in order to induce customers

to use electric motors. For measuring the power supplied

to such customers, two-rate meters are sometimes used.

A two-rate meter is one that records the power during
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certain hours of the day separately from the power used in

the evening, so that the amount of power to be charged for

at the reduced rate may be known. The two-rate meter as

brought out by the General Electric Company is a regular

Thomson recording meter provided with two dials and

recording trains. The meter is also provided with an elec-

trically operated self-winding clock movement that throws

either one or the other recording train into gear with the

meter at whatever times the clock is set for. For example,

the clock might be set so that the meter would record on the

low-rate dial from 6 a.m. to 6 p.m. and then be switched over

to record on the high-rate dial from 6 p.m. to 6 a.m. The
changing over from one dial to the other is accomplished

by means of two small friction clutches controlled by

the clock.

110. The Maximum-Demand Meter.—The maximum
amount of current that the various customers consume, to a

large extent determines the capacity of the equipment that

must be provided for the station. Some customers might

use large currents for short intervals, but the plant would

have to be capable of delivering these large currents, and in

some cases, therefore, the maximum demand for current is

taken into account in charging for the supply of current.

One style of instrument used for indicating the maximum
current used by a customer is the Wright demand meter.

In this instrument the main current passes around a flat

conductor that encircles a bulb on the top of one branch of

a U-shaped tube, which is partly filled with liquid. When
current flows through the strip the bulb becomes heated,

thus expanding the air and forcing liquid into a bulb on the

top of the other branch of the U tube, from which it flows

into a vertical tube closed at the lower end. The amount
of liquid thus forced into this tube, by the expansion due to

the heating effect of the main current, is a measure of the

maximum current used by the customer, and this reading,,

in conjunction with the reading of a regular watt-hour

meter, can be used in determining the charge to be made.
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INSTALLATION AND OPERATION OF RECORDING
METERS.

111. When an electric light or power company supplies

power to a consumer, they wish to know the total amount

of energy supplied during a given time, say 1 month, rather

than the amount of power that the customer is using at any

particular time, just as a gas company wishes to know the

total number of cubic feet of gas used during the month

rather than the number of cubic feet used by the customer

at different times during the month. In order to get at

this, recording wattmeters or ampere-hour meters are

installed. The former read in watt-hours and the latter in

ampere-hours. A recording wattmeter records watt-hours

and not watts, giving the product of the average number of

watts used by the time during which it was used. For

example, one day the customer's motors or lights might take

3,000 watts for 10 hours (30,000 watt-hours), and the next

day only 1,000 watts for 3 hours (3,000 watt-hours), and so

on. The recording wattmeter, or, more properly, the watt-

hour meter, averages up all these values, and by taking the

reading at the end of the month and subtracting the previous

reading, the watt-hours of electrical energy used during

the month may be obtained. One kilowatt-hour is equal

to 1,000 watt-hours, and since 1 horsepower is equal to

716 watts, 1 kilowatt-hour equals -Wr horsepower-hours.

One kilowatt-hour is, therefore, equivalent to about 1^ horse-

power expended for 1 hour.

112. As stated above, some meters, especially those of

the older types, record ampere-hours. It is evident that

ampere-hours are not a true measure of the work done,

because no account is taken of the voltage. If the voltage

can be assumed to be constant, a fairly close estimate of the

watt-hours may be obtained by multiplying the ampere-

hours by the voltage. In what follows, we will confine our

attention to the Thomson recording wattmeter, as this is

used more extensively than any other one type.
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113. Installation of Meters.—Directions are sent out

with each particular type of meter, giving points to be

observed in setting up and connecting. See that the meter

is leveled properly, that the shaft turns freely, and that the

commutator and brushes are in good condition. Be sure

that it is placed in a position where it will not be subjected

to vibration, as this is very liable to injure the jewel and

pivot. Mount the meter on a brick wall, if possible, and

do not place it near where a door is being continually opened

and shut. Also place it where it will not be exposed to

dampness, an unusual amount of dust, or chemical fumes of

any kind.

114. Testing Meters.—Recording wattmeters should

be checked up with a standard direct-reading meter occa-

sionally to see if they record correctly. In order to do this,

the meter is set to work on a load of lamps,- or other con-

venient resistance, the standard direct-reading wattmeter

being connected as shown in either Fig. 47 or Fig. 48. A

fig. 47.

chalk mark is made on the meter disk, so that the revolu-

tions may be easily counted, and the revolutions are taken for

40 to 60 seconds, the observer using a stop watch. Another

observer reads the standard instrument, and the load is kept

as nearly constant as possible throughout the test. The meter

watts may then be calculated from the following formula:
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Meter watts = Rx Kx 3,600

T (20.)

where

R = number of revolutions in T seconds

;

T = time in seconds of R revolutions

;

A'= constant of meter (this is marked on the meter dial).

The actual watts are obtained from the standard meter,

hence the percentage by which the meter is correct is found

by dividing the watts as given by formula 20 by the watts

as given by the standard meter.

Fig. 48.

Example.—The disk of a 10-ampere, 100-volt Thomson meter makes
10 revolutions in 60 seconds. The average standard watts as indicated

by the standard meter are 303. Find the percentage error of the

recording meter. The constant of the meter is %.

Solution.—From formula 20, we have

10X1X 3,600
Meter watts = 300.

60

f$f = .99, or 99$. Ans.

The meter is, therefore, 1 per cent, too slow, and the damping
magnets should be shifted in a little so that the retarding action on the

disks will not be so great.

115. If a standard wattmeter is not available for test-

ing purposes, separate ammeters and voltmeters may be

used for direct-current work, but they are not as convenient.
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In Figs. 47 and 48, it will be noticed that the energy con-

sumed in the potential circuit of either meter is not meas-

ured by the other; that is, the current in the armature of

the Thomson meter does not pass through the fields of the

standard meter; neither does the current in the shunt of the

standard pass through the field coils of the Thomson meter.

116. To test a meter used on a three-wire 110- to 220-

volt circuit it may be connected as shown in Fig. 49. The

potential circuits of these meters are wound for 110 volts.

The field coils can, therefore, be connected in series, and

Line Load

Fig. 49.

the standard meter connected in as shown in Fig. 49. In

formula 20, however, K should only be taken as one-half

the constant marked on the dial. Aside from this, the

meter can be tested in the same manner as a two-wire

meter.

117. Cleaning Meters.—The first thing to be done in

cleaning meters is to blow out the dust. A small syringe is

useful for this purpose. Parts that can be reached should

be wiped out with a cotton cloth. Clean the top bearing

and worm-gear, but do not oil them, as the oil is liable to

find its way on to the commutator. If the train of the

counter is stiff, give it a bath in gasoline. Next see that

the brushes present a clean, flat, smooth surface to the
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commutator. A piece of crocus cloth glued to a narrow, thin

stick answers for polishing the brushes, except in cases where

grooves are worn in them. If this is the case, a small fine-

grained file maybe used before polishing. After the brushes

are put in proper shape, the commutator should be polished

with a narrow strip of cotton tape, or, if necessary, a worn

strip of crocus cloth. To use the crocus cloth or tape, pass

it around the commutator, cross the ends in front to prevent

catching the brushes, then pull the strip back and forth, at

the same time twirling the rotating part. The spaces

between the commutator segments can be cleaned out with

a stick whittled to a thin, flat point.

118. The jewel and pivot on the lower end of the

shaft should next be carefully examined. The jewel can be

tested with a fine-pointed needle, and if found rough or

scratched, it should be replaced by a new one. The shaft

end or pivot may be removed with a special tool provided

for the purpose, screwed into the end of an old shaft, and

any roughness detected by rubbing it over the finger nail.

If found rough, a new shaft end should be put in. A drop

of good clock oil may be put on the jewel, except when the

meter is in a dusty place. Sometimes the armature circuits

of meters become broken, in which case the meter will not

come up to speed even with the magnets swung in as far as

they will go. Again, if the meter cannot be brought down
to the proper speed, the magnets may be too weak or there

may be a short circuit in the resistance in the back of the

meter, thus letting too much current through the armature.

119. Reading1 Meters.—Reading meters is considered

a difficult task by many, but once the dials are thoroughly

understood there should be no trouble in reading correctly.

The dials on a recording wattmeter bear a considerable

resemblance to those on a gas meter. The arrangement

differs somewhat with different makes, but if one is able to

read the Thomson meter correctly, there should be little

difficulty with the others.
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120. The Thomson meter has five dials. The lowest

reading pointer is the one to the extreme right (facing the

meter); it is marked 1,000, and this means that one com-

plete revolution of the hand indicates 1,000 watt-hours, and

each division, therefore, represents 100 watt-hours. The
next one to the left is 10,000 to a revolution, or 1,000 for a

division, and so on. Fig. 50 shows six different readings,

and by studying these, the student should be able to take

readings from any meter. Some of these figures have the

hands in positions that are liable to puzzle the beginner.

Beginning at the left, number the pointers 1, 2, 3, 4, and 5.

Then, in /, Fig. 50, pointer 5 is on 2 and is read "200."

Pointer 4 is two-tenths of the way between 8 and 9 and is

read "8,000." Pointer 3 is read "10,000." Pointer 2 has

not gone through its first division; likewise pointer 1.

The statement of the meter is then 18,200, and is to be

multiplied by the constant of the meter to reduce to watt-

hours.

| The statement of //is 5,718,900 (not 5,719,900, as it fre-

quently would be read). Pointer 4 should not be read "9"

until pointer 5 has completed its revolution and is again

at 0.

The statement of ///is 99,800 (not 109,800), because the

100,000 mark will not be reached until pointer 5 has passed

from 8 to 0, when 4 and 3 will be at 0, pointer 2 at /, and

pointer 1 just past the zero mark.

The statement of IV is 9,990,800. Pointer 1 is slightly

misplaced. Otherwise, the reasons given above will apply

to this statement.

The statement of V'is 8,619,900. Pointer 2 is misplaced;

for it should be two-tenths of the way between 6 and 7

instead of nearly over 6, as shown.

The statement of VI is 835,200 (not 834,200). Pointer 4

is misplaced. It should be about the same distance on

the other side of 5. These misplaced hands are frequently

met with in practice and are generally caused by a knock

in removing the cover, or, perhaps, they are a little

eccentric.
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121. Rule.— To ascertain the number of watt-hours that

have been used by a consumer from one date to another, sub-

tract the earlier statement front the latter and multiply by

the constant of the meter.

Sometimes no constant is marked on the meter, in which

case the reading as taken from the dial is watt-hours, or, in

other words, the constant is 1.

Example.—Suppose the statements as given by Fig. 50 were taken

at the following dates :

Statement January 30 ( V) = 8,619,900.

Statement February 28 (IV) = 9,990,800.

Statement March 31 (/) = 18,200.

The constant of the meter is supposed to be i.

Solution.—The watt-hours supplied between January 30 and Feb-

ruary 28 = (9,990,800 - 8,619,900) X i = 685,450. Some prefer to first

multiply each reading by the constant and then subtract as follows :

$ X 9,990,800 -JX 8,619,900 = 685,450.

The watt-hours supplied between February 28 and March 31 are

Obtained as follows : It will be noticed that 10,000,000 is the highest

reading of the meter and that between the two above dates the meter

has run up to its highest point and has registered 18,200 anew. The
watt-hours will therefore be

(10,000,000 - 9,990,800) x{ + 18,200 X i = 13,700. Ans.



ELECTRIC TRANSMISSION
(PART 2.)

LINE CONSTRUCTION.
1. line construction may be considered conveniently

under two heads: (a) overhead construction ; (b) under-

ground construction.

For nearly all work in towns and small cities or for cross-

country work, the lines are supported on poles. In cities,

the current is now usually distributed, at least so far as the

central part of the cities is concerned, by means of wires or

cables run in underground tubes or ducts. This method is,

of course, much more expensive than the overhead method;

but the large increase in the number of wires used for

different electrical purposes has rendered underground dis-

tribution in cities almost absolutely necessary.

OVERHEAD CONSTRUCTION.

POLES.

2. Selection of .Poles.—-The poles used to the greatest

extent in this country are of the following kinds of wood:

white cedar, Norway pine, chestnut, and cypress. The
average lives of these, under average conditions, are placed

by good authority at the following values

:

§ 15
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Norway pine 6 years.

Chestnut 15 years.

Cypress 12 years.

White cedar 10 years.

Cedar poles are undoubtedly used to the greatest extent.

Considering their strength, they are light in weight, and,

by some authorities, are considered the most durable, when
set in the ground, of any American wood suitable for pole

purposes.

3. Sizes of Poles.—The best lines in this country use

no poles having tops less than 22 inches in circumference.

If the poles taper at the usual rate, the specification that a

pole shall have a top 22 inches in circumference, or approxi-

mately 7 inches in diameter, is usually sufficient, for the

diameter at the butt will then be approximately correct, no

matter what may be the length of the pole.

4. Where a pole line is to carry but few wires, it is unnec-

essary to make the poles so heavy, and in many cases poles

with a 5-inch top will answer every purpose. In determi-

ning the height of poles, several considerations must be

borne in mind. The number of wires to be carried, and

therefore the number of cross-arms, determines to some
extent the general height of the pole to be used.

5. Spacing of Poles.—Practice varies as to the spacing

of poles. Of course, the number and sizes of the Avires to

be carried is the most important consideration in determi-

ning this point, but the climatic conditions, especially with

regard to heavy wind and sleet storms, should also be

considered. In general, it may be said that the best lines

carrying a moderate number of wires use 40 poles to the

mile, while for exceptionally heavy lines, the use of 52 poles

to the mile, or one pole every hundred feet, is not uncommon
practice. As a general rule, which it is safe to follow in

the majority of cases 35 or 40 poles to the mile should be

used. For city work, the poles should be set on an average

not farther apart than 125 feet,
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CROSS-ARMS.

6. The cross-arms should be made of well-seasoned,

straight-grained, Norway pine, yellow pine, or creosoted

Fig. 1.

white pine. Cross-arms are made in standard sizes, the

length of the arm depending on the number of pins

it is intended to hold. The standard cross-arm is

3i X 4£ inches, and varies in length usually from 3 to

8 feet. They are usually bored for l^--inch pins and

provided with holes for two ^--inch bolts. The arms

are generally braced by flat, iron braces, about

1|- inches wide by \ to f inch thick. These braces

are shown in Fig. 1, which gives a view of an ordi-

nary pole top provided with two 4-pin cross-arms.

PINS.

7. The pins by which insulators are mounted

upon cross-arms are shown in Fig. 2. They may be

made of locust, chestnut, or oak (the woods being

K

Flu
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preferred in the order named), and are turned with a coarse

thread on the end on which the insulator is to be secured.

The shank K is turned 1^ inches in diameter.

The pin should be secured in the hole by driving a nail

through the arm and the shank of the pin. This renders it

difficult to extract the shank of the pin in case a new one is

required; but, on the other hand, it prevents the pin pulling

out, which sometimes occurs when this precaution is not

taken. For heavy lines, pins are used that have an iron

bolt passing through them. Fig. 3 shows a pin for this

kind designed by F. Locke, with a heavy insulator for

carrying a cable in the groove a.

INSULATORS.

8. Insulators in this country are usually made of glass,

while in Europe porcelain is more commonly used. Porcelain,

when new, is a better insulator

than glass ; but it is more costly,

and under the action of cold the

glazed surface becomes cracked.

When this happens, the moisture

soaks into the interior structure,

did its insulating quality is

greatly impaired. Tests re-

cently made have shown that

when newly put up, the insula-

tion resistance of porcelain insu-

lators io from 4 to 8 times better

than glass, but that along rail-

roads and in cities smoke forms a

thin film upon each material, so

that at the end of a few months

their insulating properties are nearly alike. On country

roads, away from railroad tracks, the porcelain insulators

maintain a higher insulation than the glass during rain

storms, but in fine weather it is not so high. Porcelain has an

Flu. 3.
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advantage over glass in that it is not so brittle, and, there-

fore, less likely to break when subjected to mechanical

shocks. Porcelain does not condense and retain on its sur-

face a thin film of moisture so readily as glass, i. e., it is

less hygroscopic. On the other hand, however, glass insu-

lators are not subject to such an extent as porcelain to the

formation of cocoons and cobwebs under them, the transpar-

ency of the glass serving to allow sufficient light to pass

through the insulator to render it an undesirable abode for

spiders and worms. As cocoons, cobwebs, etc. serve to

lower the insulation of the line to a great extent, this is an

advantage that, in this country, it is not well to overlook.

9. Types of Insulators. — For ordinary work with

moderate pressures, glass insulators are used. The style of

insulator will depend to some extent on the size of wire

to be supported. Most power-transmission lines are of

weather-proof wire or cable; wires smaller than No. 6 or 8

B. & S. are seldom put up, hence the glass insulators, as a

Fig. 4. Fig. 5.

rule, must be heavier than the kind used for telegraph or

telephone work. Fig. 4 shows an insulator, known as the

D. G. (deep groove), that is well adapted for ordinary lines.

This insulator is so called to distinguish it from those with

smaller grooves, such as are used for telephone or telegraph

work. It is provided with two petticoats, or flanges, a, b

over which leakage must take place before the current can

i. III.—

8
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leak from the wire to the pin. The use of a number of

petticoats increases the leakage distance and provides a

high insulation. Insulators used on high-tension lines are

provided with a number of such petticoats. When heavy

cables are used, it is customary to carry them on especially

heavy insulators and to tie down the cable on top of the

insulator instead of tying it to the side. Fig. 3 shows a

common type of such insulator. The cable rests in the

groove a and is held in place by a tie-wire twisted around

the cable and passing under the ears at b, c. Good quality

glass insulators, such as those just described, may be used

for any lines where the potential is not over 2,000 or 3,000

volts. For higher pressures on transmission lines, it is better

to use a larger insulator giving a higher degree of insulation.

Fig. 6. Fig. T.

Fig. 5 shows a Locke insulator of glass that is suitable for

any pressure up to 5,000 volts. This insulator is 4£ inches

in diameter, and it will be noted is provided with three

petticoats, thus giving a long leakage distance from the

wire to the pin. Fig. 6 shows a still larger insulator; this

one is suitable for pressures up to 25,000 volts and is

5-^ inches in diameter. For high pressures, porcelain insu-

lators have been largely used; as yet there does not seem to

be any settled opinion as to just which is the better, glass or

porcelain, for this kind of work. Fig. 7 shows a type of

porcelain insulator that is used extensively in connection

with the Niagara transmission plant. These insulators are

elliptical, or " helmet," shaped and have aneave, or ridge, a

on each side. The object of these ridges is to run off the

water to the end of the insulator, where it will drop clear of
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the cross-arm. These extra large insulators are only nec-

essary for the hig'h-tension lines, and by far the greater

part of electric-light lines are carried on ordinary glass

insulators of the type shown in Figs. 3 or 4.

TYING AND SPLICING.

10. Tying-.—Fig. 8 shows the method of tying that is

commonly used. The
tie-wire a is usually

from 12 to 16 inches in

length and should be

insulated to the same

extent as the wire to be

tied. The line wire is

laid in the groove of the

insulator, after which

the two ends of the tie-

wire, which have been

passed half way around

the insulator, are

wrapped tightly around the wire. Some linemen advocate the

plan of starting to wrap, one end of the tie-wire over and the

other end under the line wire.

Fig. 9 shows a method of tying

that is used where the wire

lies on top of the insulator.

Fig.

Fig. 9

11. Splicing-.—The Amer-
ican wire joint shown in

Fig. 10 is generally used where

splices must be made. The

wires are placed side by side and each end wound around the

other. All joints should be soldered. The rules of the

National Board of Fire Underwriters require that all line

joints shall be mechanically and electrically perfect before

being soldered; i. e., solder should not be depended onto
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make the joints strong mechanically or efficient as an elec-

trical conductor. In other words, soldering should always

be done simply as a safeguard against any diminution in

the electrical conductivity of the joint. Large cables are

joined either by weaving the strands together and soldering

or by using a copper sleeve into which the ends of the cable

are fastened.

UNDERGROUND CONSTRUCTION.

12. In cities, it is necessary to place the wires under-

ground, especially in the business districts. The best way

to do this is to provide a regular tunnel, or subway, in

which the various wires, or cables, can be placed and which

will be large enough to allow a man to walk through for

inspection or repair. This method is, however, very expen-

sive and can only be used in a few very large cities. Another

method is to use conduits through which to run the cables.

These conduits usually consist of tubes of some kind that

are buried in the ground and thus provide ducts into which

the cables may be drawn. These ducts terminate in man-
holes, usually placed at street intersections, by which access

may be had to the cables and from which they may be

drawn into or out of the ducts. A third method, and one

that has been largely used in cities for distributing current

for lighting purposes, is to bury tubes containing insulated

conductors in the ground. In this system the conductors

cannot be withdrawn, as in the conduit system, and there is

a separate tube for each set of conductors. The Edison

tube system belongs to this variety, and a very large amount

of lighting on the three-wire system has been carried out by

using underground conductors of this kind.
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CONDUITS.

13. A large variety of conduits are in use, and it has

not been definitely settled as yet just which type is the

best; but the following will serve to give an idea as to some

of the more common forms that have stood the test of

actual work and are in extended use.

Fig. 11.

14. Creosoted-AVood Conduit.— A form of conduit

largely used, and which has the advantage of being very

cheap to install, is one that is

composed of sections of wooden
tubing, the fiber of the wood
being impregnated with creosote,

in order to prevent its decay.

This form of conduit is com-

monly known as pump-log conduit, on account of the

resemblance of the wooden sections to the ordinary form of

wooden pump logs. A section of this conduit is shown in

Fig. 11; the ends are doweled in order to preserve the

proper alinement in joining. These sections are usually

8 feet in length, and have circular holes through their

centers from 1£ to 3 inches in diameter, according to the

size of cable to be drawn in. The external cross-section is

square and 4^- inches on the side, in the case of a tube hav-

ing a 3-inch internal diameter. Such a conduit as this, if

properly impregnated with creosote, will probably have a

life of from 15 to 20 years, and perhaps much longer, this

point being one concerning which there is considerable

argument and which, probably, time alone will decide. In

some cases, difficulty has been experienced with creosoted-

wood conduits on account of the creosote attacking the

lead covering of the cables.

15. Cement-Lined Pipe Conduit.—This conduit, made
by the National Conduit and Cable Company, is now largely

used for underground wires. The sections shown in Fig. 12

are usually 8 feet long and are made as follows: A tube is

made of thin wrought iron, No. 26 B. W. G., .018 inch thick
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and securely held by rivets 2 inches apart. The tube is

then lined with a wall of Rosendale cement f inch thick, the

inner surface of which is polished while drying, so as to

form a perfectly smooth tube. This tubing comes in three

sizes, each having a length of 8 feet and internal diameters of

"^

Fig. 13.

2, 2^, and 3 inches, the latter being the standard size. Each
end is provided with a cast-iron, beveled socket joint, by

the use of which perfect alinement may be obtained by
merely butting the ends together. These beveled socket

joints also allow of slight bends being made in the line of

conduit as it is being laid.

16. Vitrified-Clay or Terra-Cotta Conduit.—A form

of conduit that is probably used in good construction work
to a greater extent than any other is made of vitrified clay.

This material has the advantage of being absolutely proof

against all chemical action, and unless destroyed by mechani-

cal means will last for ages. Besides this, its insulating

properties are high and it is comparatively cheap and

easily laid.

When clay conduits were first used, it Avas customary to

form various sections with two or more ducts, one of the
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most common form being the 4-duct type, two sections of

which are shown in cross-section in Fig. 13. These are

made with 2, 3, 4, G, and 9

ducts, all in 8-foot lengths.

In another form, each section

had 2 ducts only, these ducts

being large enough to accom- |§^^f^§gj|^|||g^g
modate several cables. In this

form, however, much trouble

has been experienced, due to

the fact that when several

cables are laid in a single duct,

it often becomes impossible to

withdraw them, owing to the

fact that they are much more

likely to become wedged than

in the forms where one cable

only occupies a single duct. 10-S'
:0-

It is not good practice to put . tf
.

more than one cable in the ...
J,"

:
'

:

same duct. fig. 13.

k

17. The form of clay conduits now most commonly used

is shown in Fig. 14, this being usually made in 18-inch

lengths, having an inter-

nal diameter of from 3

to 3^ inches and being

4f inches square outside.

This duct has a great

advantage over the mul-

tiple-duct sections in the

greater ease of handling

and also in the fact that

it is much less liable

to become warped or

crooked in the process of burning during its manufacture

than the larger and more complicated forms. Like the

cement-lined pipe, it is laid on a bed of concrete, cemented

FIG. 14.
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together with mortar, and enclosed on all sides and on top

by concrete. In laying, a wooden mandrel, such as is

shown in Fig. 15, 3 inches in diameter and about 30 inches

in length, is used. At one end is provided an eye a, which

may be engaged by a hook, in order to draw it through the

fig. 15.

conduit, while at the other end is secured a rubber gasket b

having a diameter slightly larger than that of the interior

of the duct. One of these mandrels is placed in each duct

when the work of laying is begun. As the work progresses,

\\ v\.-:. ,

Fig. 16.

the mandrel is drawn along through the duct by the work-

men, by means of an iron hook at the end of a rod about

3 feet long, the method of doing this being shown in Fig. 16.

By this means, the formation of shoulders on the inner walls

of the ducts at the joints is prevented, and any dirt that

may have dropped into the duct is also removed. The
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cylindrical part of the mandrel insures good alinement of

the ducts, thus securing a perfect tube from manhole to

manhole.

18. Fig. 16 illustrates the method of laying this con-

duit, and shows how the joints should be broken in the

various layers so as to insure a maximum lateral strength

to the structure.

All conduits should be laid to such grades that there will

be no low points or traps in the conduit that will not drain

into the manholes.

MAOTOLES.

19. Manlioles form a very important part in cable sys-

tems and require careful designing to properly adapt them
to the particular conditions to be met. They are usually

placed about 100 feet apart, and if possible, at the inter-

section of streets. They should be located with a view to

making the line of conduit between them as nearly straight

as possible. The size of the manhole will depend on the

number of ducts that are to be led to it, as well as the num-
ber of men that will be required to work in it at one time.

Manholes 6 feet square and from 5 to 6 feet high will usu-

ally be required for large systems, while for smaller systems,

or the outlying portions of large ones, they may be made as

small as 1 feet in length, in the direction of the conduit,

3 feet wide and 3 or 4 feet high.

20. Manholes may be constructed of either cement or

hard-burned brick laid in Portland-cement mortar, the

latter, probably, being preferable. The foundation should

consist of a layer of cement, the concrete being at least

6 inches thick. The walls, if of brick, should be laid in

cement mortar, and should, also, be thoroughly plastered

on the outside with the same mortar. They should never

be less than 8 inches thick, and should be made double this

thickness where large manholes are being constructed in

busy streets. As the brickwork is laid up, the iron brackets
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for supporting the cables around the sides should be built

~\/efit!fatee/ coi-Wartho/e tieacf\

Pavement.

^^£^1̂ ^7-3X3 I Beam.

^-3 Pipe.

"Concrete 6"tn/ck. ^BocA water t/a/i/e.

Fig. 17.

in. The roof should be of either arched brick or structural

Fig. 18.

iron, supporting some form of cast-iron manhole cover, of

which there are several types on the market.
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21. Fig. 17 shows a cross-section of a ventilated man-

hole well suited for ordinary power-distribution work. It

has been found better, on the whole, to provide manholes

v:, • .-";.'• ,.'.',
.

• , :.,''. ."2^

•:-;

Fig. 19.

with ventilated covers and good sewer connections than to

close them up tight, as was formerly done. If they are

tightly sealed, gases are liable to accumulate and cause
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explosions. In Fig. 17, the manhole is provided with two

sewer connections, so that in case the bottom one gets

clogged up, the water will be able to flow through the side

connection instead of backing up into the ducts. Both

connections are provided with traps to keep out the sewer

gas and the bottom connection is equipped with a back-

water valve to keep Avater from backing into the manhole.

A removable cover is provided at the back-water valve,

so that any dirt that accumulates may be cleaned out.

The roof of the manhole is made by laying 3" X 3"

I beams across .the top and filling between them with brick,

the whole being covered with a layer of cement. The man-
hole cover may be either round or rectangular. Fig. 18

shows a rectangular manhole head with ventilated cover.

Fig. 19 shows a manhole with a water-tight inner cover b,

which is firmly clamped down by the screw c and cross-

piece d. The joint is made water-tight by the gasket g
pressing on the upturned flange a'.

DISTRIBUTION FROM MANHOLES.

22. As stated before, where the conduit system of

underground distribution is used, the current is delivered

by means of lead-covered cables that are drawn into the

ducts after the conduit proper has been completed. These

cables are drawn from manhole to manhole by means of a

rope attached to the end of the cable. Fig. 20 shows one

arrangement for drawing in cables.

23. Cables.—The construction of the cables themselves

depends on the kind of service to which they are to be put.

Two kinds of insulation are available—rubber and paper.

With good rubber insulation, a small puncture in the lead

sheath may not impair the insulation for some time, because

the rubber is, to a large extent, proof against moisture.

On the other hand, paper insulation will be damaged if the



§15 ELECTRIC TRANSMISSION. 17

lead sheath becomes punctured so as to admit moisture.

Paper insulation is, however, cheaper than rubber, and if

the cables are carefully installed will give excellent service.

Fig. 21 shows a paper-insulated cable designed for 6,600-

volt, three-phase transmission. The three conductors are

insulated with paper wrapping to a thickness of £ inch.

:tfS

Fig. 20.

These three strands are then twisted together and covered

with a wrapping of paper y
1^ inch thick, over which the

^-inch lead covering is forced. The paper is treated with

insulating compound and the space between the strands,

shown black in the figure, is filled with jute treated with

insulating compound.
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24. Connecting- Cables.—In underground, electric-

power distribution, it is important to have the various parts

of the system so arranged that they can be disconnected, if

necessary, because faults are liable to develop, and if the

various sections can be readily disconnected, it makes the

Fig. 21.

location of the defective portion very much easier to find.

Also, when the defective part is located, it can easily be

cut out without interfering with the operation of the

remainder of the system. For ordinary low-pressure work,

^v

Fig. 22.

the various joints are usually made by means of coupling

"boxes, or junction boxes. These are placed on the side

walls of the manholes and are made water-tight. Fig. 22

shows a coupling box. A, B, and C are the three main

cables, or feeders, of a three-wire system that are to be
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coupled to the three cables A', B', C . The cables enter the

cast-iron box through rubber gaskets that are clamped so as

to make the box water-tight. Each cable is provided with

a terminal on the end, and these terminals are connected

together by pieces of copper bar securely clamped against

the terminals by the bolts shown in the figure. The box is

provided with a cover that is bolted against a rubber gasket.

This box is merely intended for coupling the ends of the

cables together and takes the place of permanent joints that

could not readily be disconnected.

25. Junction Boxes.—The main cables, or feeders,

running from the station terminate in the manholes, and it

is necessary to have some convenient means of connecting

(T^i

^s

22L

Fig. 23.

them to the various branch lines. This is done by means of

junction boxes. Fig. 23 shows a junction box that is known
as a. four-way box, because it accommodates four positive and
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four negative cables. The box is designed for use on low-

pressure, three-wire work. A and B are the positive and

negative bars, which are made of copper and are well insu-

lated from each other. These bars connect across to the

cable terminals through copper fuses f, so that in case a

short circuit occurs on a line, these fuses will blow and thus

prevent damage. The short neutral bar shown in the

bottom of the box attaches directly to the cables, because it

is not usually considered necessary or even desirable to place

a fuse in the neutral. The small wires p, p are pressure

wires that run back to the station and there connect to volt-

meters, so that the voltage at the center of distribution, repre-

sented by the junction box, may be determined at any time.

These pressure wires are protected by fuses placed in the small

fuse receptacles b, b, b. Each pressure wire connects to one

side of a cut-out b and the other sides connect to the -j-, —

,

and neutral bars. The cables pass into the box through

water-tight rubber gaskets and the box is closed by a water-

tight cover. Junction boxes are made in a large variety of

forms for different kinds of service.

26. Service Boxes.—When the conduit system of dis-

tribution is used and where customers have to be supplied,

Fig. 24.

small hancllioles are provided wherever distributing points

may be necessary. These are much smaller and shallower

than manholes and only run down as far as the conduit.
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In these handholes a service "box is placed. Fig. 24 shows

one style of service box with its cover removed. A, £, and C
are the main cables

that run straight
through the box with-

out being cut. D, E
are the three-wire,

branch-service cables,

or tubes, for supplying

current to the build-

ings. These are at-

tached to the main
cables by means of

suitable clamps, and

after the cover is

bolted in position the FlG
-
25 -

box is filled with insulating compound. Fig. 25 shows
another style of service box for use on the three-wire system.

In this four-way box the main cables are fastened to ter-

minals instead of passing straight through. Fig. 26 shows
a handhole with its service box arranged for delivering

current to overhead conductors. The main feeders, running
from manhole to manhole, are placed in the lower tiers of

conduits, and the service mains that run back from the

manholes are run in the upper row, so that they will be

accessible for the connection of service boxes.

27. Joining Cables.—For low-pressure work, cables

are usually joined in the manholes by means of coupling

boxes or junction boxes. Sometimes, however, joints must
be made without the use of these boxes, in which cases

the job must be very carefully done.

First, the soldered end of the cable is cut off and the

cable carefully examined for moisture. If a little moisture

be present and there is still more than enough room for the

joint, it is allowable to cut off another short length. If

indications of moisture are still present, heat should be

applied to the lead covering, starting from a distance and

/. III.—

9
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proceeding along the cable to the end. Thus the moisture

is driven out at the cut. When the use of torches is not

allowed on account of gas in the manholes, hot insulating

compound, such as boiling paraffin, may be poured over the

cable. This process is known as boiling out. To ascertain

whether moisture is present, the piece last cut off is stripped

of its lead covering and plunged into hot insulating com-

pound. If bubbles rise, moisture is still present.

fig. 26.

When all trace of moisture has disappeared, the lead cov-

ering is removed for a convenient length from each of the

ends to be joined and the insulation is cut away for a

shorter distance from the end, leaving a certain length

beyond the lead. A lead tube of sufficient diameter to fit

over the cable sheath and of a length great enough to

cover the joint to be made is slipped over one end of the

cable and back out of the way. Now, if the conductor be
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small enough, the regulation telegraph joint is made and

soldered. But if the conductor be stranded or of large

cross-section, the ends are cut square, butted together, and

soldered, and made much more secure by a copper sleeve,

which is soldered over all. This sleeve is open at one

side, so that solder may be run in until the strands are

thoroughly saturated. The joint is now covered with

insulating tape to the height of the lead covering.

A layer of paraffined paper may be wrapped on over this

or, as is sometimes done, a mica tube may be slipped over

the joint. The lead tube is then slid along the cable so as

Fig. 27.

to cover the joint. The ends of this are then secured to the

cable sheath by a wiped solder joint, thus making the

sheath again continuous.

A section of such a joint is shown in Fig. 27, where i is

the insulation, / is the copper sleeve, k is the conductor, p is

the paper wrapping or mica sleeve, and s is the lead sleeve

with a wiped solder joint. The space t is wound with

insulating tape. For many of the larger cables, the sleeve s

is made considerably larger in diameter than the cable

sheath, so as to leave a space that is afterwards filled with

compound. Details as to the methods of splicing and

handling the various kinds of cables are furnished by the

manufacturers.

28. High-Tension Joint.—In most cases where cables

are called upon to stand a high pressure, they are joined

somewhat as described in the last article and very carefully

insulated, so that the insulation of the joint may be as good

as that of the rest of the cable. Mechanical couplings and

junction boxes are not used very extensively for this class
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of work on account of the difficulty of securing nigh enough

insulation, and also on account of the difficulty of keeping

moisture out of the cable. Figs. 28 and 29 show the Tailleur

high-tension coupling that has been successfully used on

pressures not exceeding 5,000 volts.

4 ^Hfefi^

Fig. 28.

Fig. 28 shows the joint made and Fig. 29 shows it broken.

To make the joint, the lead armor, or sheath, E is stripped

a sufficient distance from the end to permit the slipping on

of the hard-rubber jacket H, after the terminal S
1
has been

soldered to the copper conductor IV, first tinning the end of

the copper conductor IV and also the terminal Sr One

part of the hard-rubber jacket H is slipped through one

part of the brass coupling B, then the hard-rubber jacket H,

with the brass coupling B, is passed over the terminal S
lf

and the piece S„ is screwed on contact terminal Sy Pure

rubber, which generally comes in sheets, is cut into strips

about 1 inch or 1£ inches wide, and the joint is taped as

shown at C, allowing the tape to lap over the cable armor

about 1 inch. The rubber tape is afterwards covered with
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other tape and then treated with compound. The soft-

rubber ring R is then placed as shown, and the joint

clamped tightly together, after which the whole joint is

covered with tape and insulating compound.

Conductor

EDISON UNDERGROUND-TUBE SYSTEM.

29. The Edison underground-tube system differs

from the conduits previously described in that the con-

ductors are placed in iron tubes that are buried in the

ground. The conductors are,

therefore, not removable. This

arrangement has been used ex-

tensively by illuminating and
power companies in the larger

cities. The conductors them-

selves are usually in the shape

of round copper rods; the main
tubes are designed for use on the three-wire system and are,

therefore, provided with three rods, as shown in the section

/ron Pipe

-Insulating Compound

Fig. 30

in Fig. 30. Each rod is wound with an open spiral of rope

that serves to keep the rods separated in case the insulating



26 ELECTRIC TRANSMISSION. §15

material in the tubes should become soft. After the rods

have been provided with the rope spiral, they are bound

together by means of a wrapping of rope and inserted in

the iron pipe, the rods projecting for a short distance at

each end. The whole tube is then

filled with an insulating compound
that becomes hard when cold. The
tubes are made in 20-foot lengths

and are laid in the ground about

30 inches below the surface of the

pavement. They are joined to-

gether by means of the coupling

boxes shown in Fig. 31 (a) and (b).

Fig. 31 (a) shows the lower half of

the box only, with the main tubes entering each end. The

conductors are connected together by means of short, flexi-

ble, copper cables c, c, c, provided with lugs b, b, that fit

over the rods and are soldered in place. A cover d similar

to the lower half e is then placed in position and the two

(a)

Fig. 32.

>'^V**i/;
:
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Fig. 33.

securely bolted together by means of flange bolts, as shown

in (b). After this has been done, melted insulating com-

pound is poured through an opening in the upper casting

and the joint is complete. Fig. 32 shows two styles of con-

nectors used for connecting the ends of the rods; (a) is a

stranded copper cable with terminals and (b) is a laminated

copper connector. Fig. 33 indicates a length of pipe with

its couplings.

30. Where branches are taken off the mains, T coupling

boxes are used, as indicated in Fig. 34. This box, also, is

filled with insulating compound that soon becomes hard and

prevents the flexible connections from coming in contact
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with one another. At the centers of distribution (usually a

street intersection) junction boxes are provided. These

correspond to the manholes of the conduit system. The

main supply•wires, or feeders, run from the station to these

junction boxes, whence the mains are run to the various

districts where light or power is supplied. Fig. 35 shows

one of these junction boxes. The tubes enter at the lower

part of the cast-iron box, and the mains are connected to

Fig. 34.

the feeders through fuses that bridge over between the

rings shown at the top. These fuses must be proportioned

according to the size of the conductor in the tube to which

they are connected. If the conductors are overloaded,

they will heat and destroy the insulation. The allowable

carrying capacities of underground tubes and cables have

been made the subject of a large number of tests by the

manufacturers, who furnish tables giving the limit to which
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their cables or tubes may be loaded with safety. The

junction box shown in Fig. 35 is made water-tight by clamp-

ing down the cover by means of the studs b, b and the

whole is then covered with a cast-iron plate resting in the

groove c and coming flush with the street surface.

Fig. 35.

31. The underground tubes and fittings are rather

expensive, but they are comparatively cheap to install, as

all that is necessary is to dig a shallow trench and lay the

tubes in the ground. This system has the disadvantage

that if any trouble occurs it is somewhat awkward to get at

it, as the conductors cannot be pulled out as in a conduit
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system. When trouble occurs, the usual method of pro-

cedure is to dig a hole at one of the couplings and separate

the ends. By making a few breaks in this way at different

points, the section in which the ground or short circuit is

present can soon be located and the defective length of tube

removed.

82. The Edison tube system is not now used as largely

as it once was for the main distributing lines or feeders.

The present practice is to carry the main conductors from

the station to the various distributing points in ducts, so

that they may be drawn out if necessary. The tube sys-

tem is, however, well adapted for the distributing mains,

and is largely used for this purpose, because it allows ser-

vice connections to be made easily and cheaply. Table I

gives the cross-section of the rods used in the standard

TABLE I.

CARRYING CAPACITY OF UlSrDER-

GROUND TUBES.

Size of Each
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tubes that are now used for distributing mains. Each
tube has three conductors of the same size and the table

shows the allowable current when two of the conductors are

loaded. If the system is balanced, the third wire will carry

but a small current.

TESTS.
33. In testing lines or apparatus, it is frequently neces-

sary to make rough tests that will show whether or not

circuits are continuous, broken, crossed, grounded, or prop-

erly insulated. These tests do not require accurate meas-

urements, they being merely for the purpose of determining

the existence of a faulty condition.

34. Magneto Testing Set.—The most common, and

probably, all things considered, the most useful, form of

testing instrument for rough testing is that consisting of a

magneto generator and bell mounted compactly in a box

provided with a strap for convenience in carrying.

TESTING LINES FOR FAULTS.

35. Faults on a line may be of two kinds: the line may
be entirely broken, or it may be unbroken but in contact

with some other conductor or with the ground. The
former fault is termed a break ; the latter a cross or

ground. A break may be of such a nature as to leave the

ends of the conductor entirely insulated, or the wire may
fall so as to form a cross or ground. A cross or ground

may be of such low resistance as to form a short circuit or

it may possess high resistance, thus forming what is called

a leak. There are a number of different methods used for

locating faults, and as those most suitable depend to a

considerable extent on the kind of work for which the lines

are used, most of the points relating to testing will be left

until the different subjects with which they are connected

are considered.
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36. Continuity Tests.—In testing wires for continuity,

the terminals of the magneto set should be connected to the

terminals of the wire and the generator operated. A ring-

ing of the bell will usually indicate that the circuit is con-

tinuous. This is a sure test on short lines, but should be

used with caution on long lines and in cables, because it

may be that the electrostatic capacity of the line wires

themselves will be sufficient to allow enough current to flow

through the ringer to operate it, even though the line, or

lines, is open at some distant point.

37. Testing' for Crosses oi* Grounds.—In testing a line

for crosses or grounds, one terminal of the magneto set

should be connected to the line under test, both ends o:.

which are insulated from the ground and from other con-

ductors. The other terminal of the magneto set should be

connected successively with the earth and with any other

conductors between which and the wire under test a cross is

suspected. A ringing of the bell will, under these condi-

tions, indicate that a cross exists between the wire under
test and the ground or the other wires, as the case may be,

and the strength with which the bell rings, and also the

pull of the generator in turning, will indicate, in some
measure, the extent of this cross.

38. Here, however, as in the case of continuity tests,

the ringing of the bell is not a sure indication that a cross

exists if the line under test is a very long one. The insula-

tion may be perfect and yet permit a sufficient current to

pass to and from the line through the bell to cause it to

ring, these currents, of course, being due to the static

capacity of the line itself. In testing very long lines or

comparatively short lines of cable, the magneto set must
be used with caution and intelligence on account of the

capacity effects referred to. For short circuits in local

testing, however, the results may be relied upon as being

accurate.

Magneto testing sets are commonly wound in such man-
ner that the generator will ring its own bell through a
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resistance of about 25,000 ohms. They may, however, be

arranged to ring only through 10,000 ohms, or where espe-

cially desired, through from 50,000 to 75,000 ohms. The
first figure mentioned—25,000 ohms—is probably the one

best adapted for all-round testing work.

CURRENT DETECTOR GALVANOMETER.

39. In order to test for grounds, crosses, or open circuits

on long lines or on cables, without the liability to error that

is likely to arise in testing with a magneto set, a cheap form

of galvanometer for detecting currents, called a 'detector

galvanometer, may be used. In testing for, grounds or

crosses, the galvanometer should be connected in series with

several cells of battery and one terminal of the circuit

applied to the wire under test, it being carefully insulated

at both ends from the earth and from other wires, while the

other terminal of the galvanometer and batteries should be

connected successively to the ground and to adjoining wires.

A sudden deflection of the galvanometer needle will take

place whenever the circuit is first closed, this being due to

the rush of current into the wire that is necessary to charge

it. . If the insulation is good, the needle of the galvanometer

will soon return to zero; but if a leak exists from a line to

the ground or the other wire with which it is being tested,

the galvanometer needle will remain permanently deflected.

In testing for continuity, the distant end of the line should

be grounded or connected with another wire that is known
to be good, and the galvanometer and battery applied, either

between the wire under test and the ground or the wire

under test and the good wire. In this case, a permanent

deflection of the galvanometer needle will denote that the

wire is continuous, while if the needle returns to zero it is

an indication of a broken wire.

40. Test for Insulation Resistance.—One thing that

it is important to know about lines is the state of their insu-

lation. In order to determine this, measurements of the



15 ELECTRIC TRANSMISSION. 33

insulation resistance between the line and ground must be

made, and if this resistance is found to be dangerously low,

the trouble should at once be looked up and remedied. One
of the most convenient methods for measuring insulation

resistance is by means of a good high-resistance voltmeter.

The voltmeter is much easier to handle than a reflecting

galvanometer, and if the resistance of the voltmeter is

known, insulation resistance measurements may be made
with very little trouble. Suppose in Fig. 36 we wish to

measure the insulation resistance of the line A A. The
voltmeter is first connected across the lines at V in the usual

fig. 36.

manner and the voltage of the dynamo D obtained. Call

this reading V. As soon as possible after taking the reading

V, the voltmeter is connected between the line B B and the

ground, as shown at V
lt
and a reading V

x
obtained. In this

case all the current that goes through the voltmeter passes

from f to E
2
and thence back through the ground E and the

insulation of the line to /. It is evident that if the insula-

tion resistance of the line A A is very high, very little

current will flow through the voltmeter, and a small deflec-

tion will be the result. If the resistance r of the voltmeter

is known, then the insulation resistance of the line will be

R = {V- K)r
(1.)

provided no ground exists on the dynamo D,
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Example.—The insulation resistance of an alectric-light main was
tested by means of a Weston voltmeter having a resistance of

18,000 ohms. When connected across the lines, the voltmeter gave a

reading of 110 volts. When one line was connected to ground through

the voltmeter, the reading was only 4 volts. What was the insulation

resistance of the other line ?

Solution.—We have by formula 1,

D (110 - 4) 18,000R = 4

106 X 18,000

= 477,000 ohms. Ans.

Note.—The insulation resistance of lines is usually expressed in

megohms, 1 megohm being equal to 1,000,000 ohms. The resistance of

the line in this case would therefore be .477 megohm.

TESTS EOR GROUNDS OR CROSSES.

41. Vai'ley Ix>op Test.—One of the commonest methods

for locating a ground or cross is by means of the Varley

loop test. In Fig. 37, G is a sensitive galvanometer con-

nected across the arms of a Wheatstone bridge in the ordi-

nary manner; A B and A C are the ratio arms and CD the

F-

FIG. 37.

rheostat or balance arm of the bridge. D E is the faulty

line and F the location of the fault. The two lines should

be connected together at E and the ends of the loop BED,
so formed, connected across the terminals of the bridge as
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the unknown resistance. Call y the resistance of the loop

from B to F and x the resistance from D to F. With the

battery connected between A and D, as in the ordinary

method of using the Wheatstone bridge, balance the bridge.

This will give, by working out the unknown resistance in

the usual manner, a resistance R equal to the sum of the

resistances of the two wires forming the loop ; that is,

R = y + x.

Or, the resistance R of the whole loop may be calculated,

because the length and size of the line wire are known.

F

Fig. 38.

Now disconnect the battery from D and connect it to the

ground, as shown in Fig. 38. Then balance the bridge again,

and the resistance x may be obtained by means of the follow-

ing formula :

nR— mp
m -f- n

(2.)

in which m, 11, and p are the values of the resistances in the

arms A B, A C, and CD. After obtaining the resistance x
from D to the fault F along the line D E by means of for-

mula 2, the distance (in feet or miles) from the testing end D
to the fault F may be obtained by dividing this resistance x
by the resistance of a unit length (a foot or a mile

?
as the
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case may be) of the line wire D E. The result obtained by

this test is independent of the resistance at the fault

between the line and the ground.

Example.—A ground occurred on a conductor of a cable 10,000 feet

long composed of three No. 10 wires. One good wire was used to com-

plete the loop. On testing with one end of the battery grounded as in

Fig. 38, the bridge was balanced with the following resistances:

in — 10 ohms, n = 1,000 ohms,^ = 1,642 ohms. Where was the ground,

the resistance per 1,000 feet of the conductor being .9972 ohm ?

Solution.—The length of the loop formed by joining the two wires

of the cable at the distant end will be 20,000 feet;

hence,

and

R = 20 X .9972 = 19.944,

1,000 X 19.944 - 10 X 1,642

1,000 + 10
= 3.4891.

Hence the distance of the fault from the testing station must be

3.4891

.9972
X 1,000 = 3,498.9 ft. Ans.

42. Locating a Partial Ground Without an Avail-

able Good Wire.—The following method for locating a

partial ground or escape is rather unreliable in practice,

because the resistance of the partial ground may change

between the two measurements, and so give a more or less

HB>

incorrect result. However, it is about the only way where

there is no available good wire and when the tests must be

made from one end only. The normal resistance of the

line must be known from some previous measurement,

unless it can be calculated from the length and size of the
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wire. Let this resistance be a ; then measure the resistance

of the line B B', with the distant end B' grounded as shown

in Fig. 39, and call this c. Also measure the resistance

Fig. 40.

with the distant end open, as in Fig. 40, and call this b ohms.

Then the resistance x to the partial ground from the test-

ing station is given by the following formula:

x = c — \/{b — c) [a — c). (3.)

By dividing x by the resistance per unit length of the

wire, known from some previous measurements or by a cal-

culation from its size, length, and a table of resistances for

the kind of wire under consideration, the distance to the

grounded point may be obtained.

43. To Locate a Cross by tlie T"arley Loop
Method.—First insulate the distant ends of the two crossed

Fig. 41.

wires. Then connect as shown in Fig. 41 and measure the

resistance from D to B through the cross F. Let the

/. III.—10
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resistance of the cross be z ohms and the resistance found

by balancing' the bridge be R ohms.

Then, R = x+y-\-z. (1)

Now ground either wire, say D E, anywhere beyond the

\o

Fig. 42.

cross, and connect as shown in Fig. 42. When the bridge

is again balanced, we have

m
n

y + z
(*)p-Yx

From equations (1) and (2), we get

n R — m px — .m -\- n

This is the same as formula 2. By dividing x by the

resistance of the wire D E per unit length, we have the

distance from D to the fault along the wire D E.

PROTECTION OF LINES FROM LIGHTNING.

44. Overhead lines are always liable to accumulate a

certain charge of static electricity even if they are not

actually struck by lightning. Long transmission lines

should be well protected against lightning, as they frequently

run through exposed and mountainous country. If these
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high-pressure discharges travel along the line and get into

the dynamos at the power station, they are almost sure to

puncture the insulation of the machines and result in a

burn-out. To guard against this, lightning arresters should

be provided.

It was formerly thought sufficient to place a lightning

arrester on each line at the station, trusting to these to lead

any discharge to the ground. However, this was found to

be an unsafe practice. It is now generally admitted that the

safest plan is to distribute a number of arresters at intervals

along the line, so that any charge that may happen to

accumulate will be led to ground before it 'reaches the

station. There are a large number of different types of

lightning arresters in use that accomplish their purpose

more or less perfectly. They offer a great deal of protec-

tion if properly installed; but, as is well known, lightning

is very erratic in its behavior and often does damage in

spite of the lightning arresters. This is no reason, however,

why every line should not be equipped with them at inter-

vals of about every half mile at least. What is given here

is intended to apply to lightning arresters in a general way,

and the description of special types will be taken up later in

connection with the special lines of work to which they are

adapted. The arresters for any given line must be selected

with reference to the kind of circuit on which they are to be

used, and descriptions of some of the more important types

will be given in connection with the subjects of Electric

Lighting and Electric Railways. For the present we will

confine our attention to general principles.

45. Simple Lightning Arrester.—The term light-

ning arrester does not correctly express the use of these

devices, because they do not arrest the discharge coming

in over the line; they merely divert the charge by pro-

viding a path to the ground that the lightning will take

in preference to passing into the dynamo and making a

path for itself to the ground by puncturing the insulation

of the machine.
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In order to understand the action cf the lightning arrester,

it must be remembered that a lightning discharge is oscilla-

tory in character, i. e. , it is rapidly changing in

a manner somewhat similar to an alternating

current, the frequency of which is exceedingly

high. On account of its rapidly changing

character, lightning will not pass through an

inductive path if there is anon-inductive path

provided for it. The armature of a dynamo
always possesses1 a certain amount of self-

induction, and a comparatively small amount
of self-induction will offer a very high resist-

ance to a lightning discharge. Every coil of

wire has some self-induction, and a lightning

discharge will jump across an air gap that

has no self-induction before it will pass

through a coil, even if the ohmic resistance of the coil is

very low. Suppose we have a short air gap d e, Fig. 43,

and a coil B arranged as shown. If terminal C is connected

to the ground and a discharge comes in over the line A, it

c-^ Ground,

Fig. 43.

Line.

^r Grouncf..

Pig. 44.

will jump the gap d e rather than pass through the coil B,

even though this coil is made of heavy wire and contains

but few turns. The simplest form of lightning arrester is

that shown in Fig. 44. A pair of plates 1, 2 are connected

one to each line and are separated by a small gap g from
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two other plates 3, 3 that are connected to the ground.

The gap in the arrester should be more easily jumped across

by the discharge than the thinnest insulation i on the

dynamo, otherwise the discharge will jump through the

insulation to the ground instead of jumping across the air

gap. The air gap must, of course, be long enough that the

pressure generated by the dynamo itself will not be able to

jump across it. For pressures up to 500 volts a gap of

Jj inch should be sufficient, and a gap of this length offers

considerably less resistance to the discharge than the insula-

tion on the dynamo.

46. Reactance, or Kicking, Coils.—In order to make
more certain that the discharge will pass

through the arrester, kicking coils, or

reactance coils, are often inserted be-

tween the arrester and the dynamo. A
kicking coil, or reactance coil, is a coil of

wire consisting of a few turns inserted

in the circuit between the arrester and

the apparatus to be protected, as shown
at A A, Fig. 44. These coils have a

certain amount of self-induction, and the

consequence is that when a discharge

comes in over the line, they offer a high

resistance to its passing into the dyna-

mos. They choke back the discharge

and force it to pass to the ground by
jumping the air gap

coil.

Fig. 45.

Fig. 45 shows a typical kicking

47. Suppression of Arcing.—The simple arrangement
of air gaps shown in Fig. 44 will hardly work on electric-

light and power circuits for the following reason: If a dis-

charge comes in over both the lines at once, as is quite

likely to happen, because the lines usually run side by side,

an arc will be formed across both the gaps, and current from

the dynamo will follow the arc. The result will then be
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practically a short circuit on the dynamo, and such a large

current will flow that the plates or contact points of the

arrester will be destroyed. It is necessary, then, to have in

addition to the air gap some means for suppressing or blow-

ing out the arc as soon as it is formed. It is also necessary

that as soon as the discharge has passed, the arrester will

be in condition for the next discharge. Generally speaking,

the arc from a continuous-current machine is not as easily

extinguished as that from an alternator
;
probably because

every time the current passes through its zero value it

loses some of its ability to hold the arc. A large number of

different types of arresters have been brought out. In some

cases, the arc is broken by being drawn out until it can be

no longer maintained; in others, the air gap is so placed

that it will be surrounded by a magnetic field, so that when

the arc is formed it is forced across the field in just the same

way that a wire carrying a current moves across the mag-

netic field in a motor. The result is that the arc is stretched

out until it is broken. The magnet blows out the arc

almost instantaneously. Another method for suppressing

the arc following the discharge is to make it occur in a

confined space so that it will be smothered out. Still

another method is to make the cylinder or plates between

which the arc jumps of a so-called non-arcing metal. The

vapor of this metal offers a high resistance to the discharge,

and, hence, the dynamo is unable to maintain the arc.

Some arresters will work on either direct or alternating cur-

rent ; but, generally speaking, the arrester has to be selected

with reference to the voltage of the circuit on which it is to

be used and also with reference to the kind of current, i. e.,

direct or alternating.

48. Ground Connections for Lightning Arresters.—
As stated above, it is best to be on the safe side and dis-

tribute lightning arresters along the line as well as placing

them in the station. These arresters will, however, be

of little or no use if good ground connections are not

provided for them. The following methods of making
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ground connections are recommended by the Westing-

house Company.

49. The method of making the ground connection for

a line or pole lightning arrester is shown in Fig. 46. A gal-

vanized-iron pipe is driven

well into the ground and

the top of it surrounded by

coke, which retains mois-

ture ; the wire is run down
the pole and connected to

the top of the pipe as indi-

cated. The wire is some-

times encased in galva-

nized-iron pipe for about

6 feet from the base of the

pole. If this is done, it is

well to solder the ground

wire to this pipe at a. When lEEHBTEEE

a number of arresters are \

installed on the lines enter-
e «

°

a

ing the station, special care '

°

should be taken in making °
"-

the ground connection, '.*... *

otherwise the whole light-

ning-arrester installation

may be practically useless. *

'

The following method of

making the ground connec-

tion is recommended : A hole 6 feet square is dug 5 or 6 feet

deep in a location as near the arresters as possible, preferably

directly under them. The bottom of this hole is then cov-

ered with charcoal or coke (crushed to about pea size) to a

depth of about 2 feet. On top of this is laid a tinned,

copper sheet, about 5 ft. X 5 ft., with the ground wire

(about No. B. & S.) soldered completely across it. The
plate is then covered with a 2-foot layer of coke or charcoal

and the remainder of the hole filled with earth, running

.i'-ji-i

Fig. 46.
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water being used to settle it. This will give a good ground,

if made in good, rich soil. It will not give a good ground

in rock, sand, or gravel. Sometimes grounds are made by

putting the ground plate in a running stream. This, how-

ever, does not give as good a ground as is commonly sup-

posed, because running water is not a particularly good

conductor and the beds of streams very often consist of

rock. When lightning arresters are installed, all wires lead-

ing to and from them should be as straight as possible.

Bends act more or less like a choke coil and tend to keep

the discharge from passing off by way of the arrester.

50. For long-distance, high-tension lines, another method
for protection from lightning has been adopted in some cases.

Barbed wire is run along the tops of the poles and is thor-

oughly grounded at intervals. This wire collects the static

charges and leads them to the ground. On these very high-

pressure lines, it is necessary to use a number of air gaps

in series, so that the pressure of the line will not of itself

be able to set up a current to the ground. This usually

means that either a special form of arrester with a large

number of gaps in series, or a number of regular arresters

connected in series, must be used. The use of the barbed

wire does away with the need of line arresters. It is claimed

that it has given very good results in some cases, while in

others the lightning arresters have been preferred.

51. Lightning1 Arresters on Underground Lines.—
It would hardly seem necessary to equip lines that are

wholly underground with lightning arresters. While it is

true that such lines are not at all in danger from ordi-

nary lightning discharges, nevertheless it has been found

that when underground cables are used in connection

with high-tension transmission systems, static charges of

electricity gradually accumulate; and if these charges are

not allowed to pass off to the ground, they may puncture

the insulation of the cables. The lines are, therefore, very

often protected by lightning arresters or static dischargers

that are similar in construction to a lightning arrester, to
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allow the escape of these static charges to earth. For

example, the underground distributing system of the Met-

ropolitan Street Railway Company, of New York, is fully

equipped with lightning arresters, although no part of the

system is above ground.

STORAGE BATTERIES.
52. The storage battery, or accumulator, is now so

largely used in connection with electric-transmission plants

of various kinds that a general description of its action

will be given here. Its use in connection with special lines

of work will be considered more fully when the subjects of

Electric Lighting and Electric Railways are taken up.

53. Acciimtilators, storage batteries, or secondary

batteries are those in which a chemical change is brought

about by sending current through the cell from some outside

source, the chemical compounds so formed being capable of

delivering electrical energy when changing back to their

former state when the cell is discharged. The storage bat-

tery does not, therefore, store up electricity; it is simply a

cell, in which the changes brought about by the charging

current put the cell in a position to deliver electricity in

much the same way as any ordinary primary battery. A
large number of different types of storage cell have been

devised, but the only kind that has come into extensive use

is the lead accumulator. In this cell, lead in some form is

used for both the positive and negative plates, and the solu-

tion, or electrolyte, is a mixture of sulphuric acid and

water.

54. Fig. 47 shows a typical storage cell made by the

Electric Storage Battery Company and known as the

chloride accumulator. These cells can be obtained in a

variety of sizes from the small type, having only three

plates (two negative and one positive), to the very large

cells used in connection with central stations and substations.

The cell shown is mounted in a glass jar. For very large
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cells wooden tanks lined with lead are used, while for port-

able batteries the jars are made of hard rubber.

55. Positive and ^Negative Plates.—In Fig. 47,

a. a, a are the positive plates and d, b the negative plates.

Before going further, it may be well to point out just what

is meant by the positive and negative plates of a storage

battery. So far as appearance goes, the two plates may
look very much alike, especially when the cell is discharged,

but the positive plate is always the one at which the current

flows out when the cell is discharging and in when it is

charging. In charging a

battery, one must always

be sure to get the positive

pole of the battery con-

nected to the positive pole

of the dynamo, so that the

charging current will flow

in at the positive pole.

When the charging current

is discontinued and the cell

allowed to supply current

to a circuit, the discharg-

ing current will flow out

from the positive pole of the

cell. The positive plates

are, or should be, marked,

so that there will be no danger of incorrectly connecting

the cells. When a pole indicator is not at hand, the polar-

ity may always be found by connecting a wire to each pole

and dipping the ends into a dilute solution of sulphuric

acid. The wire from which the greater number of bub-

bles is given is connected to the negative pole. When
connecting cells in series, care should be taken to see that

the positive pole of one cell is connected to the negative

pole of the next. Any person that has worked around

storage cells for any length of time can tell the positive

plates from the negative by their dark-brown color.

Fig. 47.
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56. The complete chemical reactions that take place in

a storage battery are complicated and many of them are

not as yet well understood. When the cell is charged, the

principal action is the formation of lead peroxide on the

positive plate and spongy lead at the negative. Lead per-

oxide is a chemical compound consisting of 1 atom of lead

and 2 atoms of oxygen; its chemical formula is PbO^. This

lead peroxide gives the positive plates the dark-brown color

that they have when the cells are fully charged. When the

cell is discharged, the lead peroxide gradually changes to

lead sulphate and the metallic lead on the negative plate is

also changed to lead sulphate. Lead sulphate PbSO^ is

formed by the action of the sulphuric acid in the electrolyte

of the cell on the spongy lead. These chemical changes are

repeated over and over as the cell is charged and discharged.

57. In Fig. 47, the plugs c, c seen in the negative plate

are the portions of the plate that take part in the action of

the cell. The framework, or surround-

ing grid, serves to hold the active

material in place. When the cell is

discharged, these plugs are reduced to

spongy lead. In the positive plate, the

active material is placed in round holes,

each of which contains a plug made of

corrugated lead ribbon curled into
spiral form. This lead ribbon, after

being fixed in place, is converted into

lead peroxide, and thus forms the active

material of the positive plate.

58. In some batteries, the active

material is formed by means of chemical

action on the plate itself and is not held

in holes or pasted on the supporting

grid. This was the method adopted by
Plante, the originator of the storage

battery. The pasted plate was brought

out later by Faure. The Willard plate,
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Fig. 48, is an example of one where the active material is

formed on the plate itself. It consists of a lead plate pro-

vided with deep, narrow grooves, as shown. These grooves

incline upwards and make the plate present a very large

surface to the action

of the electrolyte.

The lead peroxide

is formed on these

plates by means of

chemical action,
and, as the grooves

incline upwards,

there is little chance

for any of the mate-

rial to become de-

tached and fall out.

Fig. 49 shows a cell

consisting of a num-
ber of these plates

sL- mounted in a sealed

hard-rubber jar so

that the cell will be

portable. Cells of

this kind are de-

signed for use on electric vehicles. The plates are sep-

arated by a perforated rubber plate that precludes any

possibility of their coming in contact with one another.

Fig. 49.

59. Rating of Storage Cells.—The capacity of a

storage cell is generally given as so many ampere-hours.

Thus, a cell that can deliver normally a current of 10 amperes

for a period of 8 hours will have a capacity of 80 ampere-

hours. If a cell is discharged at a rate higher than that for

which it is designed, its output will be diminished. For

example, in the above case, if the cell were made to deliver

16 amperes instead of 10, it would not keep up its discharge

for 5 hours so as to give its total capacity of 80 ampere-

hours. It does not pay in any event to take a larger current
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from a cell than that for which it is designed, as it only-

results in a low efficiency and is liable to buckle or dis-

integrate the plates. The ampere-hour output of a cell is

obtained by multiplying the average current in amperes by

the time in hours during which the current is delivered.

The capacity of a cell in watt-hours is obtained by multi-

plying the average number of watts delivered by the number
of hours. The efficiency of a cell is the ratio of the watt-

hours delivered to the watt-hours supplied. This gives the

true efficiency of the cell, although the ampere-hour effi-

ciency, i. e., the ratio of the ampere-hours delivered to the

ampere-hours supplied, is often taken as the efficiency of

the cell. This would be correct if the voltage at charging

were the same as when discharging, but such is not the case.

The ampere-hour efficiency may be as high as 95 per cent.,

while the watt-hour efficiency is usually from 75 to 85 per

cent, and represents the true efficiency of the battery.

Small cells have a capacity of about 3 ampere-hours per

pound of total weight, while large central-station cells may
run as high as 6 to 7 ampere-hours per pound. An ordinary

battery will weigh anywhere from 120 to 180 pounds per

horsepower-hour capacity.

60. Voltage of Storage Cells.—The voltage required

for charging a storage cell varies from 2 to 2.5 volts per

cell. The voltage required gradually increases as the cell

becomes charged. The voltage obtained at the discharge is

from 2.2 to 1.8 volts, the pressure falling off as the cells

become discharged. The difference between the voltage

required to charge a storage battery and that obtained at

the discharge is due largely to the internal resistance of the

cells ; thus it will now be readily seen why the watt-hour

efficiency may be considerably less than the ampere-hour

efficiency.

If we wish to charge 50 cells in series, the dynamo must

be capable of furnishing 50 X 2 = 100 volts at the beginning

of the charging, and this voltage must be increased to

50X2.5=125 volts as the cells become fully charged.
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This is usually done by cutting resistance out of the field

of the dynamo as the charging process proceeds. If only

20 cells, say, are to be charged, we will require from 40 to

50 volts; and if they are to be charged from a 100-volt

dynamo, enough resistance must be inserted in series with

them to take up the extra 60 to 50 volts. Hence, if the

charging current were, say, 5 amperes, there should be at

least 6
-g-°- = 12 ohms resistance in series. If this were not

used, the charging current would be excessive and the cells

would be injured. Cells should not be discharged to such

an extent that their pressure falls below 1.8 volts.

CARE AND OPERATION OF STORAGE CELLS.

61. Installation.—Cells should be installed in a room
where the ventilation is good and where they may be easily

inspected. They are gen-

erally mounted on a heavy

framework that has been

painted with acid-proof

paint, and if the space is

limited, are arranged in two
FlG

-
50 - or more tiers. Storage cells

are heavy and the framework should be very substantial.

It is necessary to watch the cells to see if any of the plates

get into bad condition, also to test the condition of the

electrolyte and renew it when necessary. It is important,

therefore, that the cells shall be so arranged that the

attendant can readily move around among them. The cells

should be well insulated, otherwise the acid film that is sure

to accumulate sooner or later may result in considerable

leakage. It is a common practice to set each cell in a shal-

low tray about half full of sand and then support this tray

on insulators. Fig. 50 shows an oil insulator that has been

largely used for this purpose. It is made in halves and oil

is placed in the lower half, as shown. The surface of the

oil offers a high resistance to any leakage that may tend to
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occur between the cell and the supporting framework. The
cells are nearly always joined to each other by burning, or

fusing, the lead terminals together. Soldering is not, as a

rule, satisfactory or permanent. Mechanical clamping con-

nections are not generally favored, for they do not give as

low a resistance as the burnt connection, and if they are not

made wholly of lead they soon become corroded.

62. The Electrolyte.—As already stated, the electro-

lyte consists of a mixture of sulphuric acid and water.

There is a difference of opinion as to what the strength of

the mixture should be, and makers of batteries send instruc-

tions with their cells as to the strength that they consider

essential to secure the best results with their particular

make of cell. The proper strength of the electrolyte is

determined by means of a hydrometer.

Fig. 51 shows a storage-battery hydrometer. It consists

of a sealed tube, or stem, provided with a bulb that is

partially filled with shot or mercury. If

placed in water, such a hydrometer will

sink; but if acid is added, the solution be-

comes heavier, or more dense, and the

hydrometer will float until its stem pro-

jects vertically out of the mixture. When
the specified mark on the stem comes even

with the surface, it shows that the proper

density of mixture has been attained.

The electrolyte in the cells should be

tested from time to time to see that the

density is correct. If it is found too high,

some of the solution should be drawn off

and more water added. The electrolyte

will evaporate to some extent, and this

loss should be made good by the addition

of water. The density increases to some
extent as the cell becomes charged. The
usual density of the solution should be

about 1.2, or 1,200 on some hydrometer fig. 51.
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scales, though some manufacturers use a higher density

than this. This means that the weight of the solution, per

unit volume, is 1.2 times that of water. With ordinary

commercial acid this density requires about 3 parts, by vol-

ume, of water to 1 part of acid.

When mixing the electrolyte, pure acid and water should

be used ; the water used for the electrolyte should be

distilled. The acid evaporates very little, though some of

it may be lost in the form of spray thrown off. The evapo-

ration is nearly all water; hence, it is not often necessary to

add acid to the cells. The electrolyte should be cold before

it is placed in the cells, and they should be charged as soon

as it is placed in them. They should not, at the most, be

allowed to stand for more than 2 hours before being charged.

It may be well to mention here that when sulphuric acid is

to be mixed with water, the acid should be poured slowly into

the water. If the water is poured into the acid, the sudden

evolution of heat is apt to throw the mixture into the opera-

tor's face. The satisfactory operation of a battery depends

to a great extent on the correct strength of the electrolyte,

hence it should be carefully watched. The cells should be

kept filled so that the electrolyte will always be slightly over

the tops of the plates.

63. Charging.—Fig. 52 shows about the simplest possi-

ble arrangement of connections for charging a storage bat-

tery, all appliances that are not absolutely necessary having

been left out in order to avoid confusion. A is a dynamo,

usually either of the shunt-wound or compound-wound vari-

ety; f is the rheostat in its shunt field, by means of which

the voltage of the machine may be varied through a con-

siderable range ; V is a voltmeter connected to the voltmeter

switch S, which is so arranged that the voltmeter may be

connected to either the battery C or the dynamo A ; E is a

double-pole knife switch, by means of which the battery

may be thrown in connection with the dynamo; F is an

ammeter that shows the amount of the charging current.

The ammeters used with storage batteries are often made



§ 15 ELECTRIC TRANSMISSION. 53

with their zero point in the middle of the scale. When the

battery is charging, the needle is deflected to one side of

the zero mark; when discharging, it is deflected to the

other side, thus showing at a glance whether the cells are

charging or discharging. It should be noted that the + side

of the dynamo is connected to the -\- side of the battery

iimmmni-
Storage Cells

Fig. 52.

when the switch is thrown in, the direction of the charging

current being indicated by the arrows. In this case, we
have assumed that the number of cells to be charged is suf-

ficiently great to take up the voltage of the dynamo; if this

were not the case, a resistance would have to be inserted in

series with the battery, as previously explained.

64. Having made sure that the connections are all right,

see that switch E is open and get the dynamo up to speed.

/. III.—ii
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Then measure the voltage of the cells and adjust the field

rheostat of the dynamo until the voltage of the latter is

from 5 to 10 per cent, higher than that of the cells. Throw
in the main switch and adjust the rheostat until the ammeter
indicates the charging current called for by the makers of

the cells. When the cells are charged for the first time,

some makers recommend that they be charged at about one-

third the usual rate for the first 3 hours. As the cells

become charged, the voltage of the dynamo must be

increased, by cutting out field resistance, in order to main-

tain the charging current. Charging at a rate higher than

that allowed by the makers is almost sure to injure the cells

in time. Charging at a low rate is, in some cases, beneficial

when the cells are not in good condition ; but if the cells are

all right, slow charging is of no particular benefit and con-

sumes time. By keeping track of the length of time the

battery has been charging, the attendant can usually tell

when the cells are fully charged. If the cells happen to

be overcharged a little, it does them no harm, but it results

in a waste of current. Other things besides the number of

ampere-hours supplied point out the fact that the cells are

fully charged; the positive plates become a dark-chocolate

color, almost black; the voltage across each cell rises to

about 2.5 volts. Another indication of a fully charged cell

is "gassing." When the cell is fully charged, oxygen and

hydrogen are given off freely because they are no longer

able to combine chemically with the plates, and after a cell

has been gassing 10 or 15 minutes it may be assumed that it

is fully charged. These gases fill the electrolyte with

minute bubbles and make it milky in appearance. The
bubbles rise to the surface and make the electrolyte appear

as if it were boiling.

65. Simple Switchboard for Storage Battery.—The
outfit shown in Fig. 52 is sufficient where a battery is simply

to be charged and where a fairly close watch can be kept on

it while the charging process is going on. Generally, how-

ever, the connections must be arranged so that the cells



§15 ELECTRIC TRANSMISSION. 55

may be either charged from the dynamo or allowed to dis-

charge into the line. It is also necessary to have fuses or

an automatic circuit-breaker of some kind to protect the

battery against overloads. An underload switch is, also,

connected between the cells and the dynamo, as indicated

by the dotted outline K, Fig. 52. The duty of this switch

is to prevent the cells from discharging into the dynamo
and running it as a motor. It is, usually, an automatic

switch controlled by an electromagnet connected in series

between the dynamo and the battery. If for any reason

the current drops to a very low value, the electromagnet

releases its armature, thus opening the switch and discon-

necting the cells from the machine.

66. Automatic Overload-and-TJnderload Switch.

—

Fig. 53 shows a special automatic switch designed to protect

the dynamo from any backward

rush of current and, also, to pro-

tect the battery from overloads.

Two coils a and^ are connected

in series between the battery and

dynamo, as indicated at A", Fig. 52.

If the current becomes excessive,

coil b pulls up a core that releases

a trip and causes the arm to fly

out, thus breaking the circuit

at d, d. When the battery is

charging, coil a holds its armature,

but if the current becomes very

small, as it must do before it

begins to reverse and flow back

from the batteries, the armature

is released, which action releases

the catch and allows c to fly out.

The instrument is, therefore, a FlG - 53 -

protection against both underloads and overloads.

For example, a battery might be charging and the speed

of the dynamo might drop or the belt fly off. In either
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case, the voltage of the dynamo would drop and the charg-

ing current fall to zero. If the circuit were not opened, a

current would flow from the battery through the dynamo
and run it as a motor. Another instance in which damage
might result if an underload switch were not used is in case

the field circuit of the dynamo should happen to become

! j

l x X~

J_L_J

Fig. 54.

broken. This would reduce the E. M. F. of the dynamo to

zero and a large rush of current could take place through

the armature, because the cells would be unable to excite

the field so as to enable the machine to generate any counter

E. M. F. as a motor. In the case of a compound-wound
dynamo, a backward rush of current might result in a
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reversal of the dynamo field. In the case of a simple shunt

dynamo, the current flows around the shunt in the same
direction no matter whether the dynamo is charging the

battery or whether the battery is forcing current back

through the dynamo.

67. Fig. o-i shows a simple switchboard suitable for a

small plant where a battery is used in conjunction with a

dynamo for lighting or other purposes; k and s are two

double-pole knife switches provided with fuses. The
switch k controls the lighting circuit and switch s is

connected to the dynamo d through the underload circuit-

breaker c. The ammeter A is connected in series with the

battery b and indicates the charging or discharging current.

V vs> a voltmeter connected to a switch />, by means of which

Fmay be connected across either the dynamo or the battery

;

r is the handle of the field rheostat that is connected in

series with the shunt field of the dynamo. The rheostat,

is located behind the board. When the battery is being

charged, the switch k is open and the switch s closed. When
the battery alone is furnishing current to the line, 5 is open

and k closed. If it is desired to have both battery and

dynamo furnish current to the line, both switches are closed.

68. Discharging-.—When a battery has been fully

charged, it will retain its charge for a considerable length of

time without serious leakage. The amount of leakage will

depend on how well the cells are insulated. Except where

the cells are used for portable purposes, they are usually

discharged within a few hours after they are charged ; in

fact, in most railway or power stations the charging and

discharging go on intermittently, charging occurring on the

line when the load is light and discharging when it is heavy.

The maximum discharge current is usually about the same

as the charging current, though sometimes it is allowed to

run slightly higher without damage. The maximum dis-

charge current that may be taken from a cell depends

largely on its construction and is usually specified by the

makers. Heavy discharge currents are liable to heat the
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cells and break up the plates by causing pieces of the active

material to fall off. It is very bad practice to allow an

accumulator to become completely discharged, as it is

almost sure to give rise to a trouble called sulpliating, and

this, in turn, is liable to cause buckling of plates. It is

always well to leave about one-quarter of the charge in the

cells and never to discharge them to such an extent that the

voltage per cell drops below 1.9 or 1.8 volts.

69. Sulphating.—This is one of the things that gives

considerable trouble in connection with storage cells and

which, if allowed to go too far, may render them almost

useless. It has been stated that lead sulphate PbSO
4

is

formed when the cells are charged or discharged. The
formation of this sulphate is necessary in connection with

the operation of the cell and it does no harm whatever.

There is, however, another lead sulphate Pd
2
SO

b , and it is

this one that is generally credited with causing the trouble

known as sulphating. This sulphate forms a white coating

on the plates and generally accumulates more or less irregu-

larly in patches. The white insoluble sulphate scale is very

hard to get rid of and it prevents any action upon the por-

tion of the plate that it covers. Because of this fact, it is

responsible for a large portion of the buckled or bent plates

that are sometimes found in cells. The patches of sulphate

allow the plate to be acted upon in spots only and, as the

active material expands and contracts when the chemical

changes take place, the uneven expansion and contraction

are liable to buckle the plate or cause the active material to

fall off. As already stated, overdischarging is very liable

to cause sulphating. It may also be caused by using too

strong an electrolyte; i. e., an electrolyte having too large a

percentage of acid in it. Also, if the cells are left standing

for a long time without being charged, their charge may
leak off and sulphating set in. If the sulphating has not

gone far, the plates may be taken out and the white scale

removed by scraping carefully. After this has been done,

the cells should be charged at a low rate for a long time.
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The positive plate generally gives the most trouble in stor-

age batteries, hence this plate should be carefully watched
for any signs of sulphating, buckling, or falling off of active

material. If cells are to be left for a considerable length of

time without being used, they should first be fully charged,

the electrolyte drawn off, and the cells filled with clear

water. They should then be allowed to discharge at their

normal rate, which they will do for a short time only.

After the water has stood in the cells for about 36 hours, it

may be drawn off and the cells will remain in good condition

until they are again put into commission.

70. General Remarks. — A storage battery, to give

good service, must, like everything else, be kept in good
condition. This means constant inspection of the plates

and the condition of the electrolyte. The cells must be

watched to see that none of them become short-circuited by
particles becoming lodged between the plates or by material

accumulating in the bottom of the cells. Cells should not

be charged or discharged at an excessive rate for any length

of time, though many of the batteries now manufactured
will deliver heavy currents for short intervals without per-

ceptible damage. Plates of the Plante type, i. e., with

formed material, will, it is claimed, stand heavy charges

and discharges better than those of the Faure, or pasted,

type, which is a feature of considerable value in connection

with automobile or other portable batteries. If plates become
slightly buckled, they may be straightened by being pressed

between boards—they should not be pounded. Battery

rooms should be exceptionally well ventilated because of the

fine acid spray that is formed when the cells are in operation.

The bubbles of gas bursting at the surface of the acid throw

off a very fine spray of acid that is extremely irritating.

Different methods have been tried to keep this spray from
being thrown off, such as pouring a layer of oil on top of

the electrolyte or pouring melted paraffine on the surface.

In the latter case, the paraffine hardens and seals the cell.

A small hole about f inch in diameter, or two or three of
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such holes for a large cell, must be left to allow the gas to

work its way out and also to permit the insertion of the

hydrometer. The best method, however, of doing away
with the trouble is to provide thorough ventilation.

REGULATION OF STORAGE BATTERIES.

71. Storage batteries in connection with large central

stations are used in a number of different ways that will be

taken up more in detail in connection with Electric LigJit-

ing and Electric Raihvays. In electric-lighting work, they

are usually charged during the day and used to help out the

dynamos at night, when the heavy load comes on. They are

also used in some cases to carry the whole load during

intervals when the demand is light. In railway work, they

are generally left connected all the time the road is in opera-

tion; they are so arranged that they will become charged

during the intervals when the load is light and will dis-

charge when the load becomes heavy.

Since the voltage drops as the battery discharges, it is

necessary, when they are used in connection with lighting

work, to have some means of maintaining the pressure sup-

plied to the line at a constant value. This is generally

accomplished by having a few extra cells that may be

switched into service by automatic SAvitches as the voltage

of the battery drops. In railway work, the regulation of

the battery must be effected rapidly in order to make the

battery charge or discharge with the rapid fluctuations in

load peculiar to railway service. This is usually accom-

plished by means of a so-called booster.

The booster is a comparatively small dynamo of special

design that is driven at a constant speed by a steam engine,

or, what is more usual, by a direct-connected electric motor.

The general action of a differential boostei* will be under-

stood by referring to Fig. 55. The armature A of the

booster is connected in series with the battery, so that

whatever voltage may be generated in it will be combined
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with that of the battery. In other words, varying the

E. M. F. in A has practically the same effect as varying

the E. M. F. of the battery by adding- or cutting out cells.

For example, the batteries will be charging whenever the

voltage between the points a, b falls below that of the

generator G, and they will discharge whenever it rises above

that of G.

The field of the booster is provided with two windings,

one of which consists of a few turns of heavy conductor and

is connected in series with the line ; the other winding is of

fine wire and is connected in shunt across the battery as

shown. A rheostat is provided in this shunt circuit so that

To Line.

Seizes
F/eid.

smmu rHi!i|i|i|i|i|H
+

Battery.

Booster
ATy-

rmm
J5'hunt F/e/d.

Jer/'&s F/e/d.

stsmsL^Xay—

ShuntF/eld.

\smm l

F/e/dRheostat.

Fig. 55.

the field current may be adjusted. The effect of the series

coil may be adjusted by means of a low-resistance shunt r

connected across its terminals. The full-line arrows rep-

resent the course of the current when the cells are helping

out the generator and the dotted arrows show the flow of

current when the cells are charging. The shunt field of the

booster supplies a practically constant magnetizing force

because the current through the shunt remains almost the

same, no matter whether the cells are charging or discharg-

ing, and the direction of the current in the shunt also

remains the same. The series coils are so connected that

the current passing out to the line circulates around them
in a direction opposite to that in the shunt coils. The
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windings are so adjusted that when the normal load is being

delivered, the two coils balance each other and the booster

armature generates no E. M. F. Suppose the current

required on the line falls below the average or normal out-

put. The shunt coil will then predominate, and the booster

will generate an E. M. F. which is directed so that it is

opposed to that of the cells (see direction of dotted arrows

through booster), or in the same direction as that of the

generator; hence .it helps the generator to send current

through the cells, as shown by the dotted arrows. When the

line current becomes greater than normal, the series coil

predominates, the booster E. M. F. is reversed and helps the

battery to discharge and help out the dynamos. All that

the booster does is simply to bring about a raising or lower-

ing of the pressure between the points #, b so that the

battery will charge or discharge at the proper time.

12. The preceding is intended merely to illustrate the

general principle of booster regulation as used in connection

with batteries. A number of patents have been taken out

for different schemes of connections for this purpose, and

the above is not, by any means, the only one that might be

used.

73. Edison Storage Battery.—All that has been said

in the foregoing relates to the ordinary lead-sulphuric acid

storage cell, because this is the only type which has hitherto

been used to any extent in practice. A new cell has recently

been brought out by Edison which it is expected will be

lighter and more durable than the older type. Whether this

will prove to be the case remains to be seen, as the cell has

not yet been used commercially on a large scale. The posi-

tive pole, or the plate at which current flows out when the

cell is discharging, is a superoxide of nickel. The negative

pole, or plate at which the current flows in when the cell is

discharging, is iron. The electrolyte is a solution of caustic

potash in water—about 20 per cent, of caustic potash is

used. The plates are made of sheet steel and have open-

ings in which fit small perforated flat steel boxes which
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contain the active material. This cell gives an E. M. F. of

1.5 volts after being recently charged and an average volt-

age during discharge of 1.1 volts. It gives an output of

11 watt-hours per pound, which is equivalent to a weight of

53.3 pounds per horsepower-hour. It will be noticed that it

is about two and one-half times as light as the lead cell for

the same output, so that if it proves satisfactory in other

respects, it will have a great advantage over the older type

of accumulator.

COMBINED RUNNING OF DYNAMOS.
74. In preceding articles relating to the operation of

dynamos in connection with power-transmission work, we
have assumed, in nearly all cases, that each dynamo was
operated by itself and that it fed into its own line or feeder.

Where a station is equipped with a number of dynamos and
circuits, it is often very desirable to have the machines
arranged so that they may be operated together; generally

in parallel, though in some cases in series. We will, there-

fore, take up some points relating to the combined operation

of machines, both direct and alternating.

DYNAMOS IN SERIES.

DIRECT-CUKRElSrT MACHINES.

75. Dynamos are not very often run in series. Perhaps

the most common case is where they are run in pairs of two
in series on the three-wire system. Of course, whenever
dynamos are connected in series, their pressures are added
in the same way that the voltage of two or more cells of

battery is added when they are connected in series. The
current output is not increased. The use of dynamos in

series on the three-wire system has already been explained,
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so that there will be no need to dwell on it further at this

point. Sometimes when shunt-wound dynamos are operated

in series, the shunt coils are connected in series also, so as

to form a single shunt across both machines. In other cases,

the shunt fields are connected so that the shunt of one

machine is excited from the armature of the other. The

object of using these different methods of connecting the

shunt coils is to make the voltage divide equally between

the machines, so that each will do its proper share of the

work. Series-wound dynamos are sometimes operated in

series, especially in connection with arc lighting. In this

case, the connections are very simple, about the only pre-

caution being to see that the positive pole of one machine

is connected with the negative pole of the other, so that

the pressures of the two machines will be added together

instead of opposing each other. Generally speaking, series-

wound, shunt-wound, or compound-wound machines may
be run in series with very little difficulty; in the case of

the last-named type, the compound coils must, of course,

be connected in series in the line. In most cases, however,

the demand is for a large current output rather than for a

high voltage, hence plain series running is not very com-

mon, except, perhaps, on arc-light circuits, where a high

voltage may be required for operating a large number of

lamps in series.

ALTERNATORS.

76. Alternators cannot be run in series unless their

armatures are rigidly connected by being mounted on the

same shaft, so that the E. M. F.'s generated by the two

machines will always preserve exactly the same relation

with regard to each other. If the machines are driven

separately, the E. M. F.'s may aid each other at one instant

and oppose each other the next, thus making their opera-

tion unstable. For this reason alternators are very seldom

operated in series.
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DYNAMOS IN PARALLEL.

DIRECT-CURRENT MACHINES.

77. Dynamos, both direct and alternating, are much
more frequently operated in parallel than in series. Nearly

all modern electric-light, electric-railway, or electric-power-

transmission plants are arranged so that the machines may
be operated either singly or in parallel. When two dynamos
A and B are connected to a line, as shown in Fig. 56, they

Pig. 56.

are in parallel. Each machine generates the same voltage,

and the pressure between the lines is the same as if a single

machine were used; i. e., the pressure between the lines is

not increased by adding machines in multiple, but the cur-

rent delivered to the line is increased because the line cur-

rent is the sum of the currents delivered by each of the

machines.

Each machine is connected through its main switch M, M'
to the heavy conductors C, D, like terminals of each

machine being connected to the same bar. As shown in the

figure, the two positive terminals are connected to C and

the two negative to D. Care must be taken to see that like

terminals are always connected to the same bar. Each
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machine, when so connected, delivers current to the main
bars C, D and thence to the line. In fact, the whole

arrangement is very similar to the steam piping between a

battery of boilers and the engines. The dynamos corre-

spond to the boilers and the bars C, D to the main steam

pipe, or header, into which the various boilers feed ; the

lines running from C, D correspond to the steam pipes run-

ning to the engines. The bars C, D are called "bus-bars
;

these bars carry all the current supplied by the machines,

and it is delivered from them to the various lines. The
bus-bars are generally heavy copper bars mounted on the

back of the switchboard, and will be described more in

detail in connection 'with the subjects of Electric Lighting

and Electric Railways.

It is not as easy a matter to operate machines in par-

allel as in series. It is evident that the voltage of each

of the machines must be kept at the proper amount if the

combination is to operate satisfactorily; for, suppose the

E. M. F. of B should fall below that of A, then A would

send current through B and run it as a motor, and B would

thus be taking current from A instead of helping it feed

into the line. There are a number of things that must be

taken into account when machines are run in parallel that

do not have to be considered when they are run separately.

Compound-wound machines are run in parallel more than

any other type in this country, though shunt machines are

frequently run in this way also. Series machines are seldom

run in parallel for reasons to be given later. We will, how-

ever, first consider the series machine briefly, because the

compound-wound machine is a combination of the series- and

shunt-wound machines and a glance at the operation of the

series dynamo will help to make clear the performance of the

compound dynamo.

SERIES-WOUND DYNAMOS IN PARALLEL.

78. Suppose we have two series-wound dynamos in par-

allel, as shown in Fig. 57, and assume that they are deliver-

ing current to a load of some kind and that each machine
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supplies, say, one-half of the current. Now, if the E. M. F.

of one of the machines A drops slightly, due to a slight

variation in speed or any other cause, the amount of current

delivered by A Avill decrease, and thus decrease the field

excitation, because the current through the field coil is the

same as the current delivered by A. This lowering of the

field excitation of A will still further cut down its E. M. F.

and matters will go from bad to worse until, in a very short

time, A will be driven as a motor, unless the belt on the

- Bus Bar. 8m Bar.

Fig. 57.

heavily loaded machine should slip and thus bring down its

voltage. The trouble is made still worse by the fact that

the extra load thrown on B will raise its E. M. F., because

the field of B will be strengthened. Moreover, when A is

run as a motor, its direction of rotation will be reversed;

and this may result in considerable damage. It is thus seen

that two series-wound machines connected in parallel, as

shown in Fig. 57, will be very unstable in their action, and

it is not practicable to so operate them.

79. Equalizing; Connection.—The unstable condition

just referred to can be remedied in a large measure by using

an equalizing connection, or equalizer, as it is commonly
called. This is shown in Fig. 58, where the wire c d is the

equalizer. The equalizer is a wire of low resistance con-

necting the points c, d where the series coils are attached to

the brushes; r, f are the regular terminals of the machine,

and the student should note carefully what points are con-

nected by the equalizer. Now suppose that the machine B
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delivers a greater current than A
;
part of this current will

flow to the + line through the coil df, but part of it will,

also, take the path d-c-e through the field coil c c oi

machined. The result is that part of the current delivered

-Bus Bar. e

*—KSJr

Bt/jBa/: +

Fig. 58.

by B helps to keep up the field excitation of A, thus bring-

ing up its voltage and equalizing the load between the

machines. If A delivers the greater part of fa- load, due

to a drop in the voltage of B, then part of the current flows

through the path c-d-f and strengthens the field of B.

80. Even if the equalizer is used, there is another diffi-

culty in the way of operating series machines in multiple that

might not appear at first glance. Suppose that one series

dynamo is carrying a load and that the load is ir creasing so

as to make it necessary to put another machine in parallel

with it to help it out. Now, in order to throw a dynamo in

multiple with another dynamo that is already running under

load, the dynamo that is to be thrown in must admit of

having its voltage brought up to an amount equal to, or

slightly greater, than that of the machine already in opera-

tion. If this were not done, the second machine would
simply short-circuit the first as soon as a connection was
made. Also, a series machine when run as a dynamo can-

not generate any voltage unless it is allowed to deliver

current, because the field coils are in series with the main
circuit; so that in order to get the second machine up to

voltage, we must either separately excite it in some way
or provide a temporary load of some kind and then so

arrange it that the machine can be thrown over on to the
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main load. Either of these schemes will introduce com-

plications. It is thus seen that the series dynamo is not at

all well adapted for parallel running. The above points will,

however, be of assistance in understanding the action of the

compound-wound dynamo.

SHTOT DYNAMOS IN PARALLEL.

81. Shunt dynamos will operate very well in parallel

and have been largely used in this way. They have two
properties that make their parallel operation a comparatively

easy matter. In the first place, they are capable of exci-

ting their own field no matter whether they are delivering

current to the main circuit or not. In the second place,

their voltage drops slightly with an increase in the load, and

this tends to make their parallel operation stable, as will be

shown later. Suppose that we have two shunt machines

arranged as shown
in Fig. 59 ; A and B
are the armatures

of the two shunt

machines, S, S' are

the shunt field

windings, and r, r[

the adjustable field

rheostats. L, L' are

switches in the field

circuit and M, M'
main switches con-

necting the ma-

chines to the line.

We will s u p po s e

that machine A is

in operation, as in-

dicated by the closed position of switches L and M. If

now we wish to throw machine B into multiple, it is run

up to speed and the switch L' closed ; B will at once begin

/. III.—12

Fig. 59.
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to pick up its field and run up to voltage. If the two

machines are generating the same voltage and if their

polarity is the same, as it should be, a voltmeter con-

nected to blocks 1, 2 will give no deflection, because the

tendency of the machine A to send current through the

voltmeter will be opposed by B. This state of affairs can

be brought about by adjusting the rheostat r' until the

voltmeter indicates that the voltages of the machines are

equal. After this has been done, the switch M' may be

closed and the field excitation of B again adjusted until the

proper share of the load is carried. It is thus seen that

there is no particular difficulty in throwing one shunt

machine in parallel with another, because it can easily

be brought up to the desired voltage, since the field circuit

is independent of the main circuit. In practice, it is gener-

ally found better to have the voltage of B about 1 or 2 per

cent, higher than that of A when the machine is thrown in.

Sometimes, when shunt machines are arranged for parallel

operation, the field is connected across the mains instead of

across the armature of each machine. When this is the

case, the field connection is made as indicated by the dotted

lines r y, r'.y', instead of being connected as shown by the

full lines r x, r' x' . The effect of this is that the switch M
must be closed before A will pick up, assuming that B is

not in operation. If A is running and B is to be thrown in,

then the switch L' is closed and i?'s field is at once excited

from the mains, so that B comes up to voltage almost

immediately ; after the voltage has been adjusted, switch M'
may be thrown in as before. The reversal of the shunt-

field connections on a dynamo that is to run in parallel with

another dynamo is apt to give rise to trouble. If the field

is connected, as shown by the full lines Fig. 59, so that the

machine must supply its own field current before the main

switch can be closed, no trouble is liable to arise; because,

with the wrong field connection, the dynamo cannot gener-

ate and the dynamo tender or switchboard attendant will

notice that the machine does not pick up and will naturally

look for the trouble. If, however, the field is connected in
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beyond the main switch or across the station mains, as

shown by the dotted lines, the machine becomes separately

excited from the other dynamos that happen to be in ser-

vice. It therefore generates an E. M. F. that is in just the

opposite direction that it should be, and when the machines

are thrown together, a rush of current takes place through

the machine with the reversed field because its E. M. F. is

in the wrong direction to keep out the current from the

other machines. The result is, therefore, equivalent to a

bad short circuit. Reversal of the shunt-field connection is

not a common occurrence, but it has been known to happen

where it has been necessary to disconnect the connections

for purposes of repair or in order to move the dynamo.

82. We will suppose that the two shunt machines,

Fig. 59, are running properly in multiple and will now see

whether their operation will be stable or not. It has already

been said that one property of the shunt dynamo is its tend-

ency to drop its voltage as the current output increases.

This fact is due principally to the drop in the armature

and the armature reaction, as explained elsewhere. Now
suppose that the voltage of A should drop slightly on

account of a drop in speed or from any other cause. The

tendency will be to throw the bulk of the load on B, with

the result that B's voltage will also drop on account of the

above-mentioned property of the shunt-wound dynamo.

The dropping of B's voltage will relieve it of part of its load

and will make it divide with A. It is thus seen that there is

an automatic tendency for the load to equalize. Again, sup-

pose that each machine is carrying a certain load and that the

load on the line is suddenly increased, and that machine B
takes more than its share of the current ; the large current

delivered by B will cause its E. M. F. to drop to more

nearly that of A, and the load will thus be equalized. If the

voltage of one machine should for any reason become so

low that the other machine runs it as a motor, no harm is

liable to result, because the direction of rotation of the

machine as a motor will be the same as it is when being
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driven by the engine as a dynamo. As far as parallel run-

ning goes, the shunt-wound dynamo is satisfactory, but it

has been replaced by the compound-wound machine, because

the latter will maintain the line voltage with an increase of

load; whereas, with shunt-wound machines, the line voltage

will fall off, unless the switchboard attendant cuts out some
field resistance.

COMPOUND-WOUND MACHINES IN PARALLEL,.

83. Since the compound-wound machine is a combina-

tion of the series and shunt machines, one would naturally

infer that the arrangement for parallel running would be a

combination of the two preceding ones. Fig. 60 shows the

Fie/cf Swifcfj .

E=3-

M
^_-ifl==^

Bus Bar +

r~/e/d Sw/fcft

Fig. 60.

connections in their simplest possible form; we have two
machines A and B of equal size and the equalizer E run-

ning directly between them; c and /"are the -|- terminals of



§ 15 ELECTRIC TRANSMISSION. 73

the machine, while cda.nd.fe represent the leads, or cables,

running" to the switchboard; gh and kl are the negative

leads running to the negative bus-bar h I. There would be,

in practice, a main switch in each of these negative leads,

but as they are not essential for the present purpose they

have been omitted, so as to make the figure as simple as

possible. As shown by the full lines in Fig. GO, the shunt

windings of the machines are connected in what is known
as short shunt ; i. e., the shunt field is connected across

the brushes. Sometimes the shunt field is connected in

long shnnt across the terminals of the machine, as indi-

cated by the dotted lines re and r'f It makes very little

difference as to the performance of the machine which con-

nection is used.

Most compound-wound machines are provided with low-

resistance shunts S, S ' across their series coils in order that

the degree of compounding may be adjusted. When
machines are operated in parallel, these shunts should be

adjusted so that the machines, when running separately,

will give the same degree of compounding, which means,

in the present case, that when each machine is delivering

the same current, the voltage generated will be the same,

because we are now assuming that A and B are of equal

size. Another condition that must be fulfilled is that the

resistance between the points a and d must be the same as

between b and e. Since we are, for the present, assuming

that the machines are of the same size and make^ the resist-

ance of their series coils ac and bf will be almost exactly

the same. The resistance of the switchboard leads c d and

f e must be the same, i. e., of the same length and cross-

section; the resistance of the equalizer E should be as low

as possible, and it should never be more than the leads c d
orfe.

84. We will now examine the action of the machines

under a varying load. In the first place, if the resistance

between a d is equal to that between b e and the machines are

delivering equal currents, then the drop through a d will
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equal the drop through be and points a and b will be at

the same potential. Since current can only flow between

points at different potentials, there will be no current in E
under such circumstances. Suppose, however, that A
delivers a greater current than B; then the drop in a d
will exceed that in b e and current will flow through the

path a-E-b-f-M'-e and thus build up the voltage of

machine B and equalize the load. If B delivers more cur-

rent than A, the drop in be exceeds that in ad and current

flows through the path b-E-a-c-M-d, builds up the voltage

of A, and makes A take its share of the load.

85. In Fig. 60, the equalizer E is shown as connecting

the positive brushes. This is usually the case in practice,

though it would work just as well if both a and b were nega-

tive brushes and c,f the negative terminals of the machines.

Fie/d Rheosfaf
A/o /

f/e/af f?/?eosfaf
A/o.2

Fig. 61.

The only thing that must be looked out for is to see that the

equalizer connects the brushes to which the series coils are

attached, and also to see that these brushes are of the same
polarity. In some cases, the equalizer wire is run directly



§15 ELECTRIC TRANSMISSION. 75

between the machines, as shown, but often a third wire is

run from points a and b to the switchboard and there con-

nected to an equalizer bar, as shown in Fig. 61. This repre-

sents a very common arrangement, triple-pole switches

being used; the two outside blades for the -f- and — leads

and the middle blade for the equalizer. There is a differ-

ence of opinion as to whether it is better to run the equal-

izer to the switchboard or run it directly between the

To—bus bar
on sw//cbboard

To OfherDynamcg Equalizing Cab/e orBus To OAher Dynamus.

Fig. 62.

machines, as in Fig. 60. The most recent practice tends

towards running it directly and placing the equalizer switch

near the machine. This undoubtedly tends to make the

connections shorter and thus leads to better regulation.

In such cases, the equalizer switch is usually mounted on a

pedestal near the machine, as shown in Fig. 62.

86. So far, in all that has been said, the machines were

supposed to be alike in size and general design. Under such

circumstances, there is generally no great difficulty in get-

ting compound-wound machines to operate properly in par-

allel. Trouble is often experienced, however, when it comes
to operating machines of different construction and size.
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Some field magnets will respond to changes in field excita-

tion much more quickly than others, and other differences

in design may have considerable effect on the performance

of the machines when they are run in parallel. When run-

ning two machines of different size in parallel, the problem

is to get the load to divide between them in proportion

to their size. For example, suppose we have a large

machine A connected in parallel with a smaller machine B,

as shown in Fig. 63. Each machine is supposed to be

Fig. 63.

adjusted so that it gives the same degree of compounding

when operated by itself. Also, when each machine is

delivering its proper share of the load, the drop between a b

must equal the drop between c d. For example, if C is the

full-load current of A, R the resistance between a and b, C
the full-load current of B, and R' the resistance between

c and d, then C X R must equal C'x R' Now, the resist-

ance of the series coils cannot very well be altered in order
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to bring' about the required condition of affairs, so that the

only thing to do is to insert resistance of some kind in the

leads c b or fd until the above drops become equal. This

resistance will, of course, be very small and may be made up
of a short piece of heavy German-silver strip or even an

extra amount of cable in one of the leads. In the figure,

this small additional resistance is indicated at x. though it

may be necessary to insert it in the main lead of machine B.

The resistance must be inserted in series with the machine

giving the least drop between the points mentioned above.

Many times the attempt is made to bring about the adjust-

ment by changing the shunts s s', but such attempts are

useless, because just as soon as the machines are put in par-

allel, s and s' are also in parallel and are practically equiva-

lent to one large shunt across the fields of both machines.

The consequence is that any change in the shunts affects both

machines. The adjustment must, therefore, be made in the

main lead between the series coil and the bus-bar, and any

resistance so inserted must have the same carrying capacity

as the series coils. A change in the shunt across the series

coils will change the compounding of the machines as a

whole, but it will not better their condition as regards the

correct division of the load.

87. The above are some of the main features connected

with the running of compound-wound machines in multiple.

In street-railway work, the load fluctuates through wide

ranges and with great rapidity, and the proper running in

multiple there represents more difficulties than in any other

line of work. For the present, all that we wish to call atten-

tion to are the important points connected with parallel

running under normal conditions.

88. Compound Machines in Multiple "With Shunt
Machines.—It is not practicable to run a compound-wound
machine in multiple with a shunt machine. If, for any

reason, the compound-wound machine takes a little more
than its share of the load, the strengthening of its series

coils makes it still further overload itself, with the result
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that the field rheostat of the shunt machine calls for

constant attention. The only way to run this combination

satisfactorily is either to cut out the series coils of the com-

pound-wound machine, thereby making both plain shunt

machines, or else to provide the shunt machine with com-

pound coils.

ALTERNATOES

.

89. Alternators may be operated in parallel, although

they are, as a rule, more troublesome than direct-current

machines. This is especially the case if they are very differ-

ent in size and design. For example, alternators with the

old-style, smooth-core armatures are hard to run in parallel

with modern machines having toothed armatures. In fact,

in many of the older lighting stations special precautions

were taken at the switchboard to see that two alternators

should never be thrown in parallel. In modern plants,

however, parallel running is quite common, and if proper

care is taken, the machines may be thrown together without

danger.

90. Alternators are operated in parallel in much the

same way as direct-current machines, so far as connections

are concerned; i. e., they are usually connected to bus-bars

through the intervening main switches. If the alternators

are compound-wound, an equalizing connection should be

used ; but very many of these machines are operated with a

separately excited field only and no equalizing connection is

necessary, the whole scheme of connection corresponding

more nearly to the running of shunt-wound machines in

parallel.

Suppose that we have two single-phase alternators A and

B connected in parallel. In order that the machines may
operate properly and each take its proper share of the load, it

is, of course, necessary to have their voltages equal. There

is another important condition that must also be fulfilled ; the

machines must be in synchronism. By this is meant that
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the E. M. F. of A must come to its maximum value at just

the same instant as the E. M. F. of B, or in other words,

the electromotive forces of the two machines must vary in

unison or be in phase with each other. This means that

both machines must run at exactly the same frequency, for

if this were not the case, they would get out of step. Before

two alternators are thrown in parallel, equality of frequency

is the most important condition to be fulfilled. A slight dif-

ference in phase will cause an exchange of current between

the machines, but they will pull each other into phase if the

frequencies are equal.

91. Synchronizing-.—The state of synchronism is usu-

ally ascertained by means of synchronizing- lamps placed on

the switchboard and connected as shown in Fig. 64. T, T'

'^Is&mJT,

X
M'

X
r3

Fig. 64.

are two small transformers having their primary coils con-

nected to the alternators, as shown. It should be noted

that similar terminals 1, 1' are connected to similar sides of

the machines. The secondaries are connected in series
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through a pair of lamps /, / and a plug switch m. If the

machines are exactly in phase, terminals 3 and 3' will have

the same polarity at the same instant and the polarity of

Jf and J/! will also be alike. But since like terminals are

connected together, the two secondary voltages will just

neutralize each other, as indicated by the arrows, and the

lamps will not glow. If the machines were directly oppo-

site in phase, the lamps would light up to full candlepower.

It is evident that by reversing the connections of one of the

transformers the state of synchronism will be indicated by

the lamps being bright, but we will assume that they are con-

nected as shown in the figure. When machine B is started

and the plug is inserted at ;//, the lamps rapidly fluctuate in

brightness; but as B comes more nearly in synchronism the

fluctuations become much slower. When they have become

as slow as one in 2 or 3 seconds, the main switch M' is thrown

in at the middle of one of the beats when the lamps are dark.

In many cases, the connections are so made that the lamps

are bright when synchronism is attained, because there is

a considerable interval during which the lamps are dark.

Whether the state of synchronism will be indicated by light

or dark lamps depends simply on whether the transformer

secondaries are connected so as to assist or to oppose each

other.

9£. Synchronizing- Two-Phase and Three-Phase
Machines.—Fig. 04 shows the synchronizing arrangement

for a single-phase machine. For a two-phase or three-phase

machine the same arrangement may be used, only care must

be taken to make sure that the transformers T, T' are con-

nected to corresponding phases on each of the machines.

This may be determined by using two pairs of transformers;

i. e., one regular pair, as in Fig. 64, and a temporary pair

on one of the other phases. For example, on a two-phase

machine an arrangement similar to that shown in Fig. 64

should be made for each of the phases, and when the con-

nections are right, each set of phase lamps will light or

become dark, as the case may be, at the same time, showing
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that both phases are ready for parallel operation. After it

is known that the connections are all right, the temporary

pair of transformers may be removed and only one pair used,

as in Fig'. 64.

93. Synchronizing- Instruments.—A number of dif-

ferent styles of instruments have been designed to indicate

when two alternators are in synchronism, and these are now
used to a considerable extent in place of lamps. In some
cases the lamps are replaced by a voltmeter. Another device

consists of a pointer actuated by two small synchronous

motors that are operated by the two machines to be syn-

chronized. When the machines are in synchronism, these

two small motors run at exactly the same speed. When
they differ, the small motors run at different speeds, and the

pointer on the dial indicates that the machines are out of

synchronism.

94. If alternators are thrown in parallel before they

are brought into phase, a heavy cross current will flow

between them and damage may result. When they are run-

ning together, each alternator will hold the other in step

and they will both run at such a speed as to give the same
frequency ; if they happen to have the same number of

poles, the speeds will be exactly the same. Each alternator

will deliver current in proportion to the power supplied it

by the engine. The amount of current delivered by each

alternator will also depend on its field excitation. If the

field excitation of the machines is not maintained at the

proper amount, there will be an idle current flowing between

the alternators and the sum of the currents furnished by the

machines will be considerably greater than the current

delivered to the line. The field excitation should be such

that the sum of the currents delivered by the individual

machines will be as nearly as possible equal to the current

delivered to the line. When running alternators in mul-

tiple, it is best to let one engine do most of the governing

and have the second governor arranged so that it will act

slowly and will let the first governor take care of the finer
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adjustments in speed. When machines are belt-driven,

great care must be taken to see that the pulleys are exactly

the correct dimensions to give the speeds required for

operating in synchronism; because if this is not the case,

there will be considerable belt slippage and there will also

be considerable cross current between the two machines.

The running in multiple of alternators coupled direct to

engines often presents difficulties on account of the rotary

motion of the engines not being absolutely uniform. This

is especially the case if the engines are provided with light

flywheels or poor governors. It does not take much angular

variation between the two engines to throw the machines

out of synchronism and thus cause cross currents to seesaw

between the alternators. In cases where it is proposed to

operate direct-connected alternators in multiple or direct-

connected machines in parallel with belted machines, full

details should be furnished to the manufacturers, so that the

engines and dynamos may be fitted to this class of work.

95. All cables running from the dynamos to the switch-

board should have a cross-section of at least 1,000 circular mils

per ampere. If two machines are run in parallel, the equal-

izing cable should have a cross-section of 1,500 circular mils

per ampere of the full-load current of the machines to which

it connects. Generally speaking, the lower the resistance

of the equalizer cables the better will the machines operate.

All main leads running from the machines to the switch-

board should be of a first-class quality of rubber-covered

cable, and where high-tension alternating-current machines

are used, special precautions should be taken to secure high

insulation of the wires and avoid crossings as much as pos-

sible.



ELECTRIC LIGHTING.
(PART 1.)

INTRODUCTORY.
1. The subject of electric lighting involves a considera-

tion of the different methods used for carrying out artificial

illumination by means of electrical energy. This means that

not only must the actual means of converting the electrical

energy into light be considered, but that the methods used

for its generation and distribution must also be given due

attention.

2. There are, in general, two methods in common use

for producing light by means of electricity: (a) By means
of incandescent lamps; and {b) by means of arc lamps.

Both of these methods are extensively used, the arc light

being especially adapted for street lighting, although it is

largely used for interior lighting as well. The principal

field for incandescent lighting is interior illumination, but

incandescent lamps are also used for street lighting,

especially in places where the streets are thickly shaded by

trees, or in cases where a fairly uniform distribution of light

is desired.

3. In the incandescent electric lamp, light is produced

by bringing a continuous conductor of high resistance to a

very high temperature by passing a current through it. If

a current is sent through a conductor, there will be a certain

loss of energy in the conductor due to the resistance that

the current encounters in flowing through it, and this loss

reappears in the form of heat. In the incandescent lamp,

§ 10
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the construction of which will be described later, this heat-

ing effect is so intense that it raises the conductor to incan-

descence and so produces the desired illumination.

4. The illumination produced by the arc lamp is brought

about in an entirely different way. In this lamp the current

is made to pass between two carbon points that are held

automatically a short distance apart. The points of these

carbon rods become heated to an exceedingly high tempera-

ture and a very brilliant light is produced. The arc lamp

was first publicly exhibited by Sir Humphry Davy in Lon-

don in the year 1810, when he used a battery of 2,000 cells

for its operation. Arc lamps did not come into commercial

use until a much later period, because current could not be

supplied cheaply enough by means of batteries, and the

introduction of the light was not accomplished until the

dynamo-electric machine had been developed sufficiently to

insure the generation of electrical energy at reasonable cost.

The arc lamp will be described in detail when this system of

lighting is considered by itself. For the present, we will

confine our attention to the methods of artificial illumina-

tion as carried out by the incandescent lamp.

5. Arc and incandescent lamps may be operated by

means of either the alternating current or the direct cur-

rent. Arc lamps have, in the past, been operated princi-

pally by direct current, but alternating current is now being

largely used for this purpose. Incandescent lamps will

operate quite as well with alternating as with direct current,

provided the frequency is not too low. The heating effect

in a conductor is independent of the direction in which

the current flows ; hence, an alternating current, which

periodically reverses its direction of flow, will operate an

incandescent lamp just as well as a direct current, which

always flows in the same direction. The reversals of the

current are so rapid that the conductor in the lamp does not

have time to cool off perceptibly, and, hence, there is no

flickering noticeable to the eye. If, however, a frequency

below 30 cycles per second is used, the lamps are apt to
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flicker, and if alternating current is to be used for incan-

descent lighting work, the frequency should not be below

this value.

6. In taking up the subject of electric lighting, we will

then have the four following divisions to consider:

1.

2.

3.

4.

Incandescent lighting by direct current.

Incandescent lighting by alternating current.

Arc lighting by direct current.

Arc lighting by alternating current.

These main divisions of the subject cover broadly the

numerous systems in common use ; they may be still further

subdivided, but the various modifications will be taken up

when each of the above divisions is considered by itself.

E^CA^NDESCE^T LIGHTING.

THE INCANDESCENT LAMP.

7. The incandescent lamp is naturally the first

to be considered in connection with the subject of

descent lighting, as it is by means of

this lamp that the electric energy is

made to furnish the required illumina-

tion. Fig. 1 shows a typical incan-

descent lamp with which everyone is

familiar.

In order that the lighting service

supplied from an incandescent plant

shall be satisfactory, it is highly impor-

tant to see that the lamps are effi-

cient. If poor lamps are used, or if

the lamps are burned beyond their use-

ful life, poor service will result no mat-

ter how efficient the system may be in

other respects. It is useless to install

the best generating machinery avail-

able and then expect to give a good

/. III.-13

thing

incan-

FlG. 1.
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service with old or cheap lamps that soon run down in

candlepower. Central-station managers are coming to real-

ize this point more than was once the case and are devoting

more attention to the quality of the lamps that they buy;

in fact, most progressive companies now provide means for

testing their lamps.

CONSTRUCTION OF LAMPS.

8. Early Experiments. —- It was not long after the

invention of the arc lamp until inventors turned their atten-

tion to the production of electric light by heating continuous

conductors to a high temperature by means of the current,

instead of using the arc, because the early forms of arc

lamps were not well suited to interior illumination. The
first experiments were made with platinum or iridium wire.

These wires were mounted in the open air and current sent

through them, the current bringing the wire to a white

heat and thus causing light to be given off. All these lamps

proved failures because the wire very soon burned out.

The temperature to which it had to be raised was very near

the melting point of the metal, and if great care were not

exercised the wire would fuse. In later experiments, the

wire was enclosed in a glass globe from which the air was

exhausted. This was a great step in advance, because it

prevented the conductor from becoming oxidized and thus

destroyed by the action of the air; it also prevented the wire

cooling off so fast, and thus allowed the high temperature to

be maintained by a much smaller current than would be

required were the wire heated in the open air. Even when
the platinum or iridium wire was enclosed in a globe from

which the air had been exhausted, it was found that, although

the lamps were very much improved, they were not suitable

for commercial use. It became evident that some sub-

stance that would be cheaper and capable of standing a

higher temperature would be necessary. Carbon was finally

selected as the substance most suitable and is now univer-

sally used.
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9. There has been considerable discussion as to who in-,

vented the incandescent lamp, and the probabilities are that

its invention was not due to any one person. Edison tried

a great many experiments to determine the best substance

for the conductor, or filament, as it is usually called. The
material that he finally selected was bamboo fiber, which

was cut to the proper size and then carbonized. Maxim
made lamps with filaments of carbonized paper. These

lamps embodied all the essential parts contained in the

modern lamp shown in Fig. 1, but lamps as now made are

very much improved in efficiency and are decidedly cheaper.

The work of Edison undoubtedly first placed the incandes-

cent lamp on a commercial basis.

10. Filaments.—As mentioned before, bamboo was used

at one time for the construction of lamp filaments. Fig. 2

shows the general shape of one of these early bamboo fila-

ments. The ends «, a were enlarged so that the heating at

the joint between the leading-in wires and the filament

would be much less than that of the filament proper. Lamp

n

'\a ja

n n

I e

6T
(a)

Fig. 2.

filaments as now made are usually in the forms shown in

Fig. 3 (a), (b), and (c). (a) is the plain loop filament, {b) the

spiral, and (c) the oval. In Fig. 3 (c), the filament is fast-

ened at x to a small platinum wire fused into the glass,

and is spoken of as an anchored filament. This is done to

prevent violent vibrations of the filament, which would tend
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to shorten the life of the lamp, and lamps of this type

should be used in any place where they are subjected to

vibration, as, for example, on street cars. Filaments have

been made of carbonized silk or cotton, but the more com-

mon method of manufacture at present is by what is known
as the squirting process. This process consists in squirting

the material, usually cellulose or a mixture of carbonaceous

materials, through dies. These threads are then cut to the

proper length, wound on forms to hold them to the required

shape, and carbonized. This process has been found to make
more uniform and very much cheaper filaments than the

older methods.

With the old process of making filaments, it was neces-

sary to treat them to what is known as the flashing process.

This was necessary because the old-style filaments were not

uniform in cross-section, and when used in the lamps would

glow more brightly in some spots than others and soon burn

out. To overcome this, the filaments were placed in a hydro-

carbon vapor and current sent through them until they were

brought to a red heat. The parts that were small in cross-

section would become hotter than the rest of the filament,

and carbon in the form of graphite would be deposited on

these parts, thus bringing up their cross-section and making

the filament uniform. This process is not necessary with

modern filaments in order to make them uniform, but it is

continued, nevertheless, because it has been found that the

layer of graphitic carbon so deposited makes the lamp have a

considerably higher efficiency than it would otherwise have.

The layer of graphitic carbon is a much poorer radiator of

heat than the body of the filament, and thus allows the tem-

perature necessary for the emission of light to be main-

tained with a less expenditure of energy than would the

untreated filament. It is this layer of graphitic carbon that

gives the filaments their familiar steel-like appearance.

11. The size of the filament depends altogether on the

candlepower of the lamp and the voltage and current with

which it is to be supplied. The lamp shown in Fig. 1 is one
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of 10 candlepower, such as would ordinarily be used on a

110-volt circuit. Such a lamp would require about £ am-
pere; hence, from Ohm's law, its

resistance when hot must be in the

neighborhood of 230 ohms. In order

to get such a high resistance, the fila-

ment must be long and fine. Lamps
designed for low voltage and large

current would be provided with short,

thick filaments. Fig. 4 shows a low-

voltage lamp designed to take about

3^ amperes. In this case the filament

is short and correspondingly thick.

Lamps with thick filaments, like the

one shown in Fig. 4, are not so efficient

as those with long, fine filaments.

Fig. 3 shows the way in which the filaments are usually

mounted. The filament is fastened to the platinum wires a, a,

which are sealed into the glass and thus render the globe

air-tight. The junction between the filament and the leading-

in wire is effected by means of carbon paste ; this paste also

enlarges the cross-section of the joint, so that the heating is

small compared with that which takes place in the filament

itself, and the leading-in wires are, therefore, kept cool.

Fig. 4.

12. Tiie Leading-in Wires.—These are made of plati-

num, because this metal has almost exactly the same coeffi-

cient of expansion as glass, and also because it does not

oxidize. If the glass and platinum did not expand at the

same rate when heated, cracks would form at the point

where the wires are sealed into the glass. This would let

in the air and the filament would soon burn out. A film of

oxide on the leading-in wires would also tend to let air

leak into the globe, and platinum does not oxidize. Only
enough platinum is used to pass through the glass, as shown
at a, a, Fig. 3. Connection is made to the base by means of

small copper wires b, b fused to the platinum at c, c. In

early lamps, the whole length of the leading-in wires was of



ELECTRIC LIGHTING. 16

platinum, but this practice has been discontinued, owing to

the high price of the metal. Substitutes for platinum for

the leading-in wires have been brought out from time to

time, but none of them have displaced it as yet.

13. Tlie Biilb.—The style of bulb used to enclose the

filament is familiar to almost everybody. Different shapes

are in use, but by far the most common is the pear-shaped

bulb shown in Fig. 1. The bulbs should not be made too

small, because, as the lamp burns, the filament gradually

undergoes disintegration and small particles of carbon are

thrown off and deposited on the globe. This causes the

well-known blackening of the lamp, and if the bulb is very

small this blackening is aggravated, because the surface is

smaller and the deposit, for that reason, more dense.

14. Exhaustion.—Fig. 5 shows a lamp after the stem

carrying the filament and the leading-in wires have been

sealed into the bottom. The lamp is

now ready to be exhausted. In order

to accomplish this, a small glass tube

with a narrow neck at a is sealed into

the top of the bulb. This tube is con-

nected to an air pump, and while the

air is being exhausted a current is sent

through the filament. , This current is

gradually increased as the exhaustion

progresses, and, by heating the fila-

ment, drives out any air that may have

been absorbed by the carbon. The

operator can tell by the performance of

the lamp when the proper degree of

exhaustion has been reached, and seals

up the bulb by melting the glass tube

at the neck a.

Numerous methods have been devised

for the exhaustion of lamps. Ordinary

mechanical air pumps, i. e., pumps that

FlG 5 .
exhaust the air by the operation of a
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plunger in conjunction with valves, are not capable of pro-

ducing' a sufficiently high degree of exhaustion. They are,

however, used to exhaust the greater part of the air, and

the final exhaustion is then accomplished either by means

of a mercurial air pump or

by the chemical method.

The principle of opera-

tion of the Sprengel mer-

curial air pump is shown

by Fig 6 ; c d is a glass

tube with a T joint at x,

from which a branch tube

leads to the lamp. The
lower end of the tube dips

below the surface of the

mercury in the vessel B.

Mercury is allowed to run

from A by opening the

pinch-cock c , and in doing

so draws the air out of

the bulb by carrying down

a stream of air bubbles

until the air is completely

exhausted. When the air

has become exhausted, the

mercury falls from the top

to the bottom of the tube

with a sharp click. This

style of pump is capable

of producing a high de-

gree of exhaustion, but,

unfortunately, it is rather

slow in its action. The
pump has been modified

in various ways to adapt it to commercial work, but its

action is briefly as outlined above.

Another method of exhaustion, known as the chemical

method, has recently come into use, and has rendered the

fig. 6.
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process of exhaustion much more rapid. In this process,

the air is first exhausted to quite a high degree by mechan-

ical pumps. A gas is then introduced, which combines with

the remaining gases and renders them incapable of acting

on the filament. The process is in the main kept secret;

it produces a vacuum that gives as good results as that

produced by a mercurial pump, and the process is much more

rapid. The chemical that is often used is phosphorus, a

small quantity of which is placed in the stem of the bulb

and heated when the mechanical pumps have produced the

proper degree of exhaustion.

15. Bases.—After the lamp has been exhausted, it is

complete with the exception of the base N, Fig. 1, with which

it must be provided in order that it may be readily attached

to the socket. These bases are usually made of brass and

porcelain, the lamp being held in them by a setting of

plaster of Paris or cement.

In Fig. 5, the lower part of the lamp is made of such

shape that the base will be held securely when the plaster of

Paris is put in place. The rib b prevents the base from pull-

ing off. The base must, of course, provide two terminals for

the leads from the filament, these terminals being arranged

so that when the lamp is placed in the socket, contact will

be made with two corresponding terminals. There are

three different bases commonly used in America; these are
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the Edison ; the Thomson-Houston^ or T. H, as it is more
commonly called; and the Westingkouse, or Sawyer-Man.
These bases are shown in Fig. 7.

16. Fig. 7 (a) shows the Edison base, of which there

are more in use than all- the others put together. One end
of the filament is attached to

the outer shell /', which is

provided with a coarse screw

thread. The other terminal

is connected to the project-

ing center piece /, the two
brass pieces being separated

by means of a porcelain
piece c. When the lamp is

screwed into the socket, the

screw shell makes one con-

nection and the center piece

the other. Fig. 8 shows a

lamp screwed into an ordi-

nary Edison key socket.

Fig. 7 (&) shows the T. H.

base, so called because it

was brought out by the

Thomson - Houston Compa-
ny. In this base, one ter-

minal is connected to a center

brass piece t in which a hole

is drilled and tapped. The
other terminal is connected to the brass ring t[. This base

has the advantage that the outer shell, if one is used, is in

no way connected to the circuit, and there is, therefore, less

danger of receiving a shock by touching the lamp; it has

been, and still is, used to a considerable extent, though it is

gradually going out of use, as it is more expensive to make
than the Edison base. It works loose in the socket a little

more easily than the Edison base when the lamp is sub-

jected to vibration. When placed in the socket, terminal t

Pig. 8.
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screws on a projecting stud, thus making one connec-

tion; the other connection is made by the ring f com-

ing into contact with a corresponding ring or terminal

in the socket. The later types of T. H. base are made
of porcelain with a brass center piece and outside ring, as

described above.

Fig. 7 {c) shows the "Westing-house "base, or the Sawyer-

Man base, as it is sometimes called, because it was orig-

inally brought out by The Sawyer-Man Company. This

base is similar in some respects to the Edison, but the

outer shell is not threaded ; the lamp is pushed into

the socket, the outer shell slipping into a split bushing

that is provided with an annular groove. The rib d
slips into this groove when the lamp is in position and

prevents the lamp slipping out. The other connection

is made by the projecting pin t coming into contact with

a spring in the socket. This base has the fault that it

sometimes allows the lamp to drop out of the socket if

the split bushing does not grip the rib d properly. It

also makes comparatively poor contacts, which become

worse with use.

17. When incandescent lamps were first brought into

use on a commercial scale, each different maker had his

own style of lamp base, and the result was

that over a dozen different types were in

use. The number has, however, been grad-

ually reduced until the three mentioned

above probably include over 95 per cent,

of all the bases in use in America. The
chances are that in a few years the Edison

base will have replaced the others, because,

FlG
- 9 - taking everything into consideration, it is

the best base of the three. Even plants that are equipped

with sockets of other makes are fitting them with adapters

so that they may be able to use Edison base lamps. Fig. 9

shows an adapter for changing T. H. sockets to take lamps

with the Edison base.
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MEASUREMENTS AND LAMP CALCULATIONS.

LIGHT MEASUREMENTS.

18. Incandescent lamps are usually spoken of as giving

a certain number of candlepower. For example, a lamp is

spoken of as giving 16 candlepower when it produces an

intensity of illumination equal to that produced by 16 stand-

ard candles.

19. The unit of brightness most commonly used is a

spermaceti candle of standard dimensions. Standard can-

dles are .9 inch in diameter at the base, .8 inch in diameter

at the top, and 10 inches long; they burn 120 grains of

spermaceti and wick combined per hour. Six candles

weigh 1 pound. The candle is not a very satisfactory

standard, as it is subject to considerable variation, and

other standards have been brought out to replace the

candle in practical work. Various kinds of gas and oil

lamps have been used for this purpose, which, although less

liable to fluctuations than the candle, have not yet super-

seded it.

The Methven screen is a convenient standard that has

been used largely. This standard consists of an Argand gas

burner that is provided with a screen that cuts off all the

light from the flame except that of a small portion that is

allowed to come through a thin-edged standard opening in

the screen. The size of the opening is .233 inch wide

and 1 inch long. The height of the flame is 3 inches and

the screen is placed 1^ inches from the axis of the flame. It

is evident that the light given by a standard of this kind

will vary considerably with the quality of the gas used, and

while it may not be reliable as an absolute standard, it makes
a very good working standard after its candlepower is known
by comparing it with a standard candle. A slit of the above

size should emit about 2 candlepower.

One of the best light standards is the amyl-acetate or

Hefner unit. This lamp consists of a small reservoir pro-

vided with a wick tube of standard size. The lamp burns
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amyl acetate and the flame is adjusted until its tip is 40 milli-

meters above the top of the wick tube. This standard is

very reliable and is subject to little variation. It has the

disadvantage of giving a light of reddish tinge. The Hefner

unit is not quite as large a unit of light as the English candle,

the relation being 1 candle = 1.14 Hefner units.

For photometric tests connected with electric-light sta-

tions, neither the candle nor the amyl-acetate lamp is used

as a working standard.

The general practice is to standardize either an incan-

descent lamp or an oil lamp by comparing it with the standard

and then use the lamp so calibrated for the actual work.

For example, an incandescent lamp might be carefully com-

pared with a standard candle and its candlepower accurately

determined for a given voltage. This lamp could then be

used as a standard in measuring the candlepower of other

lamps, provided its voltage were maintained at the correct

value. A secondary standard of this kind is very much easier

to work with and cheaper to operate than either a standard

candle or amyl-acetate lamp. An oil lamp may also be

calibrated in the same way and makes a satisfactory second-

ary standard for practical measurements when extreme

accuracy is not required.

20. In order to determine the candlepower of an incan-

descent lamp, we must have some means of comparing the

intensity of illumination produced by the lamp with that

produced by the standard. An instrument for doing this is

called a photometer.

21. Law of tlie Photometer.—Suppose that we have a

candle placed at A, Fig. 10, and hold a screen B at a dis-

tance of, say, 2 feet from it. The screens are here shown
bent so as to represent portions of spherical surfaces with A
at the center.

Consider the portion of the screen abed. The intensity

of illumination on the area abed will be a certain amount.

Now, suppose the screen to be moved back to the position C,

4 feet from A. The total amount of lisfht that fell on the
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area a b c d will now be distributed over the area a' b' c[ d'

.

The area a! b' c' d' is four times that of a b c d, because A m
is twice A /"and m h is twice fg or b' c' is twice b c. The
total quantity of light falling- on the two surfaces is the same,

and since the area of a' b' c' d' is four times that of abed, it

Fig. 10.

follows that the light per unit area or .the intensity of illumi-

nation on a' b' c' d' is only one-quarter that on a b c d. In

other words, doubling the distance of the screen from the

source has cut down the intensity of illumination to one-

fourth its former value. If the distance A m were three

times as great as A f the intensity of illumination would be

one-ninth that on a b c d. This law may then be stated as

follows:

The intensity of illumination produced by a source of light

on any object varies inversely as the square of the distance of
the object from the source.

The word inversely is used to signify that the greater the

distance, the less is the illumination. This may be also

expressed as follows: If x is the illumination produced

and / is the brightness of the source of lis;ht, then

I_

d~*
(1.)
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This means, for example, that the illumination of the sur-

face will be doubled if the candlepower of the source is

doubled and that it will be one-quarter as great if the dis-

tance from the source is doubled.

22. Elementary Photometer.—Suppose, now, that we

have two sources of light, such, for example, as a candle and

an incandescent lamp, and that we wish to compare the

brightness of these two sources. If the candle A and the

lamp B are placed in a dark room, so that there will be no

other light to interfere, and a screen C is placed between

them, as shown in Fig. 11, one side of the screen will be

illuminated by the candle and the other by the lamp. If

the candle and lamp were exactly of the same brightness, it

is evident that the two sides of the screen would be equally

FIG. n.

illuminated when placed midway between them. If the

screen is mounted so that it can be slid along between the

lights, a point can always be found where the screen will be

equally illuminated on both sides. In the present case, the

screen would have to be moved nearer the candle than the

lamp, because the candle is not as bright as the lamp.

Suppose that the screen has been adjusted so that the

illumination is equal oh each side, and that the distances d
x

and d
2
have been read off by means of the scale S, d

t
being

the distance from the screen to the standard candle and d
%
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the distance from the screen to the light that is being

measured.

Let x\ be the degree of illumination produced on one side

and x\ that on the other, and f and /„ the candlepowers of

the standard and the light being measured, respectively.

Then from formula 1, we have

V=£. and *. = £.;

but since the illuminations on the two sides are equal, we

must have

L-L
d; ~ d;-

Now, the candlepower 7
1
of the standard is supposed to be

known, and since the distances are also known, the candle-

power I„ of the lamp being measured can at once be cal-

culated. For this purpose, it is more convenient to have

the last equation in the form

h = I?i
:

- (2.)

23. The arrangement shown in Fig. 11 is a simple form

of photometer, and formula 2 expresses the relation between

the candlepower of the standard and that of the lamp being

measured. This may be written in the form of a rule, as

follows

:

Rule.— The candlepower of the lamp being tested on a

photometer is found by multiplying the candlepower of the

standard by the quotient obtained by dividing the square of

the distance of the lamp from the screen by the square of the

distance of the standardfrom the screen.

Example.—Suppose, in Fig. 11, that A is a standard candle giving

1 candlepower and that B is an incandescent lamp. The screen is

moved until a point is found where the two sides are equally illumi-

nated. The reading on the scale then shows that the distance from the

standard is 20 inches. The total distance between the lamps is

100 inches. What is the candlepower of B ?



18 ELECTRIC LIGHTING. 16

Solution.—If the total length of the photometer is 100 inches, the

distance from the lamp to the screen must be 100 — 20 = 80 inches.

The candlepower of the standard is 1 ; hence, substituting in formula 2,

/i = lX
80*

202
16 c. p. Ans.

24. The Biinsen Photometer.—The Bunsen photom-

eter has been more largely used than any other. It is

very simple and is capable of giving good results if used

properly. The arrangement of the different parts is essen-

tially the same as that shown in Fig. 11, but the distin-

guishing feature of this photometer lies in the style of screen

used. It would be a difficult matter to tell when a simple

screen like that shown in Fig. 11 was illuminated equally on

both sides, and to overcome this difficulty Prof. Bunsen

devised the screen shown in Fig. 12. The screen is made
by taking a piece of good quality of white paper and making

a grease spot in its center, as indicated by the star in Fig._12.

If .such a screen be held so that the front side is more strongly
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illuminated than the back side, the grease spot will appear

dark on the white ground of the paper, as shown in (a). If,

however, the screen be more brightly illuminated on the

back side, as, for example, if it were held between the eye

and a window, the grease spot will appear light on a dark

ground, as shown in (/;). If such a screen is mounted in

place of the screen B in Fig. 11, and arranged so that both

sides may be seen at once, the grease spot will disappear

almost entirely when the two sides of the screen are equally

illuminated. In order to facilitate the observation of the

screen, it is usually arranged with two mirrors mounted at

a slight angle to it, as shown at MM in (c). S is the screen

with the grease spot, and the observer looks at the reflection

of the two sides of the screen in the mirrors instead of the

screen itself. This screen with the mirrors is mounted

in a box, which is open at the ends to admit the light from

the sources and which is also provided with an opening in

the front to enable the observer to see the reflections of the

screen.

25. Fig. 13 shows the arrangement of the parts of a

simple photometer of the Bunsen type designed by Elmer

G. Willyoung for use in connection with lighting stations.

A, the standard—in this case an incandescent lamp of accu-

rately known candlepower—is at one end, and B, the light to

be measured, at the other; D is the bar on which the carriage

containing the screen slides. The part D is usually spoken

of as the photometer bar. E is the carriage containing

the Bunsen screen. The motor F is used to spin the lamp B
while measurements are being made ; the reason for doing

this will be explained later. G and H are two adjustable

resistances for keeping the voltage applied to the lamps at

the proper value.

26. Fig. 14 Shows a Deshler-McAllister photometer

—

a simple instrument that has been quite largely used by

lighting stations for testing the light-giving qualities of the

lamps they are using. The principal difference between this

/. III.—14
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instrument and the one previously described is that an oil

lamp A is used as a working standard instead of an incan-

descent lamp. The bar is also provided with a scale reading

directly in candlepower, though the Willyoung instrument

could also be provided with a direct-reading scale if desired.

One objection to using an incandescent lamp as a light

standard is that its voltage must be constantly watched and

kept at the proper amount. It is largely to get around this

difficulty that the oil lamp A is used. This is an ordinary oil

lamp provided with a double wick and an adjustable screen S,

by means of which the upper and lower ragged edges of the

flame are cut off. K, K are standard incandescent lamps

that have been accurately calibrated at the lamp factory and

of which the candlepower at the voltage marked on them

is known. Each of these standard lamps in succession is

placed at B and the pointer of the carriage set at the point

on the bar corresponding to the candlepower marked on the

lamp. The voltage at the lamp is then adjusted by means

of the rheostat G until it corresponds exactly with that

marked. When this has been done, the screen 5 in front of

the flame of A is adjusted until the grease spot is balanced.

The lamp A is then of the same candlepower as the standard

and may be used for the measurement of other lamps, since

after it is once adjusted it is not likely to change, though it

should be checked up now and then to make sure that it

does not do so. The object in having a number of standard

lamps K instead of one only is to have a check against any

errors that might be caused by changes in the lamps.

Screens L, L are provided to cut off the light from the

observer's eyes and a motor F is used to rotate the lamp.

These station photometers are not expensive, and if prop-

erly used, are of great value in detecting poor lamps.

21. After a person has become accustomed to the

photometer, good results can be obtained provided the

following conditions are fulfilled:

1. The lights, both the standard and the light being

measured, should be steady.
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2. The standard and the light being measured should be

of approximately the same color.

3. The brightness of the light being measured and that

of the standard should not differ to an extreme degree ; for

example, good results could not be expected if an attempt

were made to compare an arc lamp with a candle.

Most ordinary photometer bars are fitted with a scale

divided into equal divisions, as shown in Fig. 11, so that the

distances may be read off and the candlepower calculated

from these distances and the known candlepower of the

standard. If the standard used is always of the same
value, it is evident that the bar might be graduated to read

directly in candlepower, as in the photometer shown in

Fig. 14. Where a large number of lamps are to be tested, this

can usually be done, as the same standard can be used all

the time and readings taken rapidly from the bar as soon

as the setting of the screen is made. Many modifications of

the photometer have been made, but the above will give a

general idea of the principles involved and of some of the

forms especially useful in connection with electric-light

stations.

LIGHT DISTRIBUTION.

28. Mean Horizontal CandlepoAver.—If an incandes-

cent lamp be set upon a photometer and its candlepower

measured, it will be found that different values for the can-

dlepower will be obtained, depending on the position of the

lamp and the shape of the filament. For example, in Fig. 15

the brightness of the lamp in the different horizontal

directions i, 2, 3, 4-, etc., would not be the same. The can-

dlepower given out in the different horizontal directions

along any line, such as those shown in Fig. 15, is known as

the horizontal candlepower for that position. The mean
or average horizontal candlepower is the average value of

these different readings. This mean horizontal candlepower

is sometimes obtained by taking the reading from the lamp

while it is rapidly revolved about its vertical axis. The
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photometers just described are arranged so that the lamp
may be revolved at the rate of about 180 revolutions per

minute, thus giving the average, or mean, horizontal candle-

power. The horizontal candlepower does not vary greatly

in different directions with lamps as now constructed. This

Fig. 15.

is shown by the irregular curve (Fig. 15). The distance of

the points on this curve from the center represents the can-

dlepower in the direction of the radius from that point, arid

if the candlepower were the same in all directions, this curve

would become a circle.

29. Vertical Distribution.—Fig. 16 shows the readings

for the candlepower obtained in a vertical plane with a

filament in the position

shown. It will be no-

ticed that, viewed from

position 1, the candle-

power is practically zero,

because the light is

almost completely cut
off by the base of the

lamp. At points 2 and

Jf it is a maximum, be-

cause viewed from these

points the maximum
amount of the filament is fig. 16.

seen. At point 3 the candlepower again drops off, because

here the filament is seen end on. The curve of horizontal

distribution gives an idea as to how the lamp throws light
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in a horizontal plane, and the curve of vertical distribution

shows how the lamp behaves as to throwing the light up or

down. In speaking of the candlepower of an incandescent

lamp, the mean horizontal candlepower is usually meant,

and this is most readily obtained by spinning the lamp as

described above. In many cases, however, it is customary

to measure the candlepower in one direction only, and the

error in doing so is not usually very great, because filaments

are nearly always twisted and the candlepower does not

Fig. IV.

vary greatly when the lamp is viewed from different direc-

tions. In case the lamp is not revolved when measurements

are being taken, it should be adjusted with the plane of its

filament at such an angle to the photometer bar as will give

the mean candlepower. For example, in Fig. 17 suppose

that A B represents the axis of the bar and that we are

looking down on the top of the lamp. The line C D will

indicate the relative position of the plane of the filament.

The angle a at which the filament should be inclined will

depend on the style of filament used. For plain loop fila-

ments it should be about 60° and for spiral filaments 30°.

30. Mean Spherical Candlepower.—It has just been

shown that the intensity of illumination given by a lamp in

different horizontal directions varies. Also, its value is

different for the various directions taken in any vertical

plane passing through the axis of the lamp. If we imagine

a lamp hung so that it may be viewed from any direction, it

is clear that if we viewed it from any number of different

points we would get different values for the candlepower.
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If we took a large number of such readings at regular

intervals and averaged them up, we would have what is

known as the mean spherical candlepower of the lamp.

In other words, the mean spherical candlepower represents

that intensity of illumination to which the irregular illumi-

nation of the lamp would be equivalent if it were an

average candlepower given out uniformly in all directions.

In connection with commercial measurements on incandes-

cent lamps, the mean spherical candlepower is not used to

any great extent. It is used more in connection with arc

lamps. One arc lamp may give a widely different spherical

distribution from another, and in comparing such lamps, the

mean spherical candlepower forms the fairest basis of

comparison.

31. Incandescent lamps are made in a variety of sizes,

the most common candlepowers being 4, 8, 10, 16, 20, 32, 50,

and 100. The 16-candlepower lamp is the one most generally

used. Small lamps of -§-, 1, and 2 candlepower are also used

for decorative and advertising purposes.

PROPERTIES OE IKCA^TDESCENT LAMPS.

32, Temperature.—The temperature at which the fila-

ment of a lamp is worked may be anywhere from 1,250° to

1,350° C. The hotter the filament is worked the greater is

its light-giving power per watt consumed. Of course, it is

desirable to operate a lamp so that it will give a large

amount of light per watt, provided this can be done without

injuring the lamp. At a temperature of about 1,350°, an

ordinary lamp will give about ^ candlepower per watt con-

sumed; a 16-candlepower lamp would at this rate take

48 watts, or 3 watts per candle. At a temperature of 1,300°,

the same lamp might give about £ candlepower per watt

and thus require 64 watts for its operation. Although it is

thus advantageous, as far as power consumption goes, to

work the lamp at a high temperature, it is found that if the

temperature is pushed too high, the life of the lamp is greatly
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shortened. On the other hand, if the lamp is worked at a

very low temperature ; it gives a small amount of light com-

pared with the power consumed, and although its life may be

long, it is not satisfactory as a light-giving source.

33. Efficiency.—When the efficiency of an incandescent

lamp or arc lamp is spoken of, the power consumption per

candlepower is meant. For example, if an incandescent

lamp required 3.5 watts for each mean horizontal candle-

power, its efficiency would be 3.5, or it would be spoken of

as a 3.5-watt lamp. This is not a very satisfactory method

of expressing efficiency, because, according to this, the larger

the power consumption per candlepower, the greater is the

efficiency; while in point of fact just the reverse is the case.

A much better way to give the efficiency would be to express

it as so many candlepower per watt, and in some cases it is

expressed this way. Evidently, the greater the number of

candlepower per watt consumed, the greater is the efficiency.

At present, however, efficiency is nearly always expressed as

so many watts per candle. The power consumption per

candlepower varies considerably. If the filament is worked

at a high temperature, we may get 1 candlepower for every

2.75 watts expended, or even less, but such lamps are apt to

have a short life and, in any event, require very steady

voltage regulation. In ordinary work, lamps give about

.3 candlepower per watt, i. e., they require about 3.33 watts

per candlepower. This is a fair value for the power con-

sumption of an ordinary lamp. A lamp may take as low as

3 or 3.1 watts per candlepower when first installed, but its

light-giving properties fall off after it has been in operation

for a time and the power consumption may run up as high

as 3.8 or even 4 watts per candle. From 3.3 to 3.5 watts per

candlepower is, therefore, a fair average.

34. Connections for Testing.—When testing lamps, a

careful record should be kept of the length of time they have

burned, also of the voltage and current. With this data at

hand, together, of course, with the readings of candlepower

as given by the photometer, the efficiency of the lamp at any
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time during the test may be at once determined. Accurate
instruments must be used, and their scales should be so

divided that the ammeter or mil-ammeter may be read to

yoVo ampere and the voltmeter to TV volt. A variable resist-

ance should also be inserted in series with the lamp so that

the voltage across the lamp terminals may be kept nearly

constant.

Fig-. 18 shows the general scheme of connections. The
ammeter A is connected in series with the lamp and the volt-

meter ['across its terminals. Readings oiA are taken with

the voltmeter cut out, so that A does not measure the cur-

rent through the voltmeter as well as that through the

or
^forage Bafferi/.

Fig. 18.

lamp. A. good ammeter and voltmeter are to be preferred to

a wattmeter for this kind of work, as the results are more
likely to be accurate. Continuous current should, if possible,

be used for all testing, as alternating-current instruments

are more likely to lead to inaccurate results. Current sup-

plied from a continuous-current dynamo running at constant

speed may be used, but it will be found more satisfactory to

use current from a storage battery if it can be obtained, as

the latter current is perfectly steady. Readings of candle-

power, current, and voltage should be taken as nearly simul-

taneously as possible.
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35. Lamp Estimates.—With an average power con-

sumption of 3.3 watts per candlepower, a 16-candlepower

lamp would require 16 X 3.3 = 52.8 watts. The current

that the lamp will require will depend on the voltage at

which it is operated. The current in any case can be

obtained by the following formula or rule

:

r_CPxWL — y ', {&.)

in which CP= candlepower, W= watts per candlepower,

and V the voltage across the lamp terminals.

Rule.

—

Multiply the candlepower of the lamp by the watts

per candlepower and divide by the voltage at which the lamp

is designed to operate.

Example.—A 32-candlepower lamp requires 3.5 watts per candle-

power and is designed to operate at a pressure of 110 volts. What will

be the current taken by the lamp and what will be the resistance of the

lamp when hot ?

Solution.—From the above rule, we have

Current = "

11
.

'

=1.02 amperes, nearly. Ans.

E E
From Ohm's law we have C = •=, or R = -^

;

hence, Resistance = -r-^ = 107.8 ohms. Ans.

Note.—The value of the resistance of an incandescent lamp obtained
by dividing the E. M. F. by the current flowing through it gives the hot
resistance. The resistance of carbon decreases as the temperature
increases. Since the temperature is high in an incandescent lamp, the
cold resistance is very much higher than the hot ; it may be almost
double the hot resistance. In practical work, we are not, as a rule,

concerned directly with the cold resistance of the lamps, and when the
resistance is spoken of, the hot resistance is meant. A 16-cahdle-
power 110-volt lamp has a hot resistance in the neighborhood of 220 to
250 ohms.

Small incandescent lamps require a larger number of watts

per candlepower than large ones. For example, a 4-candle-

power lamp requires in the neighborhood of 20 watts ; a 6-can-

dlepower, 25 watts ; an 8-candlepower, 32 watts; andalO-can-

dlepower, 37 watts. In general, then, the substitution of a
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small lamp for a larger one will result in a saving in power,

but not in direct proportion. For example, if an 8-candle-

power lamp were substituted for a 16-candlepower, the power

consumption might be reduced from about 52.8 watts to

32 watts and the candlepower would be cut down one-half.

36. If we allow for loss in the line, it will probably

require at least 60 watts at the dynamo terminals for every

16-candlepower lamp operated. Hence, if the output of the

dynamo, in kilowatts, is known, the number of 16-candle-

power lamps that it is capable of operating may be obtained

approximately by the following formula or rule

:

KWx 1,000 ,.
,No. of 16-c. p. lamps = —~

, (4.)

in which K Wis the capacity of the dynamo in kilowatts.

Rule.

—

Multiply the capacity of the dynamo in kilowatts

by 1,000 and divide the result by 60. The quotient will give

approximately the number of 16-c. p. lamps that the machine

is capable of operating.

Example 1.—About how many 16-candlepower lamps should a

12-kilowatt dynamo be capable of operating ?

Solution.—
12 x 1 000

Number of lamps =—^-^ = 200. Ans.

Sometimes the output of the dynamo is given in volts and amperes

instead of in kilowatts. In such cases, the output in watts is easily

obtained by multiplying the volts by the amperes, and the number of

16-candlepower lamps that the dynamo can operate may then be

obtained by dividing by 60 as before.

Example 2.—A dynamo is capable of delivering an output of

70 amperes at a pressure of 115 volts. About how many 16-candle-

power lamps can it run ?

Solution.—The output in watts will be 115 X TO = 8,050, and since

each lamp requires about 60 watts, the capacity of the machine will be

4030 _ 134 Ans.

Note.—When the capacity of a dynamo is given as so many lamps,

16-candlepower lamps are always meant. If 32-candlepo\ver lamps are

operated, each 32-candlepower lamp should be counted as the equiva-

lent of 2 of 16-candlepower.
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37. The number of indicated horsepower required at the

steam engine to operate a given' number of lamps will

depend on the amount of power lost in the dynamo and

engine. The approximate rule given above supposes that

60 watts are required at the terminals of the dynamo for

each lamp operated. There will be some loss in the dynamo
and in the engine, so that the indicated power per lamp at

the cylinder of the engine must be more than 60 watts.

Just what this indicated power per lamp must be will depend

on the combined efficiency of the engine and dynamo, and

this will, in turn, depend on the size and type of engine and

dynamo. Generally speaking, ten 16-candlepower lamps can

be operated per indicated horsepower; this number may be

exceeded somewhat with very economical engines and dyna-

mos, while, on the other hand, with poor apparatus the lamps

per indicated horsepower may fall below the number given.

Example.—An isolated plant is to be installed for operating 350

16-candlepower lamps, {a) What should be the indicated horsepower

of the engine ? (&) What should be the approximate capacity of the

dynamo in kilowatts ?

Solution.—(a) Allowing 10 lamps per indicated horsepower, the

350
horsepower of the engine would have to be -^tt = 35.

(b) Allowing 60 watts at the dynamo terminals per lamp, the output

in watts would be 350 X 60 = 21,000, or 21 kilowatts. Ans.

38. Life. — The length of time that an incandescent

lamp will burn before giving out is very uncertain and

depends on a number of different things. Sometimes there

may be defects in the manufacture that will cause a lamp to

burn out in a very short time, though systematic testing at

the factory has resulted greatly in the reduction of the

number of such lamps that reach the consumer. Lamps are

often run at a higher voltage than they should be, and

although this makes them give a good light for the time

being, it shortens their life greatly. Raising the pressure

1 or 2 volts above the proper amount on a 110-volt lamp may
shorten its life as much as 15 to 25 per cent. On the other

hand, it does not pay the central station to run the voltage
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low, because, although the lamps may last longer, they will

not give a good light and will give rise to dissatisfaction on

the part of the customers. It is always best to run the

lamps as nearly as possible at the voltage for which they are

designed, and to run the plant so that the regulation will be

good, i. e., so that the voltage at the lamps will be nearly

constant, no matter how the number of lamps in use may
vary.

39. Assuming, however, that the voltage is kept at the

proper amount, the lamp will gradually fall off in brilliancy

after it has been burned for some time, and after a certain

point is reached the lamp becomes so uneconomical that it

pays better to replace it by a new one rather than attempt

to run it until it burns out. The length of time during

which it pays to burn a lamp is difficult to decide. Lamps
will frequently burn over 2,000 hours before they give out,

but after they have burned from 500 to 700 hours their can-

dlepower has fallen off to such an extent that it will prob-

ably pay to replace them. Many large central stations

make it a rule to replace lamps when they have fallen off

to 80 per cent, of their original candlepower. For exam'

pie, a 16-candlepower lamp would be discarded when it had

fallen off to 12.8 candlepower.

40. The falling off in candlepower is generally attrib-

uted to a disintegration of the carbon. The filament grad-

ually increases in resistance on account of small particles of

carbon being thrown off; this increase in resistance results

in a decrease in current and, consequently, in a falling off

in candlepower. Moreover, the small particles of carbon

are deposited on the inside of the globe, thus producing

the well-known blackening effect and further reducing the

illuminating capacity of the lamp. Lamps have been very

much improved of late years as regards this falling off in

candlepower. The two curves, Fig. 19, given by Mr. F. W.
Willcox,* illustrate the improvement in this respect, the

* See Journal of Franklin Institute, April, 1900.
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upper curve being for a modern lamp and the lower for an

old-style lamp. Both lamps start out with the same candle-

power, and the lines show the percentage of the initial can-

dlepower after the lamps have been burning for different

intervals of time. There is a steady decline in the voltage

of the old lamp from the time it starts burning, and at the

no
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incandescent lamps in use are designed for voltages any-

where between the limits of 100 and 115 volts. For exam-

ple, 100, 104, 110 are common values. When alternating

current was first introduced, it admitted the use of low

voltages at the lamps, because the current could be trans-

mitted at high pressure and then transformed to low pres-

sure. At that time, it was more difficult to make durable

and efficient lamps for 100 or 110 volts than for lower volt-

ages, and a pressure of 50 or 52 volts for the lamps became

common. This pressure is not being used on new installa-

tions, because there is now no difficulty in making lamps for

the higher voltages. A pressure of 80 volts is commonly

used for marine work. Of late years, it has become possible

to make lamps for 220 to 250 volts, and a number of plants

using lamps of this voltage are in successful operation.

In connection with lamp voltages, it may be interesting to

note that in the process of manufacture it is impossible to

make all the lamps come out at the voltage aimed at. For

example, if a lot of 110-volt lamps were to be made up, a

great many of them would come out at 108, 109, 111, or

thereabouts. It is often a good plan, therefore, for a sta-

tion to operate at an odd voltage of, say, 107 or 111 rather

than at 110, as the chances are that if lamps are ordered for

the odd voltages they will be obtained, whereas, if ordered

for the even 110 volts, it is probable that 108-volt or

109-volt lamps marked 110 will be supplied, because it would

be practically impossible to supply all the lamps of exactly

110 volts without especially selecting them.

42. General Remarks.—Incandescent lamps are made

for a wide range of voltage and candlepower. The power

consumption per candlepower also varies through wide

limits. High-efficiency lamps, in general, will have a short

life unless the voltage regulation is very good ; hence, high-

efficiency lamps should not be used in places where the

regulation is poor. In order to determine the current that

any lamp will take, its power consumption per candle must

be known, and the current may then be calculated as
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explained in Art. 35. When making wiring estimates, or,

in any case, when the approximate current only is needed,

the following values of the current required per lamp may
be used

:

TABLE I.

Candlepower.
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entirely on a careful adjustment of light intensities, experi-

ence is the only guide.

Among other points to be observed in placing lights is the

color of the surrounding walls. Dull walls will reflect only

about '20 per cent, of the light thrown on them, while a

clean, white surface will reflect 80 per cent. The height of

the room also reduces the effectiveness of a given light

intensity.

One candle-foot is considered a good light to read by,

which is the illumination given by a standard candle at the

distance of 1 foot.

The illuminating value of different lights is as follows:

TABLE II.

Light.
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worked at a low voltage; but the high temperature soon

burns out the filament. Many attempts have been made to

produce filaments that could be operated at a higher tem-

perature than carbon and thus make more efficient lamps.

One of these is the Nernst lamp. This lamp has not as yet

come into extended commercial use, so that we will confine

ourselves to a brief description of its principle of action.

There are some substances that, while they are good insula-

tors when they are cold, become fairly good conductors

when heated to a sufficiently high degree. Glass, for

example, when heated to a red heat will conduct electricity.

Oxide of magnesium (magnesia), thoria, and a number of

other oxides will also conduct electricity when they are

heated.

The " glower," or light-giving portion of the Nernst lamp,

is a small stick made of oxide of magnesia, thoria, or similar

substance. When this stick is heated it conducts current,

and this brings the oxide up to a very high temperature,

thus making it give light. The temperature attained by

the oxide stick is very much higher than that of the incan-

descent-lamp filament, and the lamp is therefore far more
efficient. It is necessary, however, to have a small amount
of resistance in series with the glower, in order to make the

action of the lamp stable, and this tends to lower the effi-

ciency to some extent. The glower is protected by a small

glass globe, but the air is not exhausted. The substance

giving the light is already an oxide, so that it cannot be

further oxidized by being in contact with the air, and there

is no need of placing it in a vacuum. One disadvantage of

the lamp is that the glower must be heated before the lamp

will start. Various devices for accomplishing this initial

heating electrically have been brought out. In the West-

inghouse type of Nernst lamp, the glower is heated by being

placed directly under a coil of platinum wire wound on a

small cylinder of refractory material. When the current is

turned on, it heats this coil and thus raises the temperature

of the glower until it is able to conduct current. After the

glower has started, the heating coil is cut out automatically.
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It requires from 15 to 30 seconds for one of these lamps to

start. The light given by the Nernst lamp is of a pleasing

color, and 1 candlepower can be produced with an expendi-

ture of 1.50 to 2 watts.

METHODS OF CONNECTING LAMPS.

46. Lamps in Parallel.—By far the greater number of

incandescent lamps are connected in parallel, as shown in

Fig. 20. When lamps are connected in this

way, the pressure between the two lines must
be kept at a constant value, because if this is

not done, the current flowing through the

lamps will vary. It must be remembered
that the resistance of the lamp cannot change,

unless the temperature of the filament

changes, because the filament is of fixed

dimensions. The current that will flow

through any lamp depends on two things,

and only two, namely : the pressure between
the lines and the resistance of the lamp.

The current in each lamp will be equal to

the pressure between the mains divided by
the resistance of the lamp. So long as the

pressure is kept constant, it is easy to see

that the turning off or on of any lamp does

not affect the others. The current C flowing

in the mains will increase when lamps are

turned on and decrease when they are turned

off. As stated above, practically all incandes-

cent lamps are connected in this way, because

such an arrangement is extremely simple,

and each lamp is independent of the others.

4*7. Xiainps in Series.—Lamps are occasionally con-

nected in series, as shown in Fig. 21. This arrangement is

used principally for street lighting; it is seldom used for

interior work for reasons that will appear later. In this

case, the same current flows through all the lamps; hence,

Fig. 20.
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their filaments must all be of the same current-carrying

capacity. If it is desired to have some lamps of higher

candlepower than the others, their filaments must be made
longer. The pressure across the terminals of any lamp may
be found by multiplying the resistance of the lamp by the

current flowing. Also, since the lamps are connected in

series, the total pressure required to force the current

through the circuit will be the sum of the pressures required

for the separate lamps. For example, suppose we had

10 lamps, each requiring a pressure of 20 volts and a cur-

rent of 3£ amperes; also, 5 lamps each requiring a current of

•-C2I3K r°s^|

frlG. 21.

3|- amperes and a pressure of 40 volts. The total pressure

required for the circuit, neglecting the loss in the line, would

then be 20 X 10 + 5 X 40 = 400 volts. In this system, the

line current is small ; hence, it is well adapted for incandes-

cent street lighting, where the area to be covered is large.

It should be noted that in a system of this kind the current

must be maintained at the value for which the lamps are

designed. This means that the pressure between the ends

of the line must be raised as more lamps are added to the

circuit, because the resistance is increased. Also, the pres-

sure must be lowered when lamps are cut out, otherwise the

current would increase and burn out the remaining lamps.

In the series system, the current is constant and the pres-

sure varied so as to keep it constant; in the parallel system,

the pressure is kept constant and the current varies as the

number of lamps in use is increased or decreased. Another

point to be noted in connection with the series system is

that some means must be provided for maintaining the

circuit around the lamps, in case they should burn out;
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otherwise, the breaking of any one lamp would put out all

the lights on the circuit. The method by which this is

accomplished will be described when this system is taken up

in detail. The student will also note that if the number of

lamps operated is at all large, the pressure applied to the

circuit may be very high. This introduces an element of

danger and is the principal reason why series lighting is

not used for interior work. Lamps in series may be cut out

of circuit by short-circuiting them as indicated by switch S,

Fig. 21 ; whereas, in the parallel system they must, of course,

be cut out by opening the circuit through the lamp by

means of a switch in series with it. This switch may be a

separate device, as at a, Fig. 20, or it may be in the lamp

socket and worked by a key, as at b.

Fig. 22. Fig. 23.

48. Lamps in Multiple Series.—This method, some-

times called parallel series, is a combination of the two
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preceding and is used in a number of special cases. Per-

haps its widest use is in connection with the lighting of

electric street cars; it is also used in mine-lighting work,

where lights are operated from the haulage system. This

multiple-series scheme of connection is shown in Fig. 22.

Suppose, for example, that we have a pair of mains between

which a constant pressure of 500 volts is maintained, as on a

street railway, and that we wish to operate incandescent

lamps on such a circuit. We cannot obtain lamps for

500 volts and a single 100-volt lamp

would be burned out instantly if it were

connected across the mains. If we wish

to use 100-volt lamps, we may connect

five of them in series, as shown. With

such an arrangement, the current through

the series of five lamps would be about

4- ampere and the pressure across each

lamp 100 volts. We may connect any

number of such series of five lamps across

the mains, and if one light goes out, it

puts out the other four in the same cir-

cuit with it. Also, if any lamp were cut

out, by short-circuiting it, the voltage

on the other four lamps would become

higher than they could stand, because

the pressure between the mains is con-

stant, and cutting out the drop through

one lamp simply throws that much more

pressure on the others. As stated above,

this method of connecting lamps is used principally in

places where it is desired to operate lamps on power cir-

cuits, the voltage of which is usually higher than that of

the lamp. Fig. 23 shows a multiple-series arrangement with

two lamps in series, a scheme of connection sometimes

used for operating lamps on 220-volt power circuit, for

example, in mine-haulage plants. By adding the middle,

or neutral, wire to Fig. 23, we get the three-wire system,

Fig. 24, so extensively used for distribution in large cities.

Fig. 24.
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The schemes of connection given above cover most of

the cases met with in practice. Their use in connection

with the different systems of distribution will next be

considered.

SYSTEMS OF DISTRIBUTION.

49. It will be necessary to take up at this point the

different systems commonly used for supplying the elec-

trical energy to the lamps. The methods of distributing

the current to the lamps by means of the wiring in the

building will not be considered here, as that part of the

subject belongs properly to interior wiring and will be

taken up in connection with that subject. The following

brief descriptions of the more important distributing sys-

tems are intended to point out how the methods already

described are applied to electric-lighting work. Current for

electric lighting is distributed from the station to the point

of utilization in the same manner as for power transmission

;

in fact, in the majority of cases the electric energy trans-

mitted is used both for lighting and power purposes.

With but few exceptions, the current required for the

operation of incandescent lamps is distributed at a constant

potential, i. e., the aim is to keep the pressure at the station

such that the pressure at the lamps will remain constant no

matter what the load may be. If the pressure at the lamps

is not maintained uniform within narrow limits, the service

will be poor, the life of the lamps short, and the com-
plaints from customers numerous. Where the lamps are

run on a constant-potential system, the current transmitted

over the lines increases with the load, because every light

turned on means just so much more current to be supplied.

The consequence is that the drop in the line increases with

the load, and in order that the pressure at the lamps shall

be maintained constant instead of falling off on account of

this drop, the pressure at the dynamo or station must be

raised slightly. In any event, no matter what means may
be adopted for distributing the current, the aim should
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be to provide the lamps with a uniform pressure and to

see that this pressure is kept uniform, no matter how the

number of lamps operated may vary. The distribution

should also be designed so as to accomplish the object

aimed at with the least possible expense, i. e., the distribu-

ting lines should be laid out so as to secure the desired

results with the smallest possible amount of copper and loss

of energy.

DIRECT-CURRENT CONSTANT-POTENTIAL SYSTEM.

50. Simple Two-Wire System.—This method of dis-

tribution is very largely used for small, isolated plants, or

any installation where the power is transmitted a short dis-

tance only. The lamps are usually operated at 110 volts

and the current is supplied by compound-wound dynamos.

Fig. 25 shows a single dynamo G operating lamps on the

IK 3£
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Fig. 25.

simple two-wire system. In this case, two main wires A, A
run from the dynamo, the various switches and measuring

instruments being here omitted for the sake of clearness,

and the lamps are either connected directly across this

pair of mains or are connected across branch mains, as

shown at B, B and C, C. The lamps are, therefore, simply
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connected in parallel, as explained in Art. 46. This arrange-

ment answers very well for small plants, where only a small

number of lamps are operated and where they are not

scattered very widely.

51. Feeders and Mains.—If the lamps are scattered

over a considerable area, it is best to run out feeders, as

shown at A and B, Fig. 26, to what is known as centers of

distribution, as at C and D, and then at these points

attach mains E, F to the feeders. These centers of dis-

tribution should be selected so as to lie near the points

where the bulk of the light is used. It will be noticed that

no lights whatever are attached to the feeders; they simply

mv.

convey current from the station to the center of distribu-

tion, which becomes, as it were, a kind of substation. By
this method, a considerable drop can be allowed in the

feeders without causing any trouble at the lights. For

example, suppose 110-volt lamps were to be operated and a

drop of 15 volts was allowable between the dynamo and the

last lamp on the line. We may, for example, figure the

cross-section of the feeders so that a drop of 13 volts will

occur in them. This large drop will allow comparatively
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small feeders to be used and will not be injurious to the

lamps, because the pressure at the point C will be main-

tained at 112 volts, and the variation in pressure along the

mains would be but 2 volts, or the balance of the total

drop of 15 volts allowed. It is evident that when no cur-

rent is flowing, there can be no drop in the line, because the

drop is the product of the current and the line resistance.

As the current increases, the drop increases, so that in the

above case the dynamos would have to be adjusted to give

a pressure of 110 volts at no load and 125 volts at full load;

in other words, the dynamo would be overcompounded so as

to give a rise- in voltage of 15 volts.

52. The arrangement just described is known as the

feeder-and-maiu system, and the advantages of such a

system may be summed up briefly as follows

:

1. It allows the use of a large drop in the feeders carry-

ing the current to the point where it is distributed, thus per-

mitting the use of comparatively small conductors and

thereby cutting down the expense.

2. It allows this large drop without introducing large

variations in the voltage obtained at the lamps.

3. It allows the district lighted to be divided into sec-

tions, each supplied by its own feeder, and thus admits of

each section being controlled independently from the station.

53. Three-Wire System.—The simple two-wire sys-

tem, even if operated on the feeder-and-main plan, requires

altogether too much copper to admit of very extended

use. For moderate distances, the three-wire system is used.

Fig. 27 shows this system using feeders and mains as applied

to lighting work. A large amount of lighting is carried out

on this plan in New York, Philadelphia, and other large

cities. It is not confined to direct current alone, but is also

largely used in connection with alternating current. We
have here the two dynamos A and B connected in series and

supplying current through the feeders 1, 2, 3, etc. to the

different centers of distribution where the mains a, b, c are
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attached. The use of this arrangement effects a consider-

able saving in copper over the two-wire system ; the pressure

commonly used is 110 volts on each side of the circuit, or

<®sj<i>\

Fig. 27.

220 volts between the outside wires. In some recent plants,

220-volt lamps are used, thus giving 440 volts between the

outside wires.

54. Special Three-Wire Systems.—The ordinary three-

wire system has the disadvantage of requiring two dynamos.

If the load were absolutely balanced, one 220-volt dynamo
would alone be sufficient, but in most cases an accurate

balance cannot be obtained. A number of different systems

have been devised whereby a large 220-volt dynamo can be

operated on the two outside wires and the unequal distribu-

tion of the load taken up by a balancing arrangement of

small capacity compared with that of the dynamo.

Fig. 28.

55. Fig. 28 shows one of these systems where the unbal-

ancing in the load is taken care of by means of the storage
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battery connected as shown. The middle point of this

battery is connected to the line. The 220-volt dynamo is

connected to the outside wires, and if a larger current is

needed on one side of the battery than on the other, the

extra current is supplied from the battery. It is not, how-

ever, generally advisable to use a battery in this way for

maintaining the balance continuously as the cells become

unevenly discharged. When batteries are used on three-

wire systems, they are usually connected across the outside

lines and a switch provided to connect their middle point with

the neutral, so that they can be used for balancing in case

of necessity.

5(y. Fig. 29 shows a three-wire system fed by a 220-volt

dynamo A in conjunction with a motor-dynamo a a'. This

motor-dynamo is sometimes called a "balancing set or bal-

ancer. The armatures a, a' are mounted on the same shaft

and connected in series, the mid-point n being connected to

the neutral wire. The fields of these two machines are con-

nected across the mains, as shown at/"/'. When one side

of the system is more heavily loaded than the other, the

Fig. 29.

machine on the heavily loaded side runs as a dynamo and

helps to supply current to that side, while the machine on

the lightly loaded side absorbs power and runs as a motor,

thus equalizing the load. Take, for example, the special case

shown in Fig. 29, where we have 12 lamps on one side and

6 on the other. We will have 18 lamps to be supplied with

power from the 220-volt machine A. Allowing 55 watts

, • • „ j i
55 X 18

per lamp, this gives 55 X 18 watts and, hence, ———

—

= 4r| amperes. The current flowing out on F and back
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on F' must, therefore, be 4£ amperes. The upper side of

the three-wire system requires 6 amperes and the lower

side 3, because we have 12 lamps in parallel in the one case

and 6 in the other. We have, then, 3 amperes coming back

through the neutral, of which 1^ flows through a', running

it as a motor and generating 1| amperes in a. This

\\ amperes is added to the 4|- in line F, thus making the

6 required for the upper side. By following the current as

indicated by the arrows, the student will understand how
the balance is maintained. If the lower side should become
more heavily loaded than the upper, the current in the neu-

tral wire would be in the opposite direction and the action

of a and a' would be reversed; that is, a would act as the

motor and a' as the dynamo. This motor-dynamo or bal-

ancer does not have to be placed in the station; it may be

placed at a point near the center of distribution, thus requir-

ing only the two feeders F and F' to be run back to the

station, and thus avoiding the necessity of running the

neutral wire all the way back, and thereby effecting a saving

in copper. In the above illustration we have neglected the

losses in the balancing set. As a matter of fact, machine A
would furnish more than 4|- amperes in order to make up for

the losses in a a' and supply the lamps as well.

57. In most large stations operating on the three-wire

system, the amount of unbalancing is usually small com-

pared with the total load carried, so that the capacity of the

balancing arrangement is, as a rule, small compared with

that of the main dynamo. By far the greater part of the dis-

tribution on the three-wire system is, however, carried out

by the ordinary two-dynamo arrangement shown in Fig. 27.

58. Voltage Regulation.—In stations where a large

number of lamps are operated, it is usually necessary to

have several distinct feeders running to the different districts

to be lighted or supplied with power. Some of these feeders

may be long, others quite short. In order, therefore, to

keep the cross-section of the long feeders within a reasonable

size, a larger drop must be allowed in them than in the
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short feeders. It is necessary, then, to have some means of

supplying the long-distance feeders with a higher pressure

than those supplying the nearby districts. Of course, the

voltage on the short feeders might be cut down by inserting

resistance in series with them, and this, in fact, has been

done in some cases. Such a method is, however, wasteful

of power and is not to be recommended.

59. A common method is to use separate dynamos for

supplying the long-distance feeders, and simply run these

dynamos at a higher voltage than those supplying the short

feeders. This is an excellent method where the separate

/est/

Fig. 30.

dynamos are available, but frequently this is not the case.

When only one dynamo or set of dynamos is at hand for

operating the whole system, the best plan is to run the

machines at the lower pressure suitable for the short feeders,

and use a "booster" to raise the voltage on the other
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feeders. Fig. 30 will indicate what is meant by this arrange-

ment. The plan shown is for the three-wire system, though

the same scheme may be used on a two-wire system and is, in

fact, largely used on such systems in connection with electric

railways. In Fig. 30, A and B are two dynamos operating

on the three-wire system and supplying current directly to

the short feeders 1, 2, 3, 1' , 2', 3'. Feeders a, b, <rand«', b', c'

run to outlying points and, therefore, must be supplied with

a higher pressure than the other feeders. We will suppose,

for example, that each dynamo generates 125 volts and that

the long-distance feeders require 140 volts between the out-

side and neutral wire ; 15 volts must, therefore, be added

to each dynamo voltage. This is accomplished by the

"boosters" C and D connected as shown. The boosters

are small dynamos that are driven either by a steam engine

or, more frequently, by an electric motor. The fields of

these machines are separately excited from the mains and

the armatures are connected in series with each of the out-

side wires, as shown. The armatures of the boosters must

be capable of carrying all the current used on the long-

distance feeders and be able to generate a pressure equal to

that by which the voltage is to be raised. For example, in

this case the booster armatures would generate the extra

15 volts required and thus give 140 volts on the feed-

ers a, b, c and a', b', c' . By varying the field rheostat of

the boosters, the voltage on the feeders may be adjusted.

Boosters are about the same as other dynamos in general

appearance, except that they usually have very large com-

mutators and brushes compared with other dynamos of

equal capacity, because they have to carry a large current

through their armature. If the connections of the booster

armatures were reversed, it is evident that they would lower

the voltage instead of raising it.

60. Five-Wire and Seven-Wire Systems.—The three-

wire system has been still further extended so as to make
use of higher potentials by employing four dynamos in

series and three neutral wires This allows the use of
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440 to 500 volts between the outside wires and permits a

still larger area to be covered than by the three-wire system.

Seven-wire systems using six dynamos in series have also

been used, and the five-wire system especially has been suc-

cessfully applied on the Continent of Europe. Five-wire

and seven-wire systems have been very little used in America,

the practice being to use alternating-current methods of

distribution if pressures higher than those given by the

110-220-volt or 220-440-volt three-wire systems are required.

The use of three-wire systems with 220-volt lamps and

440 volts across the outside wires is gradually extending,

because the higher pressure allows larger areas to be sup-

plied and effects a saving in copper over the 110-220-volt

system.

DIRECT-CURRENT, CONSTANT-CURRENT SYSTEM.

61. This system is very seldom used for incandescent-

lighting work. It was in use to some extent in the early

days of electric lighting, when a few incandescent lights were

operated in series with direct-current arc lamps. In such

systems, the current used was a direct one, furnished usually

by a machine of the T. H., or Brush, type, and this current

was maintained at a constant value by the variation in

E. M. F. brought about by the automatic regulator. There

were many objections to operating incandescent lamps in

this way; each lamp had to be provided with a cut-out of

some kind to prevent the circuit being broken in case a

lamp burned out ; such circuits also required a high pressure

for their operation, and this rendered the use of incandes-

cent lamps so operated dangerous for interior illumination.

ALTERNATING-CURRENT, CONSTANT-POTENTIAL SYSTEM.

62. Alternating current at constant potential is very

extensively used for incandescent lighting, because this

method allows lights to be operated over large areas with a
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comparatively small loss and a small expenditure for copper.

The distribution may be carried out either by means of

the single-phase, two-phase, or three-phase system. If the

current were intended for operating lights only, the single-

phase scheme would be used, as it is simpler than either

the two-phase or three-phase arrangements. Most modern

lighting plants, however, are equipped so that they can

operate motors as well as lights, and, hence, it is now cus-

tomary to install multiphase systems rather than single-

phase.

63. Single-Phase System.—When alternating current

first came into use for electric lighting, a simple alternator

was used to supply current at a constant pressure. This

current was transmitted over the line, and at the various

points where it was utilized, transformers were installed to

step down the voltage to an amount suitable for the lamps.

Each customer usually had his own transformer. If the

system was small, only a single pair of lines or feeders was

run from the station; in case the area lighted was large,

a number of feeders supplying different sections were used,

as previously described for the direct-current system. The
pressures first used were 1,000 volts on the primary mains

and 50 or 52 volts on the secondary. As the construction

of alternators, transformers, and lamps was brought to a

higher stage of perfection, the pressures were increased to

2,000 volts primary and 100 to 110 volts secondary. The
frequency used in the early plants was usually from 125 to

133 cycles per second; in later plants, 60 cycles has become
common practice.

64. The great advantage of this system over the direct

current lies,' of course, in the use of the high pressure for

transmitting the current. The introduction of alternating

current rendered possible the lighting of many places that

could not afford the expense of installation that would be

necessary if direct current were used. It also rendered

available water-powers located at some distance from the

center to be lighted.

/. III.—16
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65. It was formerly customary, in connection with sys-

tems of this kind, to install small transformers for each

customer, as shown at A, B, C, Fig. 31, and if a large

amount of current were required at any point, a number of

transformers were connected in parallel, as shown at K.

This was necessary because transformers were not then

made in large sizes. On account of the objections, as

before stated, to running a number of small transformers in

parallel, it has become the practice to make use of a system

of secondary mains supplying a number of customers and

O-
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Fig. 31.

to feed these secondary mains from a few large trans-

formers, as shown in Fig. 32. In this case, we have the

primary mains A, B running from the station and feeding

the large transformers T, T, as shown. The distributing

secondary mains are usually arranged on the three-wire sys-

tem, as indicated at C, thus allowing a considerable area to

be supplied from one pair of transformers. The current

may, however, be distributed by secondary two-wire mains
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if the lights are close at hand. Scattered customers must,

of course, be supplied by individual transformers, as in

Fig. 31.

The small transformers are usually mounted on the pole

outside the building to be lighted. Large transformers are

mounted indoors or in substations. The use of secondary

mains greatly reduces the number of transformers to be

kept in repair and otherwise looked after; it also effects a

considerable saving in power, owing to the higher efficiency

of the large transformers. Where branch lines, as shown

FIG. 32.

at E, Fig. 31, are taken off the main feeders, main-line cut'

out boxes/",f should be installed as indicated. The second-

ary-main arrangement can generally be used to advantage

for furnishing light to the business part of a town, while in

the residence part it is frequently necessary to use individual

transformers on account of the customers being scattered.

The above remarks in reference to secondary mains apply

also to lighting systems using two-phase or three-phase

distribution.
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66. Two-Phase System.—This system of distribution

for incandescent-lighting work has come largely into use,

not because it is any better than the single-phase system, so

far as the lighting is concerned, if, in fact, it is as good, but

because it enables both lights and motors to be operated

from the same dynamo. The general scheme of distribu-

tion is the same as that just described for the single-phase

system. In a two-phase system of this kind, an effort

should always be made to have the load balanced on the two

phases, otherwise an uneven distribution of voltage is apt to

result. Motors may be operated from the same lines as the

lamps, but it is better practice to have separate feeders to

supply the motors.

67. Three-Phase System.— This system was intro-

duced for the same reason as the two-phase system, i. e., to

permit the' operation of motors. The ordinary three-phase

system requires only three wires. In a few cases, however,

where the load is liable to be unbalanced, a common return

wire is used The transformers may be connected accord-

ing to any of the methods already described. Where three

wires are run from the secondaries, the voltage between any

pair of wires is the same, so that the lamps will burn with

the same brilliancy across the outside wires as across either

of the others; in this respect, therefore, it is different from

an ordinary Edison three-wire system. Also, the voltage

between any pair of the primary wires is the same, whereas

in the three-wire, two-phase system, the pressure between

the two outside wires is about 1.414 times as great as the

pressure between the middle and either outside wire.

68. Mixed Systems. — Before leaving the subject of

constant-potential alternating-current systems, it will be

well to consider the combined use of alternating and direct

current as applied to the distribution of light and power.

In many large cities, extensive installations on the Edison

three-wire system have been made in the past for the opera-

tion of both lights and direct-current motors. These were



§ 16 ELECTRIC LIGHTING. 55

supplied from stations located as close as possible to the

centers to be supplied. As the area to be supplied spread,

and as alternating current became more extensively used for

power-transmission work, these companies adopted the plan

of supplying the existing systems with power from sub-

stations fed from one central station, or perhaps from a

distant water-power plant.

In order to supply direct current to the distributing

system, rotary converters may be used, or, as is done in

some cases, alternating-current motors may be used to run

direct-current dynamos. . Fig. 33 shows the scheme referred

to. Alternating current is transmitted from the central

station at A, usually by means of the three-phase system, to

the substations B or C, where it is stepped down by means

of transformers T, T, T. The current may then be sent

through rotary converters R and fed into a three-wire

system, as shown, or it may be fed to an alternating-current

motor M that is coupled to direct-current machines O, O.

Very often arc lights are also supplied from these substations

by coupling the alternating-current motor to arc-light

dynamos, and in other cases the rotary converters may be

used to feed a street-railway system.

A large amount of lighting is carried out, especially in

cities, by using the plan just described. Fig. 34 shows a

motor-generator set used for transforming from three-phase

alternating to three-wire direct current. The three-phase

synchronous motor A receives current from transformers

after it has been stepped down from the high-tension line

that transmits it from the central station. The motor

drives the two direct-current dynamos B and C, which are

connected in series and supply current to the three-wire

system.

For electric-lighting work, it has been found that the use

of a synchronous motor driving direct-current generators

gives better results than rotary converters, because the

former arrangement maintains a steadier voltage on the

direct-current side, a feature of great importance in con-

nection with incandescent lighting. If the voltage supplied
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to the alternating-current side of a rotary varies, the direct-

current voltage will also vary because there is a fixed ratio

of transformation between the two voltages. Consequently,

all the bad effects of drop in the alternating-current trans-

mission line are felt on the direct-current side, and therefore

cause fluctuations in the lamps. If, however, synchronous

motors are used to drive separate direct-current machines,

the speed of the motor will be constant so long as the speed

of the distant dynamo is constant, no matter what may be

the fluctuations in the voltage delivered, because the motor

is bound to run in synchronism. Since the voltage of the

direct-coupled dynamos is constant so long as the speed and

field excitation remain the same, it is easy to see that the

use of the motor-generator set will give the better voltage

regulation.

69. It will be seen from the preceding that the use of

constant-potential alternating current of the two-phase or

three-phase variety allows a great flexibility in the kind of

apparatus operated from one station. If it is necessary to

have direct current for any purpose, the transformation is

easily effected. In general, where rotary transformers or

alternating-current motors are used, it is desirable to have a

low frequency, say, about 25 or 40. On the other hand, the

frequency should not be below 40 cycles per second if the

current is to be used for lighting. A high frequency calls

for less expensive transformers, and between all these

requirements, which are more or less conflicting, a frequency

of 60 has been very generally adopted for systems where

the current is used both for light and power. Where power

alone is supplied or where the current is used for operating

rotary transformers, the frequency may be as low as 25, as

in the case of the Niagara transmission plant.

70. Use of Frequency Changers.—In the last article,

mention was made of the fact that where rotary convert-

ers are extensively used it is customary to use a low-

frequency current at 25 or 40 cycles. It sometimes happens
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that in connection with such installations a comparatively

small amount of alternating current at a higher frequency

is required, as the frequency of 25 cycles would be too low to

operate arc or incandescent lamps in a satisfactory manner.

High-frequency current may be obtained from low-frequency

by using a low-frequency motor to drive a high-frequency

dynamo or by using a frequency changer.

Fig. 35 shows a frequency changer of a type used in con-

nection with lighting work. It consists of a synchronous

motor A direct connected to an induction motor B of

special design. Motor A is driven by current supplied

from the armature of B. The current to be changed is

Fig. 35.

led into the stationary field winding of B, and the high-

frequency current is taken from the armature of B by means
of the collecting rings C. The armature of an induction

motor always revolves at a slightly lower speed than the

magnetism set up by the field windings, the difference in

speed between the armature and the field being known as

the slip. If the armature were held from turning, the

frequency of the currents set up in its windings would be

the,same as the frequency of the current in the field; in

other words, the machine would then be acting like an

ordinary transformer. As the motor is allowed to run up
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to speed, the frequency of the armature currents becomes

slower and slower until the motor runs at a speed only

slightly lower than that of the field, and the frequency of the

armature currents drops down to from 2 to 5 per cent, of that

of the field current, depending on the amount of slip. Now
suppose that instead of letting the armature run in the

direction it ordinarily would, we drive it in the opposite

direction. The effect on the frequency of the currents in

the armature is then just the opposite, i. e. , the fre-

quency, which is the same as that in the field at stand-

still, increases as the armature is revolved in the opposite

direction by means of motor A. If it were run up to its

regular speed in the opposite direction, the frequency would

be just doubled. If it were driven at half the normal speed

in the opposite direction, the frequency would be made one

and one-half times as great. For example, if a frequency

of 40 were to be raised to 60, the armature would be driven

in the opposite direction at half its ordinary speed. Fre-

quency changers of this kind are used, among other places,

in connection with the Brooklyn lighting system, and also at

Buffalo, where the 25-cycle current from the Niagara plant

is changed to 62 cycles for use in connection with lighting

work.

ALTEENATING-CFRRENT, CONSTANT-CTIRRElSrT SYSTEM.

71. This method of distribution is used for operating

incandescent street lights in series and has been used quite

extensively for that purpose. It allows street lighting to be

carried out in connection with a regular constant-potential

lighting plant, and such plants are thereby enabled to under-

take street lighting with very little expense for station

apparatus. Of course, street incandescent lamps could be

operated directly from transformers and, in fact, they often

are run in this way. As a rule, however, they would be

scattered too much to be operated economically in parallel,

and hence the series system was developed for this work.



S 16 ELECTRIC LIGHTING. 61

When a number of lamps are connected in series in a

circuit, the current in that circuit must be kept at the

same value, no matter how many lamps are in operation.

The term constant current, as applied to this system,

implies, therefore, that the current is maintained at a

constant value and not that the current is a direct or

continuous one. As mentioned above, such circuits are

run from constant-potential alternators, a regulator being

used in each circuit to keep the current at a constant

value. The . series-incandescent system of street lighting

is especially useful for small plants, where it would not

pay to install separate arc-light dynamos. The system is

also used in larger places on streets that are very heavily

shaded or in alleys or other places where an arc light is

hardly necessary.

12. Fig. 36 shows a series of incandescent lamps /, / con-

nected across an ordinary constant-potential 'circuit fed by

3 Transformer

FIG. 36.

the alternator A. Suppose, for example, that the pressure

generated by the dynamo is 1,000 volts; then if each lamp

required, say, 20 volts, 50 lamps would have to be run in
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series in order to take up the full voltage of the dynamo.

Lamps for use on circuits of this kind are often made for a

current of 34- amperes and a pressure of 20 volts. Such

lamps have short, thick filaments, and are generally of the

shape shown in Fig. 4. Unfortunately, lamps with short,

thick filaments are not nearly as efficient as the ordinary

50-volt or 110-volt lamp with a long, thin filament. For

this reason, some of the more recent systems of series-incan-

descent lighting employ circuits using 50-volt or 100-volt

lamps, and use a correspondingly smaller number on each

circuit. This is, the case with the Westinghouse series

system to be described later. So long as none of the lamps

burn out, the current in the circuit will remain constant,

because the line pressure and the resistance of the lamp cir-

cuit are constant. Each lamp must be provided with some
means for maintaining the continuity of the circuit in case

a lamp breaks down, otherwise all the lamps on the circuit

would be extinguished. One of the most common devices

for preventing an interruption of the circuit is

the film cut-out, the principle of which will

be understood by referring to Fig. 37. This

shows the under side of a lamp base ; the flat

spring a is attached to one terminal and is

separated from the other terminal by the film

of paper b. Ordinarily the pressure between

the lamp terminals is equal to the drop through the lamp

and is quite small. If, however, the "lamp should burn out,

the current in the circuit ceases flowing for an instant, thus

causing the pressure between the lamp terminals to at once

rise to the full pressure of the dynamo, because the current

becomes zero and the drop in the line and lamps also becomes

zero. This pressure is more than the film can stand, and

it is. at once punctured, thus allowing a to touch the other

terminal and maintain the circuit. The film cut-out simply

maintains the continuity of the circuit without inserting a

resistance of any kind to take the place of the lamp, and the

current would, therefore, increase if some means were not

adopted for regulating it at the station. There are several
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arrangements designed for this purpose. Two of the most

common are the lamp-board regulator and the so-called

C. R. regulator.

73. The Lamp-Board Regulator. — The principle of

this regulator will be understood by referring to Fig. 38.

The current is kept at its

proper value simply by

cutting in a lamp at the

station whenever one on

the circuit burns out.

This board, on which are

mounted a number of

lamps /, /, /, is placed in

the station, and the extra

lamps connected in series

with the line through a

switch s and an amme-
ter a. The ammeter in-

dicates when the current

is at its proper amount,

and if a lamp on the line

goes out, the reading at

once increases. By mov-
ing the handle of the

switch s, any number of

lamps desired may be cut

in and the current main-

tained at its proper value

until the lineman is able to go around and replace the

broken lamps. The figure is only intended to show the

general principle of the lamp board ; the actual arrangement

of the parts varies in different cases.

To Dynamo. Fig. 38.
To. Idne.

74. The C. R. Regulator.—This regulator was brought

out by the General Electric Company to replace the old

lamp-board method of regulation. In many cases it is

desirable to have some kind of regulator that will not only
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compensate for any lamps that may burn out, but that will

also allow a wide variation in the voltage applied to the cir-

cuit. For example, we might wish to run a circuit having

40 20-volt lamps from a 1,000-volt alternator. The series

of lamps would only require 40 X 20 = 800 volts, and if the

lamp board were used, 10 lamps would have to be inserted

in the station to take up the extra 200 volts, neglecting the

drop in the line. This would be an expensive and wasteful

method.

The C. R. regulator is simply a special kind of trans-

former that is so made that its secondary voltage may
be added to or sub-

tracted from that of

the dynamo. The
operation of this reg-

ulator will be under-

stood by referring

to Fig. 39. Two
coils A B and CD
are wound on a 1am-

inated iron core.

The coil CD is di-

vided into a number
of sections, and con-

nections are brought

out to the contact

blocks a ; h and g are two contact strips in the form of cir-

cular arcs, h being connected to one end of the lamp circuit

and g to one end of the coil B, which is also connected to

one of the primary lines. The other end of the primary

coil is connected to the circuit and to the other primary

wire, as shown at A. An ammeter is also included in the

circuit to show when the current is at its proper value.

The contact pieces e, f make contact between the circular

arcs and the coil terminal pieces a, and are so arranged that

when a wheel is turned they move towards each other or

away from each other, as the case may be. They are also

arranged so that they may move past each other.

Fig. 39.
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Suppose that both c and f rest on the same block in the

center of the dial ; then, the current flows from the line

through the path l-3-B—g-f-e-k-l-l-l-M-2, and the pres-

sure applied to the lamp circuit is the same as that supplied

by the alternator. A current will also flow through A B,

because this coil is connected directly across the line, just

like the primary coil of a transformer. This current will set

up an alternating magnetism around the iron core and an

electromotive force in the coil CD. If now we connect any

of the turns of CD in series with the lamp circuit, the pres-

sure applied to the lamps will be greater or less than the

dynamo pressure, depending on whether the E. M. F.

induced in the part of CD cut in aids or is opposed to the

E. M. F. of the dynamo. Suppose the regulating wheel to

be moved so that the contact pieces are in the position

shown; the current will flow through that part of the

coil C D included between the contacts e, f, and we will

suppose that the connections are such that the E. M. F.

of this portion of the coil is added to the line. If the

handle is turned the other way, so that the sliding pieces e

and f move past each other and thus exchange places, it

is readily seen that the effect is to make the current pass

through the portion of the coil between e and f in the

opposite direction to what it did before ; hence, with the

contacts in this latter position, the line E. M. F. will be

diminished by the E. M. F. induced in the portion of the

coil cut in. It follows, then, that with this arrangement,

the E. M. F. applied to the line may be raised or lowered

by the E. M. F. supplied to the coil C D. For example,

in a regulator designed for a circuit of 1,100 volts, the

adjustable coil is wound for 230 volts and is divided into

23 sections of 10 volts each. The voltage on the line

can, therefore, be varied from 1,100 — 230 to 1,100 + 230,

i. e., from 870 to 1,330 volts. This allows quite a wide

variation in the number of lamps that can be operated

on a circuit and gives at the same time a ready means
of adjusting the current- in case a few lamps happen to

burn out.



66 ELECTRIC LIGHTING. 16

Fig. 40 shows the general appearance of one of these regu-

lators. The regulating dial is seen in the center and is so

arranged that when the wheel is

turned, one arm moves in one direc-

tion and the other arm in the oppo-

site direction. The switch at the

top of the board serves to disconnect

the regulator from the circuit and

dynamo.

75. "Westinghouse Constant-

Current Incandescent System.

—

The series-incandescent street-light-

ing devices used by the Westinghouse

Company are considerably different

from the two previously described, in

regard to the method of compensa-

ting for burned-out lamps. Ordinary

50-volt or 100-volt lamps are used.'

For example, on a 1,000-volt cir-

cuit, 20 50-volt or 10 100-volt lamps

would be connected in series. These

are preferable to the low-voltage

20-volt lamps, because they are more efficient. Moreover,

the ordinary 50-volt or 100-volt lamps are cheaper. The

M

M

Fig. 40.

Fig. 41.

operation of the Westinghouse device will be understood

by referring to Fig. 41. L, L, L represent a series of
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ten lOOvolt lamps connected across the 1,000-volt mains M.
Across the terminals of each lamp a coil c, wound on a

laminated iron core d, is connected so that the coil is in

shunt with the lamp under ordinary working conditions.

If a lamp should break, the current must then pass through

the coil. As long as the lamp is unbroken, but a very

small current passes through the shunt coil; just enough

current will flow to magnetize the coil sufficiently to gen-

erate a counter E. M. F. of 100 volts. When the lamp

burns out, the whole current passes through the shunt coil,

but as the iron in the core is worked at a point near satura-

tion, the counter E. M. F. rises but slightly over 100 volts,

although the current through the coil is very much greater

than it was before the lamp broke. The coil, therefore,

takes the place of the lamp and introduces into the circuit

a counter E. M. F. of slightly over 100 volts to take the

place of the lamp. The current remains about the same
and the life of the remaining lamps is not endangered. If

as many as four or five lamps are out at once, the remaining

lamps become somewhat dim on account of the fact that

each shunt coil introduces a little higher counter E. M. F.

than the amount of the drop through the lamp that it

replaces. All that is necessary to restore the circuit to its

normal condition is to replace the burned-out lamps. This

system has the advantage that it

is automatic in its action, requir-

ing no attention other than the re-

placing of old or burned-out lamps.

It also has the advantage that it

is not necessary to bring the cir-

cuit to the station. One end of

the circuit may be attached to the

main at any convenient point and
the other end attached to the other

main, the only essential being that

the two ends shall connect to the

two sides of the circuit. It has

the disadvantage that if a short circuit occurs on the line,

Fig. 42.

/. III.—17
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a number of the shunt coils are liable to be burned out.

The shunt coils are mounted in cast-iron boxes, which also

serve for the base of the bracket supporting the lamp.

Fig. 42 shows the shunt-coil box. The hole a is tapped

Fig. 43.

to receive the gas-pipe bracket, as shown in Fig. 43. Street

incandescent lamps are usually provided with white enam-

eled reflectors and are mounted about 10 to 15 feet above

the o-round.

SUMMARY.

76. The methods of distribution described above repre-

sent those commonly used in practice, and it will be seen

that the electrical engineer has a large number of methods

from which to choose when installing a plant. Just which

one is best suited to any particular case will be decided

largely by the amount of the power and the distance over

which it is to be transmitted. The use of multiphase sys-

tems is becoming very popular, and they are now very

common whenever the power is to be transmitted for any

considerable distance. Either the two-phase or three-phase

systems are suitable for this work, and there is little choice

between them. Direct current, using either the two-wire or

three-wire system, will, no doubt, continue to be used very
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extensively for isolated plants or for supplying light to

compact and thickly settled districts; it is simpler for this

purpose than alternating current, and there is no need of

using a high pressure under such circumstances, as the

saving in copper would be more than offset by the addi-

tional cost of transformers.

LINE CALCULATIONS.

TWO-WIRE AXD THREE-WIRE, DIRECT-CURRENT SYSTEMS.

77. The methods for calculating the size of wire required

to transmit a given current over a given distance with a

certain allowable drop are the same as those used for the

calculation of power-transmission lines, though sometimes

the formulas are put in a slightly different form so as to be

more directly applicable to the subject of electric lighting.

78. The formula that is most generally applicable is the

following

:

. 21.6X-DXC ,,,A =
, (5.)

where A = required area of cross-section of wire in circular

mils;

D = distance in feet (one way) to point where current

is distributed;

C = current in amperes transmitted;

e = drop in volts.

In making line calculations in connection with electric

lighting, some judgment must be exercised in choosing the

value of the distance D. This is not the distance to the

first lamp supplied or the distance to the farthest lamp, but

the distance to the center of distribution ; in other words,

the distance to the point at which we might imagine all the

lamps to be grouped. The product of the distance D to the

center of distribution and the current C is often spoken of
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as the ampere-feet of the circuit; hence, we may write the

rule as follows

:

Rule. — The a?'ea in circular mils required for a two-wire

circuit is found by multiplying the ampere-feet by 21.6 and

dividing by the drop in volts.

79. Center of Distritmtion.—The distance D to the

center of distribution will be best understood by taking a

few cases illustrating the point. Consider a number of

lamps /, /, Fig. 44, arranged as shown and fed by the

dynamo A. The distance from the dynamo to the first

lamp is 1,000 feet, and the lamps are spaced out over a dis-

tance of 100 feet. The whole of the current would have to

[> 1000 feef >U WO feef ]

16161

\* D= 1050 feef

Fig. 44.

be transmitted through the first 1,000 feet, but from that

point it would gradually fall off. We may then take the

point a as the center of distribution, because the load is

about equally distributed on each side of this point, and the

distance D used in the formula would be 1,050 feet.

Take the case shown in Fig. 45, where the lamps are spaced

evenly all the way along the line. In this case, the center of

Fig. 45.

distribution a may be taken as at the middle, and hence the

distance D is only one-half the length of the line from A to

B. The exact location of the center of distribution becomes

more difficult to determine when the load is unevenly spaced

or distributed, but in most cases it can be located close

enough for practical purposes by laying out the system and

noting carefully the loads on the different circuits.
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80. Current Estimation.—The current can be readily

determined when the nature of the load is known. The gen-

eral practice is to allow £ ampere for each 16-candlepower

lamp and 1 ampere for a 32-candlepower lamp on 110-volt

circuits. It might be well to mention at this point that some
prefer to make calculations for lighting circuits by using

lamp-feet instead of ampere-feet. The number of lanip-

feet is the product of the number of 16-candlepower lamps

to be supplied and the distance to the center of distribution.

When this term is used, it always implies the use of

16-candlepower lamps; if any 32-candlepower lamps are

operated, each lamp must be counted as two 16-candlepower,

etc. If lamp-feet are used, the formula becomes

. IO.SxBxN ._.
A = "

, (6.)

where A = area in circular mils

;

D = distance in feet one way to center of distribu-

tion;

JV= number of lamps (expressed in terms of 16-can-

dlepower lamps)

;

e = drop in volts.

Rule.— To determine the area of cross-section for a two-

wire 110-volt circuit, multiply the lamp-feet by 10.8 and
divide by the drop in volts.

81. This rule is here given because it is frequently used.

Formula 5 is, however, much to be preferred, because for-

mula 6 assumes that each lamp takes \ ampere, and this may
or may not be the case. Formula 5 is applicable to any

case because the current is used in it, and this current is

determined from a knowledge of the devices to be operated.

The use of these formulas will be understood from the fol-

lowing examples, applying them to the calculations of lines

for an ordinary two-wire lighting system. We will first

take the simple case shown in Fig. 44.

Example 1.—A dynamo A, Fig. 44, delivers current at 110 volts to

50 lamps distributed as shown about a as a center. The drop must not

exceed 10 volts. Find the size of wire required.
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Solution.—The distance to the center of distribution is here

1,050 feet, as already explained. The current will be 25 amperes,

because each lamp will take J ampere. Using formula 5, we have

A = 21.6 X 1,050 X 25

10
= 56,700 cir. mils. Ans.

A No. 3 B. & S. wire would likely be used.

Example 2.—A dynamo A, Fig. 46, supplies current through the

feeders b, c to the feeding-in point a. From this point lamps are sup-

plied by means of the mains d, e and_/", g. The number of 16-candle-

power lamps and the various distances are shown in the figure. The
total drop in voltage from the dynamo to the last lamps must not

exceed 15 volts, of which 13 volts is to be in the feeders and 2 volts in

the mains; required, (a) the cross-section and gauge number of the

feeders b, c; (b) the cross-section and nearest gauge number of

the mains d, e; (c) the cross-section and nearest gauge number
of the mains/", g.

Solution.— 150 lamps will require 75 amperes.

50 lamps will require 25 amperes.

Total current 100 amperes.

(a) We are allowed a drop of 13 volts in the feeders and a drop of

2 volts in the mains. No current is taken from the feeders at any

intermediate point ; hence, the distance D from the dynamo to the

center of distribution a will be taken the same as the actual distance,

i. e., 400 feet. Using formula 5, we have, then, for the feeders

A = 21.6 X 400 X 100

13
= 66,461 cir. mils.

This would call for a No. 2 B. & S. wire. Ans.
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{/>) The current in the mains d, e will be 25 amperes. The distance

from a to the center of distribution will be 200 + i£9 = 250 feet, because

the lamps are spaced evenly along the last 100 feet. The drop in the

inains is not to exceed 2 volts ; hence, we have

21.6 X 250 X 25 „„ „. . .. .A — ~-^——— = 67,500 cir. mds. Ans.

This also would call for a No. 2 B. & S. wire. No. 2 B. & S. wire is

a little smaller than the cross-section called for, but it would probably

be used, as the increased drop caused by doing so would be very small.

(t) The current supplied through mains /, g is 75 amperes. Here

the load is uniformly distributed along the mains, and the distance to

the center of distribution is if£ = 65 feet. The drop is 2 volts. We
have, then,

. 21.6 X 65 X 75 KO _KA . .,A — ^——— = 52,650 cir. mils.

This would call for a No. 3 B. & S. wire. Ans.

It will be noticed in this example that although the mains carry a

smaller current over a shorter distance than the feeders, they work out

about the same size. This is because of the large drop allowed in the

feeders compared with that in the mains.

Example 3.—Fig. 47 shows a three-wire distributing system. The
dynamos A, B supply current through feeders to the junction boxy.

From this point mains are carried to the buildings where light is to be

supplied. In this case, the conductors marked mains are sometimes

called subfeeders, because they are really branches of the main feeder

and no branches are taken off between the junction box and the end of

these lines. In this case, the total drop from the dynamo to the lamps

is not to exceed 10 per cent, of the lamp voltage, and the pressure at

the lamps is to be 110 volts, (a) Calculate the size of the feeders C.

(J?)
Calculate the size of the mains D. (c) Calculate the size of the

mains E. The calculation of the size of wires required for the house

wiring will not be taken up here, as it belongs to interior wiring and

we are only concerned for the present with the outside distributing

wires. The pressure at the dynamo will be 110 + 110 X -1 = 121 volts.

Of the total drop of 10 per cent, we will allow 1.5 per cent, in the house

wiring, 3.5 per cent, in the mains, and the remaining 5 per cent, in the

feeders, as indicated in the figure.

Solution.—In calculating the size of the conductors, we will con-

sider the system as a two-wire system, the pressure between the two
outside wires at the lamps being 2 X HO = 220 volts and at the

dynamo 2 X 121 = 242 volts. We will obtain the size of the outside

wires, and a neutral wire one-half the size of the outside wires should

be amply sufficient. The total current supplied may be obtained as

follows :
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(a) Each pair of lamps on a 220-volt three-wire system requires

i ampere ; hence, current in line D will be if^ = 25 amperes. Current

in E will be ^jp = 100 amperes. Total current in the feeders C will be

125 amperes. _ The total drop between the outside wires is 242 — 220

= 22 volts. The drop in the main feeders is to be 5 per cent, of

the lamp voltage, or 220 X -05 = 11, or 5.5 volts on each side. The dis-

tance to the center of distribution is 700 feet ; hence,

A = 21.6 X 700 X 125

11
= 171,818 cir. mils. Ans.

This would call for a No. 000 B. & S. wire for the outside wires from the

dynamo up to the point J. The neutral wire could be made about No. 1.

700 —
Feeders

C '<c
Drop in Feeders 5% 4^

ofLamp Vo/tage

Fig. 47.

(b) The drop in mains D or E will be 220 X .035 = 7.7 volts. The

area of mains D will be

A = 21.6 X 500 X 25

7.7
= 35,065 cir. mils. Ans.

This would require a No. 5 wire, and a No. 8 or 9 would be sufficient

for the neutral.

(c) The area of mains E will be

A = 21.6 X200 X 100

7.7
= 56,104 cir. mils, nearly. Ans.

A No. 3 B. & S. wire would probably be used for the outside wires

and a No. 6 for the neutral.
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CALCULATIONS FOR ALTERNATING-CURRENT LINES.

82. A load that consists wholly of lamps possesses very

little self-induction, and for ordinary lighting systems,

where the distances are short, it is usual to make the calcu-

lations for lines carrying alternating current in the same
way as already described for the direct-current system.

This assumes the power factor to be 1, which is not exactly

true. If greater accuracy is required, formulas taking into

consideration the power factor should be used. After the

primary current has been determined and the distance to

the center of distribution is known, the size of the primary

line wire may be worked out. The power supplied over the

line must be slightly greater than that supplied to the

lamps, on account of the loss in the transformers. This loss

will depend, of course, on the efficiency of the transformer;

some of the older styles had a low efficiency, but very little

power is wasted in transformers of modern make. Table III

gives the average efficiency at full load, as attained by good

transformers.

TABLE III.

EFFICIENCY OF TRANSFORMERS.

Output.
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(a common value used in connection with alternating-current lighting

work). A total of 1,000 16-candlepower lamps is to be operated from

the secondaries. The voltage at the transformer is to be 2,000 volts at

full load and the drop in the primary mains 200 volts, thus making the

ffiffi

2 Mites-

To Centre of Disfr/buf/on

2200 Volts

™yX.

Total Load on System

WOO-IS OPLamps u

+. Drop in

Secondary Wiring

2 Votts.

Fig. 48.

voltage at the alternator 2,200 volts at full load. The loss in the sec-

ondary wiring at full load must not exceed 2 volts, and the lamps

require 3.5 watts per candlepower. The average efficiency of the trans-

formers may be taken at 96 per cent. Required the cross-section of the

primary wires.

Solution.—Each lamp requires 16 X 3.5 == 56 watts, and 1,000 lamps

would call for 56,000 watts in the secondary circuit at the lamps. The
total secondary current would be -f^f^ amperes, and since there is a

drop of 2 volts in the secondary wiring, the number of watts lost will be

maries would be
57,077

^96

The watts delivered to the pri-

59,455, and since the primary voltage of the

transformers is 2,000, the primary current will be VoW" = 29.73 amperes,

nearly. Having determined the primary current, we can now calculate

the size of the line. The distance in this case is 2 miles, or 10,560 feet,

and the drop 200 volts. We may now use formula 5, considering the

problem the same as for a continuous-current circuit.

A = 21.6 X 10,560 X 29.73

200
= 33,906, approximately. Ans.

This would call for a No. 5 B. & S. wire.
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84. For rough calculations of the primary current on

1,000-volt and 2, 000-volt primary mains, the following

allowance per lamp may be used:

TABLE IV.

CURRENT ALLOWANCE PER LAMP.

Candlepower of

Lamp.
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Example.— 1,000 16-candlepower, 60-watt lamps are to be operated

on a three-phase system at a point 16,000 feet from the station. The

voltage at the transformers is to be 2,000, and 10 per cent, of the power

delivered is to be allowed as loss in the line. The transformer efficiency

is 96 per cent., and 2 per cent, of the power delivered at the lamps is

lost in the secondary wiring. Find the necessary cross-section of the

line wires.

Solution.—Power supplied to lamps = 1,000 X 60 = 60,000 watts.

Power delivered by secondaries = 60,000 + .02 X 60,000 = 61,200. Power

supplied to transformers from primary lines = —^— = 63,750 watts.

Referring to Electric Transmission, Part 1, we find that the circular

mils are given by the formula

D X W
Circular mils = —=r ==—- X t.P X Ef

In this case, D = 16,000; E2 = 2,000; P = 10. Since this is to be a

three-phase system and the load consists wholly of lights, the con-

stant / may be taken as 1,200.

Hence,

Circular mils =^M^|^ X 1,200 = 30,600. Ans.

This is between a No. 5 and a No. 6 B. & S. wire. The No. 5 wire

would most likely be used.

86. When the total watts to be delivered are known, the

current in the line and the drop in voltage may be estimated

by means of the formulas given in Electric Transmission,

Part 1. The percentage drop in voltage may be consider-

ably greater than the percentage loss in power if the lines

are long and spread a considerable distance apart, because

under such circumstances the self-induction of the lines

would have considerable effect. It is customary when
making calculations with regard to ordinary single-phase

lighting circuits that are not of great length to use the

rules given for direct current. This is especially true with

regard to the secondary distributing system, and in nearly

all cases will give results sufficiently accurate for practical

purposes.
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THE LIGHTING STATION.
ST. The design of the central station for an electric-light-

ing plant involves a great many considerations that depend

on the system of distribution adopted. The choice of the

system itself, as to whether the direct or alternating current

should be used, is dependent on the area of the territory to

be lighted and on the distance between the centers of gener-

ation and distribution. Thus, for small districts in which

the lighting is dense and in which the central station can

be placed approximately in the center of the area illuminated,

the two-wire, direct-current, low-pressure system is the one

most suitable. It has been found, however, that such a

system is no longer economical when the mean length of the

feeders becomes greater than 300 yards.

By the Edison three-wire system, the distribution of direct-

current, low-pressure supply may be economically conducted

for a feeder length of from one-half to three-quarters of a

mile. The five-wire system allows of a mean feeder length

of one mile. Beyond this distance direct-current systems are

too costly, and, therefore, the alternating-current system is

used.

88. The Location of the Central Station. — Since

nearly all incandescent-lighting stations use the constant-

potential or parallel system of distribution, the location of

the station with reference to the district to be supplied is of

the highest importance and should never be decided on

until all conditions entering into the problem have been

carefully weighed ; for when this system is used the question

of conducting heavy currents makes the cost of the con-

ductor a figure that must be kept as low as possible, and

this can only be attained by making all distances as short as

possible. This would mean that the central station' should

be placed in the center of the system to be served. Very
often it is found that, owing to the questions of coal and

water supply, the price of real estate, or other local con-

ditions, the central station cannot be placed in the center
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of the system, and that the loss in conductor copper is offset

by other advantages. These are points that the designing

engineer considers after studying the map of the area to be

served and the estimates of the probable supply.

In general, however, it will be observed that the cen-

tral station in parallel distribution forms very nearly the

electrical center of gravity of the system. The present

tendency in large cities seems to be towards the consoli-

dation of the generating plant in one large central station

located at some point where the fuel and water supply is

good. This is the natural outcome of high-tension transmis-

sion. These stations are provided with alternators of large

output that supply current at high pressure to various sub-

stations located near the points of distribution. By utilizing

this high-pressure transmission scheme, it becomes unneces-

sary to have the plant located near the point where the current

is used. Such an arrangement involves more complication

than where the current is supplied directly from the gener-

ating station, but for large cities it is, nevertheless, found to

be advantageous.

89. Tlie Boilers. — The greatest demand for current

from a central station supplying lighting circuits occurs at

stated hours, during which time the boilers are usually

called upon for their full steam capacity. Before and after

this time the demand for current is very much less, and the

boilers are, therefore, not often worked to their full capacity.

Unless they are used continuously, it is evident that the

lighting and firing up of the several boilers for only short

periods during the evening produces an immense waste of

heat from radiation and conduction, which takes place as

they cool down after having been thrown out of use. Such

losses are, of course, increased when there are larger masses

of brickwork in direct contact with the fuel which must be

heated up. For this reason, internally fired boilers, such as

the marine boilers or the Lancashire type, are often used,

though the latter has the objectionable feature of requiring

much floor space. Owing to this cause, water-tube boilers,
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of which the well-known Babcock & Wilcox is a good example,

are very generally used in electric-lighting stations.

90. Tlie Engines. — In the selection of engines, the

choice lies between direct-coupled engines and those driving

dynamos by belting or rope gear.

The engine built for direct coupling to dynamos must

necessarily have the speed required to run the dynamo.

This speed is a relatively high one for engines, even where

the dynamo is very large, and until quite recently such

engines were not numerous. At present, however, high-

speed engines of high grade are much used, and the modern
central station is mainly equipped with direct-coupled

machines. These are particularly adapted to stations where

space is limited. Where this is not the case, many plants

drive their dynamos in groups, either from the engine fly-

wheel or by means of belting.

DYNAMOS FOR INCANDESCENT LIGHTING.

91. The type of dynamo used for operating a lighting

system will depend on the method of distribution adopted.

The construction of the dynamo will also depend to some

extent on the method used for driving it ; i.e., on whether

it is driven by means of a belt or coupled directly to the

steam engine or waterwheel. We will consider, briefly, a

few of the different types used in order to point out some of

their distinguishing features.

DIRECT-CURRENT DY1STAMOS.

92. Belt-Driven Dynamos.—Dynamos used for oper-

ating incandescent lamps on the two-wire or three-wire

systems are almost invariably compound-wound. Shunt-

wound machines were used some years ago for this purpose,

but the compound-wound machine is much better, since it

keeps the voltage at the right value automatically. Usually

the machines are overcompounded, so as to give a rise in
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voltage from no load to full load corresponding to the drop

in the line, and thus keeping the pressure at the lamps con-

stant. Modern dynamos used for this purpose are nearly

always of the multipolar type. Two-pole machines were
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formerly much used, but these have given place to the mul-

tipolar type. All the dynamos used for any kind of work

may be divided into two classes, according' to the method

used for driving them, i. e., "belt driven and direct con-

nected.

Fig. 49 shows a Wood eight-pole compound-wound dynamo
as used for lighting on a 110-volt, two-wire system, or

110-2*20-volt, three-wire system. This machine is mounted

on rails R, so that the tension of the belt may be adjusted

by sliding the machine by means of the ratchets T, T. The
magnet yoke A is circular and is provided with eight

inwardly projecting poles, each of which is provided with a

field spool B. Each of these spools is provided with two

windings : a shunt winding, consisting of comparatively fine

wire, and a series winding, usually of copper strip or heavy

wire, capable of carrying the whole current furnished by

the machine. One terminal of the machine is shown at e,

and the other is on the opposite side of the pedestal. From
these two terminals the positive and negative leads are

carried to the switchboard. The connections for the shunt

winding and the shunt-field rheostat are made by means of

the small terminals s, s. When two or more machines are

run in multiple, a third main connection is led from the ter-

minal E to the equalizing bar on the switchboard. The
machine shown has a capacity of 260 kilowatts, runs at

500 revolutions per minute, and weighs a little over 9 tons

complete. Belt-driven machines are smaller and cheaper

for the same output than direct-connected machines, because

they run at a higher speed. Notwithstanding this fact, the

direct-connected type is becoming very popular, especially

in places where economy of space and compact arrangement

are desired.

93. Direct-Connected Dynamos.— By using direct-

driven machines, all wear and tear on belts is avoided and

a large saving in space effected. Fig. 50 shows a com-

pound-wound dynamo made by the Fort Wayne Electric

Works direct connected to a high-speed engine, and is a

/. III.—18
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typical example of a multipolar .direct-driven set. Such a

combination is largely used for isolated plants and also for

central stations of moderate size. For larger stations it is

customary to use slow-speed engines of the Corliss type

direct connected to large multipolar dynamos. The dynamo,
Fig. 50, is mounted upon an extension bedplate A provided

with an outboard bearing B. This machine is compound-
wound, a, a' being the leads connecting to the terminals of

the series coils; C and D are the mains running to the

switchboard ; the leads from the brushes are attached to the

connection boards, one of which is shown at F. The termi-

nal for the equalizing wire is shown at G. The small

leads h, h' are connected to the shunt winding and are led

to the switchboard so that the field rheostat may be con-

nected in series with the shunt field. The hand wheels

shown at W are for adjusting the brushes to the non-

sparking point and clamping them in position. Nearly all

modern dynamos use carbon brushes, except, perhaps, a few

machines where the voltage is low and the current corre-

spondingly large. In order to use carbon brushes without

overheating at the commutator, it is necessary to allow

ample contact surface between brushes and commutator.

Usually about 1 square inch of brush contact surface is

necessary for every 30 to 40 amperes collected, and in the

case of low-tension incandescent-lighting dynamos this calls

for a large commutator. Notwithstanding the fact that

carbon brushes require a much larger and more expensive

commutator than copper brushes, they operate so much
better that the increased first cost is warranted. The
carbon brushes run with much less sparking and do not cut

the commutator, as copper brushes are apt to do, unless

they are very carefully looked after. Most incandescent

dynamos have bar-wound armatures, i. e., the conductors

on the armatures are in the shape of copper bars rather than

wires, because a large cross-section of conductor is necessary

in order to carry the current. The ends of these bars lead-

ing to the commutator are seen at M, Fig. 50. The
machine here shown has a capacity of 75 kilowatts and runs
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at a speed of 275 revolutions per minute. The speed of the

larger sizes of direct-connected machine is correspondingly

lower, and in case they are direct connected to large, slow-

speed Corliss engines, the speed is usually from 75 to

100 revolutions per minute.

ALTERNATING-CURRENT DYNAMOS.

94. Alternators may be constructed with either the arma-

ture or field as the revolving member, or they may be made

without any revolving wire whatever, the only revolving

part being a mass of iron, called an inductor. We may
have, then, a comparatively large number of different types

of alternators to choose from as compared with direct-

current machines. When alternating current first came

into use for lighting work, machines with revolving arma-

ture and stationary field were the only kind used, and these

machines were almost invariably belt driven. The fre-

quency employed was usually from 125 to 133 cycles per

second, and the machines were often provided with a com-

pound winding supplied through a rectifier. Practically

all the alternators in use are wound to give a constant

potential. The shunt winding of the ordinary compound-

wound continuous-current dynamo is replaced by a sepa-

rately excited winding, which is supplied from a small

direct-current exciter. Again, the variety of alternators is

increased by the various number of phases that are in com-

mon use.

95. Belt-Driven Alternators.—Fig. 51 shows a typical

belt-driven alternator as used for lighting work. This par-

ticular machine is of the Wood type made by the Fort

Wayne Electric Works, and it illustrates the general charac-

teristics of a type of machine that has been and still is

largely used for incandescent-lighting work. The Westing-

house and General Electric alternators of this class are very

similar in general appearance to the one shown. This is a

single-phase machine of 150 kilowatts capacity delivering
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current at 60 cycles per second. The alternator is pro-

vided with only two collector rings r, r because it gener-

ates single-phase current. Each ring is provided with a

brush c. The rectifier is shown at m, and by means of it

the current sent through the series field winding is made
unidirectional; b, b is a pair of the rectifier brushes and

there is a similar pair, not shown, on the opposite side of

the rectifier. One of the leads connecting to the series field

is shown at /, and there is a similar one on the other side of

the machine. The terminals of the armature winding lead-

ing to the collector rings and rectifier are shown at n, n.

The terminals of the machine are t, /', and from these the

main wires are led to the switchboard. The two leads <?, o'

lead from the terminals of the series coil to the shunt

used in connection with the compound coils. This shunt is

housed in the bearing pedestal. The exciter is here shown

belted to a pulley on the end of the alternator armature

shaft. In many cases the exciter is driven separately. The
binding posts p, p' are the terminals of the separately

excited field coils. The whole machine is mounted on rails

so that the tension on the belt may be adjusted. The ordi-

nary incandescent-lighting alternator of the type shown is

usually wound for either 1,100 volts or 2,200 volts, as these

pressures are high enough for economical distribution unless

the distances are longer than are usually met with in the

common run of towns or medium-sized cities.

96. Fig. 52 shows a General Electric alternator of the

revolving-field belt-driven type. This machine is of 300 kilo-

watts capacity and is wound to deliver three-phase cur-

rents at a frequency of 60 cycles. The revolving field is

seen at A, but a better idea as to the construction of the

machine will be obtained by referring to Fig. 53. The
revolving field consists of a steel ring B supported by the

spider c c. The ring B carries the laminated pole pieces D,

which are dovetailed into the ring as shown at e. In the

larger machines the pole pieces are bolted to the ring. Each

pole piece is provided with a field coil d, which, in the larger
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Fig. 52.

machines, is wound with copper strip placed on edge. These

coils are connected in series and their terminals brought to

Fig. 53.

collector rings mounted on the shaft. By means of these

rings the exciting current is led into the field. The stationary

armature windings f, f (in this case shown for a single-phase
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machine with two slots to each pole) are held in grooves

around the inner periphery of the laminated core G, as shown,

and this core is supported by the casting L, also shown in

Fig. 52, attached to the base of the machine. The terminals

of the stationary winding are shown at M, Fig. 52. The
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whole armature structure is arranged so that it may be

slid along on the base so as to give access to the field and

armature coils.

97. Inductor Alternator.—Some makers have gone a

step further and construct alternators without any moving

wire whatever. These machines are of the inductor type, so

called because both the armature and field-exciting coils are

stationary and the magnetism passing through the armature

coils is made to vary by revolving a mass of iron called an

inductor. One of the most widely used of these types is the

Stanley machine. These are made for several different

outputs and Pig. 54 represents one of the larger sizes. In

this view the two halves^, A of the stationary armature

are shown drawn back so as to allow access to the coils.

When the machine is in operation, these halves are bolted

together by means of bolts passing through the lugs a, a.

The machine is double, there being two laminated cores c, c,

in the slots of which the coils d, e are mounted (see also

Fig. 55). It will be noticed that the coils marked d are

placed midway between those marked e, one set of coils over-

lapping the latter. The result of this arrangement is that

when half the conductors of one set of coils is directly under

the poles, the conductors of the other set are out from under

the poles; hence, when the current in one set is at its maxi-

mum value, the current in the other set is at its minimum
value, thus making this particular machine deliver two cur-

rents that differ in phase by 90°. The machines can also be

built to supply single-phase or three-phase currents, if desired.

The revolving inductor is shown at I, Fig. 54, surrounded

by the magnetizing coil M. All the polar projections p on

one side of the coil are of the same polarity, and there is a

similar set of opposite polarity on the other side of the coil.

The construction will be understood by referring to Fig. 55,

which shows an end view and section of a large Stanley

machine, the different parts being lettered to correspond

with those shown in Fig. 54. The holes /, / in the armature-

core stampings receive heavy iron bars that serve to hold
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the core together and also to carry the magnetism. The

path of the magnetic flux is indicated by the dotted line

1^.2-3-J/., and when the inductor revolves, the lines of force

sweep across the stationary coils and thus set up the required

E. M. F. This machine has the advantage of having no

moving wire about it, but machines of the revolving-field

type, such as shown in Fig. 52, have the advantage of using

^Q

Fig. 55.

small field coils that are easily repaired or replaced in case

anything goes wrong with them. A number of other types

of inductor alternator are in use. The Westinghouse

machine of this type is similar to the one just described and

operates on the same principle, the chief difference being

that there is only one armature instead of two, i. e., the

double construction shown in Fig. 55 is not used. The same

is true with regard to the Warren alternator.

98. Direct-Connected Alternators.— Alternators di-

rect connected to waterwheels or steam engines are now
quite common in connection with electric-lighting work.

Their construction is essentially the same as that of belted
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machines. Direct-connected alternators run at a lower

speed than the belt-driven machines, hence, for a given fre-

quency, they must have a larger number of poles. In order

to make room for these, the machine must be large in diam-

eter and, consequently, correspondingly narrow in the direc-

tion parallel to the shaft. Fig. 56 shows an alternatoi

Fig. 56.

designed for direct connection to a waterwheel running

150 revolutions per minute. This machine is of 650 kilo-

watts capacity and is a good example of the revolving-arma-

ture and stationary-field type.
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99. General Remarks.—From the foregoing it will be

seen that for a given installation there is a wide variety of

generating apparatus from which to choose. The question

as to whether alternating or direct current shall be used is,

in most cases, decided by the distance over which the

current is to be transmitted; and the question as to whether

direct-connected or belted machines shall be used depends

on the question of first cost and the space available.

Direct-connected machines cost somewhat more than belted

ones of the same output, but, as the first cost and wear and

tear on belts is done away with, and as the wear on the slow-

speed machine is small, it may prove that the more expensive

direct-connected machine is the cheaper in the long run.

Again, in places where space is valuable it may be almost

absolutely necessary to use direct-connected units. This is

very frequently the case in city-lighting plants and in iso-

lated plants in large buildings. In making the choice of a

dynamo, then, for any particular plant, it is important that

the surrounding conditions be taken into careful considera-

tion, so that the machine that will do its work most effi-

ciently and with the leact expense for maintenance will be

selected. The tendency is strongly towards the use of direct

connected machines.



ELECTRIC LIGHTING.
(PART 2.)

STATION APPLIANCES.
1. In addition to the dynamo, the equipment of an

incandescent-lighting station comprises a number of appli-

ances that are necessary for the operation of the station.

These instruments are intended for the control or protection

of the various machines and circuits, and they are usually

grouped together and connected up on the switchboard.

The arrangement and construction of the switchboard itself

will be taken up later; for the present, we will consider

briefly some of the more important appliances themselves.

The kind of instruments used in^connection with the

operation of the plant will depend, to a great extent, on

whether direct or alternating current is used, and on whether

this current is supplied at high pressure or low pressure.

The appliances suitable for a 110-volt direct-current installa-

tion would not be suitable for a 2, 000-volt alternating-cur-

rent system. Among the more important station appliances

to be considered are the following: switches, bus-bars,

voltmeters and ammeters, fuses, circuit-breakers, rheostats,

ground detectors, and lis'htuins: arresters.

SWITCHES AXD BUS-BAES.

2. Xiow-Tension Switches.—Switches are used to dis-

connect a circuit or dynamo whenever desired. If the cur-

rent to be handled is large, the switch must be of massive

§ 1?
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construction. For ordinary work, where the pressure does

not exceed 200 or 300 volts, plain knife switches are used.

Fig. 1 shows a typical two-pole knife switch. Most of these

switches are mounted directly on the slate or marble of

which the switchboard is constructed, and connections are

made to them by means of studs running through to the

back. When the switch is opened, connection is broken

between the clips 1 and 2, 3 and 4-, thus opening both sides

Fig. 1. Fig 2.

of the circuit. Knife switches should be substantially con-

structed and should have a contact surface at the clips of

at least 1 square inch for every 80 to 100 amperes. The
blades should be made of good conducting material, prefer-

ably of drawn copper, and the clips should be stiff enough

to give a good, firm contact. A brass rich in copper is fre-

quently used for such switches, but if this is done, the

switches should be made to give a larger contact surface
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Fig. 3.

than if pure copper blades were used. For pure copper,

the blades should have a cross-sectional area of about

1 square inch for every 1,000 amperes carried. Fig. 2 shows
a front-connected switch

provided with fuses f, f,
and Fig'. 3 shows a triple-

pole switch as mounted
on a switchboard and

arranged for back con-

nection. This last style

is often used where com-

pound dynamos are oper-

ated in multiple, the

middle blade making the

connection to the equali-

zing bar. Triple-pole
switches are also used in

connection with three-

phase installations. Knife

switches should always be mounted with the handle up, so

that the blades are swung down in order to open the

switch. This is done in accordance with a rule of the Fire

Underwriters, which requires switches to be so placed that

when opened they will not tend to fall closed of their own
accord, but will, on the contrary, tend to remain open. All

switch bases should be of incombustible material, such as

marble, slate, or porcelain.

3. High-Tension Switches.—These switches are used

in connection with alternating-current work where the pres-

sure is high and where ordinary switches would not be

capable of breaking the arc. A great many types of high-

tension switches have been introduced, and their design

depends to a large extent on the voltage to be handled.

Figs. 4 and 5 show a style of quick-break switch that has

proved very successful both in lighting and street-railway

work. It is simple in construction, breaks the arc very

quickly, and operates well on circuits where the pressure
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does not exceed about 3,000 volts. The figures show the

single-pole type, but it is made also for two or three poles,

as may be desired. Fig. 4 shows the switch closed and

Fig. 5 shows it partly opened. The switch blade, which is

u
'^Mt^M^LL^J[\~\

\

of drawn copper, is made in halves A, B, which are con-

nected by two springs c, one on each side of the blade.

When the handle is pulled out, the half A leaves the clip E

Fig. 5.

and thus stretches the springs. When the bottom blade

flies out, it leaves clip E very quickly, owing to the action

of the springs, thus drawing out the arc and breaking it

almost instantaneously. The main switch on the board



17 ELECTRIC LIGHTING.

shown in Fig. GO is very similar in principle. When the

blade is pulled out, a follower maintains contact until the

blade has been pulled back a considerable distance, when it

flies back and thus breaks the arc. When knife switches

are used on high-tension boards, it is a common practice to

separate the blades by marble barriers, as shown in Fig. 60,

in order to prevent the arc jumping from one blade to the

other.

4. Fig. 6 shows the same style switch as Fig. 4, but

it is mounted so as to be capable of handling higher pres-

sures. The switch is constructed

so as to give a long, quick break,

and is mounted on insulators 1,

2, S, 4- These are made of hard

rubber or similar material and

are grooved so as to make the

leakage path from the switch parts

to the panel as long as possible.

This insulating material passes

through the panel, so that in no

place does the metal switch stud

come in contact with the marble.

This is a necessary precaution in

cases where very high pressures

are handled, because the marble

cannot be depended on to give

good enough insulation. The blades A, B are arranged as

described in connection with Fig. 4, except that blade A
has a hole in the end instead of a handle. The switch is

pulled open by means of a hook in the end of a handle about

3 feet long, thus allowing the attendant to stand back some
distance and avoid the danger of his being burned by the

arc. To avoid arcing from one switch to the next, marble

barriers C are mounted at right angles to the main part of

the board. Each switch is thus placed in a cell by itself,

and arcing across from one switch to its neighbor cannot

take place.

J. III.—19

Fig. 6.
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5. The Westinghouse Company make use of a high-

tension switch in which the terminals are mounted at each

end of a porcelain cylinder. A copper rod or plunger

passes through these contacts or bushings and completes

the circuit. When the plunger is withdrawn, the arc is

formed in the confined space between the bushings. A small

outlet is provided in the side of the tube, and when the arc

is formed, the blast caused by the sudden expansion of the

fig. 7.

air in the confined space, together with the cooling action

of the porcelain walls, extinguishes the arc. If the pressure

to be handled is very high, a number of these cylinders are

connected in series, thus producing a long break. Fig. 7 (a)

and (b) shows a switch of the plunger type that is intended

for a two-phase dynamo or circuit. This switch gives a

double-pole double break in each phase. The cylinders 1,

2, 3, etc. and plungers 1', 2', S: are mounted on the back of

the board and are operated by a lever L on the front. The
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switch must accommodate 4 dynamo wires and 4 line wires,

hence there are 8 cylinders, thus giving' a double break in

each line. The path of the current will be understood by

referring to the arrows. In the figure the switch is. shown

thrown out, but when the plunger is in, bushings a and b,

c and d are connected together, and the path of the current

is a-b-c-d-e to line. When the plunger is withdrawn the

arc is broken between a and b, c and d.

6. When large currents at high pressures are to be han-

dled, the General Electric Company uses switches in which

the arc is broken under oil. It has been found that a com-

paratively short break is sufficient under such circumstances,

because as soon as the arc is formed the oil rushes into the

gap and extinguishes it. Switches operating on this princi-

ple are in use in a number of the larger installations. Most

of the larger sizes are operated by air pressure or a small

electric motor, though in some cases they are arranged for

hand control.

7. The variety of switches made is very large, and in

selecting them for any special line of work the main points

to look out for are, first, to see that the switch is capable of

carrying the current without overheating or arcing when
the circuit is broken; and, second, to see that it is substan-

tially constructed. Switches on lighting boards are open

and closed quite frequently, owing to changing over the cir-

cuits and dynamos. If these switches are not strongly built,

they will be continually working loose and giving trouble,

hence the importance of paying close attention to the

mechanical construction.

8. Bus-Bars. — On high-tension, alternating-current

switchboards, the bus-bars do not need to be very heavy,

but on low-tension boards, where several hundred or, per-

haps, thousand amperes are handled, they must have a large

cross-section. They should have a cross-section of at least

1 square inch per thousand amperes carried and should be

arranged so that the heat generated in them may be readily

radiated. They should always be substantially mounted
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on the back of the switchboard and should be very carefully

insulated. This last precaution is specially necessary in

plants where the pressure between the bus-bars is high.

The bars are usually of flat rectangular cross-section, and if

an unusually large carrying capacity is needed, a number of

these bars are built up together with air spaces between

Bus Bar ©

Strip

Bus Bars-

Bus Bar-

Supports

Bus (s.

Bar

\ -Strip

Back of Board

Sfr/'ps

Connecting <p
Strios ^3i

To Dynamo

Pig. 8.

them to allow ventilation. Round bars are sometimes used,

but they are not as common as the flat bars. For alterna-

ting-current bus-bars of large capacity, copper tubes are

sometimes used, because, when an alternating current is

sent through a heavy conductor, it is found that the current

flows for the most part in the outside portion of the con-

ductor. The method of building up

bars out of thin strips, with air spaces

between, is used also for alternating-cur-

rent boards where a large volume of cur-

El rent is to be handled. The bus-bars are

usually connected to the dynamo and

feeder switches, either by means of cop-

per strips, as shown in Fig. 8, or by

means of cables provided with terminals, as shown in Fig. 9.

All these connecting pieces should have a cross-section of

not less than 1 square inch per 1,000 amperes.

Bus Bbr-

Connecfing Cable

Switch Stuct^

Fig. 9.
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AMMETERS AND VOLTMETERS.

9. It is necessary to use ammeters in order that the cur-

rent supplied by any dynamo or feeder may be seen at a

glance. Voltmeters must be used in order that the pres-

sure on the dynamo or feeders may be determined. It is

usually the custom to equip each dynamo with an ammeter,

or, in the case of multiphase machines, with one or more

ammeters. In many cases, each feeder is also provided with

an ammeter, so that the current supplied to any particular

part of the system may be determined. Feeder ammeters

are, however, not always considered essential, and, as a rule,

one or two voltmeters are sufficient for most installations.

It is unnecessary to go to the expense of installing a volt-

meter for each machine or feeder, because a switch or series

of plug connections can easily be provided, by means of

which the voltmeter may be connected to any dynamo or

circuit in order to obtain a reading. Ammeters and volt-

meters are generally very similar in construction, the main

difference being that the ammeter is of low resistance and is

connected in series in the circuit ; whereas, the voltmeter is

of high resistance and is connected across the circuit.

Some kinds of meters will operate with either direct or alter-

nating current; others will work on direct current only.

Most of the instruments in use are electromagnetic in

principle.

10. Weston Ammeters and Voltmeters.—The Weston

instruments are probably more widely used on switchboards

than any others intended for direct current. Weston amme-

ters and voltmeters of the direct-current type should never be

connected upon alternating-current circuits. A swinging

coil c, Fig. 10, is mounted so as to swing between the pole

pieces N, S of a permanent magnet. Current is led into

the coil by means of the spiral springs s, s', which also serve

to counterbalance the movement of the coil. When a cur-

rent flows through the coil, it reacts on the magnetic field,

and causes it to swing around like the armature of an elec-

tric motor. It is evident that if an alternating current were
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sent through the instrument, the coil would tend to swing

first in one direction and then in the other, so that no deflec-

tion would result. The switchboard, Fig. 56, shows the type

of Weston instruments used for switchboard work. The
voltmeter V and ammeter M are mounted in iron cases,

and the dial is ruled

on opal glass, which

is illuminated from

behind by means of

incandescent lamps.

The cheaper style, or

"round type," with-

out illuminated dials,

is shown by the am-

meters «, a. The volt-

meters have a high-re-

sistance coil mounted

in the case and con-

nected in series with
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B
J

Fig. 12.

the swinging* coil. In the case of the ammeter, it is not

possible to send all the current through the coil, so only a

small proportion of it is used ; the remainder passes through

the ammeter slituit. The ammeter shunt shown in Fig. 11

is a very low resistance, which is connected in series in

the circuit the current in which is to be measured. For

example, suppose the dynamo A, Fig. 12, supplies current to

the bus-bars B, C, and we wish to connect an ammeter so as

to measure the current

supplied by the dynamo.

The ammeter shunt 5
would be connected in

series, as shown, and two

small wires 1, 2 taken

from the terminals of the

shunt to the ammeter M.
The result of this

arrangement is that only a small portion of the current

passes through the instrument. But as the resistance of

the shunt and ammeter is fixed with regard to each other,

it follows that the current through the ammeter will always

be a fixed proportion of that in the main circuit, and the

scale may be marked so as to read the main current and

not the current actually flowing through the meter. The

use of ,a shunt is of great convenience, because it does away
with the necessity of running heavy connections to the

meter itself. The shunt may be placed at any convenient

point, and it is an easy matter to run the light flexible con-

nections from it. It may be well to state here that the

small connecting cables running from the shunt to the

instrument are sent out with the shunt. They are usually

made long enough to reach any reasonable distance on the

switchboard. They should on no account be altered in

length; if they are too long, they should be coiled up out of

the way; if too short, another shunt with long leads with

its corresponding instrument should be obtained.

Fig. 11 shows the ordinary type of shunt used. It con-

sists of the two terminals a, a connected together by the flat
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strips b, which are made of an alloy that has practically a

constant resistance regardless of temperature changes; c, c

are the small flexible cables that run to the ammeter.

The shunts and instruments are always numbered to cor-

respond, and care should be taken to see that these numbers

match before connecting up the instruments. Many other

makes of instrument other than the Weston are used in

connection with shunts.

1

1

. Alternating-CurrentAmmeters and Voltmeters.
Most of the switchboard ammeters and voltmeters for

alternating current consist of a coil arranged so that the

magnetic field set up through it will act on a piece of iron,
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the movements of which actuate a pointer. Various modifi-

cations of this coil-and-plunger type are in common use.

For example, in the earlier type of Westinghouse instru-

ments, Fig. 13, a vertical coil A is arranged so as to draw

an iron core C into it. This core is hung on one end of a

balance arm to which the pointer N is attached, ' and a

counterweight W is hung from the other end. In the later

instruments, the current is sent through a coil, and the

magnetic field produced deflects a small iron vane placed

within it. Fig. 14 illustrates the principle of a type of

instrument that has been largely used by the General Elec-

tric Company, both for alternating and direct current. It

is known as the Thomson inclined-coil pattern. The coil c,

Fig. 14.

through which the current flows, is mounted on an angle, as

shown. A vertical shaft passes through the coil, and on it

is mounted a small iron vane v. This vane is mounted

at an angle to the shaft, and when the hand is at the zero

position, the vane lies at an angle to the lines of force that,

when a current flows, thread through the coil as shown by

the arrows. As soon as a field is set up through the coil,

the wane swings around so that it tends to lie parallel to the

lines of force, as indicated by the dotted lines v', thus giving

a reading on the scale S. The movement of the needle / is

controlled by means of the springs a, a'. The instruments

shown on the alternating-current switchboard, Fig. 60, are

of this type.
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12. Potential Transformers.—It is not usual to con-

nect" voltmeters of the ordinary type directly across the line

on alternating-current boards, because

the pressure is so great that a voltmeter

would have to have an exceedingly high

resistance to permit its being so con-

nected. Of course, if the pressure were

low they could be connected in the

ordinary way. In case the pressure is

fig. 15. high, a small potential transformer is

used to step down the voltage. Fig. 15 shows a transformer

of this kind. It is generally mounted on the back of the

switchboard; its primary Une

coil is connected to the line j£^

and its secondary to the %~J)
/erM

voltmeter, as shown in

Fig. 16. It is bad^practice

to run switchboard lamps

from the potential trans-

former, because, as a rule,

the transformer does not

have sufficient capacity fo!

this purpose, and, besides,

it is liable to interfere seriously with the accuracy of the

voltmeter readings. The voltmeters are usually graduated

to read the secondary voltage, as this is what is generally

required. In some cases, however, they are graduated so as

to read the primary voltage.

\WL

JFT
Potential

Transformer

FIG. 16.

13. Current Transformers.—Alternating-current am-

meters are in most cases connected directly in circuit.

Shunts cannot, as a rule,
Ammeter

FIG. 17.

rent will not divide proportionally

be used with alternating-

current ammeters, be-

cause, on account of the

self-induction of the coil

in the instrument, the cur-

Generally, the current
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to be handled on an alternating-current board is compara-
tively small, because the pressures used are high and there

is no great difficulty in running the main wire directly

through the instrument, as

shown in Fig. 17. If, how-

ever, the current is large,

or, what is often the case,

if the generator pressure /^~
is so high that it is not \-J)

desirable to have the main
wires in contact with the

FlG ' 18 "

instrument in any way, a cui*rent transformer is inserted

in the circuit, as shown in Fig. 18. This is a small trans-

former, of which the primary coil P consists of a few turns

of heavy conductor sufficiently large to carry the whole cur-

rent. In some cases, where the current is very large, there

may be only a fraction of a turn. The secondary vS is of small

wire and consists of a comparatively large number of turns.

The secondary is connected to the ammeter, and as the

current increases in the primary, it causes a proportional

increase in the current through the ammeter. The ammeter
may thus be calibrated so as to indicate the main current,

though the main current does not actually pass through it,

and it is at the same time entirely disconnected from the

high-pressure dynamo leads.

14, Electrostatic Voltmeters.—-There is one kind of

voltmeter that is sometimes used, especially for high-pres-

sure alternating-current work, that differs considerably from

the instruments so far described, both as to its construction

and principle of operation. This is the electrostatic volt-

meter. It depends for its action on the principle that two
bodies carrying similar static charges repel each other and
those carrying unlike charges attract each other. Fig. 19

shows the construction of the Stanley electrostatic volt-

meter. £, B and C, C are fixed plates mounted on a hard-

rubber base. These plates are covered with a hard-rubber

covering H to prevent the charge from leaking off, also to
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obviate any danger of short-circuiting between the vanes.

A is a movable aluminum vane, to which is attached the

pointer, the movement of which is counterbalanced by the

Fig. 19.

spiral spring S. The fixed plates B, B and the movable

vane A are connected together and form one pole of the

instrument. The fixed plates C, C are connected together

and form the other pole. When the voltmeter is connected
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to the circuit, B and A being charged alike will repel each

other, while at the same time C and A will attract each

other, with the result that the vane is deflected an amount

depending on the pressure of the circuit. Two plug recep-

tacles T, T are provided on the instrument, in addition to

the regular terminals, so that it may be compared at any-

time with a standard instrument. The movement of the

needle is damped or steadied by the vanes F moving in the

partially closed boxes D.

Other types of electrostatic instruments are made, but

they all work on about the same principle. They do not,

of course, require any current for their operation and can

be connected across high-pressure lines without the inter-

vention of a potential transformer.

15. Voltmeter Switches and Connections.—It has

already been stated that it is customary to make one volt-

meter answer for several dynamos or circuits by using a

Fig. 20.

tn

d

voltmeter switch or plug. Fig. 20 shows one of the simplest

forms of switch used for this purpose. This is suitable for

two dynamos, and its method of operation is obvious from the

figure. The voltmeter is connected to terminals 1 and 2
y



18 ELECTRIC LIGHTING. 17

and the dynamos A, B to 3 and 6, 4 and 5. Connection is

made to the terminals 3, 4, 5, 6 by means of the spring

contact pieces c, d that are attached to the insulating

cross-arm F and rub on the arcs 1 and 2. In position G,

machine A is connected to the voltmeter, and in position H,

29
l

Q2

M/

V
02

.&

V
02

.f&

machine B is connected. Sometimes voltmeters are con-

nected by means of a flexible cable that is attached to a

plug that may be inserted in receptacles connected to the

different dynamos. The use of a cable is, however, some-

what objectionable, and in order that it may be avoided,

the plugging arrangement shown

in Fig. 21 has been largely

adopted. A pair of wires a, b are

connected to the voltmeter V,

and taps are run from these to

the plug receptacles 1, 1'
. The

different dynamos are connected

to receptacles 2, 2' , and when a

voltmeter reading from any generator is desired, a plug is

inserted into the receptacle corresponding to that generator.

This plug is arranged somewhat as shown in Fig. 22, and

when it is inserted, it connects points 1 and 2, 1' and 2'

together, as indicated by the dotted lines, Fig. 21.

16. Pressure "Wires.—In most cases, it is necessary to

know the pressure that is being maintained at the center of

distribution, where the light is supplied, rather than at the

Fig. 22.
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station; i. e., the voltmeter should give indications of the

pressure delivered, and the pressure at the generator will-

be greater than this by the amount of the drop in the line.

In order to indicate the pressure delivered, it has been cus-

tomary in some cases to run pressure wires back to the

station from the distributing center, as shown in Fig. 23.

The wires a, b run back from the distributing center c and

Pressure IV/'res.

feeders.
r?

**+

Center

of£>/sy

Fig. 33.

connect to the voltmeter V, either directly or through a

potential transformer, as the case may be. The current

required to operate the voltmeter is so small that there is

practically no drop in the pressure wires. The pressure

wires are of small cross-section, usually No. 8 or 10 when
strung on poles. Insulated iron wire is often used for this

purpose, as the current to be carried is very small.

17. Compensating Voltmeter.—In order to avoid the

necessity of running pressure wires back to the station,

compensating- voltmeters or compensators are some-

times used in connection with alternating plants. The
compensator is a device used in connection with the volt-

meter to decrease the voltmeter reading by an amount
proportional to the drop in the line as the load increases.

The attendant then increases the held excitation of the

alternator and thus brings the pressure up to such an

amount that the voltage at the distributing point is cor-

rect. Fig. 24 shows the general appearance of the West-

inghouse compensator, and Fig. 25 shows how it is used

in connection with the voltmeter. It consists of a small
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transformer, the primary of which is divided into a number
of sections with leads brought out to terminal blocks R, S, T,

etc., Fig. 24. The secondary is also divided into a number
of sections with terminals brought to the contact points

1, 2, 3, etc. The voltmeter is of the ordinary coil-and-

plunger type with a small auxiliary coil c, Fig. 25, wound
over the main coil d. The main coil is supplied with current

from the potential transformer T in the ordinary way. The
primary of the compensator is connected in series with the

Fig. 24.

main circuit, as shown, and the secondary is connected to

the small auxiliary coil. When the voltage at the distribu-

ting end of the line is at its correct value, the hand of the

voltmeter is at its mid-position. When the load increases,

the current through the primary of the compensator also

increases; this, in turn, increases the current in the second-

ary, which is so connected to the auxiliary coil that the

current in this coil opposes that in the main coil. The
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result is that the hand on the voltmeter goes Dack, and the

pressure must be raised to bring it up to its proper value.

By plugging in at different points on the primary and by

setting at different points on the secondary, the compensator

may be adjusted for operation on almost any of the circuits

ordinarily met'. After it is once set to suit the particular

Fig. 25.

line on which it is to work, it requires no further attention.

Tables are furnished with the instrument showing how to

set it, and care must be taken in setting to insert the extra

plug g, Fig. 24, before withdrawing the plug h already in

use, otherwise the circuit will be opened.

18. The Mershon Compensator.—The compensator

described in the last article answers very well for lines that

have little self-induction and that supply a lamp load.

Where, however, the load is inductive, as, for example, a load

of motors or a load of motors and lamps, the reactance of

the line may have a very great influence on the drop in

voltage, and if a compensator is to make the voltmeter give

indications that are at all accurate, it must compensate not

only for the ohmic drop in the line, but also for the drop

due to the reactance. The Mershon compensator, brought

/. Ill—20



22 ELECTRIC LIGHTING. 17

out by the Westinghouse Company, is designed to accom-

plish this.

19. The principle on which this compensator operates is

Line

rem

fSftxrwvw^

T
xmx

Pofent/ai

Transformer.

To Load

Line

(a)

Line

Potent/a/

Transformer

IXXX Current

Transformer

TTTT,

b

D
TfTT,

mm

To Load

Line

' Compensator

a>)

Fig. 36.

briefly as follows: The E. M. F. supplied at the end of the

line is always equal to the resultant difference between the
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E. M. F. generated and the E. M. F.'s necessary to overcome
the resistance and reactance. If, then, three E. M. F.'s are

set up at the station that are proportional to the above three

E. M. F.'s and bear the same phase relation with regard to

one another, and if these E. M. F. 's are combined in the same
way as the line E. M. F.'s, it is evident that their resultant

will make the voltmeter indicate the E. M. F. at the end of

the line. For example, take the simple case shown in

Fig. 26 (a). A is an alternator supplying current to the

line. T' is an ordinary potential transformer, the secondary

of which gives a voltage that is proportional to the gener-

ator voltage and in step with it. If the voltmeter f^were

connected directly to T', it would evidently indicate the

station voltage, but what is wanted is an indication of the

voltage at the far end of the line, and in order to get this,

the voltage of T' must be reduced by an amount equal to

the sum of the drops caused by the reactance and resistance.

In order to do this, an adjustable reactance a and an adjust-

able resistance b are inserted in the circuit. The drop

through b will be proportional to and in step with the line

resistance, and the voltage across a will be proportional to

and in phase with the inductive drop. From the way in

which the connections are made, it is easily seen that the

voltage acting on V is a combination of the voltages of T',

a, and b. The drop across a and b will increase as the cur-

rent in the line increases, hence the voltmeter reading will

decrease (because the connections are made, so that the

pressures across a and b cut down the E. M. F. applied to V).

The voltmeter will, therefore, indicate the true pressure at

the end of the line because both the ohmic and inductive

drops are accounted for.

Fig. 26 {a) is intended to illustrate the principle only,

the actual connections are more nearly as indicated in

Fig. 26 (b). Here A is the alternator, as before, and T'

the ordinary potential transformer. T is a small current

transformer, the primary of which is connected in series

with the line and the secondary to the compensator proper,

which consists of three parts, a, b, and D. The E. M. F.
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generated in the secondary of T' is proportional to and in

step with the generator E. M. F. The current in the

secondary of T is proportional to the load; a is a non-induc-

tive resistance and b is a reactance coil wound on an iron

core. These coils are connected in series, and the current

supplied from the secondary of T passes through them.

The E. M. F. across a is, therefore, in step with and pro-

portional to the resistance drop in the line ; while that across

b is in step with and proportional to the back E. M. F. due to

the reactance of the line. D is a small transformer in shunt

with a; its secondary E. M. F. is in step with and propor-

tional to the E. M. F. across a; bis also provided with a

secondary that gives an E. M. F. in step with and propor-

tional to the E. M. F. across b. All these devices, i. e., a, b,

and D, are in one piece of apparatus, and terminals from

the secondaries of D and b are brought out to two multi-

point switches, so that the number of turns in each may be

adjusted to suit different lines. The voltmeter Vindicates

the resultant voltage, as already explained. For three-

phase circuits, a and b are supplied from two series trans-

formers whose primaries are connected in series with two of

the lines and whose secondaries are in parallel, so that the

current supplied to a and b is a combination of the two.

Complete instructions for adjusting the compensator are

furnished by the makers.

FUSES AND CIRCUIT-BREAKERS.

20. Fuses and circuit-breakers are used on the switch-

board to prevent injury to the machines from short circuits

or overloads. It must be remembered that the dynamos
used for incandescent lighting or power-distribution work
maintain a constant pressure. Hence, if the outside resist-

ance be reduced to a very low value, as it would be in case

of a short circuit, a large rush of current would be the

result. Short circuits may thus cause considerable damage
unless the circuit is promptly opened.
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21. Fuses.—A fuse consists of a piece of wire or strip

made of a fusible alloy ; usually a mixture of lead and bis-

muth, though very often fuses are made of copper or

aluminum. This fuse is inserted in the circuit at some con-

venient point on the switchboard, and is made of such size

that it will melt and break the circuit whenever the current

exceeds the allowable amount. The switch, Fig. 2, is pro-

vided with ordinary link fuses, shown at/", f.
For low-tension work, plain open fuses are commonly

used ; but for high-tension work, it is necessary to have

them arranged so that the arc formed when they blow will

not hold over and destroy the terminals and fuse holder.

Moreover, it is necessary to have high-tension fuses arranged

so that they can be renewed without danger to the switch-

board attendant. In order to prevent arcing, the fuses

are enclosed ; and to do away with danger, they are made so

that the holder may be entirely removed from the board

when the fuse is to be renewed.

22. Fig. 27 (a) shows a type of fuse block used by the

General Electric Company on alternating-current switch-

boards; (b) shows the shape of the aluminum fuse used in

the block. The fuse holder is made in two parts, the lower

part A being of porcelain and the upper part B of lignum

vitae. The lower part is provided with blades c that fit

between the clips d, d', Fig. 27 (a), in the same way as the

blades of a knife switch. These clips lie in slots in the mar-

ble board F and are connected to the line and dynamo by

means of terminals g and h. By adopting this arrangement,

the whole block may be detached from the board by simply

pulling it straight out, thus pulling the blades out of the

clips. Extra blocks may be kept on hand, ready fused, and

one of these put in place of the blown fuse with very little

delay or danger to the attendant. The fuse is shown at /,

and is clamped by means of the screws m, n. A vent hole/

is provided in the lignum-vitae cover and the rush of air

through this vent, together with the confined space, results

in the suppression of the arc. When fuses are being
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replaced, care should be taken to see that the switch con-

necting the fuse block with the dynamo is open. This fuse

block is suitable for currents up to 150 amperes at ^,500 volts,

and is the type of fuse shown on the switchboard in Fig. 60.

For higher pressures fuse blocks are used' in which the fuse

is pulled wide apart as soon as it blows, thus breaking the

arc.

The use of fuses on low-tension lighting switchboards is

not as common as it once was, their place being taken by

the automatic circuit-breaker. Fuses are, however, used

Fig. 27.

largely for alternating-current boards and also for protect-

ing individual circuits on low-tension, direct-current boards.

They are not as convenient or reliable as circuit-breakers,

because it takes time to replace them when they blow, and

only too often they are replaced by a heavier fuse or even a

copper wire, which is of scarcely any use as a protection.

Again, fuses of the same size do not always blow at the

same current, a.s much depends on the nature of the fuse-

block terminals. If the clamps are not screwed up tightly,
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local heating- will result, and the fuse will blow with a

smaller current than it should. Also, it has been found

that a fuse of a given cross-section and material will carry a

heavier current when the distance between the terminals is

short than when it is long, on account of the conducting

away of the heat by the terminals.

os««>. Circuit-Breakers. — The circuit-breaker is essen-

tially an automatic switch that opens the circuit whenever
the current becomes too large. The current is usually sent

Fig.

through an electromagnet or solenoid, which operates a trip

and releases the switch when the current exceeds the amount
for which the breaker is set. Fig. 28 shows a typical
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circuit-breaker in the closed position. The current enters

at a, passes through the coil c to stud d, thence to stud d' and

clip h, across through the cross-

connecting piece j to a similar

clip not shown in the figure. The
arm carrying the crosspiece j is

held in against the action of the

spring k by means of the catch /.

When the current reaches the

amount for which the breaker is

adjusted, the plunger in is drawn

up, hitting the rod n a blow and

releasing the catch. This allows

the arm to fly out, thus breaking

the circuit by pushing the blades

at each end of j out of clips h.

Fig. 29 shows a front view of the

same style of breaker. The arc

is not broken at the copper con-

tact clips, as they are provided with auxiliary carbon

contacts/ that remain in contact shortly after the blades

are pulled out of the clips. Whatever burning action is due

to the arc will take place on the carbon pieces, which are

easily renewed. The current at which the breaker trips

may be varied by adjusting the position of the plunger in

the coil, the current for which it is set being indicated by

the scale s, Fig. 29. The switchboard, Fig. 56, is equipped

with a circuit-breaker for each dynamo and each feeder.

The board shown in Fig. 58 is equipped with a circuit-

breaker for each dynamo, the individual lighting circuits

being equipped with fuses only. The circuit-breakers

shown on both these boards are of the Westinghouse type

and are very similar in design to the one already described.

Fig. 29.

24. Fig. 30 (a) and (I?) shows another type of circuit-

breaker, which is designed for use on 125- to 250-volt direct-

current circuits. One of the principal features of this

breaker is the style of main contact used. It consists of a
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U-shaped brush a made of a large number of thin copper

leaves, and when the breaker is closed this brush is pressed

firmly against the contacts by means of a togglejoint.

Fig. 30.

Fig. 31 shows how the laminated contact completes the cir-

cuit, and the method of mounting the lever will be seen by

referring to Fig. 30, in Avhich <?, a are the main laminated

contacts and b, b the terminals against which they are

pressed when the handle h is forced in. Each main contact

Auxiliary
Carbcn Con/ocf,

Auxiliary
^d Carbon Contact

Fig. 31.

is provided with a pair of light auxiliary contacts ;;/, m that

can be easily renewed. These wipers press against the

carbon blocks/, p, and when the breaker flies out the arc is

broken between the carbon blocks and the wipers, because

these do not break connection until after the main contact:
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By using the togglejoint to force the main contact into place

and to close the breaker, a comparatively light pressure on

the handle is sufficient to force the contacts firmly together,

a feature that makes the breaker easy to set. Another

advantage of this style of contact is that it is not likely to

stick. The tripping coil is shown at 5, and when the current

becomes excessive, the armature A is attracted and trips

the breaker, which is

promptly opened by the

spring /. The current

for which the breaker is

set may be adjusted
by means of the screw v

and the breaker may be

tripped by hand at any

time by pulling down
on the knob w. The
breaker shown is a dou-

ble-pole, but each side

of the circuit is inde-

pendent of the other.

For example, if there

should happen to be a

short circuit on the line,

one side may be closed

and then the other. If

the short circuit were

still present, the first side

would fly out as soon as

the second was closed, thus protecting the dynamos and

apparatus. The above type of circuit-breaker is also made

single-pole, as in Fig. 32.

Pig. 32.

RHEOSTATS.

25. Every direct-current dynamo should be equipped

with a rheostat in its shunt field, so that the generator

voltage may be adjusted. Alternators are usually provided
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with a rheostat in series with their separately excited field,

as well as with one in the shunt field of the exciter. In

some cases, the latter alone is used, although it is desirable

to have a rheostat in the alternator field, and it is almost

absolutely necessary if the plant is arranged so that one

exciter may supply the fields of several machines, as is

frequently done in large plants. The method of connecting

rheostats Avill be shown later, when the subject of switch-

board connections is taken up.

26. The rheostat usually consists of a number of coils

made up of iron, German-silver, or other wire having a high

resistance. These coils may be mounted in a variety of

ways. Sometimes they are wound in spiral form and

mounted in a cast-iron box. In other cases, they are

mounted on an iron plate and bedded in enamel. Whatever
method is used, the mounting should be perfectly fireproof

and at the same time allow the coils to radiate the heat

readily. The resistance is divided into a large number of

sections, so that the current in the shunt field may be varied

by small amounts, thus giving a correspondingly fine

adjustment of E. M. F. It may be mentioned, in passing,

that the field rheostat used in connection with a compound-
wound machine is not usually varied to any great extent

after the machine has settled down to its normal operation.

When the dynamo is first started up, its fields are cold, but

after it has been running a while, they warm up and their

resistance increases so that it is necessary to cut out some
of the rheostat in order to keep up the voltage. However,

after the fields have reached their normal temperature, the

compound coils will generally take care of the voltage, and
very little further adjustment of the field rheostat is neces-

sary. Field rheostats are made in many different styles,

and a great many different schemes have been adopted for

making up and mounting the resistance.

Fig. 33 shows the appearance of a typical field rheostat

mounted in an iron box and arranged for attachment to the

front of the switchboard. The resistance is here divided
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Fig. 33.

into 52 sections connected to the contact points / mounted
on the slate front. By turning the hand wheel H, any num-

ber of sections may
be cut in or out.

'Nearly all rheostats

are made so that

turning the handle

to the right will cut

in resistance and

lower the voltage of

the dynamo. This

is the same direc-

tion that an ordi-

nary globe valve is

turned to shut off

the steam or water.

On most modern
slate or marble

boards, the rheostat is mounted on the back of the panel,

and all that appears on the front

is the hand-wheel necessary for

operating it.

Fig. 34 shows a rheostat ar-

ranged in this way. The one

shown is of the enamel type,

in which the wire is made up

into flat zigzag coils and embed-

ded in enamel on the back of

a ribbed iron plate. This holds

the wire securely in place and

at the same time allows it to

impart the heat generated to the

ribbed iron plate, which radiates

it. The figure shows the oper-

ating wheel H that moves the fig. 34.

arm a over the contacts b ; t, f are the terminals of the

rheostat, and the whole is bolted to the panel by means of

bolts c.
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GROUND DETECTORS.

27. It is necessary to have some device by means of

which grounds on the system may be detected. A volt-

meter makes a very good ground detector, because it not

(a)

WG
Fig 35.

only indicates whether a ground is present, but by its

deflection it shows whether the path of the current to

around is one of hiodi resistance or low resistance.
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In order to indicate grounds, the voltmeter may be con-

nected as shown in Fig. 35 (a) ; a and b are the mains

connected to a two-point switch; c, the blade, is con-

nected through the voltmeter V to the ground. If the

line a should become grounded, as indicated by the

dotted line, and the switch blade placed on point 1, no

deflection would result. If, however, the blade is moved

to point 2, current will pass from line a through the ground

on the line to the voltmeter to point 2, and thence to the

line b, thus completing the circuit. When a deflection is

obtained on point 2, it shows that line a is grounded;

and when obtained on point 1, it shows that line b is

grounded. If the ground is of high resistance, the deflec-

tion will be comparatively small ; if of low resistance,

the deflection will be large. Many direct-current voltme-

ters, for example, the Weston, require that the current shall

flow in them always in the same direction, m order that

they may give a deflection over the scale. In Fig. 35 (a),

it is easily seen that the current will flow through the

voltmeter in the opposite direction on point 2 from what

it will on point 1, hence the voltmeter must have its zero

point in the center of the scale, so that it can read

either way.

Most voltmeters have their zero point at the left-hand

end of the scale, and it is often convenient to have a switch

that will allow the ordinary voltmeter to be used either as

a voltmeter or ground detector. Fig. 35 (b) shows an

arrangement for doing this. The switch 5 is similar in con-

struction to that shown in Fig. 20, but the connections are

arranged so that when the switch is in the position 1—1', the

voltmeter V is connected directly across the line and gives

the voltage on the system. When the switch is in the posi-

tion 3-3', the voltmeter indicates any grounds, such as G",

that may be present on line b. When 5 occupies the

position 2—2', V indicates grounds on line a, as at G ' . By
tracing out the path of the current in each case, the student

will see that the current always flows through the voltmeter

in the same direction.
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2S. Another very common arrangement for detecting

grounds is shown in Fig. 36. Here two lamps c, d are con-

nected in series across the f .

lines. The voltage at Q
which these lamps are ^ b

\ ,

designed to run is equal

to that of the dynamo, so c~X~d
that when the two are O/O

//f
connected in series, they (y

will burn dull red. At
| G <

the point between the
"

lamps, a connection is
FlG

-
36 -

made to ground through a switch or a push button f. If con-

tact is made at /"and if there is no ground on either line, the

brilliancy of either lamp will not be altered. Suppose, how-

ever, that there is a ground on b, as indicated at G' . Now
when the key is pressed, hardly any current will flow through

lamp d, because the current will flow through c and f to

the ground and thence to line b. In other words, lamp d
will be shunted by the ground and it will go out. On the

other hand, the cutting out of the high resistance of lamp d
in series with c results in c burning brighter. The lamp

that is connected to the side of the circuit on which the

ground exists goes out or becomes dimmer, while the lamp

on the other side brightens up correspondingly. This lamp

detector is simple, and while it serves as an indicator of

grounds, it is hardly as satisfactory as the voltmeter detector,

as it does not give as accurate indications as to the resistance

of the fault.

29. Fig. 37 shows a ground detector that is suitable for

a three-wire loAv-tension system. Three lamps /
]5

/
2 ,

/
3
are

connected in series across one side of the system, and a

ground connection is made at x through key K. When all

three lines are clear of grounds, the lamps will burn at a

dull red, they will all be equal in brightness, and their color

will not change when keyiTis pressed. Suppose that line C
becomes grounded at G' ; then, when K is pressed, lamp /

3
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Neutra/ li

^ I

L-o <5

will be connected across lines Z?, (7, and lamps l
l
and /„ will

be cut out; /, and /
2
will therefore go out, and /

3
will come

up to full candlepower.
H

!
If a ground occurs

at G" on line i?, lamp /
3

will go out and /
1?

/
2
will

brighten up, but will

not come up to full

candlepower because
two of them will be in

series between B and C.

If there is a ground

at G'" on line A,

all the lamps will come

up to full candlepower, because they will all get the full

voltage, 7
3
being across A B and /,, /

2
in series across A C.

It is thus seen that a ground on any one of the three lines

affects the lamps differently, so that by noting their per-

formance, the line on which there is a ground may be located.

K

W Ground

Q

a

Fig. 3?

30. The ground detectors just described apply more

particularly to low-tension direct-current installations, but

similar arrange-
ments maybe used

on alternating-cur-

rent systems by

using potential
transformers. Fig.

38 shows the meth-

od used by the

Westing ho use
Company on some

of their alterna-

ting -current
switchboards. The
regular voltmeter

V, with which the switchboard is equipped, is here used also

as a ground detector. Pis a plug switch by means of which

Fig. 38.
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points 1 and 2 or 1 and 3 may be connected together. Under
ordinary conditions, the plug" is in 1 and 2, thus connecting

the primary of the potential transformer across the line,

and V serves as an ordinary voltmeter. 5 is a key, or

push button, that, when pressed, connects one side of the

line to ground through the transformer primary. If there

happens to be a ground on the side b, as shown at G', the

voltmeter will give a reading, and the attendant can judge

by the size of the deflection as to whether the ground is a

serious one or not. The path of the current is b—G'—G—5—to
primary-i-~-tf. By placing the plug in points 1 and S,

side a may be tested. When the key S is not pressed, the

lever 5 is against contact 4, so that V is connected as an

ordinary voltmeter.

31. A ground detector that is suitable for high-tension

alternating-current systems is shown in Fig. 39. This is

mm
T
TH1

I

rrrrr
T
xm

i

Fig. 39.

one of the earlier types used by the Westinghouse Company,
and is similar in principle to the lamp detector shown in

Fig. 36. The only difference is that the lamps are operated

by means of transformers T, T'. These transformers have
their primaries connected in series across the high-tension

lines and the middle point x can be connected to ground
through the key K. The secondaries are connected directly

to the lamps /, /'. If line b is grounded and K pressed, the

primary of T will be cut out and lamp / will go out. Lamp /'

will brighten up. When there are no grounds on the line,

/. III.—21
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both lamps will burn dim and at equal brightness whether

K is pressed or not.

32. Fig. 40 shows a form of alternating-current ground

detector of which there are a considerable number in use.

It was formerly used by the Thomson-Houston and Gen-

y
eral Electric Com-
panies, but it has

been replaced by the

electrostatic ground

detector in later
installations. The
principle of the elec-

trostatic ground de-

tector will be de-

scribed later.

In Fig. 40, A rep-

resents a laminated

iron core similar to

a regular trans-
former core. On it

is wound the coil B.

One end of the coil c is arranged so that it may be connected

to either side of the circuit through switch S, and the other

end b is connected to the ground. A tap is brought from a

point d and is connected to the lamp /, and the other termi-

nal of / is connected to the ground. Suppose there is no

ground on either line wire. Then if the switch is put on

either points 1 or 2 the lamp will remain dark, because no

current will flow through coil B to the ground. If there is

a ground on the line y and the switch is placed on 1, then

current will flow from y to the ground, through B, and back

to x by way of the switch and point 1. This current will

magnetize the core and set up a counter E. M. F. in coil B.

The E. M. F. set up in the portion of the coil d b will cause

the lamp to glow and thus indicate the ground. If the lamp

glows when the switch is placed on point #, it indicates that

there is a ground on line x.
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In some forms of this ground dectector the switch is

replaced by an insulated handle with a terminal on the end.

This terminal is connected, by means of

a flexible cable, to one terminal of

coil B, and when tests are being made,

the terminal is simply brought into

contact with the various lines. This

simplifies matters considerably where

there are several circuits to be tested

and avoids having a two-point switch

for each pair of lines. Fig. 41 shows

this type of ground detector provided

with a plug p, by means of which it

may be connected to any of the lines. pIG . 41.

33. Electi-ostatic Ground Detector.—Ground detect-

ors operating on the electrostatic principle are used to quite

a large extent. They have the advantage that they require

no current for their operation and may be left connected to

the circuit all the time, thus indicating a ground as soon as

it occurs. They also give an indication without it being

necessary to make an actual connection between the line

and ground, as is the case with all the detectors previously

described. Fig. 42 illustrates the principle of the later style

of Stanley electrostatic ground detector, which is specially

adapted to high-pressure alternating-current lines because

the instrument is not in actual connection with either of the

lines. The instrument itself is enclosed in a hard-rubber

casing and the parts are very similar to those of the

voltmeter shown in Fig. 19. The fixed vanes 1 and 4,

2 and 8 are connected together in pairs, as shown. The
movable vane V is connected to the ground and is held in

the central position shown in the figure by means of small

spiral springs S. The pairs of fixed plates are not con-

nected direct to the lines, but are attached to plates a, a' of

two small condensers. These condensers consist simply of

two brass plates a, b that are mounted in hard rubber at

some distance from each other. Plates b, b' are connected
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to the lines. When no grounds are present, 1 and J,., 2 and 3

become oppositely charged by reason of charges induced on

plates a, a' by plates b, b' . The forces acting on the vane V
are, therefore, equal and opposite. Now suppose that line B
becomes grounded at G" . This is equivalent to connecting

vane V to line B; V takes up a charge similar to 2 and 3,

hence it is repelled by 2 and 3. and is attracted by 1 and 4,

Fig. 42.

thus giving a deflection. IfA becomes grounded, a deflection

in the opposite direction is obtained. Instruments of this

kind can, of course, only be used in places where the pressure

is fairly high, as the electrostatic forces produced by charges

due to low pressures would not be large enough to operate an

instrument unless it were made much too delicate to be of

practical use in a light or poAver station. In most electro-

static detectors, the lines are connected directly to the fixed

sectors i, 2, 3, 4. and the condensers C, C are omitted.
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EIGHTNING ARRESTERS.

41

ARRESTERS FOR DIRECT CURRENT.

34. The general principles relating to lightning arresters

have already been discussed, and we will here confine our

attention to a description of some of the more common
types that are used in connection with electric-lighting work.

The arrester used for any given lighting system must be

selected with due reference to the voltage and kind of cur-

rent used. Arresters that would work well on alternating-

current lines might be total failures when used with direct

current, owing to their inability to put out the arc following

the discharge. On the other hand, some arresters will work
equally well either on direct or alternating current.

35. The Garton Arrester. — Fig. 43 illustrates the

Garton arrester. The discharge points are of carbon, shown
at h and/. These points are about

-g-
1
^- inch apart, and the lower one is

connected to ground; f is a coil of

wire wound on the tube g, which is

closed at the top ; e is a small core of

iron attached to the rod d, which in

turn connects, by means of a small

flexible cable, to one end of the resist-

ance b. The other end of the coil

connects to the other end of the resist-

ance, to which the line also con-

nects. The resistance b is made up
of a stick of graphite and, having

practically no inductance, it offers

little or no opposition to the dis-

charge. The discharge comes in

over the line «, passes through b to

the rod d, thence to the carbon xG-rxnmd

point h, and jumps the air gap to the fig. 43.

ground. The discharge is followed by current from the

dynamo and, since the coil is in shunt with the resistance,
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part of this current will flow through the coil, thus draw-

ing up the core e and breaking the arc between e and h.

The fact that the arc also takes place in the enclosed tube

tends to put it out. As soon as the discharge has passed,

the core drops back and the arrester is ready for the next

discharge. This arrester is very simple and is not liable

to get out of order. The spark gap should be examined

now and then to see that it has not become enlarged or

I Line

^LA <±LA ^ LA

I J
-==- Ground

Pig. 44.

blocked up in any way. If the gap becomes too long, the

lower carbon may be moved up a little. Sometimes arrest-

ers are connected as shown in Fig. 44, as this arrange-

ment gives especially good protection. Here three kicking"

coils are connected in series and a lightning arrester is

connected in ahead of each coil. The Garton arrester

may be used on either direct-current or alternating-current

circuits.

36. Westingliouse Arrester.—Fig. 45 shows the form

of the Westinghouse arrester that is used on direct-current

circuits. This arrester has no movable parts, and the

arc is extinguished by smothering it in a confined space.

Two terminals b, b are mounted on a lignum-vitas block

and are separated by a space somewhat less than £ inch.

This space is crossed by a number of charred grooves,

so that although the resistance in ohms between the ter-

minals is very high, yet the lightning will readily leap

across the space. The block A is covered by a second
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block, not shown in the figure, that excludes the air and

confines the arc to the

small space between the

terminals. When the
arc tends to follow the

discharge, the small

space is soon filled with

the vapor of the me-

tallic electrodes that
will not support com-

bustion, and the arc is

put out. The connec-

tions of the arrester are

very simple, one side

being connected to the

line and the other to

ground. It should be

noted that this arrester FlG
-
45 -

is intended for use on direct-current circuits only, and the

pressure should not exceed 600 or 700 volts.

37. Magnetic Blow-Oiit Arresters.—Fig. 46 shows a

lightning arrester that has been used extensively by the

General Electric Company
for low-pressure direct-cur-

rent circuits. It is of the

magnetic blow-out type,

i. e., the arc that fol-

lows the discharge is extin-

guished by forcing it across

a magnetic field until it is

stretched out to such a

length that it can no longer

be maintained. The con-

struction of the arrester

fig. 46. wiH be understood by re-

ferring to Fig. 46. A, A are two coils of wire wound on the

cores B, so that when current flows through them, poles

tine
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are formed at N, S, and a magnetic field is set up in the

space between them. C, C are the two electrodes, sep-

arated by a small air gap, between which the lightning

jumps when it comes in over the line. D, D' are two ter-

minals with a small gap between them. This auxiliary gap

is provided in order that the discharge may pass to the

ground without having to pass through coils A, A, which

have considerable self-induction and which would there-

fore oppose the discharge. The connections of the arrester

for one side of the circuit are shown in Fig. 47, and the

action is as follows: When a lightning discharge comes in

Line ^TfflTS~^ To Dynamo

K

ft
~B
-A

over the line, it jumps the gap between C C and also that

between D D' and passes to the ground. If a discharge

happens to come over the other side of the circuit at the

same time (and this would usually be the case, because the

line wires run side by side), there will be a rush of current

from the dynamo across gaps x, y to the ground. Of this

current, a considerable part will pass through coils A,

because these are connected in shunt across the gap y. The

result is that a magnetic field is set up between poles N, S,

and the arc formed between the electrodes is forced across

the field. On account of the shape of the electrodes C, C,
the arc is stretched out as it is forced up and is finally

broken. The coils A carry current only when the arrester

is in action, and hence the arrester may be connected to

any low-tension line independent of the current supplied

over the line.
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38. One of the objections to the arrester just described

is that the discharge must jump a comparatively long- air

gap before reaching the

ground. In a later type

of magnetic blow-out ar-

rester, the length of gap

is much shorter. Fig. 48

shows the external appear-

ance of this arrester, and

Fig. 49 (<-?) and (b) shows

the arrangement of the

parts. Fig. 50 shows how
the arrester is connected.

All the parts are mounted

on porcelain. Fig. 49 (b)

shows the porcelain box

that holds the blow-out

coil c with its polar projec-

tions h, /i, also the graph-

ite resistance r. The electrodes are mounted in the cover,

Fig. 49 (a), in connection with the clips k' , k' . When the

fig. 48.

(a)
Fig. 49.

(b)
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7b Line.

— -resistance.

FIG. 50.

cover is in place, as shown in Fig. 48, clips k\ k' make con-

tact with the tongues k, k, and we have the scheme of

connections shown in Fig. 50. Here a represents the air

gap, shown also at a, Fig. 49 (a), x y is the blow-out coil,

r r' the graphite resistance. The ground connection is

made to the lower end / of the resistance, and the line

—*-.----v t-„ is connected to the/7^A\ 75 Dynoma
upper electrode. A
reactance or kicking

coil maybe inserted,

as shown at L, as an

additional precau-

tion. The terminals

of the blow-out coil

connect to s and p,

so that the coil is

in parallel with a

portion of the resistance. When a discharge comes in over

the line, it jumps the air gap and passes to the ground

through the resistance, following the path a-n—z—l—G.

When the current follows the discharge, part of it takes the

path n-x—y-p-r'-l-G, passing through the blow-out coil.

By examining Fig. 49 {a) and (/;), the student will notice

that, when the cover is placed in position and held in place

by clip /, the air gap a falls between the pole pieces //, //.

The result is that as soon as an arc is formed it is blown out

through the opening shown in the cover, Fig. 48, and at once

extinguished. It will be noted that a portion of the resist-

ance r' is in series with the coil and spark gap, and thus

limits the amount of current that tends to follow the dis-

charge. The ordinary type of this arrester is suitable for

any direct-current circuit using pressures of 850 volts or less.

It has been very largely used on street-railway lines, but it is

also well adapted for low-tension lighting work. The air gap

is quite short (about .025 inch), and the electrodes should be

examined from time to time to see that the air gap does not

become larger or bridged over. If the gap becomes larger,

there is danger of the lightning puncturing the insulation of
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the apparatus to be protected instead of passing through

the gap. The length of the air gap may be adjusted by

loosening the clamps and moving the electrodes nearer

together.

ARRESTERS EOR ALTERNATING CURRENT.

39. WestinglLoxi.se Arrester for Alternating: Cur-

rent.—Fig. 51 shows a type of arrester that has been largely

used by the Westinghouse Company on alternating-current

circuits. It is known as the Wurts non-arcing arrester,

and consists of a number of milled cylinders a, a mounted
as shown and separated from each other by small air

Fig. 51.

gaps. The end cylinders are connected to the lines and the

middle cylinder to the ground. With this arrangement, a

single arrester does for both sides of the line ; where, how-

ever, the line pressure is high, a separate arrester is used for

each side; and for very high pressures, such as are used on

long-distance lines, a number of arresters are connected in

series. When a discharge comes in over the line, it jumps
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the gaps between the cylinders and passes to the ground.

It is claimed that the arc does not hold over, because the

gases formed by the volatilization of the metal will not sup-

port an arc. The cylinders .are made of what is known as

non-arcing metal. Others claim that the suppression of the

arc is due to the cooling effect of the cylinders and the

7b L/ne
T ^m^-

/OOOyb/ts. To Dynamo
1 ^50^

DDDDDL

Tot/he.

T ^im^-

HIDDQDD

£OOOyo/ts. To Dynamo—^-/W^
4IDDDI

Fig. 52.

alternating nature of the current. The arc will be destruc-

tive if these arresters are used on direct-current circuits,

but it will not be maintained on alternating-current cir-

cuits. The arresters should be examined from time to

time and the cylinders rotated slightly so that they will

present fresh surfaces to each other. Fig. 52 shows the

method of connecting these arresters on 1,000-volt and

2,000-volt circuits.

40. General Electric Arrester* for Alternating
Current.—Fig. 53 shows an arrester used by the General

Electric Company for alternating-current circuits. It is

somewhat similar to the AVurts arrester just described,
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L ine

except that fewer spark gaps are used and a non-inductive

resistance r is inserted in the circuit in order to limit the

current following the discharge.

The spark gaps a, a are between the

heavy metal cylinders b, b, b, the

middle one of which is connected

to ground in the double-pole ar-

rester shown. The makers claim

that the arcing is, suppressed by

the cooling effect of the heavy

cylinders. This arrester, like the

previous one, is not suitable for

use on direct-current circuits.
Fig. 54 shows this arrester con-

nected on a 1,000-volt circuit.

41. The arresters just described

have been shown as arranged for

indoor use in the station. They

may, however, be used on the

line, in which case they should be

mounted in a weather-proof box made of iron or wood. A
wooden box will answer every purpose if it is substantially

made and painted with weather-proof paint. Where- the

pressure on the circuit is higher than that for which the

Pig. 53.

To L/'ne To Dy/iamo

Fig. 54.

standard arresters are made, it is usual to connect a number

of arresters in series (see Fig. 52). The connections to and

from the arresters should be made with wire not less than

No. 4 B. & S. and all connections should be run as straight

as possible.
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SWITCHBOARDS.
42. The switchboard is a necessary part of every plant.

Its object is to group together at some convenient and

accessible point the necessary apparatus for controlling and

distributing the current to the various circuits, and the

safety devices for properly protecting the lines and machines.

The different pieces of apparatus used in this connection,

and which are mounted on the switchboard, have already

been described. Sometimes the lightning arresters are

placed at the point where the wires enter the building, but

in a great many cases they are mounted on the back of the

switchboard. Scarcely any two switchboards are alike in

every particular; their layout and the type of apparatus

used on them depend on the character of the system used,

the number and size of dynamos, the number of circuits

supplied, etc.

43. General Construction.—Switchboards were for-

merly made of wood and consisted simply of a built-up board

or wall sufficiently large to accommodate the instruments.

This construction was objectionable on account of the fire

risk, and the only type of wooden board that is now allowed

by the Fire Underwriters consists of a skeleton frame of

well-seasoned hardwood filled and varnished to prevent

absorption of moisture. A skeleton board of this kind is

cheap and is suitable for those places where the expense of

a slate or marble board is not warranted. Modern boards

are nearly always made of slate, marble, soapstone, or brick

tile. Slate is usually satisfactory for low-tension work, but

it should be avoided on high-tension boards, because it is

liable to contain metallic veins. The parts of the switches,

etc. are nearly always mounted directly on the board, and

if any metallic veins are present there will be leakage. A
good quality of marble is the material generally used for

modern boards. The slabs making the boards may vary

from f inch to 2 inches in thickness, depending on their size.

Most central-station slate or marble boards are made 2 inches

thick with a bevel around the edge of 4 inch or 4 inch.
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They are supported by bolting to angle irons, z, z, Fig. 55,

and are stood out from the wall by means of braces b, b.

Station boards built up as shown in Fig. 55 are usually about

90 inches high. It has become customary to build up boards

in panels, each panel carrying the apparatus necessary for a

generator or one or more feeders. Those carrying the

instruments for the a;enerators are known as eeneratoi'

Pig. 55.

panels ; those carrying the instruments for the feeders as

feeder panels. This system allows the board to be easily

extended as the plant grows in size, as additional panels can

be added to those already in use. The extra panels are

attached to those already installed, as indicated by the

dotted lines in Fig. 55, the panels being held together by
means of bolts passing through holes h in the angle iron.
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DIRECT-CURRENT SWITCHBOARDS.

44. Fig. 56 shows a typical direct-current board arranged

for two generators and three feeders. A and B are the

generator panels. D and E the feeder panels, the panel E
accommodating two feeders. In the center of the board is a

panel C that accommodates the ammeter M, which is so con-

nected as to indicate the total current output of the two

Fig. 56.

dynamos. This panel also carries the station voltmeter V,

which is mounted on a bracket, so that it may be set at

whatever angle it may be seen to best advantage. Each

generator panel is equipped with an ammeter a, a circuit-

breaker b, voltmeter plug and receptacle c, main switch d,

and rheostat e. If lightning arresters are used, they are

mounted on the back of the board. Triple-pole generator
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switches d are used so that the machines may be operated in

parallel. Each feeder is provided with a switch/* and cir-

cuit-breaker g. On many boards, each feeder is also pro-

vided with an ammeter. Each generator panel is also

provided with a pilot lamp h, which is connected back of the

main switch, so that it will show when the generator is up to

voltage, even if the main switch is not in. The exact

arrangement of the wiring on the back of the board may be

varied somewhat, but Fig. 57 indicates the general scheme'

of connections for a board of this kind. The various parts

in the diagram are lettered to correspond with Fig. 5(3.

The main dynamo leads and equalizer leads connect to the

lower terminals of the main switches d. The upper -f- ter-

minal of each switch d connects directly to the -j- bus-bar.

The equalizer terminals are connected to the equalizer

bar E' E\ so that when the main switches are thrown in, the

series coils are connected in parallel. The upper — terminal

of each switch connects to the — bus-bar, after first being led

through the ammeter shunt j" and the circuit-breaker b. It

would not do to connect the ammeter shunt and circuit-

breaker in the side to which the equalizer is connected,

because part of the current may flow through the equalizer,

and the ammeter would not indicate the full output of the

machine. All the current delivered by the machine thus

passes through the circuit-breaker and ammeter shunt.

The ammeter a is connected to its shunt s by means of the

small cables furnished with the instrument. The lower

terminals of the voltmeter receptacles c, c are connected to

the + and — sides of the machines, as shown. It should be

noted that these connections are made to the lower terminals

of the main switch, so that voltmeter readings may be

obtained before the switches are thrown in. The pilot

lamps h, h are also connected to the same lines, so that they

will indicate when the machine is up to voltage. The upper

terminals of the voltmeter receptacle are connected to the

voltmeter V, so that by inserting the plug, the voltmeter

may be connected to either dynamo. The -f- and — bus-

bars run across the back of the board to the feeder panels.

/. III.—22
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Shunt. Shunt

Oc/numo A/°/. Ot/nanfo A/ 92.

Fig. 57.
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Between the generator and feeder panels, the shunt S' for

the main ammeter M is inserted, so that the total current

supplied by the two machines must pass through the shunt,

and the ammeter M thus indicates the total current output.

The method of connecting the bus-bars to the feeders

depends to some extent on whether the feeders are to pass

out at the top of the board or whether they are to be carried

down through the floor. In this case, they are shown con-

nected to the bottom terminals of the switches and carried

downwards. One side of each feeder switch is connected

directly to the — bus-bar; the other side connects to the

-(-bus-bar through the circuit-breaker g. Lamps k and / may
be connected directly across the bus-bars, or, if desired, they

may be made to indicate when a circuit-breaker is out by

connecting to the outgoing terminals of the feeder switch.

Lamp k is shown connected in this way ; lamp / is shown

connected directly across the bus-bars. Small fuses are

inserted in the various lamp circuits to prevent any danger

from short circuits. This board is not shown equipped with

a ground detector, but if such were required, it could be con-

nected as shown at D. Each line should also be provided

with a lightning arrester if they connect to overhead lines.

These arresters would be arranged in connection with kick-

ing coils, as previously described. The student should trace

out carefully the connections given on the above board ; by

doing so, he will soon become familiar with the method of

arranging and connecting the various parts.

45. The direct-current switchboard shown in Fig. 56 is

of fairly large capacity and is suitable for a plant where a

comparatively few number of feeders of large capacity are

supplied. For isolated plants in stores, moderate-sized

office buildings, and factories, the output of the machines is

not so large and such a heavily constructed board is not

necessary. Fig. 58 shows a typical board for an isolated

plant. This is arranged for five feeders and two dynamos.

The panels A and C accommodate the generator apparatus

and the center panel B carries the five double-pole feeder
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switches s. Each of these switches is provided with fuses f~
as the current handled on each circuit is comparatively

small and circuit-breakers are hardly necessary. Each gen-

erator is provided with a triple-pole main switch 5" and a

circuit-breaker M; N, N are the ammeters, one for each

generator, and V is the voltmeter, which may be connected

to either generator by means of the plug p and receptacles r.

The lamps /, / are connected back of the main switch, so as

to act as pilot lamps. The lamps k, k are for detecting

grounds as previously explained. If a cheaper installation

were required, main fuses might be substituted for the

circuit-breakers M, but otherwise the board shows about
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the minimum amount of apparatus required for operating

two dynamos singly or in parallel on five feeders. Fig. 59

shows the general scheme of connections with the exception

of those for the ground detector, which have been omitted,

as they are not essential. From the explanation already

given with Fig. 57, there should be little difficulty in tracing

them out. This is left as an exercise for the student.

KShunf Fieffit

Fig. 59.

46. On both the above boards, the equalizing connec-

tion is shown as running to the switchboard and connected

to the middle blade of the triple-pole switch. This is the

general practice where the dynamos are of comparatively

small capacity; but for large units it is now considered

better practice, on the whole, to use double-pole or two

single-pole switches on the board instead of one triple-pole,
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and run the equalizing connection directly between the

machines. In this case, each dynamo is provided with a

separate single-pole equalizing switch mounted on a stand

near the machine.

ALTERNATING-CURRENT SWITCHBOARDS.

47. The arrangement of ordinary alternating-current

boards is, in many respects, similar to that of direct-current

boards. They are usually built up in panels in the same

way as the boards previously described. Owing to the fact

that alternators are generally separately excited, the switch-

board contains some extra apparatus connected with the

exciter that is not found on direct-current boards. The
wiring and connections will also depend on whether single-

phase or polyphase alternators are used, and whether these

machines are to be arranged for parallel running or not.

It is thus seen that the number of different styles of board

that may be used is very large. The following is intended

merely to bring out some of the more important points con-

cerning the arrangement of such boards.

48. Single-Phase Generator Panel.—Fig. 60 (a) and

(b) gives front and rear views of a typical alternating-

current panel for one single-phase generator. Such a

board would be used where only one single-phase machine is

operated on a single line, and represents about as simple an

arrangement as possible. This panel is equipped with the

following apparatus: main switch a, electrostatic ground

detector b, voltmeter c , ammeter d, field switch f, generator

rheostat g, exciter rheostat /i, main fuses k, and potential

transformer /. The main switch a is of the quick-break

type and is provided with the marble barrier / between the

jaws to prevent arcing across. The switch f is used to dis-

connect the field of the alternator from the exciter and is

provided with auxiliary carbon contacts to prevent burning

the blades. The rheostat g is mounted on the back of the

board and is operated by a hand wheel in front. This



§ 17 ELECTRIC LIGHTING. 59

rheostat is connected in series with the field of the alter-

nator, so that the field current may be adjusted. The
rheostat h is in the shunt field of the exciter and serves to

regulate the exciter voltage. In many cases the rheostat g
is not used, the field current of the alternator being increased

or decreased by raising or lowering the exciter voltage by

fig. 60.

means of the rheostat h. It is best, however, to have the

rheostat g also, especially if two or more alternators are

excited by the same exciter, because it then allows the field

current of each alternator to be adjusted independently of

the others. The voltmeter c is connected to the machine

through the potential transformer t, and a small voltmeter
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switch e is placed in circuit so that the voltmeter may be
cut out of circuit when not needed. The main fuses k are

of the enclosed type previously described. No synchroni-

zing device is needed on this board, as it- is intended for a

single machine only.

Exc/fer

Fig. 61.

49. The rear view of the board will give a good idea as

to the way in which the wiring is arranged. Heavy rubber-

covered wire should be used for this work, and especial care
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should be taken to see that everything is thoroughly insu-

lated and neatly done. The leads from the alternator

connect to terminals 1 and ;? and the line connects to ter-

minals 3 and Jf. The potential transformer / is mounted on

an iron framework at the base of the board, and when the

lightning arresters are placed on the board, they are usually

mounted on a similar framework rather than on the back of

the board itself. This makes them stand out so that they

do not crowd the wiring on the back. Fig. 61 shows the

general scheme of connections on a board similar to that

shown in Fig. 60. It will here be noted that on this board

the current is led directly through the ammeter, because

the current output of the alternator is not large. If a very

heavy current were to be handled, a current transformer

might be used in connection with the ammeter.

50. Switchboards for Parallel Running'. — When
alternators are operated in parallel, it is necessary to pro-

vide bus-bars running across the back of the board and to

have the different machines arranged so that they may feed

into these bus-bars. In fact, the arrangement is very simi-

lar to that shown in Fig. 57, with such modifications as

are necessary to adapt the board to alternating current.

Fig. 62 shows the connections for two three-phase machines

arranged for multiple running, as used by the Westinghouse

Company. The alternators are connected to the bus-bars

through a high-tension switch in the ordinary way. Main
fuses are here provided between the alternator and main
switch, and these fuses may or may not be placed on the

switchboard itself. The field excitation is carried out in

the same way described in connection with Figs. 60 and 61,

about the only difference being that field plugs c, c' are used

instead of field switches. Three ammeters are provided for

each generator, one in each leg of the three-phase system.

In many cases, however, two ammeters only are used, as

shown on the feeder circuit. T and T are the potential

transformers that furnish current to the voltmeters V, V
and also to the synchronizing lamps /, /'. The voltmeter
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is also made to serve as a ground detector by using the plug
switches R, R' and ground keys k, k' . The synchronizing

Feee/g/:

Fuses*

Feeder Sw/'fcfa

Busbars. E

A/temaforf/e/d.

<y
>5f?t/f7fJ/e/d Frc/fez;

iWOQCLOflft;

f?heoshf
for

cxcir^i-
Fie/ot

<j/Y?2 9

XA/ternaforfl°

2

Alterfiaforf/e/d.

<y
•Shunt/ie/a'Fxc/'/e/:

IQOQQ.Q.QPQ/

Fig. 62.

lamps are connected to the transformers by inserting plugs

/, />', and from the way in which the transformers are
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connected, the lamps will be dark when the machines are in

synchronism ; by reversing- the connections of one of the

transformers, the lamps would be bright at synchronism.

When the voltmeter or synchronizer is in use, the plug

switches connect points o', T and o, 1.

51. Sometimes when a number of alternators are oper-

ated in multiple, it is advisable to have their exciters

arranged so that they may be operated in multiple also.*' If

one exciter breaks down, the others may then supply the

alternator that would ordinarily be supplied by the disabled

machine. Again, in large plants, it is quite customary to

supply all the alternators with their field current from one

or two large exciters that feed into a pair of exciter bus-

bars, from which the several alternators are supplied.

52. Running- Alternators Separately. — In many
lighting plants, the alternators are not run in multiple ; in

fact, special precautions are taken to see that there is no

possibility of their being thrown in multiple. In such

Tp A/fernafor A/°/r

FiG. 63.

cases, they are arranged so that the load may be divided

between them. This is usually accomplished by using

double-pole, double-throw switches, as indicated in Fig. 63,

when two alternators are used. The upper set of bus-bars
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is connected to one alternator and the lower set to the

other. The upper terminals of each feeder switch are con-

nected to the upper bars and the lower terminals to the

lower bars. The feeders are connected to the middle ter-

minals as shown. When all the switches are up, the alternator

No. 2 is not running, and the whole load is carried by No. 1.

As shown in the figure, circuits 1 and Jf. are on alternator

No. i, because switches A and D are both thrown up.

Feeder 2 is on alternator No. 2. Feeder No. 3 is cut out

altogether, as the switch blades are standing straight out

and the circuit is not connected to either pair of bus-bars.

It is easily seen from the figure that any circuit or combina-

tion of circuits may be connected to either alternator and

that there is no possible way in which the switches can be

thrown so as to connect the alternators together. It is

well, when arranging circuit-changing switches for sepa-

rately operated alternators, to see that there is no possi-

bility of the machines being thrown together, because if

this is done, it is apt to lead to disastrous results. In plants

where a number of alternators of different types and sizes

are run, it is not usual to operate them in parallel, as there

is always more or less trouble in doing so. In such cases,

by using different sets of bus-bars and changing switches

the load can be divided up properly.

POTENTIAL REGULATORS.

53. Where a number of feeders are supplied from a

single dynamo, it is often necessary to have some means of

raising or lowering the pressure on these feeders independ-

ently of each other. This matter has already been referred

to in connection with direct-current plants where a booster

is used in the circuit on which the pressure is to be raised or

lowered. When alternating current is used, the pressure on

the feeders can be easily raised or lowered by using what is

known as a potential regulator. These appliances, while

not usually placed on alternating-current switchboards,
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are so closely connected with them that it is thought advi-

sable to mention them in this connection. There are a

number of different types of these regulators, but they all

take the form of a special type of transformer, the primary

of which is connected across the mains and the secondary is

connected in series with the mains.

54. Stillwell Regulator.—One of the regulators that

has been most largely used for lighting work is the Stillwell

regulator, brought out by the Westinghouse Company.

The action of this regulator may be explained briefly as

follows: Suppose, in Fig. 64, that A is an alternator gen-

erating a pressure of 1,000 volts and that we wish to raise

the pressure to 1,100 volts on the line. If we connect a

transformer with its primary wound for 1,000 volts across

the line and its secondary wound for 100 volts in series with

the line, the 100 volts pressure of the secondary will be

ToLoad

Fig. 64.

added to or subtracted from that of the alternator, depend-

ing on which terminals of the primary are connected to

the mains. We will suppose that, with the connections as

shown, the pressure is added and the voltage raised to 1,100

on the line. It is evident that if the terminals c, d of the

primary were reversed, the pressure would be lowered by

100 volts. This simple arrangement would allow the pres-

sure to be varied 100 volts either way. By dividing the

secondary coil into a number of steps and providing the

primary with a reversing switch, it is easily seen that this

arrangement gives a means of varying the line voltage by
steps through a considerable range. The Stillwell regulator
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is made on this plan. Its general appearance is shown in

Fig. 65, and Fig. 66 gives a diagram of connections. P is

the primary of the transformer

and 5 the .secondary divided

into a number of sections con-

nected to the contacts of the

switch M, as shown. A revers-

ing switch b is placed in series

with the primary, so that the

pressure may be either raised or

lowered. The contact arm N
is split into two parts that make
contact with the rings x, y and

a choke coil r, i. e., a coil wound
on a laminated iron core, is con-

nected between these rings.

This is done so that when the

contact arm is passing from

one of the contact points to

the next, it will not short-

circuit a section of the trans-
FlG

-
65 - former, because the choke coil

has a counter E. M. F. set up in it, thus preventing any
rush of current. By tracing out the connections, it will be

seen that they are equivalent to those shown in Fig. 64, the

secondary 5" being in series with the line and the primary

connected across the dynamo terminals. In Fig. 65, the

regulating switch is seen mounted in the top of the case,

together with the regulating and reversing handles.

55. A number of regulators are in use in which the volt-

age in the secondary is varied by changing its position with

regard to the primary, instead of cutting turns in or out.

By having the secondary coil movable, it can be arranged

so that the amount of magnetic flux passing through it can

be varied, thus varying also the amount of the pressure

added to or subtracted from the line. In other regulators,

both the primary and the secondary coils are fixed, and a
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movable core arranged so that the magnetic flux passing

through the secondary can be made to vary. Both these

methods afford a means of obtaining regulation by more

Fig. 66.

gradual steps than can be obtained with the Stillwell regu-

lator. Potential regulators are usually placed at some
point convenient to the switchboard, and in some cases the

operating handles are mounted on the board itself and are

geared, by chains and sprocket wheels, to the regulator.
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USE OF STORAGE BATTERIES IN LIGHTING
PLANTS.

56. Within the last 8 or 10 years, the use of storage

batteries in connection with lighting plants has steadily

increased, for the advantages to be gained from its use are

so great that many of the largest stations in the country

are now equipped with them. The load on all lighting

plants is a variable one. During the day the load may be

very light, while for a few hours in the evening it may run

up to a large amount. As this period of maximum load is

generally of not more than 2 or 3 hours' duration, it is evi-

dent that if no means of storing electrical energy were pro-

vided, the plant would have to be equipped so as to handle

this maximum-current supply. The result would be that

the larger portion of the machinery in the plant would be

idle for the greater part of the day, and, therefore, would

represent so much investment that would not be earning

anything.

51. The storage battery, as an auxiliary in a lighting

station, may be used in a number of different ways:

1. It may be used to carry the ' peak " of the load ; i.e.,

it may be used to help out the dynamos during the interval

when the load is heavy, for it can be charged during the

daytime, when the demand on the dynamos is light.

2. It may be used to carry the whole load of the station

during intervals of light load, thus allowing the generating

plant to be shut down for repair and inspection.

3. Batteries may be installed in substations in districts

where a large amount of light is used. These batteries may
be charged, during the daytime, from the central station,

when the load on the main feeders is light, and thus, when
the heavy load comes on in the evening, they are able to

relieve the main feeders by taking up a part of the lighting

service. The use of storage-battery substations, therefore,

allows many more lamps to be supplied without the neces-

sity of laying more feeders.
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58. The above are the main uses to which a battery may
be put, but there are many other incidental advantages.

For example, the effect of a battery connected across the

system is always to keep the voltage steady. By prevent-

ing fluctuations in voltage, a more satisfactory service to

the consumer is secured and lamps of high efficiency may
be used. Again, the electrical energy stored in a battery is

instantly available. Throwing a switch or two will put it

into service, whereas it always takes more or less time to

get a dynamo and engine started, especially if the units are

very large. This is an important consideration, especially in

large plants, because it provides against an interruption of

the service in case of a breakdown. Moreover, in large city

stations, the load often rises very rapidly; it may increase

several thousand amperes in a few minutes, due to a sudden

turning on of lights because of a storm coming up, and it

takes time to start the large generating units, even if they

are kept turning over slowly so as to be in readiness.

59. Battery Taking "Peak" of Load.—Fig. 67 shows

the load curve of a large city station and illustrates how a

battery may be used to relieve the generating machinery of

the peak of the load. Shortly after 4 p. m. the load begins

to rise rapidly and the battery is thrown into service, as

indicated by the double-shaded area. The dynamos do not

have to deliver more than 13,000 amperes, although the

current used on the system rises to about 20,500 amperes.

If the battery were not used, it is evident that sufficient

machinery would have to be installed to handle 20,500

amperes. The single-shaded areas represent the intervals

when the battery is charging. By using a battery in this

way, a station can, in very many cases, provide for an

increased output without installing any additional dynamos,

engines, or boilers, and at the same time it can work the

existing machinery to the best advantage at or near its full

capacity. Not only this, but the battery largely avoids the

danger of overloads on the machinery, thus reducing the

danger of breakdowns.

/. III.—23 .
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(>0. Battery Carrying Whole Tjoad on Station.—The
curve, Fig. 68, shows the load curve for the same station as

that shown in Fig. 67. This curve represents the load on a

Sunday, and the load is very light compared with that

shown in Fig. 67, because this station supplies a business

district. It is seen that the generating plant is shut down
altogether from 12.30 a. m. to 2 p. m., thus giving an oppor-

tunity for inspection or repair and allowing the station to be

run with a small force of men. When the generators are

started up at 2 p. m., the batteries are charged, as shown by

the single-shaded area, thus allowing the generators in use

to be run at more nearly their capacity, instead of on a light

load only.

61. Battery Supplying Current From Substations.

The use of storage batteries in this connection will be under-

stood by referring to Fig. 69, where A represents the

Fig.

central station and C one of the substations. The three-

wire system is here shown, as this is the one most largely

used in distribution of this kind. The network of lamps fed

from the substation C is represented by D. Now the load

of lamps represented by D may be much in excess of what
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could be supplied by the feeders B without causing a pro-

hibitive drop. If, however, a battery E F is installed at C
on each side of the system, it may be charged from the

central station during the daytime and thus relieve the

feeders at night, when the heavy load comes on. In other

words, by using the battery, the feeders are worked at a

more uniform rate throughout the day, instead of being

lightly loaded the "greater part of the time and heavily taxed

when the peak of the load comes on. The use of the battery

in substations not only equalizes the load on the dynamos,

but also allows the maximum amount of service to be

obtained from the feeders. In the large cities, the use of

storage-battery auxiliary stations has become almost a

necessity on account of the increasing business. They

avoid the expense of additional feeders and allow the addi-

tion of a considerable load without necessitating the instal-

lation of additional machinery in the main station. .Usually,

the battery is connected across the outside lines, though a

switch should be provided, as shown, so that the middle

point of the battery may be connected to the neutral, if

desired. A battery used at the end of a set of feeders regu-

lates automatically and requires no boosting arrangement.

When the load is light, the pressure at the center of distri-

bution is high and the battery is charged. When the load

is heavy, the pressure at the center of distribution falls off

and the battery discharges.

BATTERY EQUIPMENT FOR LIGHTING PLANTS.

62. Capacity Required.-^-The capacity of the battery

that should be installed in any given case must be deter-

mined wholly by local conditions, and depends very largely

on the nature of the load that the station carries. It also

depends on the way in which the battery is to be used. The

only intelligent way to arrive at the capacity required is to

lay out a number of load curves for the station in question,

similar to that shown in Fig. 67. By doing this, the
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number of ampere-hours that the battery should be capable

of supplying' can be approximated. In many cases, when
installing plants of this kind, larger battery jars or tanks

than those actually needed at the time are put in. The
load is almost always sure to grow and the battery capacity

may then be increased by simply adding a few more plates

to each cell.

63. Type of Cell Used.—Storage cells designed for use

in central stations must generally be of large size. For

medium-sized cells, glass jars are used; but for the large

types, the plates are mounted in strongly built wooden tanks

lined with sheet lead and supported on glass or porcelain

insulators. The chloride cell has been most largely used

for this work in America. The plates used in these large

cells are the same in construction as those described for the

smaller ones. Fig. 70 gives a good idea as to the appearance

and arrangement of some of the largest cells in use. Each
cell here contains 87 plates 15^ in. x 32 in. The lugs /, /

on the plates are burned on to the channel-shaped pieces c,

which form the connections between the cells ; d is the lead

lining and e, e are glass rods for separating the plates ; m, n are

the heavy copper conductors leading from the battery. The
space occupied by a battery for a given output will depend

on the way in which the cells are arranged, i. e., whether in

one or two tiers. Generally, however, 1,000 kilowatt-hours

can be stored per 100 square yards of space. The number
of cells required in an installation will depend on the volt-

age to be supplied. In large central stations operating on

the three-wire 110-220-volt system, about 80 cells are used on

each side of the circuit, though the exact number of cells

depends considerably on the range of voltage required to

meet special conditions.

64. Regulation of Batteries.—In order to fully charge

the cells, it is necessary to have a voltage somewhat higher

than that on which the system is ordinarily run. Of course,

this might be obtained by running the generators at a high

voltage, but in most cases this is not practicable, because the
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machines are generally used to supply current for lighting

at the same time that they are charging the cells. In order,

then, to raise the voltage on the battery, a "booster" is

used when charging is going on. In lighting work, the

booster is not generally used for regulating purposes, but

simply to add enough pressure to the dynamos to enable

them to charge the batteries. In railway work, where the

load fluctuates very rapidly, the booster is so constructed as

to make the battery discharge when the load is heavy and

charge up when it is light. In lighting plants, the booster is

usually shunt-wound or compound-wound and is driven by a

motor. Fig. 71 shows one scheme of connections. Only the

essential parts are here shown, so as to illustrate the principles

involved without confusing the diagram with the various

instruments and switches. For this reason, also, a simple

two-wire system is illustrated. G is the generator supply-

ing current to the lamp load L. A is the battery and B a

number of cells at one end, from which connections are

brought out to terminals c. A sliding contact d makes con-

nection between contacts c and the bar e, so that by sliding d,

the number of effective cells and, hence, the voltage of the

battery may be increased or decreased as desired. This

arrangement is known as an end-cell switch, and the

c A
3

t)
Lo°rf

Fig. 71.

cells B are called end cells. Fis a single-pole double-throw

switch, by means of which the battery may be connected

across G in series with the booster or directly across the

line. In the figure, the switch is thrown up, as indicated

by the dotted line, and the battery is being charged, because



76 ELECTRIC LIGHTING. § 17

the voltage generated in the booster armature is added to

that of the generator. When F is thrown down, the battery

A discharges into the line and the voltage may be regulated

by means of the end-cell switch.

65. In lighting installations, the necessary regulation

can easily be effected by means of end-cell switches, because

the load does not fluctuate with great rapidity, as in railway

work. In most large plants, two end-cell switches are pro-

vided in parallel, as indicated in Fig. 71, the second switch

being shown dotted. This allows two different voltages to

be taken from the battery, or in case of heavy loads the two
switches may be operated together as one switch.

6G. Since the end-cell switches must carry the current

output of the battery, they must be substantially constructed

and have contacts that are sufficiently heavy to carry the

current without heating. The sliding piece d generally takes

the form of a crosshead, which is moved by a screw that is

driven either by a hand wheel or by a small electric motor

controlled from the switchboard.

67. From the above it will be seen that the storage bat-

tery may be made a very valuable auxiliary, especially in

large lighting plants. It must be remembered, however,

that such batteries are expensive, and the question as to

whether it will pay to put them in, in any given case, is a

thing that must be looked into carefully. In large city

stations, it no doubt does pay, as is shown by the large

number installed. In smaller plants, where they cannot

receive the same amount of skilled attention that they do in

the larger ones and where the load handled is not, at best,

very large, it may often pay better to install a larger genera-

ting capacity than to use a battery.



ELECTRIC LIGHTING.
(PART 3.)

ARC LIGHTING.
1. Introductory.—So far our attention has been con-

fined to electric lighting by means of incandescent lamps,

the methods of distributing the current, and the appliances

used. We will now take up the subject of arc lighting

and consider the special methods used in connection with it.

The arc light, as before mentioned, was first exhibited in

public on a large scale by Sir Humphry Davy, who used a

large voltaic battery for supplying the current. After the

dynamo had been invented and the cost of generating elec-

tricity thereby greatly reduced, the arc light came into

use commercially. At first it was used mostly in light-

houses, but it was not long before it was used for street

lighting, and it is now more generally used for such purposes

than any other form of illuminant.

THE ARC.

OPE1ST ARCS.

2. General Features.—If two carbon rods attached to

the terminals of a dynamo, as shown in Fig. 1, are first

touched together and then drawn apart a short distance,

say about |- inch, the current will continue to flow be-

tween the points and the carbons will become heated to an

§18
For notice of copyright, see page immediately following the title page.
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exceedingly high temperature. An electric arc may be

formed in this way between any pair of conducting ter-

minals; for example, an arc might be formed between two

copper or iron rods. In this case, however, the metals

would be rapidly melted away; carbon, therefore, is always

used because it is capable of standing the high tempera-

ture without being consumed too rapidly. The color of

the arc depends on the material used for the electrodes; the

arc formed between carbon is very brilliant, almost ap-

proaching sunlight. Violet rays are always present to some

extent and give the arc

light the well-known vio-

let tinge that is often

quite pronounced. An
arc between copper elec-

trodes is of a greenish

tinge, while an arc be-

tween iron terminals is

accompanied by a bril-

liant shower of sparks.
FlG

-
1 - An arc may be formed

between carbon and copper or carbon and platinum, the

carbon in both cases being used for the upper or positive

electrode, as the terminals are often called, and the cop-

per or platinum for the lower electrode. This arrange-

ment has been used in a few isolated cases. For example,

an upper positive carbon and lower copper electrode have

been used in one form of locomotive headlight. It is im-

portant when this arrangement is used to see that the

upper carbon is connected to the positive pole of the dy-

namo, so that the current flows from the carbon to the

copper. If it flows the other way, the copper or platinum

electrode will soon be burned away.

3. After the carbons have been separated for a time

they take on the appearance shown in Fig. 2. This repre-

sents an open arc, or an arc formed in the open air, as

distinguished from one that is formed in a confined space
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where very little oxygen is present. The term arc came to

be used because of the small bow-

shaped or arc-shaped flame that

may be seen playing between the

carbon points. This flame is the

arc proper and consists of incan-

descent carbon vapor that con-

ducts the current across from

point to point. This flame, or

arc, of carbon vapor acts in the

same way as a wire carrying a

current. If a magnet is brought

near it, the arc will be forced over

to one side, and if the magnet is

strong enough, the arc will be

stretched out until it is broken.

Also, the arc itself, under ordinary

working conditions, will be sur-

rounded by a magnetic field, and

it is, no doubt, this field that

causes the arc to assume the bow
shape. The flame keeps shifting around th,e points as the

carbons burn away.

pig. 2.

Fig. 3.

4. Direction of Current.—The shape

of the carbon points depends on the direc-

tion in which the current flows. In Fig. 1,

the top carbon is supposed to be the

positive one, so that the current flows

from the top to the bottom, as is nearly

always the case in practice. Fig. 3 shows

a section of the carbons, and it will be

noticed that the upper or positive one be-

comes hollowed out slightly, as shown at a,

while the lower one becomes pointed. The
hollow a is known as the crater, and is

the seat of the greater part of the light

given out by the arc. When the arc is in
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operation, the carbon becomes volatilized at the crater, and

this vapor of carbon conducts the current to the negative car-

bon. Although the temperature of the negative carbon is

high, it is not nearly so high as that of the vapor and,

hence, the latter is condensed on the negative tip forming

the point or else is thrown off. Only a portion of the vapor

is so condensed
;
part of it combines with the oxygen of the

surrounding air and the burning carbon monoxide may be

seen surrounding the arc as an envelope of bluish flame,

similar to that which appears over the coal in an ordinary

coal stove. The positive carbon wastes away approxi-

mately twice as fast as the negative, as it is maintained at

a much higher temperature.

5. Temperature of the Arc.—The temperature of the

electric arc is the highest that has yet been produced by

artificial means. Its exact temperature is difficult to deter-

mine, but it is estimated to be about 3,500° C. Some idea as

to what this means may be obtained when it is known that

a temperature between 1,700° and 1,800° C. is sufficient to

melt platinum, the most difficult of all the metals to melt.

The high temperature of the arc has been made use of in

connection with various kinds of electric furnaces. The
carbon in the crater is vaporized; hence, the temperature

attained must be that of the boiling point of carbon. An
increase in the current does not increase the temperature

any, but it does increase the size of the crater and, hence,

the total amount of light given out. If very powerful

lamps are required, large carbons and heavy currents are

used, so as to get a large crater. This is done in lamps

used for searchlights. For ordinary commercial street light-

ing, the carbons are usually about 4- inch in diameter,

though sometimes larger carbons are used to make the

lamps burn longer.

6. Voltage of the Arc.—If the voltage across the ter-

minals of an ordinary open-arc lamp is measured, it will be

found that it usually lies between 40 and 50 volts, depending
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on the length of the arc; 45 volts may be taken as a fair

average. This total voltage may be looked upon as made up

of three parts: (a) That necessary to overcome the resist-

ance of the carbons and the parts of the lamp mechanism
through which the current has to flow

;
(b) that necessary

to overcome the resistance of the carbon vapor between the

electrodes; (c) that which multiplied by the current repre-

sents the energy necessary to volatilize the carbon.

The E. M. F. necessary to overcome the resistance of

the carbons and lamp mechanism is not very large; in

most lamps it will not be more than 5 or 6 volts, of

which 3 to 3.5 may represent the drop in the carbons

and the balance is in the mechanism and various contact

resistances.

The E. M. F. necessary to overcome the resistance of the

arc proper is also small, but depends to a certain extent on

the length of the arc. In most cases it will not be more
than 5 or 6 volts.

Since the voltage across the lamp is, say, 45 volts and the

combined drop due to the resistance of the carbons, lamp

mechanism, and arc proper is, approximately, 10 volts, it

follows that the balance (about 35 volts) multiplied by the

current represents the number of watts expended in bring-

ing the carbon up to the boiling point and causing it to

volatilize. This voltage is often spoken of as the counter

E. M. F. of the arc, but this term is not so commonly used

as it once was. It is evident that quite a large amount of

energy must be expended to bring the carbon up to the

boiling point, and it is now generally admitted that the

large balance of voltage required over and above that

necessary to overcome the various resistances is a conse-

quence of the power necessary to volatilize the carbon.

The above values of the voltage are fair average values foi

open-arc lamps operated with direct current, but they may
vary somewhat with different makes of lamp. The actual

voltage across the arc is continually varying when the lamp

is in operation, but in a well-adjusted lamp it should not

vary through wide limits.
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7. Current. — Ordinary direct-current open-arc lamps

are usually operated with current ranging from 6 to 10 am-

peres. Very common values for the cur-

rent are 6.6 amperes for lamps giving 1,200

nominal candlepower and 9.6 amperes for

those giving 2,000 nominal candlepower.

The exact value of the current is different

in lamps of various makes, but whatever it

may be, it is essential that it be maintained

at a constant value if the lamps are to work

properly. If the current becomes larger

than that for which the lamps are designed,

they will overheat and the carbons will

flame badly and the service will be generally

unsatisfactory. Open-arc lamps may also

be operated with alternating current, but

they are not as satisfactory as those using

direct current either as regards light-giving properties or

general performance. In the case of the open alternating-

current arc, both carbons become pointed or have very small

craters, so that the light is thrown upwards much more

than with the direct-current lamp. Also, since the current

flows alternately in opposite directions, the rate of con-

sumption of the two carbons is more nearly equal. Fig. 4

shows the general form of the carbons with an open alter-

nating-current arc.

ENCLOSED ARCS.

8. General Description.—So far all that has been said

with regard to the electric arc relates to arcs set up between

carbon points placed in the open air. Within a compara-

tively recent date, enclosed ares have been coming into

extensive use, and bid fair to take the place of the open arc

altogether. The enclosed arc differs from the ordinary open

arc in that it is surrounded by a small globe that practically

excludes the air. Fig. 5 shows the general arrangement of

the carbons and the enclosing globe. G is a glass bulb from
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5 to 6 inches long and about 3 inches in diameter, provided

with an opening at each end. The lower end is held by

a holder C and the lower edge E of the globe is ground

so that but little air can get

in at the bottom. In some

makes of lamps an asbestos

washer is used between the

lower edge of the globe and

the holder, to make a tight

joint and distribute the

strains on the glass. The
lower carbon B is clamped

in the holder C. The top

of the bulb is ground smooth

and supports a gas cap P
with a hole in the center,

through which the positive

carbon passes. This plate is

not fastened to the bulb, but

is free to move about a little,

and the hole in the center is

just large enough to allow

the positive carbon to move
up and down freely. It is

necessary to have the plate

itself free to move, in order

to get the carbons in line

and prevent binding due to

any slight irregularity in the

carbon. Since the top of

the glass and the lower surface of the plate are ground

plane, little air can get in between them, and the only place

where much air can enter the bulb is at the hole in the

center of the top plate, through the small space between

the carbon and the plate itself.

In the plate shown in the figure, there is an annular

groove a around the carbon. This leaves less surface for

the carbon to rub against and affords a space in which

Fig. 5.
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eddies are formed by the hot air passing up, thus further

tending to keep out the cold air.

The above is intended merely to illustrate the general

arrangement of the enclosed arc. The methods of holding

the globe and the arrangement of the lower carbon holder

differ in the various makes of lamp. A^ number of different

styles of gas cap P are also in use, and the satisfactory

operation of the lamp depends to a considerable extent on the

design of this part.

9. As soon as the carbons are drawn apart an arc is

formed, as in the ordinary lamp, but the oxygen in the globe

is soon burned out and the gases present become rarefied,

because the heat of the arc causes them to expand and pass

out. The globe is not air-tight and there is always a small

amount of oxygen present. This, 'however, is not enough

to cause anything like the rapid combustion that takes place

in the case of the open arc. The arc practically burns in

a hot atmosphere of nitrogen, carbon monoxide, carbon

dioxide, and a small amount of oxygen. This latter is just

about sufficient to combine with what carbon is thrown off

and prevent its being deposited on the glass. If a lamp is

in good condition, it will burn anywhere from 80 to 150 hours,

depending on the design, without renewing the carbons.

The bulb in time becomes coated with a light-colored

deposit, sometimes mixed with a little carbon, which comes

principally from impurities, such as silicon. This deposit

does not cut off the light to any great extent if it is not

allowed to become too thick. If the current passed through

the lamp is excessive, the globes will become blackened or

even melted. It is not usually advisable to burn these lamps

more than 120 hours, as the deposit becomes so thick as to

cut off a considerable amount of light.

10. Consumption of Carbons. —-One of the most

striking features of the enclosed-arc lamp is the slow con-

sumption of the carbons. This is, of course, due to the

absence of oxygen in the enclosing chamber. With the ordi-

nary open arc the positive carbon is burned at the rate of
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about 14 inches per hour, while in an enclosed-arc lamp the

consumption varies from .07 to .08 inch per hour. Enclosed-

arc lamps may, therefore, be made to burn a long time with-

out trimming ; some have even been made to burn as long

as 200 hours. This is one of the features that has led to

the extensive introduction of this type of lamp. As in the

open arc, the negative carbon of the direct-current enclosed

arc burns about half as fast as the positive carbon ; with

alternating current, the consumption is more nearly equal.

11. Voltage and Current.—If the carbons of an open

arc be pulled apart a distance more than enough to give

from 40 to 45 volts across the arc, they will flame badly. On
the other hand, the enclosed-arc lamp is operated with a

long arc, about f inch, and it burns quietly. If a short arc

is used in the enclosed arc, it is found that soot or carbon is

deposited to such an extent that the lamp becomes useless

;

long arcs are, therefore, essential in these lamps. This

allows them to be operated at a high voltage, and many
of them take from 70 to 80 volts across the arc. They

usually operate with a smaller current than the open-arc

lamps, some of them taking as low as 2-^ to 3 amperes. The

advantage of using a high voltage and small current will be

seen when we come to consider the operation of lamps in

parallel on constant-potential circuits. Enclosed-arc lamps

have also been built to operate on 220-volt circuits. Such

lamps burn with a very long arc and are not quite as efficient

as the ordinary 110-volt lamp, to which the above figures

refer.

12. Character of Enclosed Arc.—Fig. 6 gives a general

idea of the appearance of a direct-current enclosed arc.

The student should compare this with Fig. 2. In the

enclosed arc the carbons are separated by a wide gap, but

the principal difference is that they do not take on the

pointed shape. The ends of the carbons remain nearly flat

and the arc keeps continually shifting around over the ends.

The flat shape of the ends is, no doubt, due largely to this

tendency of the arc to shift around. The light given out is

/. III.—24
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Fig. 6.

soft and tinged with violet rays, having much less of the

dazzling appearance so well known in connection with

the ordinary arc. In the alternating-current enclosed arc,

the lower and upper carbons are of about
the same temperature and the light is

thrown up more than with the direct-cur-

rent arc. The carbons have, however,

the flat-ended appearance and the arc

shifts around even more than that of the

direct-current enclosed arc.

13. Oj>eii Versus Closed Ares.—There

has been, and still is, a great deal of dis-

cussion as to the relative advantages of

open and enclosed arcs, especially for

street lighting. For interior illumination,

there can be little question as to the superiority of the

enclosed arc. The light is very much softer and steadier

and, in addition, the fire risk is less, because a large outer

globe is usually provided in addition to the small enclosing

globe. For street lighting, their advantages have not been
quite so pronounced. Open-arc lamps have now been used

for so many years for this work and have, on the whole,

given such good satisfaction that they are not so easily

replaced as in the case of interior lighting. At the same
time, it is no doubt true that enclosed-arc lamps are oust-

ing the older style open-arc lamps even for street-lighting

work, and it is claimed that a considerable saving is effected

by the change, principally because the cost of trimming and
the cost of carbons is less. Of course, there is the renewal

of broken inner globes in the case of the enclosed lamp, and
also the additional work of keeping these globes clean, but

even taking these items into account, the advocates of the

enclosed-arc lamp for street lighting claim that a saving of

$8 to 110 per year per lamp can be effected.

Wherever lamps must be operated by alternating current,

the enclosed-arc lamp is extensively used and practically

has the field to itself. The alternating-current open-arc
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lamp never proved a decided success. It usually made a

loud humming' noise and could not compete well with the

direct-current arc lamp as an illuminant. The alternating-

current enclosed-arc lamp has, however, been brought to

such a state that it gives satisfactory service. The mecha-

nism has been designed so that little noise is possible, and

the enclosing of the arc prevents the humming of the arc

itself from being loud enough to be objectionable. While,

however, the alternating-current enclosed-arc lamp is much
superior to the alternating-current open-arc lamp, it can

hardly be said that it is capable of giving as good all-around

service as the direct-current enclosed-arc lamp. No doubt,

still further improvements will be made that will put it

more nearly on a level with its direct-current rival.

ARC-LIGHT CARBONS.

14. Arrangement of Carbons.— In nearly all the

lamps used for ordinary purposes, the carbons are arranged

vertically, one above the other, as shown in Fig. 2. When
arranged in this way, the top carbon should always be the

positive one when direct current is used, otherwise the

crater will be formed in the bottom carbon and most of

the light will be thrown up instead of down. When lamps

are first connected up, they should be allowed to burn for

a short time, and if the crater makes its appearance in the

bottom carbon, the connections to the lamp terminals should

be reversed. Of course, with alternating current it makes

no difference how the lamp is connected in circuit, as the

current is continually reversing anyway and both carbons

burn alike. It is an easy matter to tell when a direct-cur-

rent lamp is correctly connected. Allow the lamp to burn

for a short time, then switch it off and see which carbon

remains bright the longer. The positive carbon is much

hotter than the negative, hence the negative carbon is the

one that becomes dull first,
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Fig. 7.

15. For use in stereopticons and other projection appa-

ratus, the carbons are often inclined at an angle, as shown
in Fig. 7. The object

in doing this is to allow

more of the light from

the crater to reach the

lenses. I.n searchlights

a similar arrarigement

is used, only the car-

bons are often slanted

the other way and the

light is reflected from

a parabolic reflector or Mangin mirror, as shown in Fig. 8,

which shows the arc placed at the focus of a parabolic re-

flector M. The rays

of light upon striking

the mirror are reflected

out parallel to each

other, and as they are m
thus kept bunched to-

gether the light may
be made to penetrate

long distances. A
small concave reflect-

or is usually placed, as

shown at r, to throw the rays of the arc that would ordi-

narily pass outwards back towards the main reflector.

A parabolic ground-glass silvered mirror is used in the

United States Navy, but for

ordinary commercial work
the Mangin mirror is used, as

it is cheaper and easier to

make. It is a glass mirror

having two spherical sur-

faces A, B of different radii,

as shown in Fig. 9. The
back surface A is silvered

Fig. 9. and the rays are reflected

Fig. 8.
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Fig. 10.

from it. As the glass is thicker near the edges than

it is in the middle, the rays are there bent or refracted

more than they are at the center, and by making the mirror

of the proper dimensions it can be made to reflect the rays

in a horizontal direction and give practically the same effect

as the parabolic mirror.

Fig. 10 shows another arrangement of carbons that is

used in searchlights. In this case the positive carbon is

larger than the negative,

and both carbons are ar-

ranged horizontally. The
crater, therefore, points

directly at the mirror.

This is the arrangement

now most extensively used

in America both for naval

and commercial work.

In all cases where arc lamps are used in connection with

mirrors or lenses for projection work, it is essential that the

arc be kept in the focus of the mirror or lens. The lamps

must, therefore, be arranged to move the carbons towards

each other as they are consumed, and they must do this in

such a way that the position of the arc will not change. A
lamp that does this is known as a focusing- larap. For

ordinary lighting, it is not essential that the arc be kept in

one place, so that the lower carbon is nearly always fixed

and the arc maintained by allowing the upper one to move
downwards as the carbon is consumed.

Fig. 11 shows a rather peculiar arrangement that is used

for stereopticon lamps. Here the carbons are arranged

at right angles to each

other. The lamp mech-

anism moves B out in

a horizontal direction,

and C upwards as they

fig. H. burn away, so that the

arc is always maintained in the same position at a. The
position of C keeps it from interfering with the lens /, and
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allows the greater part of the crater in the end of B to be

exposed.

16. Composition of Carbons.—Carbons used for ordi-

nary open-arc lamps in America are composed principally of

petroleum coke. This is made from the residue left from

the distillation of petroleum. It is ground up and mixed

with a binding material, such as tar, or a similar substance,

and is then molded into rods. Sometimes the rods are

made in molds under a heavy pressure, but more frequently

they are made by forcing the material through dies. The
rods are then gradually dried and afterwards baked or fired

at a high temperature. Gas-retort carbon has also been

used for the manufacture of arc-light carbons, the exact

composition used varying with different makers.

17. For enclosed-arc lamps a very much finer quality of

carbon is required than for the open-arc lamp. If the car-

a bons used in these lamps are at all impure, the

impurities become volatilized and are deposited on

the inner globe. Enclosed-arc carbons are, there-

fore, made principally of lampblack, which is prac-

tically pure carbon, and are considerably more
expensive than the ordinary carbons made from

petroleum coke. They must be straight and of

uniform diameter, otherwise they will not pass

through the cap of the enclosing globe properly.

The tendency of the arc to wander around the

ends of the carbons has already been mentioned.

This is especially the case with alternating current,

and in order to hold the arc in the center, cored

carbons are used. Fig. 12 shows a cored carbon;

it is so called from the core a running through it.

A small hole runs through the center of the carbon,

and this is filled with a much softer material than

the surrounding part. Some makers use cored car-

bons for both the -f- and the — electrodes of alternating-cur-

rent lamps, while others use them for the -)- electrode only.

Fig.
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Cored carbons are used more particularly with alternating-

current lamps, as the plain carbons usually give satisfac-

tory service with direct current. Searchlights are almost

wholly operated by direct current and the positive carbon is

generally cored, as it is important to keep the arc in one

place as much as possible.

Whatever kind of carbons may be used, it is essential that

they be as pure and as uniform in quality as possible. If

many impurities are present, they may interfere seriously

with the quality of the light. Of course, impurities are

especially bad in the case of the enclosed arc on account of

the deposit caused on the inner globe, but even in the open

arc they are objectionable because they volatilize at a much
lower temperature than the carbon and thus tend to lower

the temperature and light-giving properties of the arc.

Hard spots in the carbons will cause uneven burning and

carbons that are too soft are apt to flame badly. Hard
spots will also give rise to hissing.

Carbons used for open-arc lamps are usually electroplated

with a thin coating of copper. This increases their conduc-

tivity and makes them burn more uniformly and last longer.

PHOTOMETRY OF THE ARC LAMP.

LIGHT DISTRIBUTION.

18. The light given out by an incandescent lamp is

fairly uniform in all directions, assuming, of course, that

the lamp has no shade on it. On the other hand, the light

given out by an arc lamp with a clear globe varies greajdy

in different directions. Since the manner in which an arc

lamp distributes its light is of the greatest importance, it

will be well to examine the peculiarities of some of the more
important types. It will not be necessary here to go into

the methods of measuring the light intensity. It is usually

done by means of a Bunsen or similar photometer, with the
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arc lamp so arranged that its candlepower may be meas-

ured in any direction.

19. Before going into the subject of light distribution,

a few points with regard to globes may not be out of order.

Ordinary open-arc lamps used for street lighting are gener-

ally provided with clear globes. A clear globe will cut off

from 6 to 10 per cent, of the light, and if it is dirty it will

cut off more. Sometimes opal globes are used, especially

if the lamp is used for interior w6rk. An opal globe softens

the light and does away with the sharp shadows that are

always present with a clear globe. In other words, an opal

globe alters the distribution of the light considerably and

avoids the deep shadows underneath the lamp. At the

same time, a globe of this kind cuts off from 30 to 40 per cent,

of the light; in fact, if the globe is very milky it may easily

cut off 50 or 60 per cent. In the case of the enclosed-arc

lamp we have, in addition to the outer globe, the inner

globe, and hence the amount of light cut off is somewhat

increased. Reflectors are used much more largely with the

alternating-current arc lamp than with the open arc, because

the former tends to throw its light to a greater extent

above the horizontal, and by using the reflector this light

can' be thrown downwards and utilized.

20. Open-Arc Direct-Current Lamps.—The distribu-

tion of light from an ordinary open-arc lamp is about as

shown in Fig. 13. This represents the variation in the

intensity of the light at different angles above and below

the horizontal line passing through the arc that is located

at a. The distance from a, measured along the radius at

any given angle, is proportional to the candlepower of the

lamp when viewed from that position. For example, the

light reaches its greatest intensity at a point about 45° below

the horizontal and then rapidly diminishes on both sides of

this point. Directly above or below the arc there is, of

course, little or no light, as the arc is obscured by the frame

of the lamp and the carbons themselves. The open arc
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throws out comparatively little light in the horizontal direc-

tion, and the quantity of light thrown upwards is small.

It is thus seen that the plain open-arc lamp using a direct

current as it stands, without any reflector and with simply

a clear-glass globe, gives a good distribution of light for

street lighting because, on account of the formation of the

crater in the upper carbon, it throws the bulk of its light

SO' 30°

Fig. 13.

downwards at an angle of about 45°, where it is most needed.

This is one of the reasons why the direct-current open-arc

lamp has proved so successful for street lighting. If the

deep shadows directly under the lamp are objectionable,

they may be softened by using a clear globe with the lower

half ground.

21. Open-Arc Alternating-Current Lamps. — The
distribution from an alternating-current open-arc lamp is

not of much practical importance because these lamps are

now seldom used. It is, however, instructive to compare it

with Fig. 13. Fig. 14 shows the general distribution from

an alternating-current open arc, as determined by Uppen-

born. It will be noticed that a great deal of the light is
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thrown above the horizontal. This is because the two

carbon points are alternatively positive and negative, so

that both become heated

to nearly an equal amount.

Such a lamp, to be effec-

tive for street lighting,

should be provided with a

reflector to throw the light

down where it is wanted.

The curves shown in

Figs. 13 and 14 represent

average distributions. It

must be remembered that

the arc always shifts

around more or less, and

hence the shape of the

distribution is constantly

changing and makes the

measurement of the light

given out in the various

directions an exceeding-

ly difficult matter. The
curves will, however, en-

able the student to note

the marked difference in

fig. 14. the light distribution of

the alternating-current open arc as compared with the

direct-current open arc.

22. Enclosed-Arc Direct-Current Damps.— There

has been a great deal of discussion regarding the light-

giving properties and efficiency of the enclosed arc as

compared with the open arc. The data here given is

abstracted from a report of a committee of the National

Electric Light Association on tests made by Prof. C. P.

Matthews, and is probably as unbiased as any obtainable.

Fig. 15 shows the average of curves from direct-cur-

rent 110-volt enclosed-arc lamps used on constant-potential
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circuits. Curve A shows the distribution when the lamp is

provided with an opalescent inner globe only; there is no

larger outer globe. The student should compare this curve

with that shown in Fig. 13 for the open arc. It will be

noticed that with the enclosed arc, the light is of fairly large

intensity through a considerable angle below the horizontal.

In this case, the maximum value is approximately 3G0 candle-

power and occurs about

30° below the horizontal.

This is considerably less

than the intensity given by

an open arc, at about 40 to

•45° below the horizontal,

but the light from the latter

falls off very rapidly on each

side of the maximum point,

whereas in the enclosed arc

it is fairly well maintained

through a considerable an-

gle. Curve B shows the

distribution when the lamp

is provided with a clear

outer globe in addition to

the inner opalescent globe.

The effect is to slightly cut

down the intensity as a

whole. Curve C shows the

effect of using an outer

opalescent globe. It is

easily seen that the effect

is to make the light approx-

imately uniform in all directions at the expense of greatly

cutting it down.

The distribution of light from an enclosed-arc lamp is sub-

ject to considerable variation. It depends to some extent

on the shape of the enclosing globe and also on the thickness

of deposit on it. It also depends on the position of the arc

in the enclosing globe.

fig. 15.
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23. Enclosed-Arc Alternating-Current Lamps.—The
direct-current lamp gives a better distribution for street

lighting- than the enclosed-

a r c alternating-current,

and, on the whole, the lat-

ter is not quite as efficient

as the direct-current. If,

however, .full benefit is

to be obtained from the

light given by the alter-

nating-current e n c lo s e d

arc, a reflector of some
kind must be used. This

is shown by the curves in

Fig. 16. Curve A repre-

sents the distribution from
an enclosed-arc alterna-

ting-current lamp that has

an opalescent inner globe

and a clear outer globe.

It will be noticed that a

large quantity of light is

thrown above the horizon-

tal, as in the case of the

open-arc alternating-c u r -

rent lamp. Curve C shows

the distribution when the

same lamp is provided with a reflector. The curves show
how the light that would ordinarily be thrown upwards
and, hence, would be of little or no use for street illumina-

tion, is made available. Thus equipped with a reflector,

the alternating-current arc makes a better showing against

the direct-current. The alternating-current enclosed arc

equipped with a reflector is rapidly finding favor as a street

illuminant, though it may not be quite as efficient as the

direct-current arc; its use in many cases so simplifies the

outfit required at the station that the slight difference in

the efficiency of the lamps themselves is more than made up.

Fig. 16.
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This will be more apparent later when we come to consider

the various systems of supplying- lamps with current. In

Fig. 16, curve B shows the distribution given by an alter-

nating-current enclosed-arc lamp when used with opalescent

inner and outer o-lobes.

CASDLEPOWER OF ARC LAMPS.

24. The candlepower of an arc lamp is a rather indefi-

nite quantity. In making comparisons between different

lamps, the only way to make such a comparison that is at

all fair is to take the mean spherical candlepower of the

lamps, i. e., what their candlepower would be if it were

equal in all directions, instead of varying, as indicated by
the curves just shown. In comparing incandescent lamps,

it is usually sufficient to compare their mean horizontal

candlepower as obtained by spinning the lamp, but in

the case of an arc lamp the distribution is so irregular that-

the mean spherical candlepower must be taken. Again, the

candlepower of an arc lamp as given out in the various

directions is a difficult thing to measure accurately with the

photometer. The arc always keeps shifting, and the inten-

sity of the light is subject to such variations that a large

number of settings of the Bunsen screen must be made to

obtain anything like average results.

25. In the early days of electric lighting it was cus-

tomary to speak of the ordinary lamp as giving 2,000 candle-

power or 1,200 candlepower. The candlepower of these

lamps was not nearly as high as this. It is barely possible

that under exceptional conditions the light given out in

the maximum direction might have reached these figures,

but the average candlepower was nowhere near 2,000.

About 375 to 450 would be nearer the mark. This old

rating gave rise to a great deal of trouble, as customers

were often told that the lamps should give 2,000 candlepower

and that the lighting companies were not living up to their
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contract. It has become customary, therefore, to specify arc

lamps as taking so many watts instead of supplying a cer-

tain number of candlepower. This is, generally, more
satisfactory, because the watts can be measured at any

time, to see if the contract is being lived up to. The lamp

formerly rated at 2,000 candlepower has thus come to mean
one that is supplied with 450 watts, and a 1,200 candlepower

one that is supplied with 300 watts. The ratings 2,000

and 1,200 candlepower should never have been applied

to these lamps in the first place, as they have absolutely

no meaning. As has been stated, the mean spherical

candlepower of an ordinary direct-current open arc is,

generally, somewhere between 375 and 150 candlepower.

The mean spherical candlepower represented by curve A,

Fig. 15, is about 223; curve B, 181; curve C, 155. For

the alternating-current lamps, represented by Fig. 16, the

mean spherical candlepower for curved is about ]40; for

curve B, 114.

26. Power Consumption per Candlepower. — The
number of watts that must be supplied to the terminals of

an arc lamp per mean spherical candlepower will depend on

the construction of the lamp and on the conditions under

which it is used. For example, when direct-current lamps

are operated on 110-volt direct-current circuits, it is neces-

sary to have a resistance in series to take up the voltage

over and above the 80 volts required by the arc, and even

if the line voltage were suited to that of the arc, a resist-

ance would still be necessary to make the lamp regulate

properly, as will be explained later. The waste in this

resistance may amount to as much as 140 or 150 watts, and

this lowers the general efficiency of the lamp. When lamps

are operated in series, this resistance is not necessary and

the waste in the lamp is less. An ordinary series open-arc

lamp requires about 1.2 watts per spherical candlepower.

A direct-current enclosed arc requires about 1.8 watts

per spherical candlepower, not counting the power lost

in the resistance. If a resistance is used, as in the case
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of the lamp operated on 110-volt direct current, the power

consumption per candlepower will be 2.3 to 2.4 watts.

For example, the lamp represented by curve A, Fig. 15,

took 1.9 amperes at 110 volts or 539 watts, of which

117 watts were wasted in the resistance and 392 watts

taken up at the arc. The lamp gave about 223 mean
spherical candlepower; hence, the total number of watts

per candlepower was |- §~| = 2.1. Not counting the loss

in the resistance, the watts per candlepower would be

1.8, nearly.

The alternating-current enclosed-arc lamp requires about

2.1 watts per spherical candlepower, not counting the energy

lost in the lamp mechanism. If an alternating-current

lamp is run from constant-potential mains, the excess volt-

age can be taken up by a reactance, or choke coil, which

wastes much less energy than a resistance. The energy

wasted in the mechanism of a constant-potential, alterna-

ting-current arc lamp will not be more than half that of the

direct-current lamp using a resistance. If we include the

power lost in the mechanism in both cases, the alternating-

current, constant-potential enclosed arc would require

2.15 watts, as against 2.3 watts required by the direct-

current arc. If we use a shade on the alternating-current

arc, the power consumption per candlepower delivered

below the horizontal becomes much less ; but in comparing

the different lamps, we must take them all under the same
conditions as nearly as possible.

27. The above figures are intended to give a general

idea as to the efficiency and illuminating power of the

various kinds of lamps, and represent average conditions.

Of course, lamps may be met with that will vary consider-

ably from the above. If we take an enclosed-arc lamp

taking 150 watts and compare it with an open-arc lamp

taking the same amount of power, we will find that the

open-arc lamp will give a somewhat brighter illumination

on the street. Notwithstanding this fact, the public, as

a rule, does not object to the enclosed arc being substituted
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for the open, because the light is much softer and steadier

and the shadows are not so deep. As has already been

pointed out, the enclosed arc is cheaper to look after on

account of the long life of the carbons, and for this reason

it is replacing the older style of lamps.

The preceding figures relating to arc lamps are here

placed in the form of a table (Table I), for convenient

reference.

28. The number of arc lamps required to illuminate a

given space varies greatly and it is difficult to give any

definite figures on this subject. Enclosed-arc lamps are

now largely used for the interior illumination of mills and

factories. The light from these lamps is steady and

agreeable, and if they are provided with light opal globes

or reflectors, a very even illumination may be obtained..

In textile mills, the illumination must be very good
;

hence, more lamps are needed per unit of floor area than

would be required, for example, in a foundry. Table II,

based on values given by Uppenborn, will give a gen-

eral idea as to the space that may be illuminated for

each 450-watt lamp used.

TABLE II.

SPACE ILLUMINATED BY ARC LAMPS.

Space to be Illuminated.

Outdoor areas

Train sheds

Foundries (general illumination^

Machine shops ,

Thread and cloth mills

Square Yards

per

450-Watt Lamp.

2,000-2,500

1,400-1,600

600-800
'

200-250

200-230



26 ELECTRIC LIGHTING. 18

METHODS OF DISTRIBUTION.
29. We have considered the more important points

relating to the arc itself, and it is now in order to con-

sider the lamp proper. The arc lamp must, besides being

arranged to hold the carbons in their proper position, be

provided with a mechanism to start the arc, or "strike"

the arc, as it is sometimes called, and also to feed the car-

bons together as they burn away. But before looking into

the subject of arc-lamp mechanisms, it will be well to take

up the methods used for supplying current to the lamps,

because this has a bearing on the style of mechanism used.

SERIES DISTRIBUTION.

30. Most of the arc lamps used for street-lighting

work are connected in series. For example, in Fig. 17,

A represents an arc-light dynamo in the station and /, /, /

are arc lamps situated at different points on the street;

Dynamo

F/e/d.

t, f represent the terminals of the lamps, and are marked -j-

and — to distinguish them from each other. The current

flows through the lamps in the direction indicated by the

arrows. The -|- terminal should in each case connect to
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the upper carbon and the negative terminal to the lower

carbon. If one of the lamps B should be connected in the

circuit backwards, as shown, the current would enter at the

lower carbon and the lamp would burn upside down; in

such a case the terminals should be changed so that the cur-

rent will enter at the top carbon, as in the other lamps. It

is evident that in a simple series circuit the current through

all the lamps must be the same unless there is leakage to

ground and across to the other line, as indicated, for

example, by the dotted path a-b. There will be no leakage

to amount to anything if the line is in proper condition, so

that it may be generally assumed that the current through

each lamp is the same.

31. Since each lamp requires a certain current for its

operation, it is evident that the current in the circuit must

be kept constant, i. e., the number of amperes must be kept

the same no matter how many lamps are in use. If we had

10 lamps in operation, each requiring 45 volts pressure, the

dynamo would have to generate 450 volts. Suppose now
that 3 of the lamps are cut out by short-circuiting them

—

lamps in a series circuit must always be cut out by short-

circuiting, otherwise the circuit will be broken. In practice,

each lamp is provided with a switch, as indicated at s,

which is used to cut out the lamp by short-circuiting it and

allowing the current to flow past it. If the voltage remains

the same, it is evident that the current will increase,

because we have decreased the resistance of the circuit; if

the current is increased, the lamps will perform badly and

perhaps burn out. In order to keep the current the same,

the voltage should be reduced to 7 X 45, or 315 volts, when
the lights are cut out. This is done by providing the dyna-

mos with an automatic regulator. In case the lamps are

operated in series by means of alternating current, a special

transformer or regulator of some kind is frequently used to

keep the current constant.

The series system of distribution is very widely used for

street lighting, and is, in fact, about the only system that
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can be used economically where the lights are scattered.

As the same current flows through all the lamps, the system

is operated by using a small current (usually from 6 to

10 amperes) at a high pressure. This calls for a small line

wire (usually about No. 6 or No. 8 B. & S.), and thus

requires but a comparatively small expenditure for copper.

32. Arrangement of Series Circuits.—If we take a

simple series circuit, as shown in Fig. 17, the voltage gener-

ated by the dynamo will be the voltage per lamp multiplied

by the number of lamps plus the voltage drop in the line.

If the number of lamps operated is large, the voltage

required becomes very high. Thus, in order to operate

75 lights, the machine must generate, roughly, 3,750 volts,

allowing 50 volts per lamp, so as to include the drop in the

line. Up to within a comparatively recent date, this was

considered about as many lamps as could be operated

from one machine, because of the difficulties of con-

struction and operation for higher voltages. The result was

that a station operating a large number of lights had to be

equipped with a number of comparatively small machines,

that were, at best, not very efficient. To overcome this, the

so-called multicircuit machines were brought out, which

are capable of operating 125 to 150 lights. The construction

of arc dynamos has also been perfected to such an extent

that machines are now built capable of operating 150 lights

on a single circuit.

33. Multicircuit Series Machines.—Multicircuit ma-

chines are of two kinds, namely, those in which there are

two or more circuits in series and those in which there

are two or more circuits in parallel. The later styles of

Brush machine are examples of the first kind. The new
type of Western Electric machine is an example of the

second. The simple, or older, type of Brush arc dynamo
has already been explained. The newer and larger style

is of the multipolar type, but is similar in principle to the

old two-pole machine. The principal difference is in the

arrangement of the circuit connections^
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Suppose that A and B represent two of the commutators
of a Brush machine. In the older machines they were con-

nected in series, as shown in Fig. 18 (a), across a single

circuit. The voltage between the terminals of the circuit

1—2 will therefore be equal to

the sum of the voltages gen-

erated in the sections of the

armature A and B. Suppose,

however, that two series of

lamps are arranged as shown
in Fig. 18 (b). Here we have

the same number of lamps con-

nected in series as before, but

they are divided into two cir-

cuits 1—2 and 3-4- and the pres-

sure between points 1, 2 is just

one-half what it was before,

because there are only one-half

as many lamps connected be-

tween 1, 2 that there were in

the previous case.

The whole object of this

arrangement is to allow a large

number of lamps to be oper-

ated in series, without intro-

ducing extremely high pressures

on the line and dynamo. This

may, perhaps, be more clearly

understood by taking the ex-

ample shown in Fig. 19. It

would not be necessary to use

for as small a number of lights as 10, but it will serve to

illustrate the point. Allowing 50 volts per lamp, so as to

include the line drop, we would require 500 volts for oper-

ating the single circuit in Fig. 18 (a). We can therefore

represent the fall, or drop, in pressure from the -f- to the —
terminal of the machine as indicated in Fig. 19 (a). Each

section of the armature generates 250 volts, and as these

Fig. 18.

a multicircuit arrangement
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are connected directly in series, we have 500 volts across

the circuit.

In the second case, we have the state of affairs shown in

Fig. 19 (b). Suppose that we take the point 1 as a starting

point and assume that it is at zero potential. The arma-

ture section A raises the pressure to 250 volts, so that there

is a difference in pressure of 250 volts between points 3 and 1.

The current then passes through the circuit 3—4 containing

5 lamps, and the pressure drops off as indicated. Armature B
again raises the pressure 250 volts, so as to operate the

5 lamps in circuit 2-1.

It is thus seen that the multicircuit arrangement shown

in Fig. 18 (b) operates the same number of lights as in

Fig. 18 (a), and the maximum pressure between the termi-

nals of the dynamo or between the terminals of either of

the circuits is just one-half that in the single-circuit scheme

of operation. If, however, the circuit is opened at any

point in Fig. 18 (b), the pressure at the break will at once
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rise to a pressure that is at least equal to the total pressure

that the machine is capable of generating, and will be as

high as the pressure given by the single-circuit arrange-

ment. This is because at the instant that the circuit is

opened there is but a very small drop through all the lamps.

Moreover, the sudden decrease in the current causes a high

induced E. M. F. in the windings of the machine on account

of the sudden decrease in the lines of force threading the

field and armature, and the pressure obtained at the break

may, in many cases, considerably exceed the full-load volt-

age of the machine.

34. Since, in the multicircuit arrangement, as used on
the Brush machines, the several circuits are in series with

each other, the current must be the same in all and only one

regulator is necessary on the dynamo. Where two inde-

pendent circuits are operated in parallel from the same
machine, it is evident that the voltage applied to each of the

circuits must be capable of independent regulation. For
this reason, the Western Electric multicircuit machines are

provided with two independent regulators, one for each cir-

cuit. Some of the larger Brush machines are arranged so

as to operate four circuits, though any of these dynamos
may be operated as ordinary single-circuit machines if

desired.

PARAI^EL distribution.

35. When arc lamps were first introduced, parallel dis-

tribution was not very common, but now a large number of

lamps are operated in parallel on constant-potential circuits,

both direct and alternating. The increased use of enclosed-

arc lamps for store and factory illumination is largely

accountable for this. Such places were usually equipped

with low-pressure constant-potential plants for incandescent

lighting, and series-arc lamps for interior work are more or

less objectionable on account of the high pressures neces-

sary for their operation. The series-arc lamp is, however,
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used for interior illumination in some large concerns where a

large number of lights must be operated. Enclosed-arc lamps

are operated in parallel by connecting them, directly across

the line, as indicated in Fig. 20. Each lamp is here pro-

vided with a double-pole switch and cut-out or branch block

carrying fuses for protection in case a short circuit occurs

in the lamp. Most lamps have a switch mounted on them,

and it is only necessary to provide a separate switch, as

Line.

x£M.FCcm/-a/7f.

(WV\AH AM/W^T

Fig. 20.

shown, when it is wished to control the lamp from a dis-

tant point. Of course, the switch is arranged to open the

circuit through the lamp, and not short-circuit it, as when

cutting out a series lamp.

Fig. 21 shows the lamps connected to an ordinary 110-volt

direct-current system. By using lamps with a slightly dif-

ferent mechanism, they may be operated from the secondary

of a transformer, as shown in Fig. 22. When arc lamps are

operated from constant-potential direct-current mains, it is

necessary to connect a resistance r, Fig. 20, in series with

the arc. This is necessary for two reasons. In the first

place, the lamps will not regulate well without it, and in

the second place, the voltages used on constant-potential
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circuits are usually considerably higher than the voltage

required by a single arc lamp, so that the excess voltage

must be taken up in a resistance.

If an arc lamp were connected directly to constant-poten-

tial mains, without the intervention of any resistance, its

action would be unstable. If the current flowing through

an arc increases, the resistance of the arc decreases, because

the increased current causes the cross-section of the arc to

Wlfc/fj

\
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and this would cause a still further increase of current.

The operation of the lamp would therefore be unstable,

and would fail to maintain a constant arc for any length

of time.

Now, if a line voltage somewhat higher than that required

by the lamp is used and sufficient resistance inserted to give

Fig. 22.

a drop through the resistance sufficient to bring the arc

voltage to the correct amount when the normal current is

flowing, the lamp will become stable in its action. For.

suppose the current decreases a little; the drop through
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the resistance will decrease and, since the line voltage is

constant, the voltage across the arc will be increased, thus

compensating for the increased arc resistance. Also, if the

current increases, the drop through the resistance at once

increases and the voltage across the arc is lowered. In

alternating current lamps a reactance or choke coil takes

the place of the resistance. This consists of a coil of wire

wound on an iron core. When the alternating current

passes through the coil, the changing magnetism set up

generates a counter E. M. F. in the coil. The choke coil

wastes less energy than the resistance, but, of course, it

cannot be used with a direct-current lamp, as the direct

current is not capable of setting up the alternating mag-

netism necessary to generate the counter E. M. F. The
resistance or choke coil, as the case may be, is generally

mounted in the top of the lamp and is arranged so that it

will be ventilated, in order to insure cool running. Resist-

ance coils in arc lamps are usually made of German silver

and are in most cases wound on porcelain fittings.

36. Lamps in Multiple Series.—The use of the en-

closed-arc lamp allows single lamps to be operated in par-

allel on 100- to 120-volt

circuits without excessive

waste. This is because

these lamps take such a

high voltage at the arc

(from 70 to 80 volts).

Open-arc lamps take only

from 40 to 50 volts at the

arc; hence, if these lamps

were operated singly across

100- to 120-volt circuits, there would have to be from 60 to

80 volts taken up in the resistance. To avoid this, open-

arc lamps were usually operated two in series, as shown in

Fig. 23, thus requiring about 90 volts for the arc, and leav-

ing only about 20 volts to be taken up in the resistance R.

Quite a number of lamps were at one time operated in this

fig. 23.
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way, but the arrangement never worked entirely satisfac-

tory. If one lamp failed to work properly, it affected the

other, and the service was not as good as it should have

been. This method of operating lamps has therefore been

replaced by the use of the single enclosed-arc lamp con-

nected directly across the mains.

The two methods of distribution to which we will confine

our attention will be the series system, used almost exclu-

sively for street lighting, and the simple parallel system,

used principally for interior arc lighting.

ARC LAMPS.
37. The different makes and types of arc lamps in com-

mercial use are so numerous that it is impossible to give

a complete list of them here. This is, however, not neces-

sary, because many of the types differ only in mechanical

details and involve no new principles. Complete instruc-

tions concerning the different makes are furnished by the

manufacturers, and all that is necessary is to point out the

features peculiar to lamps adapted to the various kinds of

service.

38. - No matter what type of lamp is used, it must be

arranged so that the carbons may be kept apart at the

proper distance. In -a few special cases, as, for example, in

some searchlights or projection lamps, this is accomplished

by hand. In all commercial lighting work the lamp must

be provided with a mechanism that will feed the carbons

together as they are consumed. In most cases, the lower

carbon is fixed and the top one is fed down in such a way as

to keep the arc of the proper length. When the upper car-

bon is released by the lamp mechanism, it is fed down by

the attraction of gravity. Gravity is therefore the pro-

pelling power in most lamps, and the whole lamp mecha-

nism is essentially a device first to separate the carbons

and start the arc and then to release the carbon and allow

it to feed down at the proper time. This feeding must be
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accomplished without disturbing- other lamps on the same
circuit. The mechanism generally consists of a clutch or

clockwork controlled by electromagnets, the current in

which depends on the condition of the arc and which releases

the clutch or clockwork, thus allowing the carbon to feed

down whenever the arc exceeds the length for which the

mechanism is set.

As stated before, the mechanism must also be arranged

so that the lamp will regulate without affecting other lamps

on the circuit. This is comparatively easy to accomplish in

the case of lamps operated in parallel, because the pressure

across the mains is constant, and each lamp is independent

of its neighbor. In the case of the series lamp, however,

the current that flows through one lamp also flows through

all the others, and each lamp must be arranged so as to feed

when necessary, no matter what may be the condition of

the others.

CONSTANT-POTENTIAL LAMPS.

39. The regulation of constant-potential lamps is usually

brought about by an electromagnet or solenoid that is con-

nected directly in series with the arc. This solenoid oper-

ates either a clutch or clockwork so as to feed the carbon

when required. For example, take the simple arrangement

shown in Fig. 24. This is not intended to illustrate any

particular make of lamp, but simply to bring out some of

the points connected with the operation of constant-potential

lamps in general. By far the greater number of lamps in use

employ a clutch rather than a clockwork feed. In Fig. 24,

/, t' are the lamp terminals connected across a constant-

potential circuit; r is the resistance inserted to take up the

surplus voltage and to make the action of the lamp stable;

S is a solenoid connected directly in series with r and ar-

ranged to suck up the core c when current passes ; d is the

clutch, which we have here shown simply as a washer with

a hole a little larger than the rod e, to which the upper car-

bon is attached
; f is a stop against which d strikes when
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/-}"m

the core c lowers a sufficient amount; g is the top (positive)

carbon and // the lower (negative). The current enters

at /, passes through r and 5 to the brush k, which makes

a sliding contact

with the carbon

rod e. From e it

passes to the top

carbon g, thence

to the lower //, and

out at t'. The
path is as indi-

cated by the ar-

rows. This is sup-

posed to be a di-

rect-current lamp

;

hence, the current

should flow, as

shown, so 'as to

FlG
-
24 - bring the crater in

the upper carbon. With an alternating-current lamp, it

would, of course, make no difference how the lamp was
connected.

40. When the current is off, d comes down against/"

and is tilted so that e slides through until g strikes h. As
soon as the current is turned on by closing switch vi, the

core c is at once sucked up to the full limit for which the

lamp is adjusted. As soon as c moves up d tilts, as shown
in the figure, and grips e, thus raising g and striking or

starting the arc. As the carbons burn, the arc gradually

becomes longer and, consequently, the resistance of the lamp,

as a whole, increases. One fact that must not be lost sight

of is that this lamp is connected in multiple across a constant-

potential circuit; hence, as the arc lengthens, the current

through the lamp is bound to decrease, no matter what
current the other lamps on the same circuit may be taking.

The result is that as the arc gets longer, 5 becomes weaker

because of the smaller current and c lowers a little. When c
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has moved a short distance, d comes in contact with f, and

as c drops still farther, d is tipped a little and allows rod e to

slide through. As soon as the carbons come nearer together,

the current at once increases, c is pulled up, and the rod is

held until the current becomes small enough to allow it to

feed again. In this way the carbon is fed down, a little at

a time, and the feeding is brought about by the decrease of

the current due to the increase in the length of the arc. It

is thus seen that the regulation of a constant-potential lamp
may be brought about by the use of a simple series solenoid,

or magnet, and as a matter of fact the mechanism of these

lamps is very simple; some of the modern enclosed-arc

lamps have but little more mechanism than that indicated

in Fig. 24.

SERIES-ARC LAMPS-OPEN ARC.

41. When we come to consider the regulation of series-

arc lamps and the mechanism necessary for their operation,

we have a different problem to deal with. In the first place,

when lamps are run in series, the current is always main-

tained at a constant value, or it should be if the regulator

on the dynamo works properly. It is evident, then, that a

series magnet alone is not able to do the regulating, because

its pull remains the same no matter what might be the con-

dition of the arc. Again, there must be some device in the

series lamp that will preserve the continuity of the circuit

in case a carbon should become broken, fall out, or the cir-

cuit through the lamps become broken in any way. If such

a device is not provided, an open circuit in the lamp will

result in all the lights on the circuit going out. This device

is called a cut-out.

42. Although the current through the arc remains con-

stant in a series system, the voltage across the arc increases

as its length increases, and this increased voltage is made to

bring about the regulation. Suppose that we modify the
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simple lamp shown in Fig. 24 by extending the core c down-
wards and adding another solenoid S', as shown in Fig. 25.

We can also omit the starting resistance r, as this is to be a

series lamp, and there will be no excess voltage to be taken

up; the current is maintained at a constant value and

resistance is not necessary to insure stability of operation.

This second coil S' is to be wound with a«large number of

turns of fine wire, so that when it is connected in shunt

across the arc, as shown, but a small current will flow

through it. The coils S, S' pull c in opposite directions,

and c will always take up such a position that the two pulls

are balanced. The action of the lamp is, then, as follows*

Fig. 25.

When the lamp is out, the carbons g, h are in contact.

Notice that the switch m in this lamp is connected across the

terminals, and in order to put out the lamp, m is closed.

This is just the reverse of the constant-potential lamp that

is operated in parallel. When the lamp is thrown into cir-

cuit, the main current passes between g and h, but since the

carbons are in contact there will be little or no drop in

potential between them and, hence, practically no current

will pass through the shunt coil S'. The result is that coil £
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pulls up the plunger, and in so doing lifts the upper carbon

and starts the arc. The instant, however, that the carbons

g, h separate, current flows through S', because there is then

considerable difference of potential between g and h. The
result is that as the carbons are separated, the downward

pull of S' becomes stronger until it finally balances the

upward pull of S, when the arc remains stationary. As the

carbons burn away, the arc becomes longer; hence, its

resistance increases and the voltage across the arc increases.

The pull of .S does not change, because the main current is

maintained constant by the dynamo. The pull of S' keeps

increasing as the carbons burn away, and c is gradually

pulled down until the lamp feeds. As soon as g feeds down

the pull of S' decreases, because the arc shortens; hence,

the position of c becomes again balanced, and so on, the

plunger c moving back and forth through a small range

between the coils. By properly adjusting the clutch, such

a lamp may be made to keep the arc at the proper length

within very close limits.

43. The student should carefully note the essential fea-

tures of the above lamp, because practically all series lamps

depend for their operation on the use of two coils. One of

these, the series coil, carries the main current, and is

opposed by the shunt coil, which carries a current depend-

ing on the length of the arc. The current in the shunt coil

depends only on the length of the arc in each individual

lamp and is independent of the condition of the other

lamps. A lamp of this kind is known as a differential

lamp, because the position of the core c depends on the

difference in the pulls between 5 and S'. The simple series

lamp shown in Fig. 25 is not provided with a cut-out,

but the action of this device will be explained later when
some of the different types of lamp are described. In some

makes of lamps the coarse-wire and fine-wire coils are both

wound on the same spools, and instead of using solenoids

with a core that is draAvn into them, the coils are provided

with a fixed iron core and arranged so as to attract an

/. III.—26
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armature that releases the clutch or clockwork mechanism,

as the case may be. The Thomson-Houston (T. H.) and

Brush lamps use two coils wound on the same core, and the

armature operates a clutch. In the Wood lamp, solenoids

are used very much as indicated in Fig. 25, and these lamps

are made for either a clockwork feed or a clutch feed. In

lamps having a clockwork feed, the rod that holds the upper

carbon is usually provided with a rack cut along one side.

This rack engages with a gear-wheel that is held from turn-

ing by means of a ratchet wheel and pawl. The frame on

which these gears are mounted is pivoted, and its movement
is brought about by the controlling magnets or solenoids.

When the frame is moved by the action of the shunt mag-

net, the pawl is thrown out of interference with the ratchet

wheel and the lamp feeds. The movement at any one

feeding is very slight, and the carbons approach each other

so gradually, if the lamp is properly adjusted, that a steady

light is the result. The feeding mechanism of a clockwork

lamp is slightly more complicated than that of a clutch lamp.

In the latter, the carbon rod must be kept clean and bright,

or else the clutch will not act properly. If, however,

a clutch lamp is looked after as it should be, it will feed

smoothly and give good results. The use of clockwork mech-

anisms is not as common as it once was, and practically all

the modern lamps are operated by a clutch of some kind.

EXAMPLES OE ARC LAMPS.

CONSTANT-CURRENT SERIES LAMPS—OPEN ARC.

44. The constant-current series arc lamp using direct

current and burning with an open arc has in the past been

the style of lamp almost universally used for street lighting.

There are thousands of these lamps in use, and notwith-

standing the fact that the regulating mechanism of some of

them is more or less complicated, they have given very
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good service and their general design has been changed

but little. It is now customary to run more lamps on a

circuit than was once the case; hence, the voltage of the

circuits is higher, and it is necessary to provide the lamp

mechanism with better insulation than was used in the older

lamps. The design of the clutch has also been

modified from time to time, but as a whole the

mechanism of these lamps remains about the

same in principle as it was when they were

first introduced. The open arc is being grad- p\
ually ousted for street lighting by the enclosed

arc, but as there are still very large numbers

of the former in use, it will be necessary to

explain a feAV of the more important types.

For this purpose we will select the Brush,

the T. H. (Thomson-Houston), and the Wood
lamps, as these have been more largely used

than any others.

45. When an open-arc lamp is required to

burn all night, it is necessary to provide it

with two carbons, arranged so that when one

is consumed the other will start up. Fig. 26

shows a Brush double-arc lamp for all-night

burning. This view shows the lamp with the

globe removed and with one pair of carbons

nearly consumed. As soon as the carbon

rod a gets to its lowest point, the rod ^/starts II lift wLl

feeding, and the other pair of carbons are

consumed. In order to obtain a long life for

the carbons, some companies use single lamps,

but instead of the ordinary T
7-g-inch or ^-inch

round carbons, they use f-inch or even larger. This results

in a long life, but the large carbons are apt to cast objec-

tionable shadows. Another scheme for securing long life

for the carbons of open arcs is to use flat carbon plates,

but this, also, has the bad feature of giving poor light

distribution.

Fig. 26.
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46. Tlie Brush Arc Lamp.—The general appearance of

this lamp is shown in Fig. 26, which will serve to illustrate

Fig. 27.

the appearance of all the lamps of this class. A is the

frame carrying the lower carbon holders &, b and the globe
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holder c; B is the cover for protecting the lamp mechanism;

a is one of the carbon rods carrying the upper carbon

holder. When the lamp is newly trimmed, these rods push

through the case and are protected by the chimneys f, f.

T, T' are the lamp terminals

Fig. 27 shows the relation of the parts of the lamp and

Fig. 28 the connections. The coils S, S' and a, b are really

wound on top of each other, but we have here shown them
side by side for the sake of clearness. P and N are the

positive and negative terminals of the lamp. The poles of

the regulating magnet are at /, ;//; and o is the armature

that moves up and down with the rocker R hinged at the

points p, p. The clutches are not shown in Fig. 28, but

they can be seen at z, -c, Fig. 27. Their operation will be

described later. The two upper positive carbons e, e are

attached to the carbon rods 7t, v. When no current is flow-

ing through the lamp, the armature o, Fig. 28, and the

rocker R are in the lowest position, and the strip c comes in

contact with the terminals z, j, thus cutting out the lamp

and allowing the current to take the path P—l-2-j-i-r-N.

C is an auxiliary cut-out that is intended to cut out the

lamp whenever the pressure across the arc exceeds 70 volts.

It consists of a magnet provided with two windings a and b,

connected as shown, and a pivoted armature d' that makes

contact at c' when the magnet acts. A small amount -of

adjustable resistance r' is in shunt with the series magnet S.

By regulating this resistance, the pull of the series magnet

may be adjusted; r is another small resistance connected in

series with the cut-out c.

47. The action of the lamp will be understood by refer-

ring to Fig. 28. First we will suppose that the lamp is con-

nected in circuit but is short-circuited by the switch blade K
on top of the lamp being on contact 1. The current then flows

directly across from Pto 1, thence through K and out on the

line. Under these circumstances no current flows through

the mechanism, the armature will be down, the carbons in

contact, and piece c will connect i and j. Now, suppose
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switch K to be opened. The current will then take two
paths as follows: P-r'-y-u-e-f-N and P-l-2-j-i-r-N

.

However, since S, S are connected in shunt with r'., a portion

of the current will flow through the series coils, taking the

path l- u2-J-S-S-v, and the armature will be lifted, thus

separating the carbons and establishing the arc. As soon as

the armature is raised, the contact c leaves the terminals i,j\

and the current passing through r is interrupted with the

exception of the small current that passes through the fine-

wire coils S', S'. The clutch has now lifted the carbons

and the lamp is in operation. One end of the fine-wire coil

connects to the upper carbon, as indicated at 4, and the

shunt current takes the path Jf-S '-S '-b-c'-a-i-r-AL It is

thus seen that the coils S' , S', and b are in series and are

connected in shunt with the arc. Coils a and b tend to raise

the armature d', but the current flowing under normal con-

ditions is not sufficient to actually raise it. It should be

noticed that the current circulates around S', S ' in a direc-

tion opposite to that in S, S.

48. As the carbons burn away and the arc becomes
longer, the current through the shunt coils increases, thus

making the poles of the controlling magnet weaker and
allowing the armature and rocker to gradually drop down.

This lowering continues until the clutch releases and allows

the carbon rod to slide down a little.

Fig. 29 shows a form of clutch used in this lamp. The
piece a rises and falls with the rocker, and when it is raised

the piece b is clamped against the carbon rod

by means of the small lever d, and the move-

ment of the armature lifts the whole rod.

When a descends, because of the magnets

becoming weaker, the whole clutch and rod

move down until the piece e strikes the

plate f. The piece g then remains station-

ary, while a moves down a little farther, thus

moving the small lever d and unlocking the

clutch. pIG . 29.
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49. Suppose now that a carbon rod should stick in some
way and fail to feed properly. The arc would gradually

become longer and the voltage across it would increase

until the current in the shunt circuit became much larger

than the normal amount ; this would cause the armature d' of

the auxiliary cut-out C to be drawn up and contact made at c'

.

The current would then take the path P-l-2-d'-c'-a-i-r-N
\

the series and shunt coils would both be cut out, but the

current flowing through a would hold up d'. The cutting

out of the main coils would cause the rocker to drop and c

would then come into contact with i and j, thus cutting

out the auxiliary cut-out. If the dropping of the rocker

frame should make the carbons come together, part of the

current will pass through the series coils by the path

2-j-S-S-3-u-e-f-N, because in the other path we have the

resistance r. The result is that the lamp will start up
again. If the resistance r were not used, the path

2-d'-c'-a-i-N would be of low resistance compared with

%-J-S—S—3—u—e~f—N, and the lamp would not relight ; hence,

the use of the resistance r. If a carbon should become
broken or fall out, all the current would for an instant

pass through the fine-wire coils; hence, d' would at once

rise and cut out the lamp. Of course, in this case c would

come into contact with i and j and remain there, because

the carbons could not come into contact again and allow

the lamp to relight. If no cut-out were provided, there

would not only be danger of a break in the circuit, due to

the carbons being broken or failing to feed, but in addition

the shunt coils would be burned out because the whole cur-

rent would, under these circumstances, pass through them.

50. From the above description, it will be seen that this

lamp works on the differential principle. When the lamp is

not in operation, the carbons are together. As soon as the

current passes, the series coils separate the carbons, thus

starting the arc. The regulation is then brought about

by the opposing action of the shunt coil causing the release

of the clutch.



§ 18 ELECTRIC LIGHTING. 49

THE THOMSON-HOUSTON (T. H.) LAMP.

51. The Thomson-Houston open-arc series lamp is one

that has been very largely used for street lighting on con-

stant-current circuits. Notwithstanding the fact that the

mechanism of this lamp is somewhat complicated and con-

tains a large number of parts, it has given, on the whole,

very good service; in fact, it may be said of most of the

common types of constant-current lamps that although the

conditions under which they must work are trying, they

have given good service. The T. H. lamp has been changed

comparatively little, as regards its main features, since it

was first brought out. Some of the smaller details, such as

the clutch, cut-out contacts, etc., have been changed, but

the general arrangement has remained much the same. In

the later lamps the insulation of the frame has been improved,

owing to the fact that more lamps are now run on a circuit

than formerly and the pressure applied to the circuits is

correspondingly higher.

52. The T. H. lamp differs considerably from the dif-

ferential lamp just described. The series coil is used only

to start the arc, and when the lamp is in operation under

normal conditions, no current flows through it. The regula-

tion is effected by means of the shunt coil alone, and when
the lamp is not burning the carbons are separated instead of

being together, as is the case with most lamps. Fig. 30 (a)

and (b) shows the mechanism of the T. H. double lamp, but

for the present we will confine our attention to Fig. 31,

which shows the connections and the general arrangement

of the essential parts. This figure is intended to show only

the principle of operation and is not supposed to be an

exact illustration of the parts of the lamp itself, as some of

the minor parts have been omitted in order to make the

diagram as simple as possible. A and B are the -\- and
— terminals in the shape of hooks, so that the suspending

wires may also be used to conduct the current into the lamp

;

E E is the carbon rod carrying the upper carbon vi
;

the lower carbon n is supported by the lamp frame, not
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shown in the figure ; R is a

rocker frame pivoted at x
and carrying an iron arma-

ture O. This latter has two

holes in it, through which

the conical pole pieces of the

magnet project when the

armature is pulled down.

When the lamp is not in

operation, this frame is held

at its highest position by

the adjustable spring P\

the movements of the rocker

are steadied by the dashpot

C\ s is the series coil wound
over the shunt coil M; there

are two spools side by side,

as shown in Fig. 30 ; H is a

small coil in series with the

carbons. H is called the

starting coil, and its office

is to cut the series coil s into

or out of action. It is pro-

vided with a movable ar-

mature K, on which is

mounted the insulated con-

tact f tipped with silver;

e is another silver-tipped

contact connected to the

point c. When no current

flows through H, e and f
are in contact

; p and r are

the cut-out contacts, the

action of which will be de-

scribed later. L is the clutch

and its action is very simi-

lar to the one just described

for the Brush lamp.
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53. We will first consider the operation of the lamp

under ordinary conditions. In Fig. 31 it will be noticed

that the clutch L and frame R are up and that the car-

bons are drawn a short distance apart. In order that

fig. 31.

the lamp may be started, in must be lowered so as to

touch n, and this is accomplished as follows: At the instant

that the current is turned on, c and f are in contact,

because no current is flowing through H ; hence as soon as
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the current passes, it takes the path A-b through the series

coil s to c-e-f-g-B. Practically no current would go from

c through the shunt coil to B because of the high resistance

of this path compared with the other. As soon as the cur-

rent passes through s, the rocker is pulled down and the

clutch is released, bringing the carbons in contact and allow-

ing part of the current to take the path A—b—H—E—m—n-B.
As soon as current passes through H, the armature K is

attracted, thus separating e and f and cutting off the cur-

rent through the series coil s with the exception of the

small current through the shunt coil M. The result is that

the rocker rises and carries with it the upper carbon, thus

separating the carbons and starting the arc. As soon,

however, as the carbons are separated, there is considerable

difference of potential across the arc; hence, the shunt

coil M takes its normal current and holds the rocker at

the proper point to give the length of arc for which the lamp

is adjusted. It is thus seen that the series coil is cut out

after the arc has been started.

54. The lamp is now supposed to be burning, and as the

arc grows longer the pull of the shunt coil increases and

the rocker is gradually pulled down until the shoe / of the

clutch comes against the stop, and any further movement
causes the rod E to slide down a little. The pull due to the

shunt coil decreases with the shortened arc, and the rocker

rises to its normal position. The feeding is thus brought

about by the action of the shunt magnet working against

the spring P.

55. If the carbons should stick and fail to feed, the arc

will gradually grow longer until the pull exerted by the

shunt magnet will be sufficient to bring the cut-out con-

tact p down against r. The current will then take the

path A—p-r—E—m-n—g—B in preference to passing through

H. K will then rise and bring c and f in contact. The
current will then take the path A-b—s—c—e—f—g—B; the

series coil will hold down the armature and the lamp will be

cut out unless the movement of the rocker should release
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the rod and allow the carbon to feed, in which case the lamp

will continue to burn and rocker R will rise again, thus

separating/ and r.

56. If a carbon should fall out, the current through the

shunt will suddenly increase and the current through H
will be interrupted, R will be pulled down, and K will rise

the final result being that the lamp is cut out.

57. When the lamp is to be switched out, the switch IV

is used. This switch takes the form of a cam V operated by

the lever 7/, seen at the top of the lamp, Fig. 30. When the

handle is turned to one side, the cam comes against the cast-

ing that carries the upper cut-out contact, and thus estab-

lishes a short circuit from terminal to terminal. Fig. 30

shows the general arrangement of the mechanism of this

lamp. The lettering of the parts corresponds to that given

in Fig. 31, so that they may be readily identified.

THE WOOD ARC LAMP.

58. This lamp operates on the differential principle and
has been made both for clockwork and clutch feed. In the

clockwork lamp the carbon feeds down whenever the move-
ment of the rocker throws the pawl out, so as to allow the

clockwork to operate. In the clutch lamp the movement of

the rocker controls the clutch in much the same way as for

the lamps already described.

Fig. 32 shows the general scheme of connections for a

Wood lamp. Here the series coils M are arranged verti-

cally above the shunt coils .S". There are two series and two
shunt coils. Two plungers connected by a crosspiece g are

moved up and down by the coils, or solenoids, as described

in Art. 42. This armature moves a pivoted frame, not

shown in the sketch, and thus brings about the regulation.

59. When the lamp is not in operation, the carbons

are together and the plungers are at their lowest position.
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When this is the case, pin d rests on spring e, which

is in electrical connection with the framework and the

carbon rod h. When the current is turned on, it takes the

paths A-p-d-e-R-B
and A-p-k-l-M-M-

[& m—n—B. The resist-

ance R is in itself

small, but it is fairly

large compared with

that of the series

coils M, and enough

current will take the

path through the

series coils to lift the

plungers and start

the arc by separating

the carbons. At the

same time, contact

is broken between d
and e, so that all the

main current passes

through the series

coils. The shunt
coils 5 are connected

fig. 32 across the arc, and

as soon as the arc is started, they set up a pull in opposition

to the series coils. When the arc has burned to a certain

length, the plungers are pulled down enough to allow the

carbon to feed. The action of the lamp, as a whole, is

almost identical with that of the elementary lamp described

in Art. 42.

60. If the rod should stick, the arc gradually grows

longer until the pull of coils S brings d down against e and

thus cuts out the lamp. The object of using the resistance R
is to enable the lamp to start up. If R were not present,

the resistance of the path p-h-d-e-B would be so low com-

pared with the path p-Ji-k-l-M-M-m-n-B that not enough
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current would flow through the series coils to start the

lamp. This lamp is also provided with a rod cut-out, as

shown at E, F. This short-circuits the lamp when the car-

bons have become nearly consumed. C is a hand switch

operated by turning the handle D\ it is used to cut the lamp

out of the circuit whenever desired. When the handle D is

turned, a and b are brought into contact, thus making a

direct connection between A and B.

61. The above descriptions of three of the leading styles

of constant-current series lamps will give the student an

idea as to the main features of such lamps. It should be

noticed that in all of them the arc is started by means of a

series coil and that the feeding is regulated by means of a

shunt coil. Most of the series lamps take about 9.6 amperes

for the 2,000 candlepower size and 6.6 amperes for the

1,200 candlepower size. The voltage across the arc is from

40 to 50 volts and the carbons are generally -fa inch, ^ inch,

i§g-
inch, or

-f
inch in diameter.

CONSTANT-CURRENT SERIES LAMPS—ENCLOSED ARC.

62. Comparison Between Open and Enclosed Arcs.

Up to within a comparatively recent date, the open-arc series

lamp had the field of street lighting practically to itself.

The constant-current enclosed-arc lamp is, however, now
being extensively installed. It is used nearly altogether for

new work, and is replacing the older open-arc lamp in many
places. The reason for this is not that the old lamps were

unsatisfactory in operation, because they have been operated

for years and, taking everything into consideration, have

given admirable service. Neither does the enclosed arc

give more light than the open lamp; in fact, it does not give

quite as much for the same amount of power consumed.

Even assuming that the arcs themselves give as much
light, the use of the two globes in the case of the enclosed

arc cuts down the amount of light more than does the single
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globe that is used with the open arc. This, however, is

counterbalanced by the more agreeable character of the

light given by the enclosed arc. The strong contrasts so

noticeable with the open arc are softened down, and the

change from open to enclosed arcs is one that is generally

popular, even if the intensity of illumination is somewhat
reduced. The true reason of the change is, however, that

the enclosed arcs are cheaper to operate.

63. Voltage Required by Series Enclosed-Arc Lamps.
As stated previously, the enclosed arc is much longer than

the open arc. This is necessary because the carbons do not

become pointed, there is no well-defined crater, and the car-

bons must be separated considerably to allow a proper dis-

tribution of light. Also, a short enclosed arc will not work
well, owing to the deposition of carbon on the carbon points.

These lamps, therefore, take a rather small current, and the

voltage across the arc is high. This is a decided advantage

where lamps are operated' in parallel on constant-potential

systems, where the pressure is nearly always higher than that

actually required by the lamp and the excess voltage has to

be taken up by a resistance or choke coil. When, however,

it comes to operating lamps in series, the high voltage across

the arc becomes, to a certain extent, a disadvantage. It

means that for a given number of lamps operated on a cir-

cuit, the pressure at the terminals of the circuit must be

higher in case enclosed arcs are used. This makes it diffi-

cult to operate a large number of lamps from one machine,

but by using the multicircuit arrangement, the pressure

applied to each circuit may be kept down. Constant-

current arc machines are now built to generate as high as

11,000 volts, which is about equivalent to 150 enclosed arcs.

It is quite common to find as many as 100 lamps operated

on a single circuit. It must be remembered, however, that

where these high voltages are used, the line insulation must

be thoroughly good, and attempts to use these pressures

upon old lines having poor insulation have resulted in con-

tinual trouble, to say nothing of the danger involved.
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64. Alternating-Current Series Enclosed-Arc Lamps.
Enclosed arcs are now very often operated in series by con-

stant current on alternating-current systems, i. e., the alter-

nating current through the series of lamps is maintained at a

constant value. The lamps used do not differ essentially

from those for constant direct-current circuits, except that

all magnet cores and armatures are laminated to prevent

heating due to eddy currents, and the mechanism is designed

so as to avoid disagreeable humming. The methods for

supplying current to series alternating-current lamps and

the arrangements for maintaining the current at constant

value will be taken up when the subject of station apparatus

is considered.

65. Current.—Series enclosed-arc lamps are ordinarily

operated at about 6.6 amperes, and the voltage per lamp is

from 70 to 78 volts, depending on the length of arc for

which the lamp is adjusted. These lamps have also been

built for a current as large as 8 amperes, with a correspond-

ingly lower voltage, but the values given above are the ones

commonly met with.

66. Remarks on Enclosed-Arc Lamp Construction.

The mechanism of an enclosed-arc lamp generally contains

the same essential features as the corresponding open arc,

but in most cases the arrangement is simpler. The open

arc must be fed . equently, because the carbons burn at a

comparatively rapid rate and the clutch or other feeding

mechanism must be accurately adjusted and kept in good

condition if the lamp is to burn steadily. For this reason,

the upper carbon of an open-arc lamp is attached to a car-

bon rod on which the clutch operates, and which is, or

should be, kept in a clean, polished condition. The current

is generally carried to the top carbon by means of a copper

brush pressing against the rod. In the enclosed-arc lamp

the operation of feeding takes place at comparatively long

intervals, and the feeding mechanism does not need to be so

delicately adjusted. It is, therefore, a common practice to

/. III.—27
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have the clutch operate directly on the carbon and to dis-

pense entirely with the carbon rod. Such lamps are spoken

of as having a carbon feed.

The doing away with the carbon rod makes the construc-

tion simpler and cheaper, besides allowing the lamp to be

made shorter than is usual where a carbon rod is used.

Short lamps are desirable for inside work, as they look

better, especially in places where headroom is limited.

Some enclosed-arc lamps, however—the Wood lamp, for

example—use the carbon rod. The omission of the carbon

rod, while it simplifies the construction in some respects, is

not without its drawbacks. It is not as easy to conduct the

current into the carbon without interfering with its free

movement, and the contact rings or other devices on many
of these lamps give trouble. To get around this, some

makers use a flexible cable or chain attached directly to the

carbon holder; but flexible cables are also apt to give

trouble unless they are looked after and kept in good con-

dition.

On account of the long arc common to enclosed-arc

lamps, their mechanism must be arranged so that it will

have a long pick-up; i. e., when the lamp starts up the

mechanism must be such as to pull the carbons a consider-

able distance apart. In the case of series lamps, an auto-

matic cut-out must, of course, be provided.

67. In taking up the subject of enclosed-arc lamps, we

will confine our attention to two or three typical examples

that will serve to bring out the essential points relating to

their construction and operation. The number of different

makes of enclosed-arc lamp is very large, but they differ

from each other principally in details of construction.

The principles of operation are about the same in all of

them, and the following are not selected because they

operate any better than several others, but because they

will serve to bring out the points aimed at.

68. Series Enclosed-Arc Lamps for Constant Direct

Current.—Fig. 33 shows the general arrangement of the



§18 ELECTRIC LIGHTING. 59

mechanism of a series enclosed-arc lamp made by the Gen-

and designed for use on constant

This fionire shows, the arrangement

^o

eral Electric Company
direct-current circuits,

of the essential parts

of the mechanism in

order to bring out its

method of operation,

and Fig. 34 shows the

general scheme of con-

nections. In some re-

spects, it resembles the

Brush series open-arc

lamp previously de-

scribed. It is of the

differential type, and

is provided with two

series coils M and two

shunt coils vS. In

Fig. 33, only one of each

of these coils is seen,

as they are in line with

each other. A tube T
holds the upper and

lower parts of the lamp

together, and in it the

carbon holder 77, car-

rying the upper carbon

U, is free to slide up

and down. Current is

carried to U by means
of the flexible asbestos-covered cable C, which follows the

carbon up and down through a slot cut in one side of the

tube. The rocker is made up of two levers, a hinged

at a' and b hinged at b' . These levers are connected by a

spring c that will allow one armature to move independently

of the other to a slight extent and make the action of the

lamp steadier. The iron armatures d and e are carried by

these levers, as shown, and when one moves up the other

Fig. 33.
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moves down a corresponding amount. Each armature is

provided with two holes, through which the conical pole

pieces project when the armature is pulled up. The clutch

rod/" is attached to but insulated from the rocker a, and is

fastened to the clutch g through the small link h. The
rocker and clutch are shown in about the position they

Line Line

occupy after the lamp has just been started. When the

lamp is out of circuit, armature e is up at its farthest posi-

tion and armature d is down, the clutch ring k rests on the

tripping table / and the carbons are together. A dashpot m
is provided to steady the action of the lamp, and the cut-

out preserves the continuity of the circuit and protects the
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shunt coils in case the carbons should fail to feed or should

be broken. The cut-out consists of a crosspiece ;/ carried

by the clutch rod, but insulated from it, and provided with

silver contact pieces. Below the crosspiece, two insu-

lated contacts 2, 2', also tipped with silver, are arranged.

When the current in the shunt coils becomes excessive, the

armature e is pulled up so far that 11 is brought into contact

with 2, 2' and the lamp is cut out, unless the carbons feed

down so as to enable it to start again.

69. By referring to the diagram, Fig. 34, the action of

the lamp under normal conditions will be understood. The
coils Jll, M are provided with a single winding of heavy

wire that is capable of carrying the current used on the

circuit. The coils II, Jll are here shown below S, S for the

sake of clearness, but it will be understood that the two
pairs are opposite each other, as shown in Fig. 33, and

oppose each other by pulling on the armatures of the

rocker. The bulk of the winding on coils S, S consists of

a large number of turns of fine wire. This winding is in

shunt with the arc, and its terminals are shown at x, y. In

addition to this shunt winding, each coil S, S is provided

with a few turns of heavy wire, the terminals of which are

shown at 5, 6, 7, and 8. These coils are in parallel with

the main coils M, Jll and are known as compensating coils

;

r is an adjustable resistance in shunt with the series coils

to enable the current passing through them to be adjusted.

The resistance Pis connected in series with the cut-out, as

shown, and is used to enable the lamp to start up, as pre-

viously explained in connection with the Brush and- Wood
lamps. The switch W is provided to short-circuit the lamp
when it is desired to cut it out of circuit.

70. When the lamp is not burning, the weight of the

moving parts causes the armature e to come up against S,

Fig. 33, the carbons are in contact, the clutch k rests on the

tripping table /, and n is in contact with 2, 2'
. As soon as

the current is turned on, part of it takes the path T-\—0-

P—2-n—2'-t—T, Fig:. 34. On account of the resistance P.
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however, the greater part will take the path T-\—0-8-9-

iO-11-U-V—t-T, because the carbons are, at the start, in

contact. This will energize the series coils M, M, and the

armature d, Fig. 33, will be pulled up, thus cutting off the

current through the resistance Pby raising n off 2, 2'. A
certain amount of current also passes through the coarse-

wire coils wound under vS, 5 from to 11 and through the

paths 0-6-10-11 and 0-7-11, but the coils M, M are so

much more strongly magnetized than S, S that the arma-

ture d is pulled up against the attraction exerted on e,

Fig. 33. As soon as the armature d is drawn up by the

series magnets, the carbons are separated and current then

flows through the shunt winding by the path 10-y-S—S—

x—z—T; the shunt coils are practically connected across

the terminals of the arc and, as the carbons are pulled

apart, the current through these coils increases. As arma-

ture d is pulled up, therefore, the pull on e is increased

and a point is soon reached where the two pulls are bal-

anced. As the carbons burn away, e is raised still more,

the carbons are brought nearer, and clutch k moves down
with the carbon until finally k rests on the table /, Fig. 33,

and any further downward movement of the rod f lowers g
and releases the clutch. This allows the lamp to feed and

armature e then lowers to its normal position. If the car-

bons should stick and the arc become abnormally long, e

would be pulled up far enough to bring n in contact with

2, 2'. The current would then take the path through the re-

sistance P and the series coils would be cut out. The shunt

coils would, however, still be subjected to a small E. M. F.,

due to the drop through P, and the armature e would be

firmly held in place. If, in the meantime, the carbon should

become released and slip down, the current would take the

path through the series coils and carbons in preference to

that through the resistance P. This would bring the series

coils into action and cause the lamp to start up.

71. Compensation for Heating-.—In order to keep the

voltage at the arc of a constant-current series lamp at a
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uniform value, it is necessary to have some automatic

device to compensate for the increase in resistance of the

shunt coils due to the heating of the lamp. The shunt coils

have a considerably higher resistance after the lamp has been

running an hour or two than when the lamp is first started.

Now, the voltage across the shunt coils is equal to the volt-

age across the arc, and if the arc is to be maintained at the

same length, some means must be provided for keeping the

pull exerted by the shunt coils uniform. A number of

methods have been adopted to accomplish this. One
common method for differential lamps is to shunt the series

coils by means of a resistance having a low temperature

Shunt Cq/'/s

8 S

1

o-
Fig. 35.

coefficient, i. e., a resistance that increases but very little

with an increase in temperature. When the coils become

heated, the pull of the shunt coil decreases, but the pull of

the series coils also decreases, because they become heated

and, being of copper, increase considerably in resistance, so

that more of the current passes through the shunt having a

low-temperature coefficient. Fig. 35 is a simplified diagram

of connections for the lamp shown in Fig. 33. M, Mare the

main series coils and S', S' the compensating coils that con-

stitute the shunt to M, M and take an increasing amount of

current from M, M as these series coils become heated.

The result is, that although the pull of 5, 5 decreases as the
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lamp warms up, the balance between the shunt and series is

maintained and the voltage at the arc kept at its proper

value. In some cases the lamp is provided with a thermo-

stat that closes a circuit and cuts out part of the shunt coil,

Fig. 36.

thus decreasing its resistance, when the lamp becomes hot.

Fig. 36 shows the connections of the Gilbert enclosed-arc

lamp for constant-current circuits. This is a differential

lamp using a thermostat to cut out part of the shunt coil
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when the lamp becomes hot. The thermostat consists

simply of a curved strip of metal attached to the frame of

the lamp. When the frame becomes heated, the expansion

of the strip a brings it into contact with b, thus cutting- out

part of the shunt coil. In this lamp, the shunt and series

coils are arranged one directly above the other and act on a

movable core that operates the clutch. From what has

been said regarding the lamps previously described, the

student should be able to trace out the circuits in Fig. 30.

The adjustable resistance, like that of all the other lamps

described, is in parallel with the series coil and is used to

adjust the length and, hence, the voltage of the arc.

72. Fig. 37 shows the general appearance of a Wood
series enclosed-arc lamp. This lamp

is provided with a regular carbon rod,

instead of a carbon feed, and there-

fore must be provided with a chim-

ney A. This figure shows the gen-

eral arrangement of the enclosing

globe with its gas cap.

In enclosed-arc lamps of the carbon-

feed type there is always a consider-

able length of the upper carbon that

cannot be fed down. This, however,

does not involve any waste, as the

length of upper carbon left over is

sufficient for use as a lower carbon

when the lamp is retrimmed.

Series constant-current enclosed-arc

lamps of the types just described

usually operate at 6.6 amperes with a

voltage of about 72 across the arc.

The lamp shown in Fig. 35 uses ^-inch

solid carbons and burns from 100 to

120 hours without retrimming. In

alternating-current lamps the top car-

bon is cored and the bottom solid. pIG 37_
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73. Series Alternating--Current Enclosed-Arc Lamps.

These need no special description, as their principle of opera-

tion is exactly the same as the direct-current lamp. They

are nearly always of the differential type, and the main

difference is in the few constructional details referred to in

previous articles.

CONSTANT-POTENTIAL ARC LAMPS.

74. As soon as the enclosed arc was introduced, it

almost immediately replaced the open arc for constant-

potential work. We will therefore

confine our attention, in considering

constant-potential lamps, to the en-

closed type. The great advantages

of the enclosed-arc lamp for this

work are the high voltage and small

current required, which enables them

to be operated singly across the

mains, also the soft, steady light and

the long life of the carbons.

75. The mechanism of, the con-

stant-potential enclosed-arc lamp is,

as a rule, very simple. The feeding

is controlled by a magnet connected

in series and there is no need of a

cut-out. The lamp should, however,

be connected to the circuit through

fuses, so that it will at once be dis-

connected in case of a short circuit

anywhere in the mechanism. The
series-controlling magnet is usually

arranged so that it attracts a core

or plunger against the action of a

spring or, more commonly, against

FlG 38- the action of gravity.
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76. Direct-Current Constant-Potential Enclosed-Arc
Lamps.—Fig. 38 shows a lamp that is similar in many
respects to the constant-current lamp previously described.

The general features, such as the framework, clutch, method
of carrying current into the upper carbon, etc., are the

same in both. The mao;nets Jlf are in series and arranged

fig. 39.

so as to pull up the plunger p. This plunger operates the

clutch rod and its movements are dampened by means of

the dashpot d. R is the resistance wound on an insulating

cylinder and connected in series to take up the excess

voltage and steady the action of the lamp. Fig. 39 shows

the general arrangement of the mechanism and gives the
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connections, which are very simple. Notice that the

(O) switch W cuts out 'the lamp by open-

ing the circuit through it, not by

short-circuiting it, as in the case of

constant-current lamps. Current en-

ters at P and flows through the resist-

ance and series coils to the upper car-

bon, thence to the lower carbon to N.

This causes the core to be pulled up

and the carbons to be separated. As
they burn away, the current becomes

weaker and p gradually lowers until

the clutch is released and the lamp

feeds. The resistance is provided with

r^\
|

l

"f \i
a sliding contact, so that the lamp may
be adjusted for pressures varying from

100 to 120 volts. The series coils are

provided with two connections 1, 1' and

2, 2' , so that the lamp may be made
to operate at 44 to 5 amperes or 34; to

4 amperes. When the larger current

is used, the connections are as shown

in the figure, because fewer turns are

then needed to operate the plunger.

Solid carbons \ inch in diameter are

generally used, and the voltage at the

arc is about 80, leaving 20 to 40 volts

to be taken up in the resistance. With

£-inch carbons, the lamp will burn 130

to 150 hours without retrimming.

Fig. 40.

77. Fig. 40 shows another form of

constant-potential enclosed-arc lamp, of

which there are a large number in use.

This lamp is very heavily constructed,

and has a rather peculiar clutch and

contact arrangement for carrying the

current into the upper carbon.
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There is but one solenoid s, which is connected in series

with the carbons and has a compact magnetic circuit through

the yoke y, the conical core /', and the armature a. The
armature carries at its lower end a pan p containing four

clutch rings r that fall by gravity and grip the carbon c

by wedging between the carbon and the inclined side of

the pan. As the carbon falls by reason of the consumption

at the arc or through the current being interrupted, the

pan is lowered until the rings are caught by the tube f,

which is supported by the frame of the' lamp. This action

releases the carbon, which then falls towards the lower car-

bon c\ but the consequent reduction of resistance causes a

large current to flow through the coil s, which draws up

the armature, and with it the carbon c, to the normal

height. Regulation is, then, effected by the differential

action of a series coil and gravity, for the moving system

is designed to have considerable weight. The upper carbon

is held in a sheath b, which permits the using of shorter

carbons than would otherwise be necessary. The sheath

will readily pass between the clutch rings and through the

tube t. The current is conducted to the carbon by means

of sixteen contact rings d, enclosed within a box e and

making a flexible contact with the carbon. The inner

globe g surrounds the carbons and is supported by the arm

or yoke f. The outer globe fits over the plate h at the bot-

tom and is secured at the top by a circular nut at i, the

joint being packed by means of asbestos gaskets. The
space immediately above h and below the inner globe is

intended for the rheostat. In the later styles of this lamp

the rheostat is placed in a small metal case at the top of the

lamp.

78. Alternating-Current Constant-Potential En-
closed-Arc Lamps.—Fig. 41 shows the arrangement of an

alternating-current constant-potential lamp. The general

appearance of the lamp is almost exactly the same as that

shown in Fig. 38. The principal distinguishing feature of

the alternating-current lamp is the use of the reactance, or
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choke, coil L in place of the resistance. This consists of a

laminated iron core a on which coils b are wound. These

coils are connected in series and the ends 1, 2, 3, 4, etc.

Fig. 41.

left so that the wire A may be connected at different

points. This allows the lamp to be adjusted for a consid-

erable range of voltage and frequency. The reactance

coil sets up a counter E. M. F., and thus introduces an
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apparent resistance into the circuit which counterbalances

the excess yoltage and makes the lamp stable in its opera-

tion. The reactance coil is more economical than a resist-

ance, but it and the series magnets introduce self-induction

into the circuit and thus make the lamp have a power factor

less than 1. A load of alternating-current arc lamps is

always inductive, and this has in some instances been used as

an argument against them. They are, however, well adapted

for stations "already equipped with alternating-current appa-

ratus and where it is desired to operate arc lamps with the

least expense for additional equipment. The frequency

should not be below 60 cycles per second for satisfactory

operation.

The lamp just described will operate anywhere from 60

to 140 cycles. It takes about 72 volts at the arc and burns

from 80 to 100 hours. The upper carbon is cored and the

lower carbon solid.

79. Connections for Constant-Potential Lamps.

—

Fig. 21 shows constant-potential lamps connected across a

110-volt circuit. Each lamp should be connected to the

mains through any good style of double-pole fuse block.

In most cases, it is also desirable to equip each lamp with a

switch in addition to the switch that is on the lamp itself,

as this switch is not always easily accessible. Where sepa-

rate switches are used, they should be double-pole if the

lamp takes more than 3 amperes. In connecting up con-

stant-potential lamps, the branch wires should be propor-

tioned for at least 50 per cent, more current than the lamp

takes, because at starting the current may be much in

excess of the normal. Fig. 22 shows constant-potential

alternating-current lamps connected on a 104-volt alter-

nating-current circuit. The connections are practically the

same as those shown for the direct-current circuit, except

that the lamps are here fed from the secondary of the

transformer. Enclosed arcs are also made for operation on

220-volt circuits, but these high-voltage lamps are not as

efficient as those for lower voltage.
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Enclosed arcs are sometimes operated two in series on

220-volt mains, or four or five in series on 500-volt mains

where it is desired to operate a few arc lamps from a power

circuit. This method of operation is, however, not as satis-

factory as when each lamp is independent and it is only

adopted in case of necessity.

CARE AND ADJUSTMENT OF ARC DAMPS.

80. General Remarks.—If an arc lamp is kept clean,

and if the current and voltage at which it is operated are

maintained at the values for which it is designed, it will

give little trouble. This assumes, of course, that the lamp

is substantially made. Cheapness seems to be the principal

object in some lamps, and while the first cost of such is low,

the bill for repairs is heavy and they are much the -more

expensive in the long run. The older styles of open-arc

series lamps were usually heavily built and, as a rule, gave

good service. We will first consider some points in connec-

tion with lamps of this class.

81. Trimming-.—Most open-arc series lamps are pro-

vided with a carbon rod on which the clutch operates. If

this rod is dirty or greasy, the clutch will not work properly

and the lamp will give poor service. When trimming the

lamp, the rods should never be pushed up when they are in

a dirty condition.

Dirt on the rod is apt to cause pitting, due to the burning

action of the current where it passes into the rod from the

contact spring or bushing. If the rods are at all dirty,

they should be rubbed down with a piece of worn crocus

cloth. When trimming the lamp, care should be taken to

see that the carbons are of the proper length. Lack of care

in this particular is often responsible for burned carbon rods

and carbon holders. The carbons should be placed so that

they are vertically in line with each other, and the upper
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carbon must have enough vertical play to allow the lamp to

pick up its arc.

82. Adjustments.—The principal points to look out

for in adjusting an arc lamp are to see that the arc burns at

the proper length and that the carbon is fed down smoothly

without any hissing or nickering. For an ordinary 1,200

nominal candlepower open-arc lamp, the arc should be about

¥
3
¥ inch in length; for a 2,000 candlepower, from -j-

1-^ inch to

^V inch. The exact length Avill depend somewhat on the

quality of the carbons. If the arc is too short, it is liable

to hiss, or if the current is too large, hissing is apt to result.

An arc that is too long will flame badly and the lamp will

take more voltage than it should. Poor quality of carbons

will also cause flaming or hissing. The length of arc and-

the feeding point may be regulated by proper adjustment of

the clutch. Directions for adjusting each particular make
of lamp are furnished by the makers, but as a rule such

adjustments are easily learned by an inspection of the lamp
itself. In some cases the clutch and rod may become so

worn that they must be replaced before a satisfactory opera-

tion can be obtained.

A good method to follow in adjusting lamps is to connect

an ammeter in series and a voltmeter across the terminals

of the lamp. The first thing to look out for is to see that

the dynamo is maintaining the proper current in the circuit.

If it is not doing so, the regulator on the dynamo should

be adjusted until it does. The lamp should be hung in

some place where it will not be exposed to drafts of air,

because such drafts may cause the arc to hiss or flame

even if it is properly adjusted. A rack should be provided

for supporting the lamps at such a height that the mecha-

nism may be easily inspected. By watching the fluctuations

of the voltmeter as the lamp burns, a good idea may be

formed as to the smoothness with which the lamp feeds. A
recording voltmeter is very convenient for this work, as the

lamp may be left to itself for some time, and the voltmeter

will draw a chart indicating the variations in voltage during

/. III.—28
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the time. If the voltage goes very much above or below

the normal, the voltmeter record will show it at once. The
lamp man knows from experience just about what the type

of lamp he is working with is capable of doing in the way
of feeding closely, and he can tell at a glance whether the

performance can be improved.

83. Burned-Out Coils.—The controlling coils of series

arc lamps are frequently burned out and have to be re-

wound. Burn-outs may arise from a number of different

causes. Lightning is frequently responsible for them, as it

breaks down the insulation of the lamp or punctures the

insulation between the layers of the winding. One of the

most frequent causes of burned-out shunt spools is a defective

cut-out. If the carbons stick and the cut-out fails to work,

the arc grows so long that the current in the shunt coils

becomes excessive., and they are sure to be burned out.

The cut-out contacts should be kept in good condition, and

if burned or oxidized, they should be carefully cleaned.

Neglect to look after the cut-out part of the lamp will

surely result in the rewinding of shunt spools, and as these

are wound with fine wire they are a comparatively expensive

part to repair. In some lamps the action of the cut-out

depends on the movement of the rocker, for example, the

T. H. lamp; hence, it is important to see that the frame

moves freely. If the lamp is improperly adjusted so that it

burns with an abnormally long arc, the current through the

shunt will be greater than it should be. This will cause the

coils to overheat, and while it may not result in a burn-out

at once, it is very apt to lead to it in time by causing deterio-

ration of the insulation and consequent short circuiting

between layers. A similar result may be caused by the

line current being above the normal, and in this case the

series coils would also be affected. Generally, however,

the series coils will stand a reasonable overload without

greatly overheating. Series lamps should cut out promptly,

if the upper carbon is pushed up wjiile they are burning.

If they do not do so, there is something wrong with the
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cut-out and the trouble should be remedied before the lamp

is sent out.

84. Most of the above also holds true with regard to

series enclosed arcs. There is even more danger of the car-

bon sticking and failing to feed properly in these lamps than

in the open arcs, because the carbon must pass through the

cap of the enclosing globe, and if the carbon has not been

gauged beforehand, a slight unevenness may cause it to stick.

It is therefore important to see that the cut-out is kept in

good condition and that there are no uneven places on the

carbons when they are put in the lamp.

85. Trimming* Enclosed-Arc Lamps. — Generally

speaking, it is necessary to clean the enclosing globe every

time the lamp is trimmed. If it is allowed to go longer

without trimming, it becomes covered with such a thick

deposit that a considerable part of the light is cut off. This

cleaning can be done to much better advantage at the

station than at the point where the lamp is installed, so that

the lower globes are brought back to the station for retrim-

ming and are there washed by means of special appliances

for the purpose. When the trimmer goes out, he takes a

clean lot of globes, provided with lower carbons, and
replaces the old ones. Care should be taken to see that

the carbons used are of the proper length. The upper

carbons are purchased in the desired length, but the lower

carbons are very often made up of the part left over from

the top carbon. These pieces will vary in length, and they

should be cut to gauge before being placed in the bottom
holders. The upper carbons should all be gauged to make
sure that they will pass through the cap freely. For a ^--inch

carbon, the maximum allowable diameter is about .52 inch

and the minimum diameter .5 inch. If the carbon is smaller

than the allowable amount, there will be too much air

admitted to the enclosing globe and the arc will flame

badly. Only the best quality of carbons should be used in

enclosed-arc lamps, otherwise the enclosing globe will become
thickly covered with deposit. Attention should be paid to
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the gas caps of enclosed-arc lamps and also to the joint

between the globe and the bottom carbon holder. If there

is too much air admitted, the carbons will be consumed
rapidly. If the globes are too tight, very little air will be

admitted and the unconsumed carbon will be deposited on

the globe.

86. Since most enclosed-arc lamps have a carbon feed, it

is necessary to see that the carbons are smooth, because

rough spots will interfere with the operation of the clutch.

If necessary, rough spots should be smoothed down with

sandpaper. Constant-potential lamps have no cut-out to give

trouble, but they have a resistance coil that fully counter-

balances the cut-out in this respect. If the carbons stick and

fail to feed, the lamp goes out, but if the lamp does not pick

up properly, the carbons being in contact, the resistance

offered by the arc will be absent and a current much larger

than the normal will flow. If the fusible cut-out in series

with the lamp does not blow, the resistance will be very

liable to overheat and burn out. There is also danger of

the insulation on the series controlling magnet being dam-

aged, It is a common occurrence to find constant-potential

lamps that have been designed and adjusted for 104 to

110 volts running on circuits where the voltage is as high

as 125 or 130. Of course, under these circumstances the

lamp takes a current larger than it should, and it must not

be forgotten that the heating effect in the resistance coil

and other parts of the lamp runs up as the square of the

current. A comparatively slight increase in the current

will, therefore, result in quite a large increase in the heat

developed, and this in the course of time is sure to result

injuriously. An abnormal current is also liable to melt the

enclosing globe. Of course, many of the burn-outs on these

lamps may be traced to faulty design or construction, but

at the same time it is quite true that many good lamps give

trouble either because the voltage is too high or because the

lamp has not been properly adjusted to suit the voltage on

which it is to operate.
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UOTE WORK FOR ARC LIGHTING.

SERIES SYSTEMS.

87. Size of Wire.—Since most outside lighting work
is done on the series system, and the current being usually

not greater than 9.6 amperes, the line wire does not need to

be large. Generally, such lines are of No. 6 B. & S. double- or

triple-braided weather-proof wire. Triple-braid wire of this

size weighs about 585 pounds per mile ; double-braid wire

weighs about 510 pounds. Its resistance per mile is approxi-

mately 2.08 to 2.12 ohms. Sometimes No. 8 wire is used

for arc lines, but while it is large enough to carry the current,

it does not make as substantial a job as the No. 6. The
difference in first cost between the two sizes is not great

and, as a general rule, it will pay to put up the larger wire,

especially in localities where sleet storms are common.

88. Since the current is small, series arc lines may be

run long distances without having an excessive loss. For
example, with a 9.6-ampere current, the drop per mile of

wire would be about 2.08 X 9.6 = 19.97 volts. Series arc

circuits often extend for miles, but the extension of the line

simply cuts down the pressure available for the lamps, so

that a given dynamo is not capable of operating quite as

many lamps on a long circuit as on a short one.

89. Eaying Out Arc Circuits.—There is, generally,

not a great deal of choice as to the laying out of an arc cir-

cuit for street lighting, as it is determined almost altogether

by the location of the lamps. At the same time, wire and
labor can often be saved by laying out a plan of the streets

to be lighted and then arranging the circuits so that the line

will pass through one lamp after another with as little doub-

ling back on itself as possible.

When laying out the line, it is a good plan, where possible,

to connect the terminals of a loop in the circuit to a switch

so that, in case of trouble, the loop may be short-circuited
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and the remaining lamps on the circuit continued in opera-

tion. Fig. 42 will illustrate this; /, /, /represent arc lamps

connected on a street circuit, as shown. By putting in

switches at points A, B, the loops in the circuit may be cut

out. For example, if a break occurred, as indicated at x, the

switch A could be closed and the rest of the lamps kept

going while the break was being located. It is also evident

that a few switches arranged in this Avay would be of assist-

ance in locating breaks. In Fig. 42, plain short-circuiting
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commercial lights is that the long-exposed street circuits are

always more or less subject to breaks or other troubles, and

this would be liable to interfere with the regularity of the

service given by the commercial lights.

No matter how carefully street arc-light circuits are laid

out in the first place with a view to economizing copper,

they soon become very irregular if the number of lights is

at all increased. Lights are looped in here and there, and

the result is that the general layout of the circuits assumes

a very different appearance from what was originally

intended.

X,rNT5 CONSTRUCTION.

91. Line construction for arc lighting is generally carried

out, in the ordinary Avay, by stringing the lines on poles. In

some cities, considerable arc lighting is carried out by under-

ground distribution. For this purpose, heavily insulated,

lead-covered cables are used. In all construction work con-

nected with series arc circuits, the point must not be lost

sight of that the pressure across the terminals of these cir-

cuits is very high and that there is always a strong tendency

for grounds to develop. A large size of deep-groove double-

petticoat insulator should be used and the wires kept clear of

trees. Great care should be taken when wires are run near

metal awnings at the entrance to stores, etc., as this is a

place where grounds are apt to occur and where, in a num-

ber of cases, they have resulted in fatal accidents. The

necessity for high insulation and careful work in connection

with arc lines is even greater than it once was, when about

50 lights on a circuit was a common average. Now the

number of lights per circuit is often over 100, and if the

lines are not kept in good condition there is sure to be

trouble. All fittings used about the lamps themselves

should be such as to give high insulation.

92. Height of I^ainps.—Arc lamps for street lighting

are nearly always placed at street intersections. When the
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blocks are long, they are also placed in the middle of the

block. The older method was to use a comparatively small

number of lamps hung high

above the street, but it is now
considered better practice to

hang the lamps lower and to

use more of them if necessary.

This is especially the case when
the streets are shaded by trees.

Where the space to be illumi-

nated is open, the lamps may
be hung fairly high, say 30 to

40 feet above the ground; but

Fig. 43. Fig. 44.

when the streets are at all shaded, a height of 20 to 25 feet

is to be preferred.

93. Methods of Hanging Lamps.—There are, in gen-

eral, three methods of hanging lamps : (a) By mounting on
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pole tops; (/>) by suspending from mast arms or pole fixtures

projecting from a side pole
;

(c) by suspending from the

middle of a span wire so that they will hang over the middle

of the street.

When the lamps are mounted on pole tops, they are fixed

permanently, no provision being made for lowering them
when they are trimmed. The pole must, therefore, be

provided with pole steps, so that the trimmer may climb

up to the lamp. This method of mounting makes the

work of trimming hard, and it is, therefore, not used

nearly so much as other methods, which allow the lamp to

be lowered for trimming. Fig. 43 shows a lamp with the

pole-top mounting. It is necessary to provide a hood to

protect the top of the lamp. With the older styles of lamp,

these hoods were large enough to accommodate a hanger
board, from which the lamp was suspended. In the newer

lamps, a much smaller hood is sufficient. This method has

a few advantages, among which are the absence of rope and
pulleys, also the line wires when once connected up are not

moved, as they are every time a lamp is raised or lowered.

The raising and lowering of lamps is a frequent source of

breaks in the line wire due to the slight bending and unbend-

ing that the wire is subjected to. These advantages are,

however, more than offset by the difficulty of trimming if

the lamps are mounted high above the street. Fig. 44

shows a more ornamental style of pole-top mounting. In

this case, the lamp is only about 20 feet above the street,

and as it is used with enclosed arcs, which are trimmed
about once in a week or ten days, the climbing up to the

lamp is not as much of an objection as when open arcs,

requiring daily trimming, are used.

94. Fig. 45 illustrates a typical mast-arm suspension.

The general arrangement will at once be seen from the

figure. The lamp is raised and lowered by means of a

rope and pulleys, and is provided with a small hood /;

to protect the top from the weather. The lamp is sus-

pended from the rope by the intervening cross-arm a and
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insulator b. A cross-arm and insulator of this kind should
be provided in order to secure good insulation between

Fig. 45.

the lamp and the pole fixture and also to keep the line

wires spread apart.

Fig. 46.
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Fig. 46 gives a view of a Cutter insulating cross-arm.

Since the introduction of high-voltage enclosed arcs and the

operation of a large number of lamps per circuit, it is essen-

tial that each lamp be

provided with a suspen-

sion that will give high

insulation. The old-

style, plain, wooden

crosspiece with a porce-

lain knob at each end is

hardly sufficient.

Some styles of mast

arm are pivoted at the

pole and are counter-

balanced so that the arm
may be swung down for

trimming.

Fig. 47 shows a Cut-

ter pole fixture of small size that has been used considerably

for street lighting with enclosed arcs. It supports the lamp

about 3 feet from the pole.

95. The span-wire method of suspension is illustrated in

Fig. 48. It is the best form to use when it is desired to

Fig. 4 1

Fig. 48.

bring the lamp over the center of the street. A pulley is

placed at the center and another on the side pole and the
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poles are usually set at diagonally opposite corners of the

street intersection. The span or suspension wire is usually

of -/^-inch or §-inch galvanized steel and the side poles about

30 to 35 feet high with a 6-inch top. This method of sus-

pension, of course, involves the use of two poles and for

this reason the mast-arm suspension is often preferred.

The chances are that for lighting a given town or city a

combination of the three may be desirable, the style of sus-

pension being chosen that is best adapted for the particular

location of the light.

96. Arc-Lamp Pulleys.—Pulleys used for suspending

arc lamps have received a great deal of attention at the

hands of those especially interested in arc-lamp specialties.

The ordinary style of pulley is not well adapted for this kind

of work. An arc-lamp pulley should always be provided

with a hood to prevent its being clogged by sleet. It is also

desirable that the pulley from which the lamp is hung be of

such a design that it will hold the lamp from dropping in

case the rope breaks or becomes unfastened in any way.

In Fig. 48, a lamp-supporting pulley is indicated at A and a

swivel-pole pulley at B. Both are of the sleet-proof kind.

A number of different types of lamp-supporting pulleys are

now manufactured. In most of them either a catch or pro-

jections are arranged inside the pulley casing so as to

hold the lamp when it is raised and relieve the rope of all

strain. When the lamp is to be lowered, it is first pulled up

a little. This unlocks the pulley and allows the lamp to be

lowered. The use of self-locking pulleys also helps to make
the operation of trimming more rapid.

Arc-lamp pulleys have also been brought out that contain

a switch that cuts off the lamp entirely from the circuit

when it is lowered. This allows the lamp to be lowered

without lowering the wires running to it, and also makes it

perfectly safe to work on. These pulleys are, however,

somewhat complicated.

97. Rope.—The rope used for raising and lowering the

lamps is an important item on a large system and it should
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be carefully selected. Practice varies greatly as to the kind

of rope used. Formerly, manila rope was used almost exclu-

sively, but the tendency is now towards a solid braided cotton

rope or a flexible wire rope. When cotton is used for this

purpose, it is provided with a wax finish that keeps the rain

from soaking into and rotting it. This rope is usually

f inch in diameter, though 4 inch is sometimes used with

heavy lamps. If wire rope is used, it is usually the so-called

tinned "sash cord," which is a rope made up of a hemp
center surrounded by tinned steel wire. When a metal rope

is used, an insulator should be cut into it at a point just

outside the pole pulley in order to insulate the trimmer's

end of it. When the lamps are very heavy, a small windlass

is frequently used to hoist them.

98. It was formerly the practice to coil up enough sur-

plus rope on the pole at each lamp to allow the lamp to be

lowered to the ground. It is

now customary to end the rope

in such a way that another rope

may be hooked on to it and

the lamp lowered. This extra

rope, known as a trimmer's
rope, is from 20 to 30 feet

long and is provided with a

snap hook at one end and a

number of rings near the other,

the latter being spaced so as to

suit the varying heights at

which the lamps may be hung.

The end of the rope on the pole

may be fastened by means of special pole padlocks, made
for the purpose, but in many cases it is simply slipped over

a pin, as shown in Fig. 49. The use of the lock is, however,

safer, as it prevents the lights from being tampered with.

Fig. 49.

99. Cut-Out Switches.—The rules of the Fire Under-

writers require that wherever constant-current arc wires
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enter a building, an approved double-contact service switch

shall be installed, so that the current may be cut off at any
time. These switches must be substantially made, must be

mounted on incombustible bases, and must be placed where
they may be easily reached by policemen and firemen.

There are many different types of these cut-out switches,

but they should all have good contacts and be quick in

action. The switch must also show clearly whether the cur-

rent is on or off.

Fig. 50 shows the working parts of the Wood arc cut-out, a

style that has been extensively used and which will serve to

fig. so. Fig. 51.

illustrate the operation of cut-out switches in general. The
parts here shown are mounted in a waterproof cast-iron box
with an opening past which an indicator moves to show
when the current is on or off.

Fig. 51 shows the external appearance of the switch.

Two blades a, b, Fig. 50, are attached to the line termi-

nals c, d, as shown. The house terminals are connected to

the posts e, f. When the handle is pushed up, the porce-

lain rollers r, r press the blades into the clips on termi-

nals e, f and thus connect the line with the lamps. When
the lever is pulled down, the rollers bear on the lower part of

the blades, causing them to leave the clips on the posts e, f
and swing over so as to rest on the casting k, thus cutting
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out the lamps and allowing the current to flow directly

across from one blade to the other and disconnecting the

house wires entirely from the line. The springs shown in

the figure make the action quick and positive.

100. Cut-Outs on Arc Lamps.—Nearly all arc lamps

are provided with a simple short-circuiting switch by means

of which the lamp may be cut out. This

switch does not, however, disconnect

the lamp entirely from the circuit, and

it is always dangerous to work on a

lamp under such circumstances when

standing on the ground, because there

is liable to be a ground on some part

of the line and thus establish a path for

the current through the person working

on the lamp. Since the introduction of

constant-current circuits operating a

large number of lights, the danger from

shock has materially increased, and to

get around this, lamps are now fre-

quently equipped with individual cut-

out switches that are separate from the

lamp and that will cut out the lamp and disconnect it

entirely from the circuit. Fig. 52 shows a series arc lamp

equipped with a separate cut-out switch of this kind.

101. Looping in Lamps on Series Circuits.—When a

lamp is looped in on

a series circuit out

of doors, it is not

necessary to provide

a cut-out switch at

the point where it

is cut into the line,

though, as mentioned

in the previous ar-

ticle, switches are

FlG 53- sometimes placed at

Fig. 52.
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the lamp itself. Fig. 53 shows one method of looping, in

on a series circuit. An arm b, provided with insulators c, d,

is mounted as shown.

The' loop a runs to the

lamp or, in case the

circuit is carried into

a building, runs to the

cut-out. Fig. 54 shows

another method, which

is not quite so neat, but

does not call for the

use of a special bracket.
FIG

-
54 - The break in the cir-

cuit is made by using two ordinary porcelain insulators vi, n

and a double-petticoat glass insulator i. When a circuit is to

be looped in between poles, the break may be made by using

Fig. 55.

a single porcelain insulator, as shown in Fig. 55, or if higher

insulation is required between the terminals of the break,

two insulators connected by a short length of wire may be

Fig. 56.

used. Fig. 56 shows another method of accomplishing the

same result by using a special porcelain insulator that is

made for this purpose.
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SPECIAL APPLICATIONS OF
ARC LAMPS.

102. Before leaving the subject of arc lamps we will

take up, briefly, a few of the special applications to which

the arc lamp has been put. Arc lamps are extensively used

for stage illumination in theaters, for photo-engraving

work, blueprinting, searchlights, or, in fact, any work

where a strong light is necessary. For most of this work,

Fig. 57.

the ordinary styles of arc lamp are not suitable, because

such lamps are not of the focusing type. For projection

work, it is necessary to keep the arc in a fixed position ; in

some cases this is accomplished by hand feeding, while in

others the feeding is automatic. In Fig. 57, {a) shows

an automatic focusing lamp and (I?) a hand-feed focusing

/. III.—29
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lamp. The lamp (a) is usually mounted on a stand and

provided with accessories to suit it to whatever kind of

work it is used for. It is designed for 20 amperes and

is operated on direct-current circuits of 75 to 125 volts.

The hand-feed lamp shown at (b) also operates normally at

20 amperes, but by using larger carbons, currents up to

50 amperes may be employed. The hand-feed lamp may
also be operated with alternating current, but the alter-

nating current is not very satisfactory for use in projection

work. The hum caused by the arc is often very annoying,

and, moreover, the arc is continually shifting around. In

both lamps shown in Fig. 57 it will be noticed that the

carbons are fed together by screws and that the rate of

movement is adjusted so that the arc always remains

stationary. If a lamp is to be used for short intervals only,

the hand feed will be found quite satisfactory, because it is

simple, cheap, and not liable to get out of order. If, how-

ever, the lamp is to be used for long runs, it is better to

have an automatic feed. The lamp in Fig. 57 (a) is fed by the

screw a, which is rotated by means of the lamp mechanism

contained in the case below. In (b) the carbons are regu-

lated by turning the knobs a, a.

103. When these lamps are run on a regular 110-volt

circuit, a rheostat must be inserted in series with them in

order to take up the excess voltage. The rheostat should

be capable of carrying the current required by the lamp

without undue heating, and should have enough resistance

to give a maximum drop of about 70 to 80 volts when used

on 110-volt circuits. About 20 to 30 volts of this drop

should be adjustable, so that the current taken by the arc

can be kept at the proper amount. For example, a lamp

taking 20 amperes should have about 34- ohms in the

rheostat, and at least 1 ohm of this should be split up into

10 or 15 sections and connected to a regular rheostat switch

so that a good adjustment can be obtained. A 10-ampere

lamp would require about 7 ohms in the rheostat, and

2 or 3 ohms of this should be adjustable.
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SEARCHLIGHTS.

104. One of the most important applications of the arc

light for projection purposes is found in the searchlight.

These are now used extensively both on shipboard and also

on land, and reference has already been made to the arrange-

ment of the carbons and mirrors as used in them. A
searchlight is designed to concentrate the rays emitted from

the crater of the positive direction and to project them so

that they will be parallel to each other. A beam of light

that does not spread out will illuminate objects at great

distances, because the intensity of such a beam does not fall

off with the square of the distance as does the light from
an ordinary source. In fact, if all the rays were exactly

parallel and the mirrors perfect and if there were no absorp-

tion of light by the atmosphere, the intensity of the beam
would not diminish at all. As a matter of fact, it does

diminish to an extent that depends very largely on the

condition of the atmosphere.

For many of the following points
and illustrations relating to search-
lights we are indebted to a paper
by Lieut. B. T. Walling published
in the Proceedings of The United
States Naval Institute. The type
of lamp here described is one
designed by the General Electric
Company and which is used very
largely both for naval and com-
mercial work.

105. General Construc-
tion.—Fig. 58 shows a 24-inch

projector. The barrel A con-

tains the lamp and reflector,

the reflector being mounted in

the back end. This barrel is

swung on trunnions supported

by the base B and is arranged

so that the projector can be FlG
- 58 -

swung around through any angle. The barrel can also be
swung up and down or clamped in any desired position by
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Fig. 59.
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means of the fittings shown. In this projector these move-
ments are accomplished by hand, but in many of the pro-

jectors used for naval work the movements are brought about

by small motors mounted in the base, so that, if desired, the

searchlight may be controlled from a distant point by run-

ning cables from the projector to a controller situated at

whatever point the searchlight is to be controlled from.

The door of the projector is made of strips c of plate glass

in order to avoid breakage and also to allow broken fronts

to be easily repaired. Current is carried to the lamp by
means of cables d, d, which connect to sliding contacts in

the base.

106. Mirrors.—The mirrors or reflectors used in the

better class of projectors are of glass, ground carefully and
silvered on the back. Parabolic reflectors are used in the

navy, as they throw a more powerful beam than the Mangin
mirror or concave mirror. For commercial projectors, the

Mangin mirror is used, and where cheap projectors are

required or in case the projector has to stand a great deal

of moving around, it is customary to use copper reflectors

silvered on the inside surface. The lamp must be adjusted

so that the crater comes at the focus of the mirror, other-

wise the light will not be thrown out in parallel rays. The
crater must, of course, face the mirror.

107. Searchlight Lamp.—Fig. 59 shows a type of lamp
now used both for commercial and naval work. In this lamp
the carbons are horizontal, the positive carbon being larger

than the negative and pointing directly at the mirror. Some
changes have been made in the later lamps from the con-

struction shown in Fig. 59, but the principles involved are

the same. The lamp has what is called a ratchet feed and

is provided with two magnets—a series magnet that serves

to strike or start the arc and a shunt magnet that works the

ratchet feed.

Referring to Fig. 59, the shunt magnet is shown at G and

the series magnet at K. P is the positive carbon and N the
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negative. M is a small switch for cutting off the current

from the shunt coil when it is desired to feed the lamp by

hand. The lamp may be fed by hand by slipping on a crank

wrench at R. Screw D feeds the negative carbon and E the

positive, the two screws being geared together at J. Current

is led into the lamp by means of two sliding contacts A, one

of which is shown in the figure, the other being directly

behind A on the other side of the lamp. H is the armature

of the shunt magnet and F the pawl-and-ratchet mechanism

by which screw E is turned. The lamp for a 30-inch pro-

jector takes from 75 to 90 amperes, and for an 18-inch pro-

jector the current is from 25 to 35 amperes. The working

current varies with the size of the lamp and also with the

size of the carbons used. The voltage required at the lamp

is usually from 45 to 49 volts and the feed will frequently

operate when a pressure of 50 volts is reached.

108. The method of operating the lamp is as follows:

The carbons are adjusted by the crank wrench to a separa-

ting distance of about \ inch. The switch M is next closed.

The main SAvitch is closed next, and as no current can pass

between the carbons, the voltage between them and, hence,

the voltage across the shunt magnet G must be equal to

the full-line voltage. The consequence is that armature H
is attracted. As soon as H is attracted, the current

through the shunt circuit is broken by the contact device b

and the armature falls back and the attraction is again

repeated. The armature H, therefore, vibrates rapidly and

works a pawl that shoves the ratchet F around and feeds

the carbons together. The screws are geared together, so

that screw D revolves one-half as fast as E. As soon as

the ratchet feed brings the carbons into contact, a heavy

current flows for a short interval and the series coils K
pull back the armature a and thus start the arc. As the

carbons burn away, the voltage across G increases until

the ratchet feed operates and moves the carbons a little

nearer together. The point of feeding can be adjusted by

means of the spring c and the length of the arc by means
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of nuts d. The positive carbon holder is provided with ver-

tical and horizontal adjustments, so that it can be accurately

lined up.

109. Naval searchlights are usually operated on 80-volt

circuits, so that it is necessary to take up but 20 to 30 volts

in the rheostat. For commercial lamps, the line voltage is

higher, but in any case the rheostat should be adjusted so

that the lamp will operate without hissing or flaming.

With the horizontal type of lamp here described there is a

tendency to flame at the upper edge of the crater, thereby

forming the crater on the upper edge of the positive carbon

and distorting the reflection. This tendency is corrected

by a horseshoe magnet, which draws down the arc.

110. Some hissing will occur when starting up, espe-

cially with new carbons, and the lamp will not quiet down
until a good crater has been formed in the positive carbon.

This can be obviated by reaming out a crater in the posi-

tive carbon with a penknife before putting it in the clamp.

Flaming and hissing are promoted by inferior carbons and

are much increased if the carbons have absorbed oil. Car-

bons should be hard, homogeneous, and of the best quality.

Soft carbons fuse and form "mushrooms," which cut off a

large portion of the light and make the arc unsteady. The
positive carbon should be cored, as this assists in holding

the arc central and in making a good crater. Negative

carbons are sometimes cored, but this is not generally con-

sidered necessary or even desirable.

111. Points Relating* to Care and Operation.

—

When the searchlight is first started, an abnormal current

will flow for an instant when the carbons touch each other.

This current may be sufficient to throw the ammeter off the

scale, but it does no particular harm if it does not continue.

If it should continue, on account of the lamp failing to work
properly, cut off the current at once by means of the main
switch. The starting current may be as much as 50 per

cent, above the working current. Any abnormal current of
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the searchlight ammeter is usually traceable to either a

mushroom on the negative carbon or careless handling of

the hand feed. If the lamp does not feed properly, it is

because there has been a burn-out or that the lamp itself

is not clean; in the great majority of cases dirt is the

cause. The key to good searchlight operation is thorough

cleanliness in all the parts and frequent opportunity for

practice by those not ordinarily called upon. The mirrors

will spot or frost in time, and this action is much hastened

on board ship by the practice of exposing them to the rays

of the sun while drying out the barrel. The action of

direct sunlight will quickly ruin the silvered surface of a

mirror. Every projector front should be fitted with an

extra outside door to protect the glass front. Sometimes it

is desired to use a beam of light that will spread out, and

in such cases it is customary to fit the front with diverging

lenses that are plano-convex strips instead of the plain flat

strips ordinarily used.



ELECTRIC LIGHTING.
(PART 4.)

TESTING ARC-LIGHT LINES.
1. Since street arc-lighting circuits are generally long,

considerably exposed, and of comparatively small wire, they

always give more or less trouble on account of grounds,

breaks, and crosses. Breaks are of quite frequent occur-

rence, especially during heavy wind or sleet storms, and

very often cannot be detected by a mere inspection of the

line. The wire may be broken while the insulation holds

the ends together, so that, to all appearances, the line is

intact. Breaks are especially liable to occur at the point

where the line loops from the pole to the lamps.

Grounds are most likely to occur around the fronts of

stores where the wires are run in proximity to iron awnings

or fittings. Also, where the lines run through trees, there

will always be more or less of a ground, especially in wet

weather. In this case, however, the trouble would be more

correctly termed a leak, as it is due to defective insulation

and does not constitute a direct connection to ground, as

would happen, for example, if one of the lines came into

contact with an iron pole or a gas or water pipe.

Crosses are caused by one line coming into contact with

another, and, under ordinary conditions, should not occur

frequently if the line is well constructed. Of course, heavy

storms, especially sleet storms, may cause a great deal of

trouble on arc lines, but we are now speaking of the

troubles that are liable to occur under ordinary working

conditions.

§ 19
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All arc lines should be tested at intervals during the day

to see if any faults have developed, so that they may be

looked up and remedied, if possible, before it comes time to

start up in the evening. There are various methods of

testing for grounds and breaks, but in the great majority

of cases they are located by the use of an ordinary

magneto-bell. Such a bell is very convenient for testing

purposes, as it requires no battery for its operation and is

able to ring through a long length of line; moreover, it is

easily carried around from place to place. Another testing

instrument that will be found very useful around an arc

station is a portable Wheatstone bridge. These are now
made in a variety of forms that are compact and convenient

to work with. They are often very useful in locating faults

on lines, but more particularly for making measurements

of resistance on dynamo armatures and fields, arc-lamp

spools, etc.

2. Locating Breaks.—Series arc circuits should be fre-

quently tested for breaks by connecting a magneto to the

terminals of the circuit, at the station, and ringing it up. If

the bell fails to ring, it shows that the circuit is broken

somewhere and the break should be looked up at once. If

the circuit is aranged in loops that may be cut out by means
of switches on the poles, the first thing to do is to cut out

the loops in succession until a ring is obtained. This will

show in which loop the break is, and the fault may then be

further located, as described later; or, in many cases, it
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may be found by a simple inspection. In general, however,

the problem will be to locate a break on a simple series cir-

cuit, such as that shown in Fig. l. The irregular outline

here represents the circuit, or portion of a circuit, of which
a, b are the terminals ; /, /, etc. represent the lamps. It is

found by ringing up between #, b that there is a break on
the circuit. We will indicate this break at the point x,

though its location is not known as yet. The first thing to

do is to connect a and b together and ground them, as

shown by the dotted lines. The lineman then goes out to

the point c, as near the middle of the circuit as possible, and
opens the circuit by lowering a lamp and removing the

wires or in any other way that may be convenient. He
then attaches one terminal of the testing magneto to

ground, by connecting it with a hydrant or other ground
connection that may be at hand, and the other terminal to

one end of the circuit d. He then rings up, and if the bell

rings, it shows that the portion of the circuit from d around

to the station is all right and that the break is in the other

half. He then closes the circuit at c and moves on to a

place f, about half way between c and the station. The
circuit is here opened and the magneto-bell connected as

before. If a ring is obtained when the bell is connected to

the left-hand end of the line, it shows that the stretch of

circuit f-g-b is intact; while, if the bell does not ring when
connected to the right-hand side, it shows that the break
is between f and r, because the previous test showed that

the part d-l-l-a was all right. In this way, by making a

few tests, the lineman can locate the stretch of circuit

in which the break occurs between narrow limits, and
the break itself can then usually be located by a careful

inspection.

3. Locating Grounds.—When a line becomes grounded
at any point x, as indicated in Fig. 2, the ground may be

located by using a magneto, in which case the ends of the

line a, b at the station are left open, instead of being

grounded, as when testing for breaks. The line is then
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opened about the middle point c and each side rung up,

one terminal of the magneto being connected to the ground.

It is evident that the side on which a ring is obtained is

Fig. 2.

the one on which the ground exists. The half on which

the ground is located is then opened at its middle point,

and, in this way, the part of the line that is grounded is

soon located within narrow limits.

4. Locating Grounds by Means of Voltmeter. — If

a high-reading voltmeter is available, it may be used for

locating grounds on an arc circuit, as indicated in Fig. 3.

*\350

-X650

The dynamo is here omitted, but it is supposed to be opera-

ting the circuit connected to its terminals a, b.

In this case we have, say, 15 lamps operated on a circuit.
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The total pressure generated by the dynamo will then be

about 15 X 50 = 750 volts, allowing 50 volts per lamp. The
difference of potential between the negative side of lamp 1

and a-\- will be 50 volts, between the negative side of

2 and a-{- 100 volts, and so on, as shown in the figure. If

we connect one terminal of the voltmeter to a-\- and the

other to ground, we will get a reading whenever there is a

ground on the line. Suppose, for example, that there is a

ground at G. We will then have the voltmeter connected

across four lamps and it will give a reading of about 200 volts.

The voltmeter reading, therefore, indicates how far the

ground is out on the line. If, for example, we obtained a

reading of about 100 volts, we will know that the ground
is somewhere between the second and third lamps.

5. Differential Method of Locating- Grounds.—This

method consists in balancing the drop through an artificial

line against the drop through the portion of the circuit

from the station to the point where the ground exists. The
method will be understood by referring to Fig. 4.

The terminals of the circuit are indicated at a, b, and,

for the sake of illustration, we have shown 10 lamps. The
total pressure generated by the dynamo will be about

500 volts, and the drop in pressure between a~\- and differ-

ent points on the circuit will increase as the lamps are

passed, as shown by the numbers 50, 100, etc. The testing

apparatus consists of a number of equal resistances 1, 2, 3, Jf,

etc. connected in series with terminals brought out to a

switch, as indicated. These resistances should be fairly

high, say about 50 ohms each. Ordinary 52-volt incan-

descent lamps will answer. A detector galvanometer C is

connected to the switch blade and to the ground. Any instru-

ment that is reasonably sensitive will do, as it is not neces-

sary for it to read either volts or amperes. This device

should have as many resistances as the greatest number of

lamps on any circuit that is likely to be tested. One end x
of the resistance is connected to a-\~. The other end of the

circuit — b is connected at the point z, so that the number of
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resistances will correspond to the number of lamps on the

circuit to be tested. The switch arm is then moved over to

the right until the galvanometer deflection comes to zero.

In this case, the deflection will become zero when the arm is

at the point y between resistances 6 and 7. It is evident

that the fall of pressure from «-j- through the artificial

circuit corresponds to the fall in pressure from a-\- around

ISO*'

Fig. 4.

the arc line ; hence, when a point is reached when the drop

in pressure from a-\- around to the ground is equal to the

drop in the artificial line, the two pressures counterbalance

each other, as indicated by the arrows, and no current flows

through the galvanometer. As soon as the point corre-

sponding to that where the ground exists is passed on the

switch, the galvanometer will reverse its deflection.
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LIGHTNESS PROTECTION FOR ARC
CIRCUITS.

6. Series arc-light circuits are very apt to bring in light-

ning discharges to a station, because they cover such large

areas and are usually pretty well exposed. They should,

therefore, be well protected by lightning arresters. The
arresters used on arc circuits differ little, if any, from

those used on other circuits. Care must, of course, be

taken in selecting an arrester to see that it is adapted to

the voltage of the circuit. Many of the older types, which

were quite satisfactory on circuits operating as high as

60 to 75 lamps, are not suitable for high-voltage circuits

operating 125 to 150 lamps. If the older types of arrester

are to be operated on such circuits, two of them should be

connected in series.

7. Thomson Arrester.— Fig. 5 shows the Thomson
magnetic blow-out arrester that has probably been used in

the past more ex-

tensively on arc cir-

cuits than any other

one type. It is simi-

lar in principle to the

blow-out arrester

used on constant-

potential circuits,

except that the coils

are in series with the

dynamo instead of

being connected

across an auxiliary

air gap. The coils,

therefore, carry the FlG
-
5 -

current all the time the dynamo is in operation. There is

little objection to this in the case of an arc circuit where the

current is small. For constant-potential circuits it would

be inconvenient to carry the main current through the
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blow-out coils, and unless they were of very low resistance

there would be considerable loss of energy. The air gap is

between the vanes c, c '. Fig. 6 shows how the arresters are con-

nected. Current from the dynamoD flows through the coils A
and out on the line, thus setting up a magnetic field between

r^m^
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8. The type of blow-out arrester described in Electric

Lighti)ig, Part 2, and made by the General Electric Com-
pany for use on direct-current lighting and power circuits,

is now also used on arc-light circuits. This arrester has a

smaller air gap than those just described and, hence, affords

a better protection especially against static charges that

gradually accumulate on the lines and do not take the form

of a regular lightning discharge. Moreover, as the working

parts of this arrester are mounted in a porcelain case, there is

much less liability of dust and dirt becoming lodged in the

air gap.

9. The arresters just described are, of course, intended

for use with direct current. For alternating-current sys-

tems, the arresters described in Electj'ic Lighting, Part 2,

in connection with alternating-current incandescent cir-

cuits may be used.

10. Tjig-litning Arrester for Arc Lamps.—Although
lightning may not get into the station, it sometimes punc-

tures the insulation of the

lamps out on the line and

is responsible for many
burned-out coils. In order

to prevent this, small ar-

resters, or, rather, simply

spark gaps, may be con-

nected across the terminals

of the lamp. Fig. 8 shows

a simple arrester for this

kind of work. This con-

sists simply of two brass

cylinders with a small gap

between them. When a

discharge comes along the

line, it will jump between

the cylinders and thus pass

along to the regular light-

ning arresters, which will

/. Ill—30

Fig. 8.
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carry it to ground. The lightning will jump the gap in

preference to passing through the lamp on account of the

self-induction and consequent reactance of the regulating

coils in the lamp.

11. It will generally pay to have a number of arresters,

connected between the line and the ground, distributed over

the line instead of depending on the station arresters alone

for protection. All arresters should be provided with a

good ground connection, otherwise they will be of little

value.

STATION EQUIPMENT.
12. General Remarks.—Having considered the lamps

themselves and the line used to convey the current to the

lamps, next in order comes the apparatus for the generation

and control of the current supplied to the various arc cir-

cuits. This means a consideration of arc-light dynamos,

switchboards, and methods of operating arc lights by alter-

nating current. Attention has already been called to the

fact that large numbers of arc lamps are run on constant-

potential circuits. These lamps are operated by the same

machines and from the same mains used for the incandes-

cent lighting, so that the equipment described in Electric

Lighting, Part 1, is suitable whether the lamps be direct or

alternating. We will, therefore, confine our attention to

the special equipment necessary for operating constant-

current series circuits.

13. Lamps may be operated in series by means of a con-

stant current, either direct or alternating. In case direct

current is used, it is supplied by regular arc-light dynamos.

In case alternating current is used, it is generally supplied

from a constant-potential alternating-current dynamo sup-

plying the lamps through a regulator or transformer of some
kind that will serve to keep the current at the correct value,
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no matter how many lamps there may be in the circuit.

Constant-current alternators have not as yet been used to

any great extent, but as the use of series alternating arc

lamps extends, it is quite probable that they may be used

more than has been customary in the past.

CONSTANT-CURKENT ARC-IilGHT DYNAMOS.

14. The constant-current arc-light dynamo may in

many ways be considered as a decided contrast to the con-

stant-potential direct-current machines used for low-pressure

lighting or street-railway work. In the first place, arc

machines must generate a comparatively small current

(from 6 to 10 amperes), but the maximum pressure that

they are called upon to deliver at full load is very high.

Moreover, they must be constructed so as to keep the cur-

rent at the required amount through a wide range in the

number of lamps operated.

The constant-potential dynamo does just the opposite. It

maintains the pressure (usually from 110 to 600 volts) at a

constant or nearly constant value and the current varies

with the load. A constant-potential machine can be made
self-regulating by providing it with a compound field wind-

ing. In order, however, to make a direct-current machine

regulate for constant current, it is necessary to provide it

with an electromechanical regulator of some kind that will

adjust the voltage with changes in load, so as to keep the

current constant.

These regulators are always more or less complicated. It

is quite a common thing to go into arc-light stations and

find the regulators thrown out of action. Some of them
give so much trouble that the station men prefer to regulate

the machines by hand rather than bother with them. Most
of these regulators shift the brushes, and if the load does

not change suddenly (as, for example, on a street-lighting

circuit), the dynamo tender can regulate the current by
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watching the ammeter and regulating the position of the

brushes by hand when necessary. On the other hand, many

constant-current arc machines regulate almost perfectly and

give very little trouble if the machine is only kept clean and

in good condition.

15. For convenience, constant-current arc machines

may be divided into two general classes: (a) those with

open-coil armatures and (b) those with closed-coil arma-

tures. The Brush and Thomson-Houston machines belong

to the first class, and the Fort Wayne or Wood, Excelsior,

Western Electric, and Ball belong to the second class.

OPEN-COIL, MACHINES.

16. The Thomson-Houston (T. H.) Dynamo.—This

machine has been very largely used for arc lighting and

has given excellent service, notwithstanding the fact that its

regulating mechanism is rather complicated and that, as a

whole, it has more peculiarities than almost any other direct-

current machine in common use. The General Electric

Company, who succeeded the Thomson-Houston Company,

do not now manufacture this type as their standard arc

machine; but since large numbers of T. H. machines are in

use, we will consider a few points regarding them.

Fig. 9 shows the general appearance of this arc machine,

and Fig. 10 shows how it is connected with the wall con-

troller and the lamp circuit. The arrangement of the plug

switchboard, which is merely shown at A, Fig. 10, in order

to make the diagram complete, will be fully explained later.

B, Fig. 10, is the wall controller that is used to throw the

regulating magnet M, Fig. 9, into or out of action whenever

a movement of the brushes is necessary to keep the cur-

rent constant. R is an adjustable rheostat connected in

shunt with the right-hand field coil. Constant-current arc

machines are always series-wound, i. e., the field coils are
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connected directly in series with the armature. If a shunt

is connected across one of the field coils, as in this case, the

current through that coil is reduced and the field is corre-

spondingly weakened. This rheostat is used to improve the

regulation of the machine when it is operated on a number

of lamps considerably less than its normal capacity. The

Fig. 9.

machines are, however, frequently operated without any
rheostat, especially if they are worked at nearly full load.

Wis a recording wattmeter used to measure the total work
done by the machine. The current coil of this wattmeter

is connected in series with the dynamo and lamps, and the

pressure coil is connected across the terminals of the dynamo
in series with the resistance r.

IT. Armatures for T. H. Dynamos.—The old style

T. H. armature was nearly spherical in shape, but it was
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essentially of the drum type, because the wire was wholly on

the outer surface of the core and the coils overlapped. The
objections to it were that it was difficult to wind, difficult

L//76

Sfreef lamps.
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Fig. 10.

to repair, and poorly ventilated. The later types of T. H.

machines are, for these reasons, equipped with the ring-

type armatures.
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Fig'. 11 indicates the construction of this later type of

armature. In this figure, the spider that supports the core

has been removed,

and only a portion

of the coils is shown
in place, in order to

indicate the method
of construction. The
core A is built up of

sheet iron and has

a slot vS in it wide

enough to admit the

coils c, so that they

may be removed if
FlG

-
n -

necessary. A laminated iron piece b, fitting into slot S, is

held in position by end pieces and locks the core securely.

The coils c are wound on forms and are heavily insulated.

The core is supported by the radial arms of the armature

spider which fit into grooves. This style of armature gives

much better ventilation than the older type and is very

much easier to repair in case a coil burns out.

<a> (b)

Fig. 12.

18. The connections for the ring*armature are the same

in principle as those of the drum. The coils are divided

into three groups and one end of each group is connected
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to a common junction. The remaining three ends are then

carried to the commutator segments. Fig. 12 (a) and (b)

shows the connections of a T. H. ring armature, (a) being

the connections as seen from the commutator end and (b)

from the pulley end. The individual coils of each group,

such as a, b, c, d, e, etc., are connected in series. The ends

marked i are inside ends of coils ; those marked o are outside

ends. Outside of the change in the style of armature and

some improvements in the bearings, the T. H. machine has

been changed but little since it was first brought out.

19. General Remarks on T. H. Machines.—In opera-

ting the T. H. machine, care must be taken to see that the

brushes are correctly set, with regard to the commutator,

and also that the commutator is properly set on the shaft,

with regard to the armature. Instructions for doing this

are furnished by the manufacturers and a gauge is pro-

vided for setting the brushes. Failure to attend to these

points will result in "flashing," or the machine may refuse

to pick up its load at all.

20. Flashing is a fault to which arc-light dynamos are

especially subject. It consists in a momentary short-cir-

cuiting of the machine by an arc jumping around the com-

mutator from brush to brush. This produces a flash, so well

known in connection with these machines. It may arise

from a number of different causes. In the T. H. machine,

an improper setting of the brushes or commutator referred

to above may cause it, also defects in the air blast. If the

jets become stopped up or if the blower itself is out of order,

the puffs of air will not be delivered so as to blow out the

spark. This will allow it to carry over to the adjacent seg-

ment and a flash will result. A flash is immediately followed

by a lowering of the regulator and must not be con-

founded with the ordinary sparking of the machine. When
a T. H. machine is running under normal conditions, there

is a spark about T\ to \ inch long at the ends of the brushes.

This spark has a violet tinge and does no special harm ; in

fact, an experienced hand can tell by the size and color of
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the spark if he has the brushes and commutator adjusted

correctly or not. When flashing occurs, it generally indi-

cates that something is wrong, and the trouble should be

looked up and remedied. Bad contacts in the wall controller

are another cause of flashing; an overload on the dynamo or

a low speed will also give rise to it. Sometimes flashing is

caused by a short circuit or open circuit in one of the arma-
ture coils. Trouble of this kind in the armature will, as a

rule, not only cause bad flashing, but will also cause the

brushes to spark much more than usual. Sometimes flash-

ing occurs when there is no fault in either the wall con-

troller or the dynamo. The wires may be crossed at some
point on the line, so that as they sway back and forth, part

of the circuit is cut in or out, thus throwing part of the

load on and off. With some styles of differential lamps a

break in the shunt circuit of one or more of the lamps will

often cause flashing. Such a break may be caused by light-

ning and will prevent the lamp feeding when it should.

The characteristic of flashing resulting from this cause is

that it occurs at regular intervals. As the carbons of the

faulty lamp burn away they become farther and farther

apart, because the shunt coil is out of action and cannot make
the lamp feed. The resistance of the arc finally becomes
so great that the dynamo can no longer keep the current

constant and the machine finally flashes. This momen-
tarily cuts off the current from the circuit, so that the

carbons drop together and the same performance is repeated.

21. Sparking-. — As already stated, T. H. machines

always run with a spark, even when they are in perfect con-

dition. Sometimes, however, they spark more than they

should, and in such cases the trouble should be looked

up. Inaccurate setting of the brushes, loose brushes, or

loose commutator segments will cause sparking. Defects

in the air jets, dirty commutator, too much oil on com-
mutator, and ragged or bent brushes are other causes.

Sparking is sometimes caused by the dynamo generating

a larger current than it should If this is the case, it
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will be indicated by the ammeter, and the wall controller

should be inspected and adjusted. On account of the pecu-

liar construction of the T. H. machine, there are a great

many things that may give rise to flashing and sparking.

Those given above are a few of the more important ones.

It must not be inferred, however, that the machine is not

satisfactory on this account. In fact, there are few arc

dynamos that have given such generally good service as

the T. H., and after a man has worked around them a while

he soon becomes accustomed to the method of handling

them and has very little trouble. The wall controllers

require scarcely any attention and will work year in and

year out without giving trouble. The T. H. machine has

been replaced by other types, not because it was unsatisfac-

tory, but because of the demand for larger machines of

higher efficiency which could handle a -larger number of

lamps. Most of the older styles of constant-current arc

dynamos had a very low electrical efficiency compared with

constant-potential dynamos of the same output.

22. The Brush Arc Dynamo. — The old style Brush

arc machine was very simple in construction. Large num-

bers of these machines are still in use, but they are gradually

being replaced in the larger plants by the later style shown

in Fig. 13. These machines are much larger than the bipolar

type and have a higher efficiency. The armature M is of

the ring, open-circuit type, and its general construction is

the same as that of the older style armature with a number

of improvements in the mechanical details and method of

insulation. The connections are also slightly different in

order to adapt the armature to a four-pole field. Instead of

connecting diametrically opposite coils in series, as in a

two-pole machine, four coils situated one-quarter of a cir-

cumference from one another are connected in series and

the terminals brought out to the commutator segments.

The field is the same in some respects as that on the old

machine, but there are four poles on each side of the arma-

ture instead of two. On each side the poles are alternately
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north and south, but poles directly opposite each other are

of the same polarity. For example, in Fig. 13, poles A, A
are alike and of one polarity, while B, B are also alike but

of opposite polarity to A, A. In placing and connecting

Fig. 13.

the field coils, the instructions sent out by the makers
should be followed carefully, and it is always a good plan to

send current through the coils and test the polarity with a

compass before starting up the machine.

23. The other chief point of difference between the new-

style and old-style Brush machine lies in the regulator.

The old regulator was entirely separate from the dynamo
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and took the form of a carbon resistance connected in

shunt across the terminals of the field. This resistance

was made of a pile of carbon plates that were pressed

together by a lever pulled by a magnet connected in series

in the circuit. If the current increased, the magnet pulled

on the lever and pressed the plates together, thereby lower-

ing the resistance in shunt with the field. This allowed a

greater proportion of the current to flow past the field

windings, thus cutting down their magnetizing power, low-

ering the voltage, and bringing the main current back to

its proper value. If any regulation of the brushes were

necessary to prevent undue sparking, it was accomplished

by hand. In the later machines the regulator is mounted

on the dynamo and not only varies the amount of the

resistance shunted across the field, but also tips the brushes

so as to regulate the sparking.

24. The regulator, Fig. 13, is in the box C and will be

described in detail later. The rheostat D is connected in

shunt across the terminals of the field by means of the

wires a, a' . This resistance is divided into a number of

steps, connections to which are made by an arm moving

over the contacts b. This arm is moved by the regulator

and at the same time the brushes are tipped by means of

the rocker-arm c attached to the brush-holder yoke d.

25. The Regulator.—Two types of regulator have

been brought out for the multipolar Brush machines. The
first type used magnetic clutches to move the rheostat arm.

A shaft on which were mounted two magnetic clutches was

driven at a uniform speed by a belt from the main shaft.

The shaft carrying the rheostat arm Avas moved by the

clutch shaft by means of beveled gears, so that when cur-

rent was allowed to pass through one clutch, the rheostat

arm was moved in one direction, and when the other clutch

was thrown into action, the arm was moved in the opposite

direction. The current through the clutches was regulated

by a wall controller. This controller consisted of two series
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magnets provided with armatures carrying contacts, so that

when the current became low one clutch was energized, and

when too large, the other. This form of regulator is not

Fig. 14.

now manufactured, so that it will not be necessary to describe

it in detail. The one now made is shown in Fig. 14. This

regulator is shown at C, Fig. 13, but Fig. 14 is a larger
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view, showing the regulator with its rheostat detached from

the machine. It requires no wall controller and is oper-

ated by an encased magnet m connected in series with the

lamps. The magnet m does not move the rheostat arm <?,

but simply controls a valve that admits oil under pressure

to either side of a vane or piston that swings around in the

closed chamber b. The oil pressure necessary to operate

the piston is maintained by means of a small rotary pump c

fig. 15.

driven by a belt from the dynamo shaft running on pulley d.

The lower case is filled with oil to a point a little below the

rheostat-arm shaft.

Fig. 15 shows the working parts of the regulator with the

outer casing removed. The pump consists of two gears

1, 2, Fig. 15, meshing with each other. Oil is drawn from

the lower part of the box and discharged through the valve,

which moves up and down in a chamber at e. The series

magnet m pulls on the lever <?, which operates against
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the adjusting spring/'. The valve is operated by means of

the link r. The piston or vane b is movable and is free to

swing around in the chamber t. The partition w is fixed, so

that when oil is pumped in above w and is allowed to flow

out below, the vane b moves clockwise and moves the rheo-

stat arm in the same direction. When oil is pumped in on

the lower side and allowed to flow out on the upper, the

vane moves counter clockwise. When the current is at its

normal value, the valve is in its central position and the ports

Fia. 16.

are arranged so that the oil passes in and out of the valve

chamber without affecting the piston. Under such circum-

stances, therefore, the rheostat arm remains stationary.

Fig. 16 shows the arrangement of the valve. It is here

shown in its mid-position and the arrows show how the oil

flows past the valve and back into the chamber. When the

valve is raised slightly, the flow through the ports <?, o is

stopped and oil is forced into the chamber ,r, thus for-

cing the piston to the right, or clockwise. As soon as
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the current has regained the normal amount, the valve

again assumes the central position and the oil flows through

it as before. If the current falls below normal, the magnet

becomes weakened and the valve moves below the central

position. In this case the upper chamber x is cut off from

the pump, but is opened to the outside while the cor-

responding lower chamber is opened to the pump and cut

off from the outside and the vane or piston b is forced to

the left, or counter clockwise. The valve s is used to make

an opening between the two chambers, so that the action of

the regulator may be stopped when desired. Any adjust-

ment that may be found necessary is made by varying the

tension on spring/, Fig. 15, by means of the knob /at the

bottom of the case. The quickness of action can also be

regulated by varying the length of the stops /, f on the

lever o, Fig. 15.

26. In addition to moving the rheostat, the regulator

also tips the brushes by means of an arm extending down

from the rocker and carrying a toothed arc that engages

with a small spur wheel on the shaft carrying the rheostat

arm. By this movement the brushes are adjusted with

the changes in load so as to keep the spark at the brushes

about | inch long on short circuits and ^ inch long on full

loads.

Some of these machines are provided with what is called

a spark-controlling- switch. This is an adjustable resist-

ance in series with the rheostat. By varying this resistance,

the field strength of the machine may be adjusted, to a cer-

tain extent, independently of the position of the rheostat

arm, and the field strength determines, to a large extent,

the amount of sparking. On these machines the spark at

the negative brush (the top or horizontal brush) follows the

brush in a zigzag line, while that on the positive, or vertical,

brush follows the brush in a straight line.

27. The controller described above will hold the current

at its correct value with very little variation either way.
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Its chief advantages over the magnetic clutch controller are

that it requires no wall controller and it is not so liable to

give a seesawing effect. The regulation is brought about

more evenly than when clutches are used and is not so liable

to overshoot the mark and then have to be brought back

again, thus giving rise to surging effects in the current.

The oil regulator is comparatively simple in construction,

and there are few parts of it that are liable to give trouble,

and the moving parts run in oil, so that the wear is very

slight. A light dynamo oil should be used, and when the

machine is first installed the old oil should be drawn off and

replaced by new at least once a week until all grit and dirt

have been cleaned out. The cover must never be left off

the regulator.

28. Connections of Multipolar Brush Arc Dynamo.
The number of coils on the armature and the number of

commutators depends on the size of the machine. The
larger sizes have four commutators and the smaller three.

Each group of coils, with its commutator and brushes, may
be considered as a dynamo by itself, because the various sets

of windings have no connection with one another unless

they are connected through the outside circuit. On account

of having this style of armature winding with a number of

separate commutators, the machines may easily be con-

nected so as to operate a single circuit or a number of cir-

cuits, as previously explained.

CLOSED-COIL MACHINES.

29. The Wood Arc Dynamo.—This machine has a

simple closed-coil ring armature and a commutator divided

into a large number of segments so as to make the voltage

between segments low and prevent undue sparking. Fig. 17

shows one of these machines of 125 lights capacity, and,

therefore, capable of generating about 6,250 volts at full

load. The controlling magnet m of the regulator here

/. III.-31
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shown is connected in series with the line and operates the

lever n. The brushes are moved by means of a small double

friction clutch that is contained in the casing shown at a.

When the lever is pulled up beyond the normal position, the

clutch moves the brushes forwards by means of the gears

b, e, d, thus lowering the current. If the current becomes

too weak, the lever moves down and the clutch moves the

Fig. 1".

brushes back, thus increasing the current. These machines

operate on a single circuit and are made as large as

150 lights capacity. The largest size of machine is of a some-

what different design from that shown in Fig. 17, but the

principle of operation is the same. The connections used

with the Wood system are very simple. The armature,

fields, and regulating magnet are all connected in series,

and the regulation is effected altogether by tipping the
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brushes, there being no rheostat of any kind in shunt with

the fields.

30. The Excelsior and Western Electric machines also

have closed-coil armatures. The larger sizes of the more
recent Western Electric machines are of the four-pole type

and have two pairs of brushes. This dynamo is provided

with two regulators and supplies two circuits in parallel.

Each of the regulators controls one pair of brushes. This is

a somewhat different multiple-circuit arrangement from that

of the Brush machine, because there the two loops or circuits

are in series and the current is bound to be the same in

each, hence only one regulator is needed. Moreover, if the

circuit is opened at any point, the full pressure of the dynamo
is obtained at the break. When the circuits are in parallel,

it is evident that each circuit must have a regulator of its

own, but under no circumstances can the pressure obtained

exceed that which is ordinarily applied to one circuit, i. e.

,

half the pressure that the machine would have to generate

if all the lamps were connected in series.

31. General Remarks.—From the above it will be

noticed that the general tendency has been to produce arc

machines of larger output rather than to make any radical

change in the design. The most modern Brush machines

are almost exactly the same, so far as general principles are

concerned, as those first manufactured. When it comes to

making large constant-current machines, however, diffi-

culties are met with on account of the high voltage that they

must generate, and the largest size of Brush machine is only

of about 76 kilowatts capacity. This machine generates

9.6 amperes at 8,000 volts or 6.6 amperes at 11,000 volts,

depending on the winding with which it is provided. These

machines, while small compared with most constant-potential

dynamos, are considerably larger than the older types of

arc machines and have a somewhat higher efficiency. Large

machines are almost a necessity in city stations where a

large number of lamps must be operated and where floor

space is limited.
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CARE OF ARC MACHINES.
32. The ordinary constant-potential dynamo, genera-

ting- current at 110, 220, or 500 volts, will give compara-

tively little trouble if it is kept clean and the commutator

attended to. Carbon brushes will wear for a long time

without requiring much attention. On the other hand,

arc machines require considerable attention. It is not the

intention here to take up the points relating to particular

types of machines, but simply to take up a few points

applying to arc machines in general. Instructions relating

to particular makes of machines are furnished by the man-

ufacturers.

33. Insulation of Machine.—The insulation between

an arc machine and the ground should be high and the

mounting should be carried out with this end in view.

The dynamo should be fastened to a heavy frame, made of

well-seasoned wood, oiled and varnished. The foundation

bolts should be so countersunk in this frame that there will

be no danger of the base of the machine or its holding-down

bolts coming into contact with the foundation bolts. The
arc lines' connected to the machines are always more or

less grounded, and a ground on the dynamo frame will

help to bring about a breakdown, besides being dangerous.

Sometimes static charges, caused by the driving belt, will

accumulate on arc machines where the insulation from the

ground is very high. These charges may sometimes be

seen jumping from the pole pieces to the armature coils and

thence to ground. In order to lead off such charges, a very

high resistance may be connected from the frame to the

ground. Resistances made of graphite are often used for

this purpose, but in most cases a small charred groove from

the base of the machine to a foundation bolt will answer.

A heavy rubber mat should be provided at each arc machine

for the attendant to stand on. One cannot be too careful

when working around such high-pressure machines and it is

best not to take any chances.
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3-4. Cleaning and Wiping*.—In the. first place, the fact

must never be lost sight of that series arc dynamos generate

a very high pressure, much higher, in fact, than many of

the alternators in common use. Cleanliness is essential

with all dynamo-electric machinery, but it is especially

important in the case of arc machines. All dust and dirt

must be kept off them or a short circuit of some kind is

bound to occur sooner or later. It will pay any station that

operates many of these machines to put in a small air com-

pressor and pipe compressed air around the station, so that

the dust and dirt may be blown out. Holes and corners

can be reached in this way that would never be touched

or that could not be reached otherwise. Although a

dynamo may look clean to outside appearances, dirt and

copper dust will often accumulate in just those places where

it will eventually cause a breakdown and from which it

would be dislodged if a stiff air blast were used. The com-

mutator of an arc machine always requires more or less

sandpapering, and the copper dust resulting from this is

especially liable to give trouble. Wherever terminals are

carried through castings by means of bushings, as, for

example, on the legs of the T. H. dynamo or where brush-

holder studs pass through the rocker-arm, care should be

taken to see that the insulating washers are kept clean. It

is a good plan to clean them with benzine occasionally and

to give them a coat of clean, thick shellac. Machines

should, if possible, be wiped and thoroughly cleaned imme-

diately after they are shut down. When the machines are

warm, the cleaning is much more effective than after they

have cooled down.

35. Brushes and Commutator.—Arc machines always

spark more or less. This is especially true of the open-coil

machines, i. e., the Brush and T. H. This sparking does not

cause as much burning of the commutator and brushes as

might at first be expected, because the volume of current is

small and the heating and burning effects are also small If

the same amount of sparking occurred on a constant-potential
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machine delivering a large current, the commutator and

brushes would very soon become burned. At the same time,

the segments always roughen up to some extent and the

commutator should be cleaned. On the'T. H. and Brush

machines a strip of very fine sandpaper (never emery or

crocus cloth) held against the commutator for a minute or

two just before the machine is shut down should be suffi-

cient to keep the segments smooth, unless they have been

allowed to get in very bad shape. This may be done with-

out removing the brushes, but all copper dust should be

thoroughly cleaned or blown out afterwards. It is often a

good plan to put a little oil on the commutator, as it gener-

ally prevents the cutting of the segments. Oil should, how-

ever, be used in very small quantities. If too much is used,

it will make the commutator blacken or it may cause flashing.

In working around the commutator of these machines, great

care should be taken. Use only one hand, and if it is neces-

sary to wipe off the commutator, fasten the cloth on the end

of a stick, so that it will not be necessary to bring the hand

close to the brush holders.

36. Nearly all arc machines use copper brushes. An
exception to this is the Western Electric dynamo, which uses

graphite or carbon brushes. The T. H. and Brush machines

use thin brushes, consisting of one thickness of rolled copper

about .03 inch thick. The brush is divided into a number

of fingers by longitudinal slits, in order to make it flexible.

Brushes of this kind should rest on the commutator tan-

gentially and should be sprung or bent just enough to

give a good, firm contact. Gauges for setting the brushes

are generally sent with the machines. The copper brushes

used on the Wood, Excelsior, Ball, and other machines

having closed-coil armatures are made up of a number

of leaves of thin, rolled copper (usually from .01 to .015 inch

in thickness). These brushes are set at a slight angle

to the commutator, so that the end wears down on a

bevel. The sparking always burns the ends of the brushes

more or less and draws the temper from the copper for a
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short distance back from the tip. This necessitates clipping

off the ends from time to time, so as to keep them straight and

smooth. After being clipped, the ends should be smoothed

up with a fine file. As these brushes are quite thin and do

not carry a heavy current, it is not necessary to file the ends

to a bevel to suit the commutator, as must be done with the

thick copper brushes used on constant-potential machines.

37. Troubles in Armatures. — The troubles in arc

armatures are usually of three kinds: grounds, short circuits,

and open circuits. Grounds are generally caused by the

insulation breaking down between the core and one or more

of the coils. As it is not usually possible to get at the insu-

lation between the core and the coil, the only remedy is to

rewind the defective part. Short circuits are caused either

by two commutator bars becoming connected together, by

the coil terminals becoming connected, or by a connection

being made between the turns of the coil itself. In any

event, a short-circuited coil is almost sure to burn out as

soon as the machine is started, because the coil with the

short circuit forms a closed circuit in itself, and as soon as it

begins to cut lines of force, heavy local currents flow in it.

An open circuit in a coil will not, of course, cause the coil to

burn out, but it will cause bad sparking at the commutator.

On closed-coil armatures, where the number of coils is

large, a defective coil may be cut out temporarily without

interfering, to any great ex-

tent, "with the operation of the

machine, but it should be re-

newed at the first opportunity.

A coil may be cut out by dis-

connecting its terminals from

the commutator and putting a

short piece of wire or a jumper

in its place, as indicated in

Fig = 18 (a) and (&). Here a

is the defective coil connected

to the bars in the usual way, pIG# i8<
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as shown in (a). This coil may be cut out by disconnecting

its ends x, y, fastening them back out of the way, and con-

necting bars c, d by means of a small piece of wire or

jumper e, as shown in Fig. 18 {b). This will usually tide

over the difficulty in case of a ground or open circuit in

coil a. In case the trouble is an open circuit, it is always

well to examine the leads coming out to the bars very care-

fully before cutting out the coil altogether. A large pro-

portion of the breaks met with are in these leads and not in

the coil itself, and can be repaired without much difficulty.

If any soldering is necessary to repair the break, use a solu-

tion of rosin in alcohol for a flux, but do not use soldering

acid. Also, turn the armature around so that none of the

solder will drop in where it will be likely to give trouble.

In case a coil has a short circuit within itself, it will, of

course, burn out whether it is disconnected from the other

coils or not, and in so doing it is liable to injure adjacent

coils. It is best, therefore, to rewind such a coil before

attempting to operate the machine.

38. Troubles in Field Coils.—The field coils of arc

machines are more liable to become grounded than those of

constant-potential dynamos because of the high pressures

used. Open-circuited, grounded, or short-circuited field

coils may be located by applying the ordinary tests.

Arc machines should be rung up with, a magneto for

grounds from time to time, and it is best to make a practice

of doing it every day. The newer types of machines are

very heavily insulated, but as a ground is not only liable to

interfere with the operation of the machine, but is also

decidedly dangerous, it is best to test out the machines at

regular intervals. Sometimes, especially on some of the

older machines, the insulation on the inner layers of the field

winding becomes gradually carbonized so that the layers

become short-circuited. When this happens, the machine

will not be able to generate its full voltage and carry

its load. A careful measurement of the field resistance

with a Wheatstone bridge will usually show whether any
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of the layers are short-circuited or not. The correct field

resistance is usually given by the makers, so that a defective

field coil may be detected.

Grounds on field coils are sometimes caused by lightning

getting into the machine and puncturing the spool insula-

tion. In other cases, they may be caused merely by a

gradual deterioration of the insulation due to heat or other

causes. In rewinding the fields or armatures of arc

machines, great care should be taken to see that the

insulation on the ends and on the cylindrical part of the

spool is as perfect as possible. Carelessness in insulating

these spools or armature coils when rewinding often results

in a burn-out almost as soon as the machine is started up.

Fine cambric treated to four or five coats of insulating

varnish, mixed with a small amount of linseed oil and al-

lowed to dry, will be found to make an excellent insula-

ting material and is much better than cotton covered with

ordinary shellac varnish. The safest plan, however, is to

note carefully the way in which the spool was insulated

before and then see that it is repaired so as to be at least

as good.

39. Reversal of Polarity.—Sometimes the polarity of

arc machines becomes reversed. This is usually due either

to lightning, wrong plugging at the switchboard, or the

circuit from the machine coming into contact with some
other circuit. When a machine's polarity is reversed, the

lamps operated by it will burn "upside down," i. e., the

lower, or short, carbons will be positive and will burn twice

as fast as the upper. If the current is allowed to flow in

the wrong direction for any great length of time, the bottom

carbon holders will be destroyed. It is important, there-

fore, to see that trouble of this kind is remedied as soon as

possible. As far as the lamps are concerned, the trouble can

be overcome by simply reversing the plug connections at

the switchboard, but the polarity of the dynamo should be

righted at the first opportunity. This may be done as fol-

lows: Connect the brushes together by a piece of wire so
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that the armature will be short-circuited and, hence, will

allow current to pass through the fields without running

the machine as a motor. On the T. H. machine this can

be done by simply closing the armature short-circuiting

switch, or field switch, as it is sometimes called. Then
connect the positive pole of another machine to the

negative pole of the machine to be fixed and allow the

current to flow for a few moments. If another machine

is not available, a number of cells of battery may be

used. This will reverse the polarity and bring the machine

back to its former condition. After this is done, the short-

circuiting loop may be removed from the brushes. Do
not attempt to reverse the

1

polarity while the machine is

running.

40. Running Arc Machines in Series. — Sometimes

conditions may arise where it is necessary to run two arc

machines in series in order to supply the lamps on a given

circuit, because the number of lights to be operated may
exceed the capacity of any one of the available machines.

The two machines are connected in series by connecting

the positive terminal of one to the negative terminal of

the other, in just the same way as cells of battery are con-

nected together when their E. M. F.'s are to be added.

When arc machines are run in this way there is often

trouble due to the current seesawing or limiting, as it is

sometimes called.

The current, instead of remaining steady, surges up and

clown. This is caused by the unstable action of the regu-

lators on the two machines; both try to do the regulating

at once and the result is an unstable condition of affairs.

The best thing to do under such circumstances is to throw

one regulator out of action and make the machine generate

its full-load voltage by blocking the regulator or setting the

brushes at their position of maximum E. M. F. This

machine will then generate a constant E. M. F., and what-

ever changes are necessary will be taken care of by the

regulator on the other machine.
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ALTERXATING-CUREENT ARC-LIGHT DYNAMOS.

41. Constant-Current Alternators. — The operation

of arc lights in series from constant-current alternators is

not common, although large numbers are operated in par-

allel from constant-potential machines. There is no par-

ticular reason why a constant-current alternator cannot be

built, and, in fact, such alternators have been built and

used to a limited extent. They have, however, the same
disadvantage as direct-current constant-current machines;

i. e., in order to operate a large number of lamps they

Fig. 19.

must generate a high pressure, and it is not possible

to build machines of large output because of the diffi-

culty of insulating them properly. In the few cases

where lamps have been operated from constant-current

alternators, each lamp was usually supplied through a

transformer connected in series with the line, as indi-

cated in Fig. 19. These transformers were usually wound
for a ratio of transformation of about 1 to 1 or 2 to 1;

i. e., to get a pressure of 50 volts across the lamps,

the pressure across each primary would be 50 or 25 volts
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and the pressure generated by the alternator would be,

approximately, equal to the pressure across each trans-

former multiplied by the number of transformers connected

in the circuit.

This method of operating alternating arc lamps was origi-

nally brought out before the enclosed-arc lamp came into

use, but was never adopted to any great extent, more on

account of the unsatisfactory operation of the alternating-

current open-arc lamp than anything else. Now that

the alternating-current enclosed-arc lamp has proved a suc-

cess, it is quite possible that the use of constant-current

alternators may become more common. The Westinghouse

constant-current alternators are the same in general con-

struction as their constant-potential machines, but are

made so that the armature will exert a strong reaction

on the field. The armature reaction of these machines

is so heavy that any increase in current decreases the field

strength to such an extent that the current remains con-

stant. They do not, therefore, require any outside regu-

lating device, or, in other words, they were said to have

inherent regulation.

42. Although it is quite possible to operate alternating-

current arc lamps in series from constant-current alterna-

tors, as described above, the present practice is to generate

the current by constant-potential alternators and then to

supply it to the series circuits either directly, by means of

special constant-current transformers, or through a regu-

lator of some kind that will vary the E. M. F. applied to

the circuit as the load varies. The advantage of this plan

is that it allows series arc lamps to be operated from the

same dynamo used to operate incandescent lamps. Also,

one large alternator operating at a moderate pressure can

be made to operate a large number of series lamps by run-

ning a number of circuits all fed in parallel from the same

dynamo and each circuit provided with an independent

regulator or transformer to keep the current in that cir-

cuit constant.
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OPERATION OF SERIES ARC LAMPS FROM CONSTANT-
POTEXTIAL ALTERNATORS.

43. Operation Directly From Machine.—Suppose that

we have an alternator A, Fig. 20, generating current at a

constant pressure of 2,000 volts. If we use enclosed-arc

lamps, each lamp will take about 80 volts and we may con-

nect about 25 lamps in series across the line, as indicated.

This is similar to the method previously described for opera-

ting incandescent street lamps in series. With this scheme

of connection it is necessary to provide each lamp with a

cut-out of some kind that will insert a resistance or reactance

x—-x—x-

FIG. 20.

in the circuit whenever a lamp is cut out. If this were

not done, the current would increase whenever a lamp

was cut out, for it must be remembered that the pressure

applied to the circuit is constant no matter how many lamps

maybe in operation. Each lamp is, therefore, provided with

a small choke coil that sets up a counter E. M. F. and keeps

the current constant. A . coil of this kind consumes but

little energy, but it introduces a certain amount of self-

induction into the circuit and lowers the power factor.

44. Use ofAdjustable Transforcner.—The operation of

lamps direct from the machine is only possible when the

number of lights on the circuit is suited to the voltage of the

dynamo. This is generally not the case, and the above

arrangement is, therefore, of limited application and has
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been used in comparatively few cases. Instead of supplying

the lamps directly from the machine, a considerable range

of applied E. M. F. may be obtained by using a constant-

potential transformer with its secondary coil split up into a

number of sections. The lamps are each provided with a

reactance coil, as before, but the use of the transformer

admits of a considerable range in the number of lamps that

may be operated on a circuit; that is, the combined voltage

necessary for the lamps may be considerably different from

that generated by the alternator.

45. Operation From Constant-Cux'rent Transform-

ers.—The method that has so far been most largely used

for the operation of series alternating-current lamps from

a_\-;_ *—*, .:-i A

Sect/on
O-Cf

Fig. 21.

constant-potential alternators is that in which a special trans-

former is used to transform from constant potential to

constant current. This means that the transformer must
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be so constructed that its secondary voltage will change

automatically as the number of lamps is changed. Fig. 21

illustrates the action of a transformer of this kind invented

by Prof. Elihu Thomson and largely used in connection with

series alternating-current lighting.

46. A A is a laminated iron core built up in the same
way as a core for an ordinary transformer. P Pis the pri-

mary coil wound so as to be thin and flat and surrounding the

central part of the core, as shown in the sectional view.

This coil is fixed in position and is attached to the lines

leading to the alternator that maintains a constant or nearly

constant pressure across the terminals of the coil. S 5 is

the secondary coil, which is also thin and flat. This coil is

free to move up and down. It is suspended from quadrants

on the end of a lever and its weight is partially counter-

balanced by weights hung on the other end. The terminals

of the secondary are connected to the arc line by means of

flexible cables that will not interfere with the free move-
ment of the coil.

47. The action of the transformer is as follows: When
the arc circuit is open and the primary is connected to the

alternator, the secondary occupies the dotted position S" S"

resting on the primary. The apparatus will then act like

an ordinary transformer; an alternating magnetic flux will

be set up through the core, as indicated by the curved

dotted lines, and a high E. M. F. will be generated in S" S",

although no current can flow in it because the secondary

circuit is open. Let us now take the other extreme case,

where the secondary is short-circuited by closing the single-

pole switch connected across the arc line. As soon as

the switch is closed, a heavy current will flow in the

secondary coil and this current will be in the opposite

direction to that flowing in the primary. It is a well-known

fact that parallel wires carrying currents in opposite direc-

tions repel each other, and the result in this case is that the

coil is repelled so that it moves up to the other extreme
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position 5 S, shown by the full lines. When half the lamps
are burning, the repulsion is sufficient to keep it in the

mid-position S' S'.

As the secondary is repelled upwards, the E. M. F. gen-

erated in it decreases, because the current in the secondary

tends to set up magnetism around the core in a direction

opposite to that indicated by the dotted curved lines. The
result is that lines of force pass across between the coils, as

indicated by the full curved lines, and a large number of

lines that thread through the primary coil do not pass

through the secondary at all. Moreover, the farther the

coils are separated, the greater does this leakage become.

The result is that when the secondary reaches the top posi-

tion 5 S, very little flux passes through it, and hence its

E. M. F. becomes very small. By properly adjusting the

counterbalancing of the coils, a transformer of this kind

can be made to hold the current in the secondary constant

within remarkably close limits through a wide range of load.

48. Fig. 22 shows one of the larger sizes of these trans-

formers with the case removed. Here there are two fixed

primary coils P P and P' P' and two movable secondaries

5 5 and 5 'S'. The two secondaries are counterbalanced

against each other by means of the levers, sectors, and
chains shown in the figure, so that when the load is light

both coils occupy a position near the center, and when it is

heavy they both move towards the end coils. The weight w
required to counterbalance the repulsion effect is carried by
a small auxiliary lever / that projects through the top

of the case. The two secondary coils may be connected
in series to feed a single circuit, or they may be connected

to two circuits, as in the multicircuit Brush dynamo. The
whole transformer is placed in a corrugated cast-iron case

filled with oil. This secures good insulation and makes the

movements of the coils smooth, because the whole moving
system acts like a dashpot.

49. Constant-current transformers may be placed either

in the station or in a substation at a convenient point near
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where the lamps are to be supplied. In some instances

they have been placed in substations and equipped with

automatic time switches that cut them out in the morning
as soon as the lights are no longer needed. At light loads,

a system of this kind has a poor power factor; but if

fig. 22.

worked at nearly full load, the power factor is about .8, or

about as good as the power factor of a load of induction

motors. The low power factor has been urged as an objec-

tion against systems of this kind, and while it undoubtedly

is an objection, it must not be forgotten that the doing

away with arc-light dynamos and running all the lights,

/. III.—32
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both arc and incandescent, from the same kind of alterna-

tor is an advantage that goes far to outweigh the disadvan-

tages of a low power factor.

50. Regulation by Means of Variable Reactance.

—

Fig. 23 shows another style of regulator for the operation

of series alternating-current arc lamps from constant-

potential circuits. It consists of a coil C mounted on the

end of a lever and counterbalanced by the weight W.
The laminated core D is lu shaped and the coil slides over the

center tongue. When all the lamps are in operation, the

Fig. 23.

coil is balanced so that it is near the top of the core.

If lights are cut out, the current tends to increase and the

coil is pulled down. This increases the reactance of the

coil, and the increased counter E. M. F. generated in it

keeps the current down to its proper value. The regulator

is connected directly in series with the arc circuit, as indi-

cated in Fig. 24. At A the regulator is shown at the
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station, the terminals of the arc circuit in this case being

brought to the plant. At B the regulator is shown located

at a convenient point out on the line. The terminals of the

Vx—x—

x

Fig. 24.

circuit are not carried back to the station. By adopting

this latter arrangement, a saving in copper can sometimes

be effected.

51. From what has been said with regard to lamps,

dynamos, and the various systems of operation, it will be

seen that there is a wide range of choice in the selection of

apparatus. The examples that have been selected have

been taken because they are the ones that have, on the

whole, been most widely used and serve to bring out

the main points connected with the principal systems of

operation.

The introduction of the enclosed-arc lamp has changed

the methods of arc lighting considerably within recent

years and has been responsible for the steadily increasing

use of alternating current for this purpose. The alter-

nating-current open-arc lamp stood practically no chance
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against its rival, the direct-current open arc, but the case

is different with the enclosed-arc lamp. It is pretty gen-

erally admitted, however, that the alternating-current arc

does not give quite as satisfactory all-around service as

the direct-current arc; but the difference, at least so far as

street lighting is concerned, is not great enough to prevent

the introduction of the alternating-current arc for this pur-

pose. In many cases, their use results in a much simpler

and cheaper station equipment, which goes a long way to

compensate for slight inferiorities in the light-giving qual-

ities of the lamps.

ABC-LIGHT SWITCHBOARDS.

GENERAL CONSIDERATIONS.

52. Arc-light switchboards bear little resemblance to

those used for constant-potential incandescent lighting. In

most stations of any size, there are several arc machines and

several circuits, and it is desirable to have the switchboard

arranged so that any machine may be connected to any cir-

cuit. It is also necessary to arrange things so that a circuit

may be transferred from one machine to another while in

operation, or, if necessary, so that machines or circuits may
be operated in series. An arrangement of switches to

accomplish this would be exceedingly complicated, and arc-

light boards are,' therefore, of the plug variety. The vari-

ous connections are made by inserting plugs into receptacles,

the circuit being completed in some cases by flexible cables

and in others by the plug itself.

53. Operating Circuits in Series.—Quite frequently,

when the number of lamps in one circuit is insufficient to load

up a dynamo, two or more circuits are connected in series, at

the switchboard, with a single machine. The terminals of

the circuits should be marked -\- and — on the switchboard,

the + side being that at which the current leaves the
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station and the — side that at which it returns. In con-

necting circuits in series, the — end of one circuit should be

connected to the + end of the other, as indicated in Fig. 25.

If two — ends are connected, the current will flow through

the second circuit in the wrong direction and the lamps will

burn ''upside down."

The switchboard is usually equipped with an ammeter

that will indicate when the current is flowing in the proper

r-On

] Scvifchboarc/.

Fig. 25.

direction. Some of these ammeters, for example, the Wes-

ton, will not give a deflection over the scale unless the cur-

rent flows in at the -j- terminal. Others have an indica-

ting attachment that shows whether the current is flowing

the wrong way or not. It goes almost without saying that

series arc circuits are never connected in parallel. If this

were done, the current would split between the circuits and

the lamps would not operate properly. If the circuits are

supplied with alternating current, they may be connected

in series regardless of their polarity, as both carbons burn

nearly alike in alternating-current lamps.
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CONSTRUCTION AND OPERATION OF ARC SWITCHBOARDS.

54. Simple Board With. Cables.—Fig. 26 illustrates

about the simplest possible type of board equipped with an

ammeter and terminals for two machines and four circuits.

These terminals take the form of sockets or spring jacks

mounted on the board, and connections are made between

the various receptacles by means of heavily insulated, flex-

ible cables provided with plugs at each end. Each terminal

is double, and those for the dynamos are arranged in the

lower row and marked -\-A, — A, -\-B, — B, each dynamo

Fig. 26.

being distinguished by its letter A or B. The terminals

of the four line circuits are arranged in two rows in the

upper part of the board and are marked -\-l, —1, -\-2, —2,

-\-3, — 3, -\-4, ~4, each circuit being distinguished by its

number 1, 2, 3, or J/.. The ammeter A M is mounted in

the center of the board and is provided with terminals

-f- and — . The board itself is usually made of a good

quality of marble. Slate is not a good material for arc

boards, as it is liable to contain metallic veins. It must be
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remembered that the pressure between the terminals of an

arc machine at full load is ' very high, hence the switchboard

terminals must be well insulated. On most of the best

boards the terminals are not even allowed to come into

contact with the marble, but are insulated from it by means

of hard-rubber bushings, the marble being used merely as a

support and not depended on for insulation.

55. The operation of plugging in circuits or dynamos is

a thing that always appears confusing to the student when
an attempt is made to explain the method on paper. It is,

however, comparatively easy to follow out on the board

itself, where one can handle the cables and plugs and make
the required connections for himself. A little practice

during the daytime, when the circuits are not in use, will

soon enable one to become so familiar with the method of

operation that all necessary changes can be made quickly

and with certainty.

In making changes on an arc board, it must be distinctly

borne in mind that a circuit carrying current should never

be broken in order to cut in or out line circuits containing

lamps. If the circuit is opened, the effect is to suddenly

increase the resistance of the circuit by a large amount, and

the voltage will rise greatly. Besides causing a long, vicious

arc at the switchboard and perhaps injuring the attendant, it

is very hard on the insulation of the dynamo and may be

the means of puncturing the insulation on an armature or

field coil. If a dynamo or circuit is to be cut out, it should

first be short-circuited. Arc machines are not injured by

short-circuiting as constant-potential machines would be,

because as soon as they are short-circuited the voltage

generated drops to a very small amount. In Fig. 26, each

terminal is made double, so that transfers may be made
without opening the circuit.

In Fig. 26, circuit 1 is "dead," because its terminals are

not connected to anything. Circuit 2 is on dynamo A, the

path of the current being -\-A—\-2 2 A. Circuits $

and Jf. are in series with each other on dynamo B, and the
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ammeter is also in series in this circuit. The path of the

current is -\-B, through the ammeter to -\-3 3—\~4-

—Jf-.-B.

56. Suppose that it is desired to connect the ammeter
in circuit 2. To disconnect it from circuits 3 and 4, it is

first short-circuited by plugging in a cable across the termi-

nals -\-B and -\-3. The two plugs on the cables leading to

the ammeter may then be withdrawn from -\-3 and ~{-B,

and the circuit will not be opened. The plugs removed
from -\-B and -\-3 may then be inserted at -\-A and -\-2,

respectively, thus shunting the ammeter across the cable

-\-A -\-2. The cable -\-A -\-2 is then removed and the cur-

rent supplied to circuit 2 passes through the ammeter

57. Again, with the connections as shown in Fig. 26,

suppose that it is desired to connect circuit 1 in series with

circuit 2 without shutting down either the dynamo or cir-

cuit 2. The first step will be to connect terminal — 1 with

terminal -\-2, then terminal -\-A with terminal -\-l. The
cable directly connecting terminal -\-A and -\-2 may now be

removed without opening the circuit at any point and at the

same time throwing the two circuits 1 and 2 in series.

58. Board Without Cables.-—-Where a large number
of machines and circuits are operated, the number of cables

hanging around the front of the board becomes so great that

they are in the way when transfers are being made. In

order to overcome this objection, boards have been devised

that do away with cables almost entirely. Some very large

boards have been made on this plan. At present, the use of

large multicircuit machines has resulted in a reduction of

the number of dynamos needed for any one station, and there

seems to be a tendency to go back to the style of board

using cables. The simple cable board is no doubt cheaper

than the other type and if properly built will give excellent

service. Moreover, with the cable type of board the attend-

ant can see at a glance just what connections he has made.
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59. Fig'. 27 illustrates the principle of one type of board

made by the General Electric Company, in which cables are

almost wholly dispensed with. This is accomplished by

means of two groups of contacts arranged in two parallel

planes a little distance apart. The contacts in the front

group are divided into pairs of horizontal rows, each pair

being connected to the terminals of one of the dynamos.

The contacts on the back group are divided into pairs of

fig. 2r.

vertical rows, each pair being connected to one of the cir-

cuits. The contacts, which are in the form of split bush-

ings, are directly opposite each other and the connection

between any dynamo and any circuit is made by a long

brass plug that is pushed through the outside contact

to the inside. The arrangement will be clear by referring

to Fig. 27. The dynamo terminals are lettered A-\-, A — ,

etc. and the circuit terminals l-\-, 1—
, as in the preceding

case. The back or circuit board is provided with an extra

row of contacts at the bottom, by means of which circuits

may be connected in series, using for the purpose cables hav-

ing suitable terminals, similar to those used for connections
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in the form of board first described. In Fig. 27, the path

of the current is as follows : A -f
- 2-\- -

2

J-3-\- -3-A—.
Circuits 2 and 3 are in series on dynamo A. Also, we have

circuit 4 on B because B-\- and B— are plugged through to

4-\- and 4— Circuit 1 is dead. By using a cable with

short plugs that only reach through the front bushings,

dynamos may be connected in series, if necessary.

60. In Fig. 27 the sets of bushings are shown separated

much farther than they are on the actual board, in order to

make the figure clear. On the actual board the back con-

tacts are carried on vertical copper straps that are attached

to the front board. Fig. 28 shows the general appearance

-Lines.—
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Pig. 28.

of one of these boards and indicates the location of the posi-

tive and negative terminals of the dynamos and circuits.

Fig. 29 gives an idea as to the method of mounting the

bushings and is self-explanatory. Bushings b are the ones

used for connecting circuits in series. The board shown
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in Fig. 28 has no ammeter; on some of the larger boards

it is customary to connect an ammeter permanently in each

circuit. In such cases they are usually mounted on a sep-

arate marble slab placed above the one carrying the con-

tacts. The board shown in Fig. 28

is designed for six dynamos and six

circuits.

61. Panel Type Board. — This

board is somewhat similar to the one

last described. It is, however, de-

signed so that it may be built up in

panels in a manner similar to that

described for incandescent-lighting

boards, so that as more dynamos and

circuits are needed the board may
be extended by adding more panels.

The general arrangement of the

board will be understood by refer-

ring to Fig. 30 (a), (b), and (c).

Referring to Fig. 30 (c), the lower

terminals b, c, d, e
y f, g are con-

nected to the machines A, B, and C.

The terminals at the top connect to the circuits 1', 2' , and 3'.

The crosspieces 3, 4-, 5, 7, 8, and 9 run across the back of

the board and may be connected to similar crosspieces on

the next panel by means of the connection strips 3"
,
4", 5"

,

etc. and plugs inserted in the side sockets m, in. An
ammeter jack is connected in one side of each of the

machines at the points b, d, and _/", Fig. 30 (a). An
ammeter cable that consists of two wires connected to a

double contact plug on each end is provided. One plug is

inserted into the ammeter jack at b, d, or /"and the other

end into jack k, thus connecting the ammeter in series

with any one of the three dynamos.

Inserting the ammeter plug in the jack at b, for example,

simply cuts the ammeter into circuit. When the plug is

withdrawn, the jack closes the circuit before the plug is

Fig. 29.
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fully drawn out, so that the circuit is not interrupted. The
tubular supports n, shown in Fig. 30 (c), are of insulating

material, and the plugs pass through them to make contact

with the vertical strips. It will be noticed that there are

three breaks in each vertical strip between a dynamo termi-

nal and a corresponding circuit terminal. These breaks are

at /, /', /". When, therefore, these breaks are plugged across,

as indicated by the three rows of plugs in Fig. 30 (a),

J^

Ito

B=3

ttO

Fig. 30.

dynamo A is operating circuit 1''-; dynamo B, circuit 2';

dynamo C, circuit 3'
. This will be apparent by referring to

Fig. 31. The vertical lines here represent the vertical bars,

in which the breaks are indicated by open spaces. The
black circles represent the plugs, and are supposed to con-

nect the two terminals between which they are inserted.

Fig. 30 represents the ordinary condition of running, and

it will be noticed that the cross-bars are not in use.

62. Suppose that it is desired to shut down machine B
and run circuits 1' and 2' in series on machine A. Insert
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plugs at c
b , d^, c

lf
and d

1
and remove plugs c

K
and d

e
. This

leaves two circuits and two machines in series. Short-

circuit machine 2 by inserting a plug at c\. Then cut out

machine 2 by removing plugs d
i0
and <?

10
. Then take out

plug d_, and the board will be as indicated in Fig. 32. The
path of the current will now be A-\— b lirb-b-l'-\- through

circuit l'-l' ca—c—d—d—2'-\- through circuit 2'-2' e—e —
2 5 5 2 1 O 2 6

c -c -c\-A — and circuits 1' and 2' are in series on dynamo A.

-\-l"- +2- +3— +1- +2- +3-

*l

c a
\ 4 f

\ 4
b c d

r f °

mho •€> •((* •e 2 /„# #«9 bg » *c9 %<h *c„ %h *V.• bg »c 2 •liz • e2f*»„ •ffg

Although the combinations on these boards are not so easy

to follow out from a diagram, the manipulation of even a

large board is something that is soon learned when one has

the board actually before him. The two things that are

most important to bear in mind are always short-circuit a

dynamo or circuit before cutting it out, and never open a

circuit when the current is on.

63. Brusli Plug and Spring- Jack.—As stated above,

in some of the boards used with large multicircuit machines,

the ordinary cable method of connection is used. Another

feature of modern arc boards is that no live metal parts are

allowed on the surface where they might happen to be



54 ELECTRIC LIGHTING. § 19

touched by the attendant. These precautions are espe-

cially necessary for boards that are used with large arc

machines, some of which generate 10,000 or 11,000 volts.

Fig. 33 illustrates the style of plug used on Brush arc

boards. It will be noticed that pains are taken to secure

high insulation. A is the marble panel and b the metal

plug, or contact, attached to the cable as shown. C is a

cup-shaped casting to which the line is connected and into

which b slides and is held, so as to make a good contact by

the spring clip s. C screws on to the end of the hard-rubber

bushing D and is separated from the marble by the insula-

ting washer E. F is a hard-rubber sleeve, or tube, and G

Fig. 33.

a maple handle; h is a spiral spring that causes the sleeve F
to slide over the contact piece b when the plug is pulled

out, so that by the time the plug is pulled entirely out of

the board, the contact b is completely covered and there is

no danger of the attendant coming into contact with it.

When a plug is inserted, the nose of the sleeve F comes
against casting C, and as the plug is pushed on in, contact b

passes through the hole in C and is held by the spring s.

These jacks are usually mounted in pairs connected together,

so that transfers may be made without opening the circuit.

64. Western Electric Plug- and Jack.—Fig. 34 shows
an improved form of jack and plug that is used by the

Western Electric Company. It consists of a main jack A
and two smaller jacks B, B, which are used in making trans-

fers. The springs a, b, b hold the plugs in place by engaging
the groove on the end of the plug. This plug also has a

hard-rubber sleeve c that slides over the metallic terminal d
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as soon as the plug is pulled out. The general arrangement

of the plug and jack will be apparent without further

explanation.

Fig. 34.

65. Ammeters.—An arc board requires comparatively-

little auxiliary apparatus. A single ammeter is about all that

some boards are provided with, but others, equipped on a

more elaborate scale, are provided with an ammeter for each

machine. This ammeter is in general the same as those

used for ordinary work except that its scale reads only to 10

or 15 amperes, the current for series lamps usually bemg
from 6 to 10 amperes. The ammeter is always connected

in circuit in the same manner as an arc lamp. Sometimes

it is left in circuit all the time, but more often it is only cut

in occasionally to find out if the current is right.

66. Voltmeter.—It is now common practice to equip arc

boards with a high-reading voltmeter. This may be mounted

in any convenient position and should be provided with

flexible cables having well insulated terminals, so that the

voltmeter may be connected across any circuit or dynamo.

The voltmeter should have a range at least as high as the
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highest pressure ever applied to any one circuit. The volt-

meter enables the switchboard attendant to find out easily

the number of lights in operation on any circuit, because he

knows about the average number of volts required per lamp,

and if the voltmeter is connected across the circuit, the

reading obtained divided by the number of volts per lamp

will show the number of lights in operation. A. voltmeter

to read as high as required for this work must have a very

large resistance in series with it, and this makes the instru-

ment rather expensive, but the expense is usually compen-

sated for by the advantages gained by using the instrument.

The voltmeter is also useful in detecting grounds on the line.

67. Wattmeters.—In the best stations it is customary

to measure the electrical output of each machine so that the

total electrical output of the plant may be determined and

the cost of production per kilowatt-hour estimated. Some-

times the wattmeters are mounted by themselves near the

machine; in other cases they are mounted on the switch-

board. Any good type of recording instrument may be

used, but the one that has found widest application in this

direction is the Thomson recording wattmeter. The resist-

ance in series with the.armature of the meter must be very

high, because the voltage of the machine is high at full load.

For this reason, it is usually mounted in a box separate from

the wattmeter, instead of being mounted in the wattmeter

itself, as is done with those instruments intended for use on

low-potential circuits only.

68. Lightning' Arresters.— These should always be

placed on arc circuits, as already described. Sometimes they

are arranged on the switchboard or at the back of it, but

more frequently they are set up at some convenient point

near where the wires enter the station. No fuses or circuit-

breakers are necessary on arc boards because the current is

constant even if the lines or dynamos are short-circuited.

09. Transfer Boards.—It is highly important that all

arc line wires brought into the station should be run as
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straight and free from crossings as possible. A number of

fires have resulted from the numerous crossings and the

general maze of wires to be found in some of the older

stations, especially at the point or in the tower where the

wires enter the building. These crossings were generally-

made in order to bring the wires to the switchboard in the

correct order for connecting up. In the best stations, it is

-m
-n

To board

b ^
V

To Line

(a)
(b)

Fig. 35.

now usual to have, in addition to the switchboard, a trans-

fer board, the object of which is to enable the- lines run-

ning to the switchboard to be connected to any of the lines

running out of the station. By using a transfer board, the

wires coining into the station may be brought in in any

order that may be most convenient, and they may be run

straight to the board without crossings. They may then be

sorted out and connected to any desired circuit terminals on

the switchboard by using the transfer board. The transfer

board is also very useful for changing the terminals of a

circuit from one part of the board to another, as it enables
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it to be done without disturbing the connections at the

switchboard terminals themselves.

The general arrangement of the transfer board will be

understood by referring to Fig. 35. A number of vertical

wires a and b are stretched on a substantial framework.

These wires are usually about No. 4 or 6 B. & S. and are

bare. They are separated from 5 to 6 inches and are

directly opposite one another, although in Fig. 35 (a) they

have been shown a little to one side of each other in order

not to confuse the connections. Between these vertical

wires a corresponding number of horizontal wires c are

also stretched. One set of vertical wires a runs directly to

the circuit terminals on the switchboard and the other set b

connects to the line wires.

.

The horizontal wires are used for connecting across from

any line to any switchboard lead. For example, suppose

1 and 1' are the terminals of

a circuit and that we wish

to connect them to switch-

board leads o, p. By con-

necting to the cross-wire,

as shown at k, /, line 1 is

connected to o, and by con-

necting as shown at m, n

line 1' is connected to p.

By this arrangement, there-

fore, the line and switch-

board connections may be

transferred in any way de-

sired. The actual num-

jl ber of wires used in any

case will, of course, cor-

respond to the number

of circuits to be accom-

modated. The connections

between vertical and hori-

zontal wires are usually

made by means of a clamp

Wooafenframe.

org/a^s

I Tftrearfea'Prass ro<?
(b) •so/dererffo wire.

FIG. 36.
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connector, somewhat similar to that shown in Fig. 36 (a).

Different methods are used for stretching the wires on the

frame, but they should always be mounted so that they

will be thoroughly insulated. On this account the wire

should be passed through porcelain or glass insulators

at each end, as indicated in Fig. 36 (b). The wires are

stretched tightly by screwing up on the nut n and the line

wire attaches to terminal t.





INTERIOR WIRING.
(PART 1.)

PRELIMINARY CONSIDERATIONS.
1. In the work of every artisan there are certain factors

that must never be overlooked and certain conditions that

must always be fulfilled before the final object of the work
can be reached or even approached.

In electric wiring, the ultimate object is the conveying

of the electricity to the lamp, bell, motor, or other device

that is to be operated. But this must be done in a proper

manner; otherwise danger, unsatisfactory operation, and

waste are sure to result.

2. There are four things that should be considered in

every electric installation. They are (a) safety, (b) satis-

factory operation, (c) convenience and neatness, and {d) econ-

omy. The first of these considerations is by far the most

important in all ordinary wiring. Therefore, the electrical

artisan should understand, first of all, what are the sources

of danger in the use of electric currents and then what
precautions are necessary and what conditions must be

complied with to avoid these dangers. When he thor-

oughly understands these things, he should learn how to

make his work satisfactory in other respects and profitable

to himself.

The same causes that, under certain conditions, make
electricity dangerous to life also make it a source of fire

hazard. There are also conditions under which an electric

§26
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current may cause fire, although it may not be directly

dangerous to life. In discussing the precautions necessary

to avoid any chance of fire from an electrical cause, the

student will learn how to avoid danger to life as well, so

that it is unnecessary to discuss that subject by itself.

FIRES CAUSED BY ELEGTRIC WIRING.

3. The so-called "electrical fires" or fires that are

caused by the presence ef electric wires or apparatus within

a building can be divided into three classes, as follows:

(a) Fires caused by poor work or improper materials.

{b) Fires caused by overloading the apparatus or wire

with a higher voltage or with more current than it was
designed to carry.

(c) Fires caused by lightning striking the outside lines

or by the crossing of circuits that should never come into

contact with one another.

A good job of interior wiring overcomes all danger due
to the first two of these sources of hazard and most of the

danger due to the third, but not all, for accidents some-

times occur outside of the buildings, against the results of

which the present accepted devices for the protection of

inside circuits are not sufficient. The failure of a lighting

company to use proper lightning arresters and transformers

or to properly insulate the outside wires may cause trouble

within a building where the wiring is properly done.

THE NATIONAL ELECTRICAL CODE.

4. When electric lights first came into general use, the

insurance companies discovered that there were many fires

of electrical origin, the wiring done on the first installations

being of very inferior workmanship. The various associa-

tions of underwriters, therefore, formulated rules in accord-

ance with which they required that all wiring be done or
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they would not insure buildings containing it. In the

course of time, these various rules of local associations

were reduced to a uniform code, and finally, in 1898, they

became known as the National Electi'ical Code and

received the endorsement of practically all the inspection

bureaus throughout the United States, besides that of the

following organizations: the American Institute of Archi-

tects, the American Institute of Electrical Engineers, the

American Society of Mechanical Engineers, the American
Street Railway Association, the Factory Mutual Fire Insur-

ance Companies, the National Association of Fire Engineers,

the National Board of Fire Underwriters, the National Elec-

tric Light Association, the Underwriters' National Electric

Association.

A few cities have rules of their own that differ slightly

from this code, but the differences are not vital. Any per-

son doing work in any city where there is municipal legis-

lation governing his work should investigate the laws of that

particular place before undertaking to lay out work for

himself. Every wireman should be supplied with a copy of

the latest edition of the National Electrical Code and do work
in compliance with those rules, whether additional laws exist

or not. Copies of the code and of all other information

published by the Underwriters Association for the sake of

reducing the fire hazard can be obtained by writing to the

laboratories of the National Board of Fire Underwriters at

Chicago or by applying at the nearest Underwriters' Inspec-

tion Bureau. The rules are revised by conventions as often

as changes in the electrical art make such revision neces-

sary .

5. In addition to this code of rules, the National Board
of Underwriters publishes each year a List of Approved
Fittings for use in connection with the code. This list

contains the names of articles that have been found entirely

satisfactory, together with the names of the manufacturers.

It does not contain a list of all fittings that will pass inspec-

tion, and many good articles are not listed in its pages.

/. II.—12
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EXAMPLES OF ELECTRICAL EIRES.

6. That the student may properly understand the nature

of the fire hazard due to the presence of electric circuits,

before studying the various preventives, the following typi-

cal examples of electrical fires are briefly described. These

are reports of actual fires and burn-outs taken from the

Quarterly Fire Reports of the National Board of Fire

Underwriters.

1. Loose connection on series-incandescent circuit in

show window. Arc ignited insulating covering of wire and

fire spread to surrounding inflammable material. Four

sprinkler heads opened and extinguished the fire. Contents

of window destroyed.

2. Socket-shell burn-out in show window of millinery

store. Short circuit caused by metallic shell of socket on

window fixture establishing connection between projecting

strands of flexible fixture wire.

3. Paraffin-covered wire used for pendants for drop

lights. Wiring installed on a motor circuit, after inspec-

tion, by occupant of building who wished to secure light.

Short circuit ignited paraffin covering and whole place

burned up.

4. Short circuit or ground on constant-potential lighting

circuit, where mains ran unprotected through damp wood-

work in a brewery. The arc formed ignited insulating cov-

ering of the wire and fire communicated to woodwork of

frame building.

5. Short circuit in flexible cord in show window burned

out the window.

6. Heating effect of incandescent lamp. A 16-candle-

power incandescent lamp on a 52-volt circuit was left lying

on an office coat in a newspaper office. About 4 hours after

the lights were turned on the coat was discovered smoulder-

ing, and on being moved burst into flame.

7. Revolving wheel of incandescent lamps in show win-

dow covered with handkerchiefs burned out the window
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either by sparking at the commutator or from heating

effect of the lamps.

8. Sparks from an arc lamp dropped on a table under-

neath that was covered with open boxes of shirt waists.

The table and contents destroyed, otherwise no considerable

damage.

9. Flexible lamp cord wound around a gas fixture having

a soft rubber insulating joint. The current grounded

through the joint and the arc ignited the escaping gas.

10. Overheating of No. 14 B. & S. wires due to partial

short circuit, caused by moisture, through porous crockery

knobs on which wires were mounted. The fuses, which

were too large, did not melt for some time and the burning

insulation of the wires set fire to combustible material near,

causing a loss of $15,000.

11. A fuse block, improperly constructed and placed in

close proximity to woodwork, held an arc after a short cir-

cuit long enough to set fire to the woodwork.

13. Main feed-wires placed in an elevator shaft were

short-circuited by a breakdown of their insulation. A heavy

arc was established that set fire to building.

13. Overheating of resistance coil of arc lamp that was

improperly insulated and too near adjacent woodwork set

fire to building.

1-4. Short circuit of No. 14 wires installed, contrary to

rules, in molding in a place exposed to moisture. The fire

was stubborn and burned fitfully between floors and was

not extinguished before a loss of $2,000 had been sustained.

15. Fire in public institution. Building wired through-

out Avith weather-proof wire run through joists without

bushings, both wires of the circuit being brought through

one hole at lamp outlet without separation. Short circuit

occurred in attic that quickly set fire to dry timbers.

16. An Edison plug cut-out was improperly used to pro-

tect a 5-horsepower motor operating at a difference of

potential of 220 volts. Fuse in blowing failed to open cir-

cuit, thus maintaining an arc that set fire to building.
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17. Circuit controlling an electric flat iron was left turned

on, becoming overheated and setting fire to the table. Cir-

cuit had no signal lamp or other indicating device recom-

mended for such equipment.

18. Overheating of mechanism in a 2,000-candlepower

series-arc lamp, the metal casing of which did not fit, set

fire to the ceiling. The store was closed, but the lamp had

been left burning until the circuit was shut off. This fire

illustrates the advisability of cutting all current out of

buildings when the same are unoccupied.

19. A fire occurred in show window, caused by a bath

towel falling from support on to a lighted incandescent

lamp in bottom of window; the towel becoming ignited set

fire to the contents of window and damaged some of the

stock in store.

20. Lightning entered building over badly installed

watchman circuit. No protective devices at entrance to

building. Wires badly insulated, fastened by staples.

Heat of wires set fire to joists of building.

21. Ground of 110-volt circuit on gas pipe in attic. Arc
burned ^-inch hole in pipe and set fire to escaping gas.

22. Fire in basement of building caused by accumulation

of sodium salt on back of three-wire molding run on brick

wall. Trouble occurred at a point where a nail had been

driven through molding into wall.

23. Short circuit in fixture canopy ignited ceiling above

fixture. Fire also occurred at same moment in cabinet at

center of distribution. It was found on inspection that the

branch cut-out contained copper wire.

24. An ignorant workman installed a lighting circuit in

lead-covered cable, fastening same to iron ceiling with

staples. Breakdown of insulation of cable set fire to ceiling,

when it was found that no main switch had been installed

and current could not, therefore, be cut off.

25. Switch on electric-light circuit was mounted in dry-

goods store at a point where draperies came in contact



§ 26 INTERIOR WIRING. 7

with it. Flash from same ignited draperies and fire spread

rapidly to millinery and other inflammable material.

26. Breakdown of insulation on wires of lighting circuit

in a fine residence set fire to woodwork inside partitions.

Fire occurred at night, and owing to delay in sending in

alarm and the distance from fire-department headquarters,

fire was not extinguished until a heavy loss had been sus-

tained.

27. Electric-light wire sagged and made contact with

telephone wire running to cable box. Box and cable con-

nections completely destroyed.

28. Burglar-alarm, electric-bell, and electric-light wires

came together inside the partitions of a residence. The
insulation on the wires was ignited and followed up the par-

titions. Owing probably to lack of oxygen, fire did not

break out of partitions, but spread so generally over the

house inside that much damage had to be done before it

could be extinguished.

29. Circuits were run in circular loom tubing immediately

over a steel ceiling. Where the tubing came through the

ceiling for a loop, the sharp edges of the ceiling cut through

the same, short-circuiting the wires. Arc ignited the insu-

lation of the wires, fire following same up under the ceiling.

30. Fire in livery stable due to blowing of fuse in

uncovered cut-out into straw. Fire spread so rapidly that

it was impossible for the department to control it.

31. Fire in basement of hotel caused by water leaking

and running down the blades of a switch on 500-volt circuit.

32. Serious burn-out of fire-alarm system by cross on

500-volt feed wires of an electric railroad. Nine fire-alarm

boxes, a tapper, and an indicator were burned out, the

repeater also being partially destroyed. Fire was also

started in the residence of the chief of the fire department,

but was promptly extinguished. It was found on inspection

that the instruments were protected by fuses that were

much too short.
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7. Figs. 1 to 6 illustrate some characteristic burn-outs;

they have been drawn from photographs of burn-outs that

have actually occurred.

Pig. 1.

Fig. 1 shows a gas pipe that was melted by an arc caused

by a heavy current-carrying circuit crossing a signal cir-

cuit that was connected to the pipe. The connection to the

pipe was poor and unsoldered.

Fig. 2.

Fig. 2 shows joints made with No. 10 wire on a circuit

designed to carry 200 amperes. The use of such a poor

joint gave rise to heating that

resulted in the burning out of the

wire.

Fig. 3 shows a fixture canopy

with a hole melted through it,

caused by a fixture cut-out in-

side the canopy becoming short-

circuited.

Fig. 4 shows a burn-out caused

by a short circuit between'weather-

proof wires used in molding. Wire

with weather-proof insulation only

fig. 3. should never be used in molding,
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and its use in molding is prohibited by the Underwriters.

Figs. 3 and 4 are from photographs by Mr. Wm. T. Benallack.

Fig. 4.

Figs. 5 and 6 show burn-outs caused by short circuits in

cut-outs. The burn-out

in Fig. 5 was due to de-

fective design, the two
sides of the circuit being

brought so close together

that when a fuse melted

the arc held over and de-

stroyed the cut-out.

In Fig. 6, the cut-out

was placed horizontally. FlG
-
5 -

When the fuse melted, the metal ran down and established

fig. 6.

connection between the lines, thus resulting' in a short

circuit.
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ELECTRIC LAMPS.

INCANDESCENT LAMPS.

8. Before taking up the subject of wiring for electric

lights, it will be well to look briefly at some of the charac-

teristics of the lamps to which the wiring is to supply cur-

rent, as the requirements of the lamps have a considerable

influence on the character of the wiring. Incandescent
lamps are the ones mostly used for interior illumination, so

we will briefly consider a few of their characteristics. The
selection of good lamps of proper voltage, candlepower, and

efficiency to suit the work for which they are to be used is a

matter of great importance.

The light-giving part or filament of an incandescent lamp
is of carbon, being generally made of carbonized cellulose

thread. Its manufacture has been the subject of much
research by the large manufacturing companies, which keep

the details as secret as possible. A good lamp filament

must be uniform in cross-section, density, and resistance

per unit of length. It must also be manufactured with

special reference to the voltage and current with which it is

to be used.

9. The filament is mounted on the ends of leatling-in

wires of platinum, which pass through a glass neck or

stopper. The outer ends of these platinum wires are sol-

dered to copper wires that are connected to the proper parts

of the lamp "base when all the other work on the lamp is

finished. The shell of the lamp base is filled with plaster of

Paris, which holds the lamp firmly in place.

10. The connecting of the filament to the leading-in

wires is usually done with a carbon paste and is an impor-

tant operation, for the lamps and filaments frequently break

at this point.

11. The lamp globe surrounds the filament and is air-

tight. All the air within it is exhausted to a very high

degree. The exhaustion is important in all lamps and
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must be done with extra care for high-voltage lamps, or the

current will " arc " across the ends of the leading-in wires

and destroy the lamp.

12. Even the highest grades of incandescent lamps are

not very long-lived. They may burn for years without hav-

ing the filament break, but they will not burn at their proper

efficiency or candlepower. The light is produced by the

carbon being heated to a very high temperature. No known
solid substance can be maintained at a temperature of very

brilliant incandescence without undergoing a change in its

physical properties. This is true of carbon, as of all other

materials. The heat alters its density, resistance, and other

properties. The higher the temperature, the more rapid is

the physical change. Some of the properties lost by heating

to high temperatures are regained upon cooling, but others

are not. Among the limitations to carbon incandescent-

lamp filaments, those in regard to size are very important.

Below a certain minimum diameter and above a certain

maximum carbon filaments are not practicable.

13. When an incandescent-lamp filament is heated

beyond a certain limit, it rapidly deteriorates, giving off

gaseous particles that condense on the globe and blacken it.

If the heating is very sudden, the filament explodes and
may break the glass.

Carbon being highly inflammable when very hot, the air

must be exhausted from the lamps. But if only the oxygen

were removed, the student may suggest, the lamps would
burn satisfactorily. It is true that in that case the fila-

ments would not burn, but the gas within the lamp would
become very hot and expand and burst the globe ; or if the

globe did not break, it would become as hot as the gas

within it. Incandescent lamps with the air only partially

exhausted are not practical devices, though many have tried

to make such.

14. In incandescent-lamp practice, it has been found by
experience that the best results are obtained when lamps are
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burned at a certain temperature for about seven hundred

hours. They may be burned at a lower temperature for a

longer time, but give less light; or at a higher temperature

for a short time, giving more light. It is Very poor economy

to burn lamps after they have become dim, for they take

about as much current as new lamps and give very little

light in return. What is wanted is the most light for the

least money, taking into account both the cost of current

and the cost of renewing lamps.

The effect on a lamp of altering the voltage only a slight

amount is much greater than is commonly supposed. By a

study of Table I, which is given by the General Electric

TABLE I.

EFFECTS OF CHANGE IN VOLTAGE IK
STANDARD 3.1-WATT LAMP.

Voltage.

Per Cent, of
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Company, it will be seen that at the prices for which lamps

sell (about 18 to 25 cents each for a 16-candlepower lamp) it

is not economical to burn lamps more than their proper life,

and it is of the utmost importance that the voltage be uni-

form and correct. If the voltage be absolutely steady,

lamps may advantageously be burned a volt above their

marked voltage and used a correspondingly shorter time.

But the advantage is doubtful unless the greatest care is

exercised in renewing lamps. The table shows that, for the

lamps tested, an increase of 3 per cent, in voltage increases

the light 18 per cent., but increases the deterioration

79 per cent. On the other hand, with a voltage 10 percent,

lower, the light is cut about in half, but the life is extended

indefinitely. It is to the manufacturer's interest to mark

lamps at the most suitable voltage, but poor lamps are often

improperly marked, causing a waste both of current and

lamps when they are connected in the sockets. Some man-

ufacturers do this false marking to dispose of lamps of odd

voltages for which they have no market. "Job lots " are

apt to be of this kind, as are all lamps not marked with the

manufacturer's name.

15. Incandescent lamps are made of different efficiencies.

The most efficient ones should be used where absolutely

constant potential is employed, the less efficient ones where

the voltage is somewhat unsteady. Fifty- to 125-volt lamps

are made to consume from 3.1 to 5 watts per candlepower,

according to the grade and the size of the lamp. Good

200- to 250-volt lamps consume about 4 watts per candle-

power. Up to the present time it has been found imprac-

ticable to make high-voltage lamps more efficient, owing to

the fineness and the length of the filament and other diffi-

culties that rapidly increase when the voltage is increased.

Generally speaking, the lower the voltage the easier is the

manufacture of filaments.

16. Good lamps, when the glass is clean and when they

are placed so that the light can freely leave them, do not

get very warm; but if something be placed against the
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globe so that the heat cannot get away, the lamp soon

becomes very hot—hot enough to set fire to dry goods in

show windows, for instance. Also, lamps get hot if they

are dirty, or if they have not been properly exhausted.

17. The most perfect exhaustion is essential in high-

voltage lamps. A globe exhausted to a considerable degree,

but not enough, will show a blue brush discharge between

the terminals of the leading-in wires. While the insulating

properties of air at atmospheric pressure or of a vacuum
are very good, those of rarefied air are poor. In a 220-volt

lamp not properly exhausted, the current will strike across

the space between the leading-in wires, make a short cir-

cuit, and cause the lamp to explode. If lamps get hot,

they should first be wiped clean. If they still get hot, they

should be removed and destroyed.

18. From the foregoing, then, it will be seen that it is

very important to so plan all incandescent-lamp wiring

that the lamps Avill get the voltage for which they are

designed. If the voltage is too high, the lamps will give a

good light while they last but they will soon burn out. On
the other hand, if the lines have such a resistance that it

takes a considerable portion of the pressure supplied to

force the current through them, the voltage at the lamps

will be low and the light very poor and unsatisfactory.

19. Operation of Incandescent Lamps.—Incandescent

lamps are operated on constant-potential (pressure) systems.

By this is meant that a constant electrical pressure or volt-

age is maintained between the supply wires by the generator

at the station. In practice, the value of the supply voltage

may vary a little, but if the station is properly operated, it

should remain practically the same no matter how many
lamps are in use. The lamps have a high resistance (about

220 ohms for an ordinary 16-candlepower 110-volt lamp

when burning) and are connected directly across the lines.

Incandescent lamps are, therefore, operated in parallel,

as will be illustrated more fully later. Each lamp has a
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fixed resistance, and as the voltage of the supply is fixed, it

follows that each lamp will take a current dependent on its

own resistance independently of the current taken by the

other lamps. For example, a 110-volt 16-candlepower lamp

will take about ^ ampere of current, and each lamp turned on

will require -i- ampere, so that as the number of lights in use

is increased, the current in the main-supply wires increases

but the voltage remains practically unchanged. When
lamps are operated in parallel, it is evident that any lamp

may be turned on or off without interfering with the current

supplied to the other lamps. The voltage supplied to the

lamps is usually between 100 and 115 volts, constituting

what is called a low-potential system. In former years,

a pressure of 52 volts was commonly used on alternating

systems, while in recent work lamps for 220 volts are being

used to some extent. A 16-candlepower lamp requires about

55 watts, and on a 110-volt circuit this means \ ampere.

For approximate wiring calculations the following values

(Table II) of the current for different kinds of lamps may
be used. It must be remembered that these values are

not rigidly fixed, because lamps are made for a number of

different efficiencies and current consumption.
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ARC LAMPS.

20. Arc lamps are now used much more extensively

for interior illumination than they were a few years ago.

This is due to improvements in the lamps that make them
much better suited to this class of work. Arc lamps used

on interior work are usually operated in multiple in the

same way as incandescent lamps. For many years open-arc
lamps (i. e., those with the arc exposed to the air) were

operated on 110-volt circuits by operating two of them in

series across the lines. A small amount of resistance was
used in series with these lamps to improve the regulation

and to take up the voltage over and above that required by
the two arcs. Forty or 45 volts were consumed at the arcs

and 20 to 30 volts in the resistance, and the lamps usually

required about 10 amperes. But since 1895, enclosed-arc
lamps have come into very extensive use, displacing the

old, low-tension, open-arc lamps almost altogether and
taking the place of clusters of incandescent lamps, and also,

to a very great extent, of series-arc lamps used in interior

lighting.

It was found that by using purer carbons than had been

the practice formerly and by enclosing the arc in a small

globe, so that free air could not reach it to burn the carbons

rapidly, as in the open arc, the voltage at the arc could

be increased to 70, 80, or 90 volts and the current reduced to

4 or 5 amperes.

21. In open arcs, the light is produced almost entirely

on the positive, or upper, carbon surface, and the combustion

of the carbon vapor produced at the arc is essential to the

operation of the lamp. In enclosed arcs, a large amount of

light is produced in the arc itself, which is from ^ to f inch

long.

Not only is it possible to produce these long, high-voltage

arcs, but it is necessary to have an arc of at least 70 volts,

if it is well enclosed. Shorter enclosed arcs decompose the

carbon of the positive pole and deposit it in the form of lamp-

black on the negative one, thus obscuring the light altogether.
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In an enclosed-arc lamp only the highest grades of carbons

can be used. Cheap carbons cause flickerings and very

rapidly discolor the glass enclosing globe, but the lamps burn

from 100 to 150 hours (according to the current used,

about 150 hours on 4 amperes), thus being more economical

in the use of carbons than open arcs of the same watt capacity,

which burn the same amount of carbon in 8 or 10 hours.

The light from the enclosed arc is much softer and steadier

than that from the old style open arc and has come to be

generally considered the proper light for general interior

lighting in large establishments and public buildings.

22. The long arc gives a large percentage of violet-

colored rays that are not pleasing to the eye and which add

very little to the illumination. The inner and outer globes

of these lamps should have a slight " alabaster " coloring,

which destroys the disagreeable rays. But it must be a very

slight coloring, or it will absorb too much good light as well.

Opalescent globes should not be used with arc lamps. They
increase rather than diminish the objectionable qualities

of the light and make the lamp appear to be burning more
unsteadily than is actually the case.

23. Satisfactory enclosed-arc lamps are produced for

alternating currents. The earlier alternating-current arc

lamps were very objectionable on account of the noise pro-

duced—a continual, penetrating hum ; but lamps of later

patterns with long arcs and two enclosing globes are almost

noiseless.

24. In wiring for low-potential arc lamps on continuous-

current circuits, it should be remembered that these lamps

require a resistance in series with the arc in order to regu-

late properly. The drop through this resistance is about

30 volts out of 110. Usually it is adjustable and is placed

within the structure of the lamp, so that the lamp can be

made to burn well on any circuit of from 105 to 120 volts.

Since some 30 volts must be lost in any event, there is no need

of running large-size wires from the mains to the lamps to

avoid the drop, as the resistance in these wires can be used
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as a portion of the required resistance and the lamp adjusted

accordingly. The drop must be in the individual lamp

circuit, not in the mains, where it would have no regulating

effect, but would be a disadvantage.

Enclosed-arc lamps are made to burn either singly or two

in series on 220-volt circuits. Those designed to burn two

in series must be procured in pairs adjusted to burn together,

otherwise they work poorly, give uneven light, "seesaw,"

one lamp taking most of the power for a while, and then the

other, or refusing to work at all.

When burned singly on 220 volts, the lamp works satis-

factorily, but it is not as efficient as lamps of a lower volt-

age. A 220-volt enclosed-arc lamp consumes about 130 volts

at the arc and 90 in the resistance. It requires 2£ amperes,

or more, and gives a little less light in proportion to the

power it takes than is given by 110-volt lamps. Single

220-volt lamps are a convenience, however, in places where

one lamp only is desired and other current cannot be

secured. They are far more economical as light producers

than 220-volt incandescent lamps. A 110-volt lamp usually

takes from 3 to 6 amperes; 5 amperes is a fair average.

25. Enclosed-arc lamps for alternating currents are quite

simple to operate and are efficient. While the arc itself

does not give as much light as an 80-volt continuous-current

arc of the same watts input, there is not so much power

lost in artificial resistance for regulating purposes.

GE^EEAL RULES.
26. In wiring for electric lights and power, there are

certain rules that apply equally to all systems and voltages.

These rules will be our first study. In what follows, rules

taken from the National Electrical Code are printed as

below to distinguish them from the explanations and other

matter. In most localities these rules have the force of

laws.
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GENERAL RULES—ALL SYSTEMS AND VOLTAGES.

Copper for insulated conductors must never vary
in diameter so as to be more than t^Vb" inch less than
the specified size.

Wires and cables of all kinds designed to meet the
following specifications must be plainly tagged or

marked as follows:

1. The maximum voltage at which the wire is

designed to be used.

2. The words " National Electrical Code Stand-
ard."

3. Name of the manufacturing company and, if

desired, trade name of the wire.

4. Month and year when manufactured.

Wires—

-

a. Must not be of smaller size than No. 14
B. & S., except in fixtures and flexible cords. This
is because wires of smaller size are likely to break
or become loose, so that the work does not remain
mechanically secure, and because a small wire is

much more likely to be overloaded by connecting
a few additional lamps to it than is a larger wire.

b. Tie-wires must have an insulation equal to

that of the conductors they confine.

c. Must be so spliced or joined as to be both
mechanically and electrically secure without solder;

they must then be soldered to insure preservation,

and the joint covered with an insulation equal to

that on the conductors.
Stranded wires must be soldered before being

fastened under clamps or binding screws, and when
they have a conductivity greater than No. 10 B. & S.

copper wire, they must be soldered into lugs.

All joints must be soldered, even if made with some form
of patent splicing device. This ruling applies to joints and
splices in all classes of wiring covered by these rules.

21, Whenever possible to avoid making joints, it is advi-

sable to do so; but where joints are necessary, great care

must be taken to do the soldering well, and to leave no

/. II.—13
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corrosive acid on the wire. There are several soldering

compounds now on the market that will tin the wire well

enough to make a good joint and yet leave no acid on it.

Soldering Fluid.—
The following formula for soldering fluid is sug-

gested :

Saturated solution of zinc chloride 5 parts.

Alcohol 4 parts.

Glycerine 1 part.

28. Joints.—Figs. 7, 8, and .9 illustrate joints in com-

mon use. In removing the insulation from the wires where

joints or connections

scraping the wire to

FlG - 7 - clean it before making

the joint, great care must be exercised not to cut into

the wire and lessen its

cross-section and, con-

sequently, its carrying

capacity. Especial care

must be taken in hand-

ling fixture wires, which are small and easily cut or broken.

A comparatively small nick in a copper wire will make it

liable to break easily,

the

Fig. 8.

In recovering

wire with insulating

tape, a sufficient
amount of tape must

be used to afford am-

ple protection. Where
rubber-covered wires

are spliced or joined,

two kinds of tape must

be used, the first of

pure rubber softened

by a volatile oil, and the second of cloth saturated with a

moisture-proof adhesive material.

Fig. 9.
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29. Rules Relating to Wires (Continued).

—

Wires

—

d. Must be separated from contact with walls,

floors, timbers, or partitions through which they
may pass by non-combustible, non-absorptive insu-

lating tubes, such as glass or porcelain.

Bushings must be long enough to bush the entire length
of the hole in one continuous piece, or else the hole must first

be bushed by a continuous waterproof tube, which may be a
conductor, such as iron pipe ; the tube is then to have a non-
conducting bushing pushed in at each end so as to keep the
wire absolutely out of contact with the conducting pipe.

e. Must be kept free from contact with gas,

water, or other metallic piping, or any other con-
ductors or conducting material that they may cross,

by some continuous and firmly fixed non-conductor,
creating a separation of at least 1 inch. Deviations -

from this rule may sometimes be allowed by special

permission.

f. Must be so placed in wet places that an air

space will be left between conductors and pipes in

crossing, and the former must be run in such a way
that they cannot come in contact with the pipe

accidentally. Wires should be run over, rather

than under, pipes upon which moisture is likely to

gather or which, by leaking, might cause trouble
on a circuit.

Underground Conductors

—

a. Must be protected, when brought into a build-

ing, against moisture and mechanical injury, and
all combustible material must be kept removed
from the immediate vicinity.

b. Must not be so arranged as to shunt the cur-

rent through a building around any catch box.

This refers to catch boxes in the street, from which the

wires should run to the buildings, and not from street to

building, building to building, and back again into the

street, around one or more catch boxes, thus shunting

whatever protective devices there may be in the catch

boxes.
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TABLE III.

26

CARRYING CAPACITY OF INSULATED WIRES.
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30. Carrying: Capacities of Wii*es.—As any wire car-

rying an electric current is somewhat heated, it is necessary

to know how much current can safely be carried on a wire

of a given size. The foregoing table (Table III) supplies

this information.

Table of Carrying Capacity of Wires.

—

The accompanying table (Table III), which must
be followed in placing interior conductors, shows the
allowable carrying capacity of wires and cables of

98 per cent, conductivity, according to the stand-
ard adopted by the American Institute of Electrical
Engineers.

The lower limit is specified for rubber-covered wires to pre-
vent gradual deterioration of the high insulation by the heat
of the wires, but not from fear of igniting the insulation.
The question of drop is not taken into consideration in the
above table.

The carrying capacity of Nos. 16 and 18 wire is given, but
no smaller than No. 14 is to be used, except as allowed for
fixture work and flexible cord.

31. Wire Ganges.—It sometimes happens that wires of

scant size are sold to the unwary. A workman constantly

using wires of various

sizes soon learns to

gauge the size of wires

by his eye, but it is

better to use a wire

gauge frequently to

avoid mistakes. A wire

of given size should

just enter the slot in-

tended for that size in

the style of gauge
shown in Fig. 10.

Gauges in the form
of a vernier caliper,

measuring the diameter

of the wire in mils, are usually more accurate. A mil is

another name for a thousandth of an inch; for example, a

Fig. 10.
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wire .18 inch in diameter has a diameter of 180 mils. When
the diameter in mils is known, the gauge number can be

found by referring to the table of dimensions of wires given

in Table IV.

We are now ready to discuss the requirements of wiring for

particular purposes, beginning with low-potential systems.

TABLE IV.

DIMENSIONS OF BARE COPPER WIRE B. <fc S. GAUGE.

Gauge
Number.
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less than 550 volts shall be considered as a low-

potential circuit and as coining under this class,

unless an approved transforming device is used that

cuts the difference of potential dozen to 10 volts or

less. The primary circuit not to exceed a potential

of 3,500 volts.

Before pressure is raised above 300 volts on
any previously existing- system of wiring, the
whole must he strictly brought up to all of
the requirements of the miles at date.

Until recently, low-potential systems were limited to

300 volts or under, but the limit has been raised to 550, but

550 volts cannot be applied to old systems unless the above

rule is complied with. Low-potential systems are usually

constant-potential systems also ; that is, the potential or pres-

sure between the terminals of the machine or at some defi-

nite points on the line is almost uniform. Only constant-

potential systems will be considered under this heading.

A few general rules apply to the various kinds of work

under these systems. They are as follows:

33. General Rules.

—

Wires

—

a. Must be so arranged that under no cir-
cumstances shall there be a difference of poten-
tial of over 300 volts between any bare metal
in any distributing switch, cut-out cabinet, or
equivalent center of distribution.

b. Must not be laid in plaster, cement, or simi-

lar finish and must never be fastened with staples.

c. Must not be fished for any great distance,

and only in places where the inspector can satisfy

himself that the rules have been complied with.

d. Twin wires must never be used, except in

conduits or where flexible conductors are necessary.

e. Must be protected on side walls from mechan-
ical injury. When crossing floor timbers in cellars

or in rooms where they might be exposed to injury,

wires must be attached by their insulating supports
to the under side of a wooden strip not less than

\ inch in thickness and not less than 3 inches in

width.
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Suitable protection on side walls may be secured by a sub-
stantial boxing, retaining an air space of 1 inch around the
conductor, closed at the top (the wires passing through
bushed holes), and extending not less than 5 feet from the
floor; or by an iron-armored or metal-sheathed insulating
conduit sufficiently strong to withstand the strain it will be
subjected to, and with the ends protected by the lining or by
special insulating bushings, so as to thoroughly prevent the
possibility of cutting the wire insulation ; or by plain metal
pipe, lined with tough conduit tubing, which must extend
from the insulator next below the pipe to the one next
above it.

If metal conduits or iron pipes are used with alternating
currents, the two or more wires of a circuit mzist be placed in
the same conduit to prevent troublesome induction and heat-
ing. They should also be so placed in direct-current wiring
if there is any possibility of alternating currents ever being
put on the system. In this case, the insulation of each wire
must be reenforced by a tough conduit tubing extending
from the insulator next below the pipe to the one next
above it.

f. When run immediately under roofs or in

proximity to water tanks or pipes will be considered
as exposed to moisture.

34. The reason for the first part of (b) is that plas-

ter and cement are likely to corrode the insulation on

the wire and cause it finally to break. If the plaster is

damp, leakage takes place, the wire is gradually dissolved

by electrolysis, and finally it becomes so thin that it can-

not carry its current without excessive heating and, per-

haps, not without melting. While there are many places

where wires embedded in plaster have been used for

years without serious trouble, because of the dryness

of the buildings where they are in use, trouble may
develop at any time and the practice is always a danger-

ous one.

The second part of (b) is inserted as a direct prohibition

against running electric-light wires as bell wires are usually

put up. Staples not only do not insulate the Avire, but are

likely to cut into the insulating covering already on it.

Rule (c) is to prevent the location of wires where it is

impossible to know that they are properly supported and
insulated.
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SYSTEMS OF DISTRIBUTION FOR INTERIOR
WIRING.

35. The voltages in common use on low-potential sys-

tems are: for continuous currents, 110 and 220; for alterna-

ting currents, 52 and 104. These are used on both two-wire

and three-wire systems of wiring". Many lighting compa-

nies allow for various amounts of drop at different points on

their lines and install lamps of different voltages, as, for

instance, 108-volt lamps near the generator and 100-volt

lamps at the extreme end of the line, with lamps of inter-

mediate voltages at intermediate points. But the lamps

used by any one building are usually all of the same voltage.

3G. The Two-Wire System.—This is the simplest plan

of wiring and the one in most general use. The sketch,

Fig. 11, shows in diagram the essential features of this

system. The diagram of connections is the same for all

Wires.

Lam/?&.

in
Fig. 11.

voltages and for alternating or continuous currents ; but the

fittings, such as lamps, sockets, cut-outs, and switches, and

the sizes of wire used will be very different. The fittings

and the proper size of wire to be used will be discussed later,

37. The Edison Three-Wire System.— This system

comes next in importance and extent of use. It also is used

with various voltages and with continuous or alternating

currents ; but its chief field is on continuous-current circuits

operated by two generators, with 110 volts between either

outer wire and the middle or neutral wire and 220 volts

between the outer wires. Fig. 12 shows the diagram of

connections. This system is also sometimes installed with

220 volts between the neutral and outer wires and 440 volts

on the outside wires.
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Referring to the diagram, Fig. 12, observe the following:

When the currents in the two outside wires are equal in

amount, no current passes over the neutral wire ; but when

Lamps.

~m \ "3 9 ~3 <r
-iwv. 9 9 9 ?

220V.

CufoiSt

5 y

Fig. 12.

the currents are not equal, that is, when more lamps or

motors are on one side of the neutral- wire than on the

other, the "difference current" flows on the middle wire.

38. The advantage of this system is that with lamps of

any given voltage it is possible to save in the amount of

wire required. In the outside lines of the lighting company
is where the greatest saving is effected, because the neutral

wire is there much smaller than the outer ones, and three

wires are used instead of four, which would have to be run

if the generators were operated independently. In interior

wiring, the saving is not so great, because the neutral wire

must be large enough to carry the current in case all the

load is turned off one side of the circuit, as would be the case

if the fuse on one side should blow and that on the other

side did not, and because in small installations, where
unbalancing is likely to occur, three-wire mains must be

large to reduce this trouble to a minimum. This subject is

explained later.

39. The three-wire system also has some disadvantages.

Its most objectionable feature is that if any one line is

opened, as by the blowing of a fuse on one line only, the

system is unbalanced and a voltage higher than that intended

for the apparatus is thrown on the lines, unless the line loss

is very small indeed. If it is the middle wire that opens,
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the whole 220 volts may be thrown on 110-volt apparatus,

if the system is much unbalanced. For this reason some Edi-

son companies refuse to place cut-outs on the neutral wire;

but the main switch should in all cases open all three lines.

Another weakness of the three-wire system is the fact that

there is more danger in 220 volts than in 110, and a shock

received from a 220-volt circuit may be very severe. The
wiring is somewhat more complicated, but owing to the

saving in line materials, the Edison three-wire system has

been introduced to a very great extent and still meets with

much favor in new installations, besides extending the net-

work of its wires from existing stations. Lately it has had

a new competitor in the 220-volt two-wire system, which

has grown in popularity with the perfecting of the 220-volt

incandescent lamp. -

40. It is the usual practice to run the three wires no

farther within the building than to the centers of distri-

bution, and from these

centers to use the two-

wire system, dividing the

circuits as equally as pos-

sible on the two sides

of the three-wire cir-

cuit, as shown in the

sketch, Fig. 13. By this

means, the branch lines

are fused on both sides

and amply protected
against excessive cur-

rents, though not against

high voltage. If the

neutral wire within the

building is protected by a

fuse as large as that in

either of the other main

wires, the danger of that

line opening is very small. fig. 13.
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41. There is a method of running wires on the two-wire

plan that is sometimes confused with the three-wire system

;

this is illustrated in Fig. 14. In this method the middle

wire carries the whole current and each of the two outside

wires carry what current is necessary for the lights on its

side. This method effects no saving of copper; in fact, it

Fig. 14.

often requires more than the two-wire system would, because

the three wires must generally be of the same size, as

explained under the subject of cut-out protection. The
object of the arrangement is solely to make it possible to

turn off a number of the lights without running four wires.

The Underwriters will not permit it with more than

660 watts on a side.

42. Systems like the three-wire system, but using more

wires and, consequently, more generators, have been pro-

posed; but none of them have come into commercial use to

any extent in the United States, because they are easily

unbalanced, because some of them give voltages too high for

I I 3~OZI3+//"
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Fig. 15.

interior wiring (550 volts being the limit of low-tension

working), and because they are too complicated. They are

used to some extent on the continent of Europe. Fig. 15 is

a diagram of such a system. No fittings are shown, but

they must be numerous and complicated to make the

arrangement approximately practicable.
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MULTIPHASE SYSTEMS.

43. There are several systems for alternating currents

only, known as multiphase systems, that require three

or four wires. These, especially the three-phase, the two-

phase, and the monocyclic systems, are very important, and

diagrams, with brief descriptions of the essential connec-

tions, are therefore given. Fig. 16 represents lamps con-

nected on a three-phase circuit, which requires three

wires of equal size. The voltage is the same between any

two wires, and it is desirable to divide the lights equally

2x1.73=3.4-6'Amperes, fforLamps or>/t/J Motor Fa/res /Iddit/ona/ Ci/rrenA

^ 346di??peres

I/O no' no

Fig. 16.

'-0>

S

Motor

across the three pairs of lines, as shown. The sizes of wires

for the branch lines (two-wire circuits) may be calculated as

for any other two-wire circuit, as is explained later. The
mains are of the same size as would be required if there were

four wires, two on each of two separate two-wire circuits

carrying the same total number of lamps. This system is

easily unbalanced if the lamps are not equally divided.

Cut-outs and switches (not shown on the sketch) must pro-

tect all three wires.

44. In a three-phase system, like that shown in Fig. 16,

the current in the main wires is found by multiplying the

current in the branch circuits by 4/3= 1.73. This assumes

that the load on the three phases is balanced, as it should be

in practice. This may be written in the form

Cm =Cb X 1,73, (1.)

where Cm = current in each of the main wires;

Cb
= current in branches.
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In Fig. 16, the current in each branch is 2 amperes; hence,

the current in the mains is 2 X 1.73= 3.46 amperes. The
method of determining the size of the mains will be taken

up in connection with wiring calculations.

45. In the two-phase system the wires are sometimes

arranged as in the Edison three-wire system, but the middle

wire carries more current than either of the outer wires,

instead of less. If the current in the outer wires is C and

the current in the middle wire Cm ,
then

Cm = Cx 1.41. (2.)

The arrangement of circuits is as in Fig. 17. Lamps are

connected between either outer wire and the middle wire

and not between the outer wires. The system is easily

>IWWV<

2Amperes
L

'SMIZX/4/~e.8ZAmt

mrn
2Ampe

FIG. 17.

unbalanced. Three wires are run to the motors. Two-
phase systems are generally installed as two separate two-

wire systems, four wires being run to the motors and the

To Line

jmn
}/Vo connect/on.

HH
Fig. 18.

lights being divided equally on the two two-wire circuits.

This gives better regulation (see Fig. 18). In this case, the
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current in each of the four wires^will be one-half that which

would flow if all the lamps were operated on a regular two-

wire system.

46. The monocyclic system is used only in transmission

and in connection with motors. Wiring- for lights on a

monocyclic circuit is just the same as on any other two-wire

circuit of the same voltage. The third wire is brought in only

when a motor is installed. For its connections see Fig. 19.

£BHB3

Fig. 19.

47. Generally speaking, multiphase circuits are used in

transmission of power only, and not to distribute current to

individual lamps. For final distribution, two-wire circuits

should be used, and either connected with the three or four

multiphase lines at the distribution center or supplied with

single-phase current by the use of suitable transformers.

48. House wiring should consist of two distinct portions

:

the distribution circuits, which run from the lamps to a

center of distribution and which should always be two-

wire circuits, and the mains, which run from the outside lines

to the distribution center and which must conform to the

requirements of the particular system to be used. If mains

must be installed before it is known what system is to supply

current, it will be sufficient to run four separate wires of

the size required if the lamps were to be divided equally

between tAvo separate two-wire systems. This will make it

possible to connect to any system operating at the voltage

for which the wiring calculations are made.
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SWITCHES A^D CUT-OUTS.
49. There are certain devices for the protection of con-

stant-potential systems that are necessary no matter what

voltage is used. Should anything happen to damage the

wiring, it is necessary that the wires be disconnected from

the source of supply of current with the least possible delay.

The devices for this purpose that are operated by hand are

called switches. Those that work automatically are called

aiitomatic cut-outs. These latter are of two kinds, fuse

blocks and circuit-breakers.

Both a switch and an automatic cut-out must be placed at

or near the place where wires enter a building. They must

also be placed at various other points on the wiring.

50. The object of the cut-out is to protect the wires and

the devices connected to them from damage due to the

presence of too much current from any cause whatever.

The ordinary cut-out consists of a porcelain base that carries

suitable terminals for holding a piece of fusible wire, or fuse,

which melts and opens the circuit whenever the current

becomes excessive. Not only must the cut-out protect the

lines when there is trouble, but it must be so placed that it

can be reached to replace the fuse or reset the circuit-

breaker when the trouble is remedied. It must also be

arranged so that the blowing of a fuse or the opening of a

circuit-breaker cannot do any damage.

51. Switches are designed to disconnect the lines from

the source of electricity, not only when there is trouble, but

when convenience requires, as in turning off lights, starting

and stopping motors.

Circuit-breakers are not as commonly used in interior

wiring work as are fusible cut-outs. They are automatic

switches controlled by an electromagnet and are made in a

number of different styles. Whenever the current exceeds

that for which the circuit-breaker is adjusted, the electro-

magnet attracts its armature and releases the switch, thus

opening the circuit.
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The following rules regarding these devices must be

followed in all cases:

Switches, Cu.t-Ou.ts, Circuit-Breakers, Etc.—
a. Must, whenever called for, unless otherwise

provided, be so arranged that the cut-outs will pro-

tect, and the opening of the switch or circuit-

breaker will disconnect, all the wires; that is, in

a two-wire system-the two wires, and in a three-wire
system the three wires, must be protected by the
cut-out and disconnected by the operation of the
switch or circuit-breaker.

b. Must not be placed in the immediate vicinity

of easily ignitible stuff or where exposed to inflam-

mable gases or dust or to flyings of combustible
material.

Note.—In buildings used for starch and candy factories,

woodworkers, grain elevators, flouring mills, or other pur-
poses where fittings are exposed to dust and flyings of in-

flammable material, cut-outs and switches should be placed
in an approved cabinet outside of the dust rooms, or if neces-
sary to locate same in the dust room, cabinet must be dust-
proof and arranged with a self-closing door.

c. Must, when exposed to dampness, either be
enclosed in a waterproof box or mounted on porce-
lain knobs.

Automatic Cut-Outs (Fuses and Circuit-Breakers)

a. Must be placed on all service wires, either

overhead or underground, as near as possible to the
point where they enter the building and inside the
walls, and arranged to cut off the entire current
from the building.

Where the required switch is inside the building, the cut-
out required by this section must be placed so as to pro-
tect it.

b. Must be placed at every point where a change
is made in the size of wire [unless the cut-out in

the larger wire will protect the smaller].

This (b) means unless the current carried by the larger wire

is less than the smaller wire will safely carry, the fuse being

proportioned to protect the smaller wire. This is frequently

the case when line wires are connected to fixture wires, which

/. II.—14
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are small so that they will go between the shells of fixtures

and the gas pipe within.

c. Must be in plain sight or enclosed in an
approved box and readily accessible. They must
not be placed in the canopies or shells of fixtures.

This rule (c) precludes the use of the small cut-outs that

it was customary at one time to place within the fixture

canopies.

d. Must be so placed that no set of incandes-
cent lamps, whether grouped on one fixture or
several fixtures or pendants, requiring more than
660 watts shall be dependent on one cut-out. Spe-
cial permission may be given in writing by the
Inspection Department having jurisdiction for de-

parture from this rule in the case of large chan-
deliers, stage borders, and illuminated signs.

On 52- or 110-volt circuits this is equivalent to not more
than twelve 16-candlepower lamps; on 220-volt circuits, not

more than ten 16-candlepower lamps. It is best to stay

well under this limit, say about six lamps to a cut-out,

except in the special cases mentioned in the rule.

e. Must be provided with fuses, the rated
capacity of which does not exceed the allowable
carrying capacity of the wire, and when circuit-

breakers are used, they must not be set more than
about 30 per cent, above the allowable carrying
capacity of the wire, unless a fusible cut-out is also

installed in the circuit.

This is very, important. A fuse block not properly fused

is of no use whatever. Irresponsible parties sometimes

place fuses much too large to protect the wire and which
will destroy the cut-out if they should ever blow, besides

doing other damage. Sometimes, also, fuse blocks are

found having copper wire where the fuses should be; of

course, they are of no use with such connections.

52. Circuit-breakers may be set so as to work with

greater accuracy than fuses; they respond quicker to sud-

den overloads, for fuses require a little time to get hot
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enough to melt. For this reason, circuit-breakers may be

set for higher currents than fuses. If they are not so set,

they will give trouble by opening the circuit on momentary
overloads that would not be sufficient to melt the fuses.

Circuit-breakers are usually installed to protect machines,

while fuses protect Avires and cables of the smaller sizes.

Very large fuses should be avoided and circuit-breakers used

in their stead. The largest currents should be cut off indi-

rectly, as by lowering the voltage and shutting down the

generator. But such very large currents are only used in

special low-voltage work, in electrochemical processes, and

electric furnaces.

53. Rules Relating- to Switches.

—

Switches

—

a. Must be placed on all service wires, either

overhead or underground, in a readily accessible

place, as near as possible to the,point where the

wires enter the building, and arranged to cut off

the entire current.

b. Must always be placed in dry, accessible

places and be grouped as far as possible. Knife
switches must be so placed that gravity will tend to

open rather than close the switch.

c. Must not be single-pole when the circuits

that they control supply devices that require over

660 watts of energy or when the difference of

.
potential is over 300 volts.

This rule (c) is important, because it restricts the number

of lamps so severely.

d. Where flush switches are used, whether with
conduit systems or not, the switches must be

enclosed in boxes constructed of or lined with fire-

resisting material. No push buttons for bells, gas-

lighting circuits, or the like shall be placed in the

same wall plate with switches controlling electric-

light or power wiring.

This requires an approved box in addition to the porce-

lain enclosure of the switch.
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e. Where possible, at all switch or fixture out-

lets, a -J-inch block must be fastened between studs

or floor timbers, flush with the back of lathing, to

hold tubes and to support switches or fixtures.

When this cannot be done, wooden base blocks not
less than f inch in thickness, securely screwed to

the lathing, must be provided for switches and
also for fixtures that are not attached to gas pipes

or conduit tubing.

54. Construction of Cut-Outs, Circuit-Breakers, Etc.

Equally important as the location of these devices is their

proper construction. The following rules should be given

careful study before any of these supplies are purchased.

Cut-Outs and Circuit-Breakers

—

a. Must be supported on bases of non-combus-
tible, non-absorptive, insulating material.

b. Cut-outs must be provided with covers, when
not arranged in approved cabinets, so as to obviate
any danger of the melted fuse metal coming in

contact with any substance that might be ignited

thereby.
c. Cut-outs must operate successfully, under the

most severe conditions they are liable to meet with
in practice, on short circuits with fuses rated at

50 per cent, above and with a voltage 25 per cent.

above the current and voltage for which they are

designed.

d. Circuit-breakers must operate successfully,

under the most severe conditions they are liable to

meet with in practice, on short circuits when set at

50 per cent, above the current and with a voltage

25 per cent, above that for which they are designed.

e. Must be plainly marked, where it will always
be visible, with the name of the maker and the cur-

rent and voltage for which the device is designed.

Fuses

—

a. Must have contact surfaces or tips of harder
metal having perfect electrical connection with the
fusible part of the strip.

b. Must be stamped with about 80 per cent, of

the maximum current they can carry indefinitely,

thus allowing about 25 per cent, overload before
fuse melts.
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With naked, open fuses of ordinary shapes and not over
500 amperes capacity, the maximum current that will melt
them in about 5 minutes may be safely taken as the melting
point, as the fuse practically reaches its maximum tem-
perature in this time. With larger fuses a longer time is

necessary.
Enclosed fuses, where the fuse is often in contact with

substances having good conductivity to heat and often of
considerable volume, require a. much longer time to reach
a maximum temperature, on account of the surrounding
material, which heats up slowly.

c. Fuse terminals must be stamped with the
maker's name, initials, or some known trade mark.

55. The Underwriters' Rules relating to switches specify

in detail the requirements that a switch must fulfil. Most

of these requirements relate to mechanical details that con-

cern the switch manufacturer more than the wireman. The
style of switches" used for interior wiring will be described

later, and we will at this point simply call attention to a few

rules relating to ordinary snap or push switches that are

more directly connected with the installation of interior

wiring.

Snap Switches.

—

a. The current-carrying parts must be mounted
on non-combustible, non-absorptive, insulating bases,

such as slate or porcelain, and the holes for sup-
porting screws shall be countersunk not less than

\ inch ; in no case must there be less than g-
3
¥ inch

space between supporting screws and current-

carrying parts.

Subbases that will separate the wires at least

\ inch from the surface wired over should be fur-

nished for all snap switches used in exposed knob
or cleat work.

b. Covers made of conducting material, except
face plates for flush switches, must be lined on
their sides and top with insulating, tough, and
tenacious material at least ^ inch in thickness,

firmly secured, so that it will not fall out with
ordinary handling. Side lining should extend
slightly beyond the lower edge of the cover.

c. The handle, button, or any exposed part must
not be in electrical connection with the circuit.
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d. Must "make" and "break" with a quick
snap and not stop when motion has once been
imparted to the handle.

Must operate successfully at 50 per cent, over-
load in amperes and 25 per cent, excess voltage
under the most severe conditions they are liable to

meet in practice.

When slowly turned " on " and " off " at the rate

of about two or three times per minute, must
"make" and "break" the circuit 6,000 times
before failing, while carrying the rated current.

e. Must be plainly marked, where it may be
readily seen after the device is installed, with the
name or trade mark of the maker and the current
or voltage for which the switch is designed.
On flush switches, these markings may be placed

on the back of the face plate or on the subplate.

On other designs, they must be placed on the front
of the cap, cover, or plate.

Switches that indicate upon inspection whether
the current be "on " or "off " are recommended.

Some of the common styles of switches and cut-outs will

be described later when the methods of wiring are taken up.

OPE^ WORK ZN" DRY PLACES.
56. Open work is generally used in factories, ware-

houses, mills, and other places where there is no objection

to having the wires in plain sight, or in old buildings,

where the expense of concealed work overbalances the

objectionable appearance in the mind of the owner of the

house or of the tenant. It is the cheapest kind of construc-

tion and very often the safest. We will study how to wire

a building by means of simple examples.

SIMPLE EXAMPLE OF FACTORY WIRING.

57. Consider a factory, such as a long machine shop,

where there is but one floor to be wired. It is proposed to

wire this for 110-volt enclosed-arc lamps and incandescent
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lamps on the so-called tree system ; that is, with but one

set of mains or feeder wires leaving the dynamo and with

other lines branching from these mains to the points where

lamps are required. Let Fig. 20 represent the outlines of

such a factory, in which incandescent lamps are to be hung

on lamp cord at the points marked X and enclosed-arc

-eso'-

9

Dynamo

Coa/
5/red.

Fig. 20.

lamps are to be placed where the marks O are shown. Let

us first consider what is the cheapest way in which this

factory can be wired in order to satisfy the Underwriters;

then we will see what modifications can be made to better

the light, improve the system, and make it more convenient

and economical in operation.

58. We will assume that each incandescent lamp is to

be allowed 55 watts. Some good lamps take less power,

but it is not safe to count on less. We also assume that

each enclosed arc is to take 5 amperes while burning and

12 amperes to start on. There are 40 incandescent lamps

and G arc lamps to be wired.

55 (watts) -f- 110 (volts) = .5 (ampere per lamp),

40 X .5 = 20 (amperes for incandescent lamps),

6x5 =30 (amperes for arc lamps),

Total amperes = 50,

which must be carried on the mains for a short distance at

least.

Referring now to the table of Safe Carrying Capacities
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(Table III), we see that the smallest wire that will carry

50 amperes with safety is No. 6 weather-proof.

59. Rules Relating- to Wires for Open Work.—For
open work in dry places we have the following rules regard-

ing wires:

Wires—
a. Must have an approved rubber or '

' slow-burn-
ing " weather-proof insulation.

b. Must be rigidly supported on non-combusti-
ble, non-absorptive, insulators that will separate the
wires from each other and from the surface wired
over in accordance with the following table

:

Voltage.
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thickness not less than that given in the following
table for B. & S. sfausfe sizes:

Sizes of Wires

Between Numbers.



44 INTERIOR WIRING. § 26

60. Determination of Sizes of Wire According- to

Current Capacity.—Observing the location of the lamps

as shown in the diagram, we see that on each side of the

building and down the center they are arranged in straight

lines. It is evident, therefore, that it will be easier to run

the wires along these lines and to fasten the rosettes (small

porcelain fittings from which the lamps are suspended)

directly to them, rather than put in short branch lines

and run the principal wires on any other lines. We will,

therefore, run the wires as shown in the sketch, where each

line is supposed to represent a pair of wires put up on knobs

or cleats.

61. We have now 18 incandescent lamps on one line,

21 on another, 5 arc lamps on a third, and 1 arc lamp and

1 incandescent lamp on a fourth. Referring again to the

table of Carrying Capacities, we find that these lines will

require wires of the following sizes: 21 incandescent

lamps (10.5 amperes), No. 14 wire; 18 incandescent lamps

(9 amperes), No. 14 wire; 5 arc lamps (25 amperes),

No. 10 wire; 1 arc lamp and 1 incandescent lamp (5.5 am-
peres), No. 14 wire.

02. Location of Cut-Outs. — Since not more than

660 watts can be dependent on one cut-out, if we layout the

wiring as stated thus far, it will be necessary to have fuses

in all the rosettes and also a separate cut-out at each arc

lamp. Besides these cut-outs, there must be a cut-out at

the point where each branch line joins the mains. The
small wires running from the cut-outs to the arc lamps may
be No. 14, which is large enough to carry the starting cur-

rent of 12 amperes continually, if necessary. The locations

of the cut-outs are indicated on the diagram by the letter c.

63. The wiring as now laid out, if put up properly, will

comply with all the Underwriters' rules. The main switch

and cut-.out should be located near the dynamo in the

engine room.

Such an arrangement as just described would not neces-

sarily give satisfaction; it would merely be safe. But
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before entering upon the matter of how to improve the plan

of the wiring, we will consider some of the fittings and
methods of work that should be used upon an
installation of this kind.

FITTINGS USED FOR EXPOSED WIRING.

6-4. Open work must always be put up as

though there were no insulation whatever on the

Fig. 21.

wires themselves. The wires must be supported

on insulators so as not to come into contact with

Fig. 22.

any woodwork, pipes, or any other thing except

insulating supports.

fig. 23.
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65. Fittings for Supporting Wire.—Some varieties of

porcelain fittings suitable for this kind of work are shown
in Figs. 21 to 30. These figures are typical examples only.

Fittings of quite different designs may be used if they

comply with the rules.

Fig. 21 shows an ordinary porcelain knob in section.

These are made in various sizes, and the size used will

depend somewhat on the size of wire to be accommodated.
Fig. 22 shows the common 4-inch porcelain tube used where

wires are run through joists. Fig. 23 is the style of tube

used where wires are brought

through window frames from

the outside. The end is curved

downwards to prevent water

running in, and the drip loop a

is formed to allow the water to

drip off. A similar tube, only

longer, is used for bringing wires

in through brick or stone walls.

Fig. 24 is a long, straight, porce-
FlG

-
25 - lain tube used for passing through

walls or floors. Note that the head a is some distance from

the end, so that when the tube is used for carrying wires

through floors, the exposed part of the wire will be above

the floor.

Fig. 25 is a single-wire cleat, used more particularly for

supporting fairly large wires. Fig. 26 shows a two-wire

cleat designed to support the wires 2^ inches apart, in order

to conform with the Underwriters' requirements. Many
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different styles of cleats are made, but they are much the

same in general construction. It is always best to put up
cleats and knobs with screws, as a better job is done than

when nails are used. Nails are, however, sometimes used,

fig. 28.

a leather washer being placed between the nail head and

the porcelain, to prevent the latter from being cracked.

Fig. 27 is a kno~b cleat used for supporting single wires

where something neater than the ordinary knob is desired.

It does away with the necessity of a tie-wire and is pro-

vided with four differ-

ent sized grooves so

that it will accommo-
date wires of various

thicknesses. Fig. 28

shows a double-headed

tube used when wires

cross each other. Por-

celain tubes should al-

ways be used where

crossings of this kind

occur. The tube, Fig.

22, is frequently used

for this purpose; but

if this is done, the end

without a head should

be taped to the wire

to prevent the tube

sliding along. Fig. 29

shows a fused rosette or ceiling cut-out. These rosettes

are made in two parts, a and b. Part a is screwed to the

Fig. 29.
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ceiling and the lamp is hung from the cap b. The lines

are attached to the terminals c, c' and the lamp cord to

d, d'
;
/,/' are the small fuses. When the cover b is attached

to a by a twisting movement, terminals g, g' lock with h, h!

and make the connection from the mains to the lamp. The

cord should be knotted at i so that the pull will not come

on the connections d, d'.

66. For such work as is now being considered, the prin-

cipal porcelain articles required are the cleat, the rosette,

and the cut-out. These are all made in several forms; some

cleats are to be fastened with nails, others with screws. The
selection of such fittings must be made with reference to

the work in hand; for instance, cleats cannot be put up

with nails on plastered walls, because the driving of nails

will crack the plaster.

If the -wires are placed high out of reach and the distance

between the points of support is considerable, they should be

separated a foot or more and fastened to knobs. Where
passing through walls or partitions, the wires should be pro-

tected by porcelain bushings.

If a lamp is needed not more than 3 feet from the direct

line of the wires, it can be hung where required by means of

a ceiling- button, Fig. 30

;

IS ^1 but lamp cord must not be

used to run lamps in this

way more than 2 or 3 feet

from the rosette.

67. Flexible Lamp
Cord.—In selecting lamp

cord for this kind of work

and in securing good sock-

ets, too much care cannot
FIG 3°- be taken, for trouble occurs

more frequently in lamp cord and sockets than in any other

part of the wiring, if these articles are not of the highest

grade. There is much temptation to use lamp cord for

other purposes than those for which it is designed. The
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rules regarding' it are given here, and special attention is

directed to them :

Flexible Cord—
a. Must have an approved insulation and cov-

ering.

b. Must not be used where the difference of

potential between the two wires is over 300 volts.

c. Must not be used as a support for clusters.

d. Must not be used except for pendants,
wiring of fixtures, and portable lamps or motors.

e. Must not be used in show windows.

f. Must be protected by insulating bushings
where the cord enters the socket.

g. Must be so suspended that the entire weight
of the socket and lamp will be borne by knots under
the bushing in the socket, and above the point
where the cord comes through the ceiling block or

rosette, in order that the strain may be taken from
the joints and binding screws.

68. As there is much inferior lamp cord on the market,

the specifications for lamp cord are given here. Only brands

that comply with these specifications should be used.

Flexible Cord—
a. Must be made of stranded copper conductors,

each strand to be not larger than No. 26 or

smaller than No. 30 B. & S. gauge, and each
stranded conductor must be covered by an ap-

proved insulation and protected from mechanical
injury by a tough,- braided outer covering.

For pendant lamps:

In this class is to be included all flexible cord

that, under usual conditions, hangs freely in air and
that is not likely to be moved sufficiently to come
in contact with surrounding objects.

b. Each stranded conductor must have a carry-

ing capacity equivalent to not less than a No. 18

B. & S. gauge wire.

c. The covering of each stranded conductor
must be made up as follows

:

1. A tight, close wind of fine cotton.
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2. The insulation proper, which shall be either

waterproof or slow-burning.
3. An outer cover of silk or cotton.

The wind of cotton tends to prevent- a broken strand
puncturing the insulation and causing a short circuit. It

also keeps the rubber from corroding the copper.

d. Waterproof insulation must be solid, at

least -gig- inch thick, and must show an insulation

resistance of 50 megohms (50 million ohms) per
mile throughout two weeks' immersion in water at

70° F., and stand the tests prescribed for low-
tension wires as far as they apply.

e. Slow-burning insulation must be at least

3V inch in thickness and composed of substantial,

elastic, slow-burning materials that will suffer no
damage at a temperature of 250° F.

f. The outer protecting braiding should be so

put on and sealed in place that when cut it will not
fray out, and where cotton is used, it should be
impregnated with a flame-proof paint that will not
have an injurious effect on the insulation.

For portables:

In this class is included all cord used on portable
lamps, small portable motors, etc.

g. Flexible cord for portable use must have
waterproof insulation, as required in section d for

pendant cord, and, in addition, must be provided
with a reenforcing cover especially designed to

withstand the abrasion it will be subject to in the
uses to which it is to be put.

For portable heating apparatus:

h. Must be made up as follows:

1. A tight, close wind of fine cotton.

2. A thin layer of rubber about y^- inch thick
or other cementing material.

3. A layer of asbestos insulation at least ¥
3
? inch

thick.

4. A stout braid of cotton.

5. An outer reenforcing cover especially designed
to withstand abrasion.

This cord is in no sense waterproof, the thin layer of
rubber being specified in order that it may serve merely as a
seal to help hold in place the fine cotton and asbestos, and
it should be so put on as to accomplish this.
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69. Lamp Bases.—The style of lamp socket used in a

given job of wiring- will depend on the kind of bases that

are on the lamps. A large number of different styles of

lamp bases have been brought out, but the number has

gradually been cut down until the three types shown in

Fig. 31 cover practically all the lamps in use in the United

States; these are the Edison (a), the Thomson-Houston (I?),

and the Sawyer-Man, or Westinghouse (c). Of these three,

the Edison base is the most popular and is gradually super-

seding the other two. In each case, the terminals of the

socket are marked /, f. When the lamp is placed in the

socket, these make connection with corresponding terminals,

thus connecting the circuit with the lamp.

70. T^amp Sockets and Receptacles.—A large variety

of lamp sockets are manufactured, but they are all much the

same in general design. Some of these are provided with

keys for turning the light off or on ; others are keyless—the

light being controlled by a separate switch. The main

thing to look out for in selecting sockets is to see that they are

substantial, one of the most common sources of trouble on

incandescent-lighting circuits being flimsy sockets that are

continually getting out of order. Fig. 32 shows a typical key

socket for an Edison base lamp. Sockets should be so

constructed that the shell a will be insulated from the wires.

Ordinary key sockets are suitable for work with incandes-

cent lamps not exceeding 32 candlepower. The rubber or

composition bushing shown in Fig. 33 must be used on all

/. II.—15
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sockets suspended from lamp cord in order to protect the

cord where it passes through the shell.

Fig. 34 shows a waterproof, keyless socket for an Edison

base. The terminals are surrounded by molded mica insu-

lating material a and the wires b, b are attached directly to

Fig. 32. Fig. 33. Fig. 34.

the mains. Waterproof sockets are also made of porcelain.

Sockets of this type are required by the Underwriters

whenever wiring is done in damp places, such as breweries,

dye-houses, etc.

Fig. 35 (a) and (b) shows two styles of keyless recepta-

cles. That shown in Fig. 35 (a) is almost entirely of porce-

lain and is designed

for a lamp having

a Thomson-Houston
(T. H.) base. That
shoAvn in Fig. 35 (b)

is provided with a

porcelain base and

a brass shell, the

FlG
- 35 - terminals being de-

signed to take a Sawyer-Man, or Westinghouse, base.

PORCELAIN FUSE BLOCKS.

71. Edison Plug Cut-Outs.—Among the suitable cut-

outs for small currents on 52- or 110- volt work are the

standard Edison fuse-plug cut-outs. These cut-outs are



fa) (b)

Pig. 36.

1ains

j_ Fuse Plug
Receptacle

Branch Circuits

(c)

Fig. 37.
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made for currents of from 5 to 30 amperes. The plug is

provided with contacts like those of the Edison lamp base.

Cut-outs of this style are made for all combinations of two-

wire and three-wire circuits, and several cut-outs can be

connected together at a distribution center if desirable.

Fig. 36 (a) and (b) shows the construction of the Edison

fuse plug. The fuse f is mounted in a porcelain or glass

holder and attached to the screw terminal s and the con-

tact/. These plugs screw into the receptacles on the fuse

block, and whenever a fuse blows, -a new plug is inserted.

Fig. 37 (a) shows a three-wire main Mock and Fig. 37 (b)

a three-wire branch block. Fig. 37 (c) shows three two-

wire double branch blocks grouped together to form a

distributing center. The advantages of this type of fuse

are that it is enclosed and that it gives good contact between

the fuse and the fuse-block terminals. On the other hand,

it is somewhat more expensive than the link fuse.

72. Link Fiises and Fuse Blocks.—Fig. 38 shows an

ordinary link fuse. It consists of a fusible wire or strip c

(generally made of a mix-

ture of lead and bismuth)

provided with copper ter-
FlG

-
38 " minals a, b. These termi-

nals are necessary, because the fuse wire is soft and is almost

sure to be cut if placed under the binding screws on the

cut-out.

When link fuses are used, they must comply with the fol-

lowing specifications:

For Circuits of Not Over 125 Volts.—
Links on non-combustible bases enclosed in fire-

proof cabinets. Minimum break distance, 1^ inches;
minimum separation of terminals of opposite polar-

ity, unless separated by ample partitions, \\ inches.

Fuses to be held free of contact with any portion of
the base.

For Circuits of Not Over 250 Volts.—
Links on non-combustible bases enclosed in fire-

proof cabinets. Minimum break distance, %\ inches;
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minimum separations of terminals of opposite polar-

ity, unless separated by ample partitions, 2^ inches.

Fuses to be held free of contact witJi any portion of
the base.

For open work, where the fuse blocks are not enclosed in

fig. 39.

fireproof cabinets, they must be provided with suitable

covers to prevent the melted

metal of the fuse wire com-

ing- into contact with inflam-

mable material. They should

also be so located that no

damage will result if the

cover is left off.

Figs. 39 and 40 show two
styles of link fuse blocks,

Fig. 39 being a main-line

block with its cover and

Fig. 40 a two-wire branch

block with its cover omitted.

Some manufacturers rate

their wares as capable of

carrying larger currents than

should be allowed. Care pIG. 40.
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should be taken not to use such fittings except within their

proper range.

73. Enclosed Fnses.—The use of link fuses is gradually

giving way to that of enclosed fuses. The Edison plug is

one type of enclosed fuse, but there are many other varieties

in which the fuse is sealed in a tube or cartridge filled with

material which does not conduct heat readily. The fuse is

thus protected from injury and is more likely to melt at its

rated capacity. One type of enclosed fuse block is shown in

Fig. 44,

WIRING FOR A UNIFORM DROP.

74. In the method of wiring illustrated in Fig. 20, it

will be noticed that the lamp on the extreme end of the line

in the office is much farther away from the dynamo than

the first lamp on that line. Owing to the resistance of the

wire, the distant lamp will not burn as brilliantly as the

nearer one ; therefore, it is desirable to have a system of

fig. 4i.

wiring on which the lamps will all glow with equal bright-

ness. Also, it is not desirable in many cases to have a

rosette with a fuse at each lamp, as this means many small

fuses. Many very small fuses are not as reliable as a few

larger ones and they cause more trouble. We will, there-

fore, plan to wire this establishment so as to avoid these two

undesirable conditions. Fig 41 represents the factory so
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wired. Where joints are made without changing the size

of the wire, no cut-outs are required. In these wiring

diagrams but one line is drawn to represent the two wires

that must be installed.

In the wiring diagram shown in Fig. 41, there being

less than 660 watts on any branch circuit, fuses may be

omitted from the rosettes (or fuseless rosettes installed).

Fuses of a proper size to protect the lamp cord must be

placed in the cut-outs, that is, 6-ampere fuses if No. 16 cord

is used. In such an installation, No. 18 lamp cord cannot

be used without fused rosettes, unless not more than

6 lamps are placed on a branch circuit, because a 3-ampere

fuse is required to protect No. 18 wire, and if placed in a

cut-out, it will not allow current to pass for more than 6

110-volt lamps. The sizes of wires permitted by the insur-

ance rules will be the same as in the first case studied.

75. We will now take up the subject of line calculations

with reference to loss of power, or drop in potential.

Table V gives the resistance of. pure copper wire at 75° F.

(24° C), which is the temperature at which wiring calcula-

tions are usually made. The conductivity of commercial

copper wire is from 98 to 99.5 per cent, of that of pure

copper.

In ordinary interior wiring, the variations in resistance

due to changes in temperature are usually disregarded,

although they must be taken into account in the design of

most kinds of electrical apparatus where they affect the

regulation very much, as, for instance, in the field coils on

a generator. The greatest variation in temperature at all

likely to occur, and that will occur but rarely and only in

open work, is about 100° F. This will correspond to a

change in resistance of about 21 per cent.

The resistances of wires smaller than No. 18 are of no

use in practical wiring, but are given for reference, as small

wires are used in many pieces of mechanism, such as fan

motors, resistance boxes, etc. with which wiremen have to

deal, and also in bell and annunciator work.
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TABLE V.

26

RESISTANCE OF PURE COPPER WIRE.
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76. The efficiency of a system of electric wiring depends

on the amount of power that is consumed in heating the

wires instead of being conveyed to the lamps or other trans-

forming devices. This loss of power (in watts) is equal to

the volts drop in the line multiplied by the current in

amperes. "Wiring specifications usually call for so many
volts drop or not more than a certain percentage of drop

on the line between the lamps and the center of distribution

and between the center of distribution and the point where

the wires enter the building or where the dynamo is located.

CALCULATION OF LLSTE LOSSES DUE TO RESISTANCE.

17. We will now calculate the drop on the wires in the

factory shown in Fig. 41. using the smallest wires permitted

by the Underwriters. The distance from the dynamo D
to the point marked A, which is the average distance that

the current travels on the No. 6 wire, is 150 feet (allowing

for risers to a ceiling 15 feet high). As there must be two
wires, the total length of wire is 300 feet.

The resistance of 1,000 feet of No. 6 wire (Table V) is

.39440 ohm; therefore, the resistance of 300 feet of No. 6

wire is .3 X .39440 = .11832 ohm. This line carries 50 am-
peres. By Ohm's law, the drop is given by the following

relation

:

Drop in line (volts) = current in line X resistance of line

;

hence, Drop = 50 X .118 = 5.9 volts.

The line from A to B carries current for 9 lamps, or

4.5 amperes. Its distance is 140 feet and the resistance of

the No. 14 wire is 2.521 ohms per 1,000 feet; hence

o v" 1 40
Drop = 4. 5 X X 2. 521 = 3. 1765 volts

drop on the branch line of No. 14 wire.

The total drop from D to B will then be 5.9+3.18
= 9.08 volts. This is 8.3 per cent, of 110 volts, altogether

too much for such a plant as we have been considering.
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The reason why such a large loss must not be permitted,

in addition to the simple matter of economy of power, is

chat such a large falling off in voltage will greatly reduce

the brightness of the lamps and poor service will result.

The cost of power alone, however, is usually a sufficient

reason to prohibit such great losses in the wiring.

78. The plant we are considering requires 50 amperes

at 110 volts, or 5,500 watts. This, if furnished by a light-

ing company, will cost between 10 cents and 20 cents a

kilowatt-hour, at the rates ordinarily charged. That will

be from $.55 to $1.10 an hour for light. 8.3 per cent, of

this is 4.565 cents to 9.13 cents an hour. If the lights are

used an average of 2 hours a day 300 days a year, this

will amount to from $27.39 to $54.78 a year. If the loss

were one-fourth as great, the saving in the cost of light

in one year would more than pay for the additional cost of

wire.

It is usual to specify a 2-per-cent. drop for such installa-

tions as this when the current is to be purchased at fairly

high prices, and a 3-per-cent. to 5-per-cent. drop where

the current is produced cheaply, as by a dynamo on the

premises. Not more than a 5-per cent, drop should be per-

mitted on short distances, even where very cheap work is

desired. This would be accomplished in this case by using

No. 4 wire for the feeders and No. 12 for the branch lines.

The student may calculate the loss exactly by the use of

Table V.

79. Drop in Arc-Light Wiring'.—The loss on the arc

lines using No. 10 wire from the point A is found as

follows: The resistance of No. 10 wire is about 1 ohm

per 1,000 feet.

o \/ jo (feet^
Drop from A to lamp No. 3 = 15 (amperes) X Y(M)

~ ' 3 V°^t;

2 y 50
Drop from lamp No. 2 to lamp No. 3 = 10 X -.

0QQ
= 1 volt

;

2 X 50
Drop from lamp No. 1 to lamp No. 2 = 5 X

1 0Q()
= -5 volt;
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Drop from lamp No. 4 to lamp No. 5 = .5 volt;

2 X 40
Drop from A to lamp No. 4 = 10 X

1 ^^ = .8.

Total drop at lamp No. 1 = .3 + 1 + .5 = 1.8 volts;

Total drop at lamp No. # = .3 + 1 =1.3 volts

;

Total drop at lamp No. S = .3 volt

;

Total drop at lamp No. 4. = .8 volt;

Total drop at lamp No. 5 = .8 + .5 =1.3 volts.

These slight variations can be permitted on the arc lamps

without inconvenience.

80. Size of Wire for Arc Lights.—It should be noted

that No. 10 wire is the smallest permitted on this line if the

Fig. 42.

line is protected by but one cut-out. But if the line is

divided into two parts, one for lamps Nos. 1, 2, and 3 and
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one for lamps Nos. Jf. and 5, with separate cut-outs for each

of these lines, smaller wires may be used, so far as the

Underwriters' rules are concerned. Fig. 42 shows the

sizes permitted (a\ with a single branch block and (b) with

a double branch block.

The wires that have their sizes designated by odd num-
bers from No. 7 up are not usually manufactured for line

work and cannot be purchased except on special order.

Therefore, work must be done without using Nos. 7, 9, 11,

and 13. The resistances of these sizes, however, are given

in the table, and these wires are extensively used in the

manufacture of electrical machinery. In tables given later,

the above sizes are not given, although in a number of cases

they would come nearer the calculated size. In interior

wiring, it does not, as a rule, pay to split hairs over the

sizes of wire, and the nuisance of carrying a large number
of sizes of wire in stock more than counterbalances any

slight gain there might be in the copper used on a given

job. For this reason, the above odd sizes are not generally

used. Moreover, the tendency is always to add more lights

to a system, and it is best to be liberal when installing the

wire.

CALCULATION OF THE PROPER SIZE OE WIRE FOR A
GIVEN LOSS.

81. Wiring- for HO Volts, 2-Per-Cent. Drop.—We
will now calculate the sizes of wires required in the building

wired according to Fig. 41 for a loss of 2 per cent. (2 per

cent, of 110 = 2.2 volts).

This calculation will be made with a view to making

the drop uniform along all the lines. That is, we will

make the volts drop per foot of line equal as nearly as

possible in feeders and branches. The proper value of

volts drop per foot is found by allowing the desired drop to

the farthest lamp in the system and distributing this drop

uniformly along the lines to the generator, or center of

distribution.
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The average distance from the dynamo to the farthest

lamps is 150 -f- HO = 290 feet. This requires 580 lineal

feet of wire, or .580 thousand feet, there being two lines.

2- 2(7Q
°
A
ltS) = 3.8 volts per 1,000 ft.

.580

3.8 (volts) -f- 50 (amperes) = .076 ohm per 1,000 ft. for mains

The nearest wire to this is No. 00, with .078 ohm per

1,000 feet. Using this, the loss on the mains will be

.3 X .078 X 50 = 1.17 volts, leaving 2.2 - 1.17 = 1.03 volts

to be lost in the distribution lines and 1.03 -=- .28 = 3.68 volts

per 1,000 feet in the branch lines. The wire nearest to this

is No. 9.

The student will see at once that in making a saving of

about 7 per cent. (9.13 — 2.2 volts) in efficiency he has been

obliged to use about five times as much copper, and that if

the distances are long and the losses must be small, the cost

of wire will prohibit the use of low voltages.

82. Wiring for 220 Volts, 3-Per-Cent. Drop.—As a

further exercise in calculating the required sizes of wires in

terms of resistances per 1,000 feet, let us ascertain the

proper sizes of wire to equip the factory with 220-volt lamps,

allowing 3 per cent. loss.

As 220-volt lamps are not as efficient as 110-volt lamps, we
will allow 60 watts per 16-candlepower lamp and 3 amperes

per enclosed-arc lamp. The four circuits for incandescent

lamps carry approximately equal loads and are of about the

same length, so that if we calculate the size of wire to use

on one of them, we will have found the proper size for

them all.

10 (lamps) X 60 (watts per lamp) -h 220 (volts) = 2. 73 amperes,

4 X 2.73 = 10.92 amperes for incandescent lamps.

5 X 3.00 = 15.00 amperes for arc lamps.

25.92 amperes total current.

3 per cent, of 220 volts is 6.6 volts.
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6.6

.580

11.38

25.9

11.38 volts lost per 1,000 feet;

.44 ohm per 1,000 feet for the mains.

The wire with resistance nearest this is No. 6, with . 394 ohm
per 1,000 feet. Using this size, we will have a loss on the

mains of .3 X .394 X 25.9 = 3.07 volts, leaving 3.53 volts to

be lost on branch lines.

The size of these branch lines will, therefore, be found as

follows

:

——1- '— volts dropper 1,000 feet in branch lines and '-1—- -=- 2.73
. 2b • <*o

= 4.62 ohms per 1,000 feet.

Table V gives 4.009 ohms per 1,000 feet for No. 16 wire,

which is smaller than the Underwriters will permit. No. 14

must be used, even though it is larger than necessary as far

as the drop is concerned. The loss will then be on the

branch line. 28 X 2.526 X 2.73 = 1.93 volts, leaving 6.60-1.93

= 4.67 volts to be lost in the mains, instead of 3.07, as pre-

viously calculated.

4 67-1— -7- 25.9 = .6 ohm per 1,000 feet in feeders.

No. 8 wire has .627 ohm per 1,000 feet and is nearest the

required size.

In 220-volt wiring, where the distances within the build-

ing are short, the wireman will usually find that the mini-

mum sizes of wires specified by the Underwriters are large

enough to carry the current with less than 2 per cent. loss.

In small dwellings wired on the closet system of distribution

with 220-volt circuits, it will not be necessary to pay any

attention whatever to the drop on inside lines.

83. Center of Distribution.—In making calculations

relating to wiring, the distance to be taken is the average

distance through which the current supplied can be con-

sidered as flowing. For example, take a case like that
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shown in Fig. 43, where a circuit is run from a distributing

point A to a number of lamps B. For the first 100 feet no

lamps are connected ; we then have, say, 12 lamps spread out

over 50 feet at the end. In calculating the drop on such a

circuit, it is evident that the full length should not be taken,

because the whole of the current does not flow through all the

line. The current keeps decreasing as each lamp is passed.

The center of distribution for the lamps will, therefore, be

at C and the average length of wire through which the

6 amperes is carried is 2 X 125 = 250 feet. If the lights were

/00ft-

/25ft

Fig. 43.

all bunched at the end of the line, the distance to the center

of distribution would then be the same as the length of the

line, and the length of wire through which the 6 amperes

would flow would be 2 X 150 = 300 feet. If the lights were

spaced uniformly throughout the whole length of the line, the

average distance would then be J-f-2- = 75 feet and the average

length of wire used in making calculations for drop would

be 150 feet. By laying out a plan of the wiring, the average

distance over which the current is transmitted can usually

be determined without much trouble and close enough for

practical purposes.



66 INTERIOR WIRING. §26

EFFECT OF CONNECTING LOW-VOLTAGE CURRENT AND
LAMPS TO WIRING CALCULATED FOR HIGH VOLTAGE.

84. The percentage of drop on any system of wiring is

inversely proportional to the square of the voltage, if the

watts transmitted are the same. That is, if we have 1 volt

lost in transmitting 100 watts at 220 volts over a certain

wire, we will have 4 volts lost in transmitting 100 watts at

110 volts over the same resistance, and 16 volts lost in trans-

mitting at 55 volts. Let us see what would be the result if

the factory wired for 220 volts, 3 per cent, loss, were con-

nected to 52-volt supply wires and furnished with 52-volt

lamps.

40 52-volt lamps taking 1 ampere each, 40 amperes.

5 alternating arc lamps 50 amperes.

Total current 90 amperes.

.627 X .3 X 90 = 16.93 volts lost in mains.

2.53 X .28X10= 7.08 volts lost in branches.

Total = 24.01 volts lost in wiring.

The actual volts drop will not be as great as this because

the current will not be as great, owing to the resistance of

the lines; for the lamps being supplied with considerably

less than 52 volts will not take their full amount of current.

These figures will be correct, however, if the lamps take

1 ampere each (as would 25-volt 8-candlepower lamps if they

were substituted for the 52-volt 16-candlepower lamps).

Here, then, is a loss of about 50 per cent, and a reduction

of the power transmitted of 50 per cent. Leaving the

52-volt lamps in place, the actual voltage will be (since

the resistance of the lines is about equal to one-half that

of the lamps, or one-third the total resistance) about

35 volts. The main lines, moreover, will not carry a current

of 60 amperes safely.

85. Selection of Fittings for 220-Volt Wiring.—In

220-volt wiring great care must be taken in the selection of

fittings. Cut-outs, sockets, and switches designed for

110-volt working and not improved during recent years so
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as to comply with the severer requirements of the present

day must not be used on higher voltages. Keyless sockets

should be used for 220-volt work and the lamps controlled

by switches; no rosettes with fuses should be installed, fuses

being placed in approved cut-outs, one of which should

be provided for each ten lamps or less. If proper pre-

cautions are taken to procure good cut-outs, sockets, and

switches, there is no especial difficulty to be encountered in

220-volt work, though the lamps are not as efficient as can

be procured for lower voltages.

Fig. 44 (a) and (b) shows two cut-outs designed especially

for 220-volt work. The construction is such as to secure

higher insulation and less liability

to arcing than with the ordinary

110-volt fittings. Fig. 44 (a) is a

three-wire branch block shown
without the fuses in place.

Fig. 44 (b) is a three-wire main
block with the fuses f in their

proper position. These fuses are

of the enclosed type; i. e., the

fuse is enclosed in an insulating

holder that, in this case, is held

by clips g,g, (a).

Enclosed fuses have of late

years become quite common. The
idea is to prevent the fuse arcing

when it blows and also to pro-

tect it. It is claimed that

enclosed fuses are more reliable

than open ones, because they may
be depended on to blow more
nearly at their . rated current.

Open fuses often come in contact

with the cold porcelain base, and
this has a marked influence on

their fusing point. Drafts of

air may also influence the fusing

/. //.— 16
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point considerably. Enclosed fuses are now very generally

used for 110-, 220-, and 500-volt work.

86. Size of Wire for Three-Wire System.—If it is

desired to wire the shop which we have been considering

for 110-volt lamps on the Edison three-wire system, the sizes

of the main wires required will be the same as for the 220-volt

two-wire system, and a third, or neutral, wire must be

installed. This is usually placed between the other two,

and if the wires are put upon cleats, three-wire cleats may
be used. The neutral wire must not be smaller than Avillbe

required for the safe carrying capacity for the current of all

the lamps on one side of the circuit. In this case, that cur-

rent is 25 amperes and the wire must not be smaller than

No. 10. It should be larger, to prevent unbalancing when

lamps are turned off.

87. Unbalancing' of Three-Wire System.—The un-

balancing of a three-wire system with the three wires of equal

size is illustrated in Fig. 45 (a) and (b). When the system

is balanced as in (a), we have 3 amperes in the outside wires

+II2V-
.3Amperes.

+„C mmD

—J/3V-
K - <3Ampere^. JHB33 *

w

+/&VA

(a)

3Amperes.

-//OK

B+UOV.

-£Amperes. I)
"HHSS"**
+/J

-BZV-
E /Ampere. M -i/zjM

(b)
-///Jv.

Fig. 45.

and no current in the neutral. We will take the pressure

between A and C or C and E as 112 volts, and between B
and D or D and .Fas 110 volts. There is, therefore, a drop

of 2 volts in A £ and also a drop of 2 volts in E F. The
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resistance of. A B, C D, and E i^must, therefore, be f ohm,

in order to give a drop of 2 volts with a current of 3 amperes.

If the load becomes unbalanced, as in (//), there will be a

current of 3 amperes in A B, as before, 2 amperes in C D,

and 1 ampere in E F. The drop in A B will be f X 3 = 2 volts

;

in CD, f X 2 =
1-J-

volts; in E F, f X 1 = f volt. The total

drop in the two outside wires will now be 2 + f = 2f volts,

and hence the pressure between the outside wires at the

end of the line must be 224 — 2f = 221^- volts. Taking the

upper side of the circuit, we have 3 amperes flowing out

through A B and 2 amperes flowing back through C D ; the

drop on this side must, therefore, be 2 + H — %i volts and

the pressure between B and D must be 112 — 3^ = 108| volts.

The pressure between B and F is 221^- volts; hence, the

pressure between D and F must be 221^-— 108f =112f.
The result of the uneven load is, therefore, that the voltage

rises in the lightly loaded side and falls on the side having a

heavy load. If the neutral wire were smaller, this unbalan-

cing would be greater.

The branch lines of a three-wire system must be calculated

for the proper current and drop on 110 volts as two-wire

circuits, because these branches are simple two-wire circuits.





INTERIOR WIRING.
(PART 2.)

TTNTFORM DEOP 1^ FEEDER LI^TES.

1. In installations where there are many sets of feeder

lines running to various departments, it is usual to allow a

certain loss in the feeders and a certain other loss in the dis-

tribution wires. The loss in all feeders is made the same,

and the dynamo is operated at a higher voltage than the

lamps will stand, with the intention of losing a definite

amount before the lamps are reached. It is important that

the voltage at the lamps should never exceed that for which

they are intended.

2. Fig. 1 represents a factory, such as a wagon works

or furniture factory. Only the outlines of the buildings are

indicated. The dynamo and switchboard are located at D
in the engine room. The various centers of distribution are

to be at or near the centers of the various floors. A sepa-

rate pair of mains is to be run to each distribution center.

Where elevator shafts are convenient, they are used to

run risers to the upper floors. In the case illustrated there

are fourteen pairs of feeder wires, each pair being repre-

sented by one line in the figure.

A 115-volt dynamo and 110-volt lamps are to be used. A
loss of 2 volts is to be allowed in the distribution wires and

§ 27
For notice of copyright, see page immediately following the title page.
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a loss of 3 volts in the feeders, irrespective of their length.

The figure shows the plan of the feeders on one floor only;

the small round dots indicate risers.

3Stories,painting, finishing and
warehouse

»

factory D.

fizcforyC

m
k
h

Factory B.

Ehgine ffoom

0/d /ran

1
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The resistance per 1,000 feet of these feeders required to

give a drop of 3 volts and the nearest sizes of wires obtain-

able, are calculated as follows:

3
Shop ^4 = .461, No. 6 has. 395 ohm per 1,000 feet.

Shop B,
J*

= 1.000, No. 10 has .999 ohm per 1,000 feet.
/*u X . J- o

3
Shop C, = .882, No. 10 has .999 ohm per 1,000 feet.

•iU X • J- I

3
shoP A ™ -a* = -429, No. 6 has .395 ohm per 1,000 feet.r 20 X .35 r

'

3. This method of calculating required sizes of wires can

be applied to any kind of wiring for any practical purpose;

but to avoid the necessity of figuring out each case, wiring

tables have been prepared by which the proper size can be

determined without calculation.

CALCULATION OF WIRE SIZES IK TERMS OE RESISTANCE
PER 1,000 EEET.

4. Calculations based on resistance per 1,000 feet, such

as have been made in previous examples, may be put in the

shape of a formula as follows:

,_ ex 1,000 ^m 2X-DxC K
>

in which rm is the resistance of 1,000 feet of the wire to be

used, e the drop in volts, D the distance measured in feet,

and C the current measured in amperes.

For example, to carry 10 amperes 600 feet (600 X 2

= 1,200 feet of wire) with 3 volts drop, the resistance per

1,000 feet will be:

.250 ohm per 1,000 feet.
2 X 600 X 10

No. 4 wire has about this resistance, as may be seen by

consulting a wire table
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5. Wiring Table Giving* Distances for Drop o±" 1 Volt.

In Table I, distances in feet are given in the top horizontal

,

line. Beneath these distances are columns containing num-
bers that designate the proper size of wire to use to obtain a

drop of 1 volt when the wire carries the current given in the

corresponding line in the left-hand column.

If it is desired, for example, to find the size of wire neces-

sary to get a loss of not more than 1 volt with 20 amperes,

and a distance of 140 feet (i. e., two wires, 140 feet long,

side by side), we look under 140 and to the right of 20 and

find the figure 2. No. 2 wire will be required. If it is

desired to find the wire required for a loss of 2 volts with

20 amperes and a distance of 140 feet, we may divide the

distance by the loss in volts and use the table as before

;

i. e. , under 70 and to the right of 20 is found 5. No. 5 is

the proper wT
ire. Or, we may use the distance given and

divide the current by the number of volts; i. e., under 140

and to the right of 10 is found 5. The table is sufficiently

accurate for all practical purposes. Where very great

exactness is desired, it is better to calculate the lines. For

the smaller sizes in this table, the nearest even sizes of wire

are given because the odd sizes are not ordinarily used.

CALCULATION OF WIRES IN TERMS OF CIRCULAR MILS.

6. In the table of Safe Carrying Capacities (Part 1), the

wires are listed both by number (B. & S. gauge) and by

circular mils. Cables having no B. & S. gauge number
are listed by circular mils only. Large cables of any desired

cross-section in circular mils are made to order by all the

leading manufacturers of insulated wires.

It is often more convenient to calculate the size of wires

or cables in terms of circular mils than in terms of resist-

ance per 1,000 feet ; and calculations in terms of circular mils

are applicable to wires or cables of any size or shape. A
mil is another name for 10

t
00 inch.

A round wire 1 mil in diameter has a cross-section of



6 INTERIOR WIRING. § 27

1 circular mil. A copper wire 1 mil (y&to mch) in diameter

and 1 foot long (1 mil-foot) has a resistance of 10.8 ohms;

or, 1 mil-foot ofpure copper has 10.8 ohms resistance at 75° F.

A wire 2 mils in diameter has a section of 4 circular mils

(abbreviated 4 C. M.); 3 mils in diameter, 9 circular mils;

4 mils, 16 circular mils; 5 mils, 25 circular mils; x mils,

x* circular mils. The circular mils cross-section of any

round wire is equal to the square of its diameter in mils.

The circular mils of any conductor of other shape are equal

to its area in square mils multiplied by 1.273 or divided by

.7854. For instance, the circular mils of 0000 wire (diam.

= 460 mils) = 460 2 = 211,600 circular mils, while a bar of

copper \ inch by \ inch (250 mils by 500 mils) has a section

of 250 X 500 = 125,000 square mils or 250 X 500 X 1.273

= 159,125 circular mils.

7. If the length in feet of a wire is -known and also its

area in circular mils, the resistance may at once be deter-

mined by the formula'

R = ^.* 10
;

8
. (2.)

cir. mils

In this formula, L must be the total length of wire in feet.

Also, since the drop e in a circuit is equal to the current C
X resistance R, we have

^ CxZxlO.8
,Q .

Drop e = = q
;

(o.)
cir. mils '

or if the drop is given and we are required to find the size of

wire to give this drop, we may put formula 3 in the form

n . .. Cx Lx 10.8 .. .

Cir. mils = . (4:.)
e

'

In these formulas L is the total length of the circuit, i. e.,

the distance to the lamps and back again. If the distance to

the lamps, one way, is called D, we may put formula 4 in the

form
~. ., 21.6 X C x D r
Cir. mils = — . (o.)
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8. This last formula will generally be found as useful as

any that can be given for interior-wiring calculations. It

will be well to commit it to memory, because one does not

always have a wiring table at hand when calculations are to

be made and, besides, calculations have often to be made
that are beyond the range of the tables. It can be applied to

any two-wire system or to the three-wire system, as illustrated

by the following examples:

Example 1.—By means of formula 5, calculate the size of wire

necessary to supply 80 16 c. p. lamps situated at a distance of 200 feet

from the center of distribution. The allowable drop is to be 3 volts.

Solution.—We have D = 200 and e = 3. Each 16-candlepower

lamp will take about ± ampere ; hence, C = 40.

21.6x200x40 KHnnn
Cir. mils = ^-s—-— = 57,600,

o

or between No. 2 and No. 3 B. & S. No. 2 wire would likely be used.

Example 2.—Calculate the size of wire necessary to supply 100 lamps

on a 110-220-volt three-wire system. The distance from the center of

distribution to the lamps is 250 feet and the drop on each side of the

system -is not to exceed 3 volts. The lights are supposed to be

balanced, 50 lamps on each side.

Solution.—The simplest method of solving this problem is to treat

it as if it were a two-wire system and use formula 5. Each pair of

lamps will take f ampere; hence, the current in the outside wires,

when all the lamps are burning, will be A££ = 25 amperes instead of

if2- = 50 amperes, as it would have been if a two-wire system were used.

The allowable drop on each side of the circuit is 3 volts; hence, the

total drop in the outside wires will be 6 volts. We have, then,

"
., 21.6X25 X 250 _

Cir. mils = - = 22,500.
b

A No. 6 wire will be large enough and also would most likely be

installed for the neutral.

The same method may be used for a 220-440-volt three-

wire system, except that in estimating the current, allow

about .3 ampere for each flair of lamps instead of .5 ampere,

as in the previous case.

9. Estimation of Current Required by Lamps.—As
previously mentioned, it is customary in estimating the

current taken by lamps to allow about \ ampere for each
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110-volt 16-candlepower lamp, and others according to the

values given. The most accurate way, however, is to figure

the current from the total watts supplied and the known
voltage. For a two-wire system the current is as follows:

_ number of lamps X watts per lamp .„

voltage at lamps

For a balanced three-wire system

number of lamps X watts per lamp ,„

voltage between outside wires at lamps'

These formulas are general and apply to lamps of any

efficiency.

CALCULATIONS FOR ALTERNATING CURRENT.

10. For ordinary two- or three-wire work with alterna-

ting current, calculations may be made in the same way as

for direct current. When wiring is done in conduit, the two

wires should be run in the same conduit, otherwise inductive

effects will greatly reduce the voltage at the lamps. With

ordinary open wiring, the induced counter E. M. F. is not

usually large enough to produce any noticeable effects,

especially when the load consists wholly of lamps.

11. Calculation of Lines for Three-Phase Lighting:

Mains.—If lights only are operated on a balanced three-

phase three-wire system, the following formula may be used

to determine the cross-section of the lines:

r . . ., 10.8 X Wx D
Circular mils = -~. , (o.)

-C X &

where W = total number of watts supplied

;

D = distance in feet to distributing center;

E = voltage at lamps;

e = drop in volts.

Example.—Three hundred 16-candlepower 55-watt lamps are to be

operated on the three-phase system at a distance of 100 feet from the

source of supply. The E. M. F. between any two lines at the lamps is
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to be 110 volts, and the drop in the line must not exceed 3 volts; find

the size of wire required.

Solution.— jr=300 X 55, E= 110, e=S, Z> = 100;

, n- i
-1 10-8 X 300 X 55 X 100 - . nnfthence. Circular mils = A Q

= 54,000,
llu X ^

or about No. 3 B. & S. wire. Ans>.

In this example the lights will be divided equally between

the three phases, i. e., 100 lights on each phase. Formula 8
may also be used for a four-wire two-phase system, but in

this case four wires are needed as against three wires in the

three-phase system.

The current in each line of the balanced three-phase sys-

tem will be

C= EX1.W (9#)

where IV is the total number of watts supplied; i. e., three

times the watts on one phase.

For a four-wire two-phase system, the current in each

wire will be
W

C=t%i (10.)

because this is practically equivalent to two ordinary single-

phase systems, each carrying half the load.

OTHER FORMS OF WIRING TABLES.

12. Before we leave the subject of wire calculations, the

attention of the student is called to the fact that there are

other methods of arranging wiring tables than that given in

Table I, for it is easy to produce several arrangements of

the same matter. The table that one is most accustomed

to use seems the simplest. Tables calculated for incandes-

cent lamps, instead of for amperes, are useless for general

work and should not be used for calculating wiring for

lamps, unless it is known that the efficiency of the lamps

on which the table is based is the same as that of the lamps to

be used.
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Table II is very convenient because it gives the distance

exactly corresponding- to the required drop. To use it,

divide the number of amperes transmitted by the number
of volts drop desired. Find the nearest number to this

result in the line of amperes; below this find the distance in

feet most nearly corresponding to the given distance ; to the

left of this, in the column of wire sizes, is given the number
of the required wire.

For example, to find the size of wire to transmit 15 am-

peres 110 feet with 3 volts loss, divide 15 by 3 and find

the quotient 5 in the line of amperes. In the column

below, we find the nearest distance 153, and to the left of

this the size of wire required, No. 8.

13. Probably the most convenient of all methods of cal-

culation, after one is accustomed to using it, is the graphical

method, in which amperes and distances are laid off at right

angles to one another, and the wires corresponding to differ-

ent values of these quantities, for the loss of 1 volt, are rep-

resented by curved lines. Figs. 2 and 3 are diagrams of this

kind. Notice that every wire curve is dotted for a short

distance for currents larger than the maximum allowed by

the Underwriters' rules for that size of wire. In determining

the size of wire from these diagrams, do not use the dotted

portions of the curves. If a point should come near one

of the dotted sections, use the next larger size of Avire.

To use such a diagram, find the point where the lines rep-

resenting amperes and given distance intersect, and take the

wire indicated by the wire line nearest this point. Unless

the wire line is very close, take the larger wire of the two

lines on each side of the intersection point.

For example, to find the wire required for 7 volts loss

in a distance of 125 feet, with 21 amperes, we divide

21 by 7, which gives 3; where the line of 3 amperes inter-

sects the line of 125 feet, we are between the lines repre-

senting No. 10 and No. 12 wire. The point lies about

midway between the two curves, and hence we use the

larger size of wire, No. 10.
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14. In calculating the sizes of wires for 52-, 104-, 220-,

or 250-volt work, or for any intermediate voltage, it must

< '-LrloA 3NO JO doy Q 3AIO O- (AVM 3NO) -L33-J Nl HJ.0N3-
]

#-

be borne in mind that lamps burning on lower voltages than

110 take more current, and those burning on higher volt-

ages take less current. An ampere per lamp for 52-volt

lamps, | ampere per lamp for 104- or 110-volt lamps, and
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.3 ampere per lamp for 220-volt lamps is a safe basis for cal-

culations where good lamps are used. Also, it must be

CM ~ ~ ™

« -L~IOA 3NO d° dOaQ 3AI° OJ- (-^VM 3NO) -L33J Nl H±ON3"|

remembered that "per cent, drop" and "volts drop" are

very different things, as set down in Table III.

The figures given in the table represent the actual drop

in volts for the line voltage at the top of each column, with

/. II.—17
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the percentages of drop given in the left-hand column. For

example, a drop of 5 per cent, on a voltage of 150 would

give 7.5 volts.

TABJDB III.

d
o
u
Q
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For convenience in comparing the conductivities of wires,

Table IV is given. As an illustration, it is seen from the

table that instead of a single No. 2 wire we might use four

No. 6 wires; two No. 5; four No. 8; etc. Of course, noth-

ing smaller than No. 1-t can be used for interior wiring.

A/0/O W/res 24Arrrffres eac/h orJess.
\o~c\

(ToBra/ret?1/nes
\ ana'lamps

SOAmpere Fusesto
protect fitg/0 Wires.

(a)

A/e/0 Wires.

5;

. 65Amperefuse or
fo~of o /e-ss toprotect

\ At^4 Wire^_^

„ KEsil—
To Switchboard.

63

A

mpereFuse.—\3zM—
(b)

Fig. 4.

The conductivity is directly proportional to the total

cross-section of all the conductors in multiple, and the

total resistance is inversely proportional to the total cross-

section.

16. Circuits of several wires in multiple are sometimes

run where a large drop in voltage is not objectionable, but

where a single wire small enough to produce that drop will

not carry the current safely. Two or more small wires will

safely carry more current than one large wire of equivalent

cross-section, because two small wires have a greater sur-

face area from which the heat can escape than has one wire

of twice the cross-section. For instance, suppose it is

desired to run wires in molding to secure a drop of 4 volts

with 65 amperes over a distance of 100 feet. Calculating

the required size of wire by means of Table II, we see that

No. 5 will give the required drop. But No. 5 rubber-covered
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wire will safely carry only 54 amperes, while 65 amperes

are to be transmitted. By using two No. 8 wires, which are

equivalent in cross-section to one No. 5, we can safely carry

the current with the specified drop. If the current were

still greater, we could use one No. 8 and two No. 10 wires

with about the same results. However, such arrangements

to secure a drop are only used in emergencies or under

special conditions, and are usually only temporary expedi-

ents.

17. Calculation of Wires in Multiple.—If a number
of wires are connected in multiple,

1 1
,
1.1. ^

-n— r- etc.,R r r r
1 2 3

where R is the combined resistance of the wires and

rv r„, r
a , etc. their separate resistances.

To apply this formula, suppose that a wireman at a dis-

tance from a supply house has on hand a large amount
of No. 12 wire, but no larger wire, and that he desires to

run mains to carry a current of 40 amperes 150 feet with

3 volts loss. How many No. 12 wires should be connected

in multiple to secure this result ?

Resistance of line = —-= -A- = .075 ohm.
amperes

The total length of line = 150 X 2 = 300, or .3 thousand

.075
feet. The resistance of the line per 1,000 feet = —

—

. o

= .25 ohm. Now, 1,000 feet of No. 12 wire has a resist-

ance of about 1.586 ohms. All the wires in multiple are to

be No. 12; hence, r, = r
2
= r

3
= 1.586.

Let x = the number of No. 12 wires required ; then in the

formula given above, we have R = .25, and since r
1?

r
2 , r

3 ,111 x
etc. are all equal, 1 1 4- etc. must equal .

r
i

r» r
z

1.586

1 x
Hence, —- = ———, whence x — 6.3. Six No. 12 wires in

.25 1.586

multiple will answer the purpose.
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Let us take another example. In an old building, wired

with too much drop, it is desired to reenforce the mains so

as to reduce the drop to 2 volts. A circuit of No. 8 wire

carrying 20 amperes a distance of 200 feet is to be reen-

forced. What size of wire should be used ?

Total resistance of the line should be ¥
2
¥ = .1 ohm. Since

this line, whose resistance is to be .1 ohm, is 400 feet long

both ways, then the resistance per 1,000 feet must be

.1 x -Voir = -25 ohm. The resistance of a No. 8 wire per

1,000 feet = .627 ohm. Let i\ = .627 and r
2
= the resistance

per 1,000 feet of the wire required.

Then we have, by substituting in the formula -p. = 1
,

'
J R 1\ ?\

i = ^7 + ^
or

?;
= ^-^7 = 2 - 41;hence

'
r
'
= - 415 -

A No. 6 wire of which the resistance is .394 ohm per

1,000 feet most nearly meets this requirement.

WIRING IN DAMP PLACES.

18. Where wiring is done in damp places, special pre-

cautions must be taken and special rules observed. The
following Underwriters' rules apply to this work:

Wires

—

In damp places, such as brezvcries, sugar houses,

packing Jiouses, stables, dye houses, paper or pulp
mills, or buildings especially liable to moisture, or

acid, or other fumes liable to injure the zvires or

their insulation, except where usedfor pendants

:

a. Must have an approved rubber-insulating

covering.

b. Must be rigidly supported on non-combus-
tible, non-absorptive insulators that separate the
wire at least 1 inch from the surface wired over,

and wires must be kept apart at least 2£ inches for

voltages up to 300 and 4 inches for higher voltages.

Rigid supporting requires under ordinary conditions,

where wiring over flat surfaces, supports at least every
4£ feet. If the wires are liable to be disturbed, the distance
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between supports should be shortened. In buildings of mill
construction, mains of No. 8 B. & S. wire or over, where not
liable to be disturbed, may be separated about 4 inches, and
run from timber to timber, not breaking around, and may be
supported at each timber only.

c. Must have no joints or splices.

Sockets.—

-

a. In rooms where inflammable gases may exist,

the incandescent lamp and socket must be enclosed
in a vapor-tight globe and supported on a pipe
hanger, wired with approved rubber-covered wire
soldered directly to the circuit.

/;. In damp or wet places or over specially

inflammable stuff, waterproof sockets must be used.

"When waterproof sockets are used, they should be hung
by separate stranded rubber-covered wires, not smaller
than No. 14 B. & S., which should preferably be twisted
together when the drop is over 3 feet. These wires should
be soldered direct to the circuit wires, but supported inde-
pendently of them.

19. Fig. 5 shows a waterproof globe for use where
inflammable gases may exist. In wiring damp cellars, it is

especially desirable to have the lamps

divided among several small circuits,

so that the blowing of a fuse will not

put out many lamps. In such work,

rosettes should never be used, but

the drop wires should be soldered

direct to, but preferably not sup-

ported by, the • line wires, and the

joints should be thoroughly wrapped
with insulating tape. The cut-outs

should- be placed outside the cellars, in

a dry place if possible, otherwise they

should be placed in waterproof boxes.

20. Rubber-Covered Wire.

—

In
all kinds of work, except open zvork

in dryplaces, rubber-covered wire must
be used. The Underwriters require

it to comply with the following speci-

fications : fkTT
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Rubber-Covered Wire.

—

a. Copper for conductors must be thoroughly
tinned.

Insulation for voltages between and 600:

b. Must be of rubber or other approved sub-

stance and be of a thickness not less than that given

in the following table for B. & S. gauge sizes:

From
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Fig. 6.

CONCEALED KNOB-AND-TUBE AVORK.

21. The most common way of concealing wires in a

building is to run them through the joists between the

floors and ceilings and

through studding par-

titions, and to insulate

them by means of por-

celain knobs and tubes,

as shown in Fig. 6.

The holes should not

be closer together than

is allowed by the Un-

derwriters' rules, as

given below, and the

tubes should fit tight-

ly in the holes. When
the holes are not hori-

zontal, but are bored

from above or below

obliquely, the tubes should be put in with their heads on the

high side, so that they cannot fall or slide out ; and when
tubes are placed so that there is any strain upon them, their

heads must be so placed that the tubes cannot slip. Holes

should be bored of such a size that the tubes can be inserted

by driving lightly. Do not make the holes too small or

there will be danger of breaking the tubes. Holes must be

bored sufficiently far away from the floors and ceilings to be

out of reach of nails that may be driven into the joists. after

the work is concealed. Bushings must be long enough to

reach all the way through the joists, with |--inch projection.

22. Where wires come through the plaster to outlets or

cut-outs, they must be protected by proper bushings or out-

let blocks. Special porcelain fittings have been designed

for this purpose by several manufacturers. Careless work

is often done at outlets, with the result that a job that is

otherwise well put up will show poor insulation. The same

outlets are very often, used both for gas and electricity, and
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if the wires are not well protected when brought out, a

ground on the gas pipe will result.

Fig. 7 shows the method of bringing out the wires when

using curved, porcelain outlet tubes. The tubes are bound

firmly to the gas pipe with tape and

the curved ends hold the wire away
from the pipe. Where there is no

gas pipe, plain, straight tubes may be

\ used if they are fixed so that they will

stay in place. Fig. 8 (a) and (b)

shows two methods of bringing out

side outlets by using special outlet

fig. 7. fittings. In (a) the outlet tubes are

fastened to the studding, in (b) the block is fastened to

the lath. In bringing out wires through either the walls or
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ceilings, see that there is no danger of their coming in con-

tact with gas pipes or plaster.

23. For running wires parallel to joists, knobs are

generally used because they make it possible to keep the

wires well separated. The following rules apply to this kind

of work:

Wires—

-

For concealed " knob-and-tube " work :

a. Must have an approved rubber-insulating

covering.

b. Must be rigidly supported on non-combus-
tible, non-absorptive insulators that separate the

wire at least 1 inch from the surface wired over,

and must be kept at least 10 inches apart, and,

when possible, should be run singly on separate

timbers or studding.
c. Must be separated from contact with the walls,

floor timbers, and partitions through which they
may pass by non-combustible, non-absorptive insu-

lating tubes, such as glass or porcelain.

Rigid supporting requires under ordinary conditions, where wiring

along fiat surfaces, supports at least every 4| feet. If the wires are

liable to be disturbed, tne distance between supports should be short-

ened.

When, from the nature of the case, it is impossible to
place concealed wiring on non-combustible supports of glass
or porcelain, an approved armored cable with single or twin
conductors may be used where the difference of potential
between conductors is not over 300 volts, provided it is

installed without joints between outlets, and the cable armor
properly enters all fittings and is rigidly secured in place;
or if the difference of potential between wires is not over
300 volts, and if the wires are not exposed to moisture, they
may be fished on the loop system if separately encased
throughout in flexible or approved conduit.

d. Conduit, even when used in connection with
concealed knob, tube, and conduit work, must be
continuous from outlet to outlet, and comply with
rules covering interior conduits.

e. Must at outlets for combination fixtures (i. e.,

fixtures for both gas and electric light) be bushed
with flexible insulating tubes extending in con-
tinuous lengths from the last porcelain support to
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1 inch beyond the outlet, except that an approved
outlet insulator may be used. At outlets where
there are no gas pipes, either this class of construc-

tion or porcelain tubes may be used. -

An armored cable will rarely be required in connection

with concealed knob-and-tube work in a new building, where

everything is accessible ; but in an old building, where there

Fig. 9.

are objections to tearing up floors to insert wires, it may be

used to considerable advantage. Fig. 9 shoAvs such an

armored twin conductor suitable for this purpose, which

means that it complies with the following specifications:

Armored Cable.

—

a. The armor of such cables must be at least

equal in thickness and of equal strength to resist

penetration by nails, etc. as the armor of metal
coverings of metal conduits.

b. The conductors in same, single wire or twin
conductors, must have a rubber-insulating cover-

ing; any filler used to secure a round exterior must
be impregnated with a moisture repellent, and the

whole bunch of conductors and fillers must have
a separate exterior covering.

Such cables may be used to wire buildings without any

porcelain tubes whatever, as the insulation required is very

high ; but the system requires special fittings and tools for

installing it and has not yet come into very extensive use,

probably on account of its expense.

24. The protected flexible cord, of the same style, is a

very convenient article to use in wiring offices, banks, etc.,

where small conductors must be carried behind desks or

fastened to iron or cabinetwork, and in many other places

where ordinary cords will not do and will not be permitted.
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25. The calculations for concealed wiring are the same

as for open work; but it must be remembered that rubber-

covered wires are not to be allowed to carry as much current

as weather-proof wires, as shown by the Underwriters'

Table of Carrying Capacities.

26. Use of Cabinets and Panel Boards.—For concealed

work, the closet, or cabinet, system of distribution is now
universally used. In this method of wiring, the mains are

run to cabinets or panel boards set in the wall, and from

these the lines running to the lamps are distributed. Many
different styles of these panel boards are manufactured, and

the style used will depend largely on the size and allowable

cost of the installation. For the cheaper class of work, the

cut-outs may be grouped together and placed in a cabinet

formed in the wall. This cabinet should be neatly lined

with ^-inch asbestos; and where the wires pass into and

out of the sides or bottom, they should be bushed with

porcelain tubes. A neat glass or asbestos-lined door should

be provided. A cabinet made in this way is inexpensive

and safe and meets the requirements of the Underwriters.

In more expensive in-

stallations, the panel

boards are made of

slate or marble and

the sides and bottoms

of the boxes are also

of slate or marble.

Fig. 10 will give an

idea as to the essential

parts of a panel board.

In this case the two

wires are run in a

conduit. The box is

mounted in the wall

and consists of two
compartments, the

inner compartment fig. io.
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containing the panel board, and the outer one, or gutter,

as it is sometimes called. All boxes are not provided with

this gutter, but the best ones are, as it gives a convenient

space in which to arrange the wires in case they should not

come to the box in the best order for connecting up. The

box is made of slate or marble slabs. The trim around the

door covers the gutter ; it should be put up with screws so

that it may be removed if necessary.

fig. 11.

The mains usually pass through the panels vertically and

are connected to bars from which the various lamp circuits

branch out sidewise. Fuses are inserted in each side of each

circuit, and switches are in some cases also provided;

though frequently the panel board carries fuses only.

Fig. 11 shows a panel board equipped with double-pole

switches s and enclosed fuses f. Ten branch circuits are

accommodated and the three-wire vertical mains are attached
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to the copper bars b, b, b ; the mains enter at the bottom
and pass out at the top to the floor above.

2H. Instead of building a wooden box in the wall to take

the slate or marble pieces that go to make up the cabinet,

iron or steel boxes are now used in much of the better class

of work. Fig. 12 shows a cabinet of this kind ready to be

set into the wall and connected up. It is made of a sheet-

steel box a, whose sides and top are lined inside with ^-inch

Fig. 12.

slate slabs b. The panel board c constitutes the back of

the box. In the figure the openings d for the branch
circuits are arranged to take conduits, but the same
style of box can be provided with porcelain bushings for

wiring done on porcelain. If it is necessary to have a

distributing space, or gutter, around the cabinet* it is covered
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by the trim e projecting around the box. The two-wire

vertical mains are connected to terminals g, g and, through

the main fuses, to the bars /, /. Each branch circuit is

provided with fuse terminals and a knife switch h.

Fig. 13 (a) shows a style of panel board that uses a special

kind of fuse holder that serves the purpose of a switch when

it is desired to disconnect any circuit. Panel boards using

combination fuse holders have been adopted quite largely,

Fig. 13.

for they have one advantage in that the holder may be

entirely removed from the board when the fuse is being

replaced, or another reserve holder may be put in instead of

the one removed. Fig. 13 (b) shows one of these holders.

It is held in place by the clips b, b' that receive the

blades a, a'. Fig. 14 shows a plain two-wire board for four

branch circuits; it is equipped with Edison fuse plugs and
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has no switches. The above will give a general idea as to

the construction of these boards. They are made in all

sorts of combinations and, in fact, are usually made to

order for any given job. In large wiring systems, the

Fig. 14.

design of the cut-out closets, or cabinets, is a matter of

great importance, and the location of these closets is equally

important ; they should be placed in a position where they

can be readily reached.

28. The following Underwriters' rules relate to cut-out

cabinets:

Cut-Otit Cabinets

—

Must be so constructed and cut-outs so arranged
as to obviate any danger of the melted fuse metal
coming in contact with any substance that might
be ignited thereby.

The following specifications should be followed:

Material.

—

a. Boxes may be of marble, slate, or wood. If

wood is used, the inside of the box must be lined

with non-combustible material, such as slate or

asbestos board. If asbestos board is used, it must
be at least \ inch in thickness, must be neatly put
on, and firmly secured in place by shellac and tacks.

Door.

—

b. The door must close against a rabbet, so as

to be perfectly dust-tight. Strong hinges and a

strong hook or catch are required. Glass doors

/. II.—iB,
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must be glazed with heavy plate glass, not less than

T
3
-g inch in thickness and panes not to exceed 1 foot

in width. A space of several inches should be
allowed between the fuses and the door, especially

when glass is used. This is necessary to prevent
cracking or breaking by the severe blow and intense

heat that may be produced under some conditions.

Bushings.—
c. Bushings through which wires enter must

tightly fit the holes in the box and must be of

approved construction.

Wires should tightly fit the bushings, tape being
used to build up the wire, if necessary, so as to

keep out the dust.

WIRING A DWELLING HOUSE.

29. In laying out the wiring for a dwelling house, the

first thing to do is to select a place to locate the cut-out

cabinets. In many dwelling houses, only one cut-out cabi-

net may be necessary, but in houses designed to be occu-

pied by more than one tenant, a cut-out cabinet should be

installed for each tenant. In large houses, it is often con-

venient to have a cut-out cabinet on each floor, with vertical

mains running through them from the top to the bottom of

the house. If only one distributing point is used, it should

be either in the cellar or attic and risers run to the different

floors. If it is known that the wires are to enter the build-

ing in the cellar, then the distributing center should be

located there; if the wires enter in the attic, the distributing

point should be located there. This assumes that verti-

cal risers'are run from the distributing center to feed the

various floors. In case a single pair of vertical mains is

used with the circuits branching off on each floor, the mains

may be run from the top to the bottom of the house and the

current supplied from either end.

30. No matter what arrangement is adopted for dis-

tributing the current, the distributing centers, or cut-out
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cabinets, should be in or near a partition that is located so as

to make the running of risers easy. They should also be as

near the center of the building as possible and on an inside

wall, so as to guard against dampness.

31. Figs. 15 and 16 show two floors of a typical dwell-

ing The distributing points are located in the hallway

near the center of the house. It is usually advisable to

locate the cut-outs in a hallway, if possible, because such

location is generally central and easy to get at. The various

branch circuits on the plans are indicated by single lines,

although each line represents two wires. The wiring is

supposed to be done on the ordinary concealed knob-and-

tube system. The circuits are arranged so that there will be

not more than 10 lights on any one circuit. Switches are

placed on the side walls as shown at s. The switch for con-

trolling the hall lights should be placed at some convenient

point near the door, so that the lights may be turned on

when entering the building. It is sometimes convenient to

have another switch at the head of the stairs for controlling

the hall light, so that the light may be turned on or off from

either above or below. This requires the use of three-point

switches, and the connections necessary will be explained

later. In the plans, double-pole switches are indicated.

Single-pole switches may, however, be used when not over

660 watts are controlled. They are cheaper to install than

the double-pole switches.

32. Laying Out Circuits.—In laying out the various

branch circuits, the first thing to do is to locate the lights on

the plan and then group these lights for the different cir-

cuits, so that there will not be more than 10 or 12 lights on

each one. After this is done, the lines may be marked ; in

doing this, due regard should be given to the direction in

which the joists run, so that the wire may be put in with as

little boring and cutting as possible. Run parallel to the

beams wherever it can be done, even if it does take a little

more wire. The best time to wire the building is after the
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floorbeams and studding are in place, but before any lath-

ing or plastering has been done. In Fig. 15, four circuits

-° Sic/e Lights.

o Ceiling Lights.

•Switch.

Fig. 15.

are provided, all terminating in the cut-out cabinet in the

hall, where they are attached to the vertical mains. For
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the second floor, Fig'. 16, three circuits are sufficient.

No. 14 wire is used for all these circuits. It will be found

O Side L/gtits.

o Cei/iny Liyhtj.

m Switch.

Fig. 16.

that No. 14 wire (the smallest that the Underwriters allow)

is large enough for any of the branch circuits met with in



34 INTERIOR WIRING. § 27

ordinary house-wiring work. The number of lights per cir-

cuit is small and the distances short, so that No. 14 will

carry the current with but a small drop in voltage. This

assumes that from 100 to 110 volts pressure is to be used.

If 52 volts is the pressure of the supply, it is best to figure

out the drop for each circuit. In most cases, it will be found

advisable to use No. 12 wire. On new work 52 volts is sel-

dom used, and in fact in work already installed, electric-

light companies are changing the lamps over to 104 or

110 volts. In nearly all cases, therefore, No. 14 wire (rub-

ber-covered for this kind of work) is sufficiently large for the

branch circuits.

33. The Mains.—If vertical mains are used, the cur-

rent that they will carry will be less at one end than at the

other, because current is taken off at the different floors.

It is usually advisable, however, to make the mains the

same size all through an ordinary house, because it costs

but little more and enables the current to be supplied

from either end. Of course, in large buildings it would

not pay to do this. In large buildings it is customary to

have a number of risers feeding different sections of the

building, all of which run to a common distributing point,

usually located in the basement. The mains must, of

course, be designed to carry the current in accordance

with the Underwriters' requirements or to limit the drop

to the allowable amount if the wire required by the Under-

writers will give too much drop. In the house under con-

sideration, suppose we have a total of 60 lamps. The
current in the mains will then be 30 amperes, and we will

need at least a No. 8 wire to satisfy the Underwriters'

requirements.

By referring to Table II, it is found that No. 8 wire will

carry 30 amperes. a distance of 25.5 feet with a drop of 1 volt.

For a building of this kind, the drop from the point where

the current enters the building to the lamps should not

exceed 2 to 2.5 volts. The drop in the branch circuits will

be very small, but it would be advisable to put in No. 6
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mains, as the difference in first cost will be but little. It is

the usual practice to make the mains of liberal cross-section.

For a house of this size No. 4 would often be used, although

it does not need to be as large as this so far as drop is

concerned.

34. Main Switch, Cut-Out, and Meter.—At a con-

venient point near the place that the wires enter the build-

ings a main cut-out and switch must be placed, as required by

the Underwriters. The cut-out should be placed nearest

the point of entry, the switch next to it, and the meter last.

Never permit the meter to be installed between the switch

and the cut-out, as in that case it may register a small

amount each day, even if the switch be open. It is best to

use a knife-blade switch at the entrance to the building, and

this switch should be so placed that when opened it will not

tend to fall closed of its own accord. -

M<z/n Sw/'tcn.

To Street

A7a/r>FuseB/ock. ^
:Q

Potent/a/ W/res ToMouse W/r/'ng.

Fig. 17.

The best arrangement of the wires for the meter will

depend to some extent on the type of meter used. In a

great many cases, however, the wires enter the left-hand

side of the meter and pass out at the right. Fig. 17 repre-

sents a typical arrangement of main fuses, switch, and

meter.

Most recording electric meters consist of a small electric

motor, the revolving part of which turns on jeweled bear-

ings and is connected to a train of gears and dials. The
motor is governed by means of retarding devices, so

that it runs at a speed accurately proportional to the load.

Some meters read in ampere-hours, others in watt-hours.



36 INTERIOR WIRING. § Wl

Most of those now installed read in watt-hours and are pro-

vided with two coils, one of which is connected in series with

the circuit, like an ammeter, and the other across the circuit,

like a voltmeter. The current in the first is, therefore,

equal to the current supplied, and the current in the second

is proportional to the voltage. The force tending to drive

the motor is proportional to the product of the two, i. e., to

the watts. The small third wire running into the meter,

Fig. 17, is to supply current to the potential coil. With

ampere-hour meters, a series coil only is used, and the

speed of the meter is proportional to the current and not to

the watts.

The voltage of a lighting system is, however, practically

constant, so that the watt-hours may be obtained by multi-

plying the ampere-hours by the voltage without serious

error. Reliable meters are made for all voltages and sys-

tems and for alternating or direct currents. They are

accurate to within 98 per cent, on ordinary loads, but are

liable to be out as much as 5 per cent, on small loads, and

most meters will take a certain very small load without

turning at all. However, they are seldom operated under

such conditions.

35. In new buildings, it is often not known what system

of electric lighting will be used when the wiring is finished.

Owners also desire quite frequently to be able to avail

themselves of any advantage in price that may be brought

about by competition between different systems. It is,

therefore, desirable that each new house shall be wired in

such a manner that light may be secured from any system

in use—that is, from 52-, 110-, or 220-volt two- or three-wire

systems. The following typical specifications cover all the

main points necessary for such a piece of work in an ordi-

nary dwelling house.

Other details, such as the location of additional switches,

the use of particular kinds of cut-outs, etc., may be added

to these specifications if desired. The specifications cover

only the concealed work.
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Specifications for Concealed Electric-Light Wiring.

For 52-, 110-, or 220-volt systems.

Distribution

Closet.

Circuits.

Fuse Blocks.

Wires.

Mains.

A distribution closet is to be located on some

inside wall, in a readily accessible place, on the

second floor or the attic, as near the center of

the building as possible.

The closet must be lined with asbestos £ inch

thick and fitted with a door covered on the

inside with asbestos ^ inch thick.

From this closet separate circuits must be

run to the outlets in such a manner that not

more than eight 16-candlepower incandescent

lamps shall be placed on any circuit. Wher-
ever the number of lamps is not marked on the

plans or otherwise specified as greater than

here required, pendants shall be considered as

intended to carry four lamps each and brackets

one lamp each.

All fuse blocks must be placed in the distri-

bution closet. They must be made of porcelain,

must have a breaking distance of 1|- inches, and

must be capable of standing the arc caused by

the breaking of a 10-ampere fuse on a 220-volt

short circuit without cracking the porcelain.

Both sides of all lines must be fused.

All circuits running from the distribution

center must be of No. 14 B. & S., or larger,

rubber-covered copper wire of a make accepted

by the National Board of Fire Underwriters.

From the distribution closet to the attic, and

also to the basement, a pair of mains must be

run, the size of which will depend on the total

number of lights in the house, as follows:
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Extra Wire.

Manner of

Fastening

Wires.

Space
Between
Wires.

Outlets.

Running
Along Brick

or Stone

Walls.

17 lamps, or less,

18 to 24 lamps, or less,

25- to 33 lamps, or less,

34 to 46 lamps, or less,

47 to 65 lamps, or less,

No. 12 or larger.

No. 10 or larger.

No. 8 or larger.

No. 6 or larger.

No. 4 or larger.

If the house contains more than 65 lamps, it

is advisable to have more than one distribution

center and pair of mains.

A third wire, two sizes smaller than these

mains, must also be run from the attic to the

basement, through the distribution closet, to

make possible the use of the three-wire system.

Wires running parallel to joists must be

fastened on porcelain knobs, placed on different

timbers, and kept as far apart as possible. In

passing through joists, floors, and other wood-

work, the holes must be bushed with porcelain

tubes, which must extend at least •§- inch through

the wood and be so arranged that their weight

will tend to keep them in place rather than to

cause them to slip out.

All wires must be kept at least 2^ inches away
from one another, from gas or water pipes, iron

beams, bell, or annunciator wires, speaking

tubes, furnace pipes, and other conducting

materials, except at the distribution closet and

fixture outlets. Where a wire must cross any

such conducting wire, pipe, or material with

less clearance, it must have its insulation reen-

forced by a porcelain tube.

Porcelain tubes (or outlet blocks) must be

used at outlets. Special care must be taken to

insulate from the gas pipe at outlets.

Brick and stone walls must be avoided wher-

ever possible. Wherever wires pass along them,

they must be encased in approved conduit.
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Main-Line
Cut-out and
Fuse.

Inspection,

Certificate,

and
Payment.

There must be supplied and installed by the

contractor a main-line cut-out and a quick-

break switch, both double pole, to be located in

the attic at the end of the feeder lines. These

devices must be approved by the Underwriters

as capable of breaking the current for the total

number of lamps wired,' at either 52 or 220 volts.

Knife switches, if used, must be so connected

that they open downwards and the blades must

be " dead " when the switch is open.

The contractor must notify the Under-

writers' Association of the progress of his work

in time to have a thorough inspection made
(two days before work is concealed at least).

He must secure a certificate from that Asso-

ciation stating that the work is suitable for use

on 52-, 110-, or 220-volt service, two- or three-

wire systems, before any payments shall be

made to him.

SWITCHES.

36. Switches located at various points on the walls of

rooms are a great convenience and should be installed on all

first-class jobs of any magnitude. The single-pole snap

switch (for not more than 660 watts) is the simplest and

cheapest. It opens one side of the circuit only. Next in

frequency of its use is the double-pole snap switch for larger

chandeliers or groups of lights. In addition to these, there

are a number of special uses of switches to allow lamps to

be controlled from two or more points.

37. Control of Lamps From Two Points.—Fig. 18

(a) and (b) shows a switching arrangement for controlling

the light or group of lights L from two points A and B.

This scheme is used principally in halls where it is desired

to control the light from either up or down stairs. It requires

two three-point switches S, S', which are here shown as
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simple lever switches. There are a number of different

makes of switches for this purpose, but the principle of all

is the same, though' the mechanical details may differ. By
comparing the diagrams with whatever make of switch he

may have to install, the student should have no difficulty in

getting the connections correct. By examining the connec-

tions, the student will readily see that the lamps L may be

lighted or extinguished from either point. Either method

Fig. 18.

of connection (a) or (b) may be used, and the one that will

be most convenient in any given case will depend to some

extent on the general layout of the wiring.

A modification of this arrangement is shown in Fig. 19 (a)

and (b). In this case, one of the three-way switches is

replaced by a three-way socket. By using a three-way

socket on the fixture in connection with a three-way switch

on the side wall, a lamp may be turned on or off either at
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the socket or at the switch. Both schemes of connection (a)

and (b) accomplish the same result, and the one that is most

convenient in any case Mo/
will depend consider- "

MoH
ably on the location of

the supply mains.

LY

SocketKey

SocketSwitch

(a)

Main

Main

Socket ffey

Socket Switch.

(b)

Fig. 19.

38. Control of
lights From Tliree

or More Points.

—

Lights may be con-

trolled from three sta-

tions, as indicated in

Fig. 20. It is neces-

sary to use two three-

point switches A, Ciov
the end stations and

a four-point switch B
for the middle station.

When B is in the posi-

tion shown, points 1

and 2 are connected

together and 3 and Jf. are also connected together. When
the switch is turned, the former connections are broken and

r

Main

Fig. 20.

points 1 and 3, 2 and 4 are connected. By tracing out the
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path of the current, the student will see that the lights may-

be turned on and off from any station independently of the

position of the switches at the other stations. By cutting

in another four-point switch for each additional station in

the same way as B, this scheme can be extended to any
number of stations desired, and is often used for stairways

in flat houses.

39. Electrolier Switches. — These switches usually

have three or four points and are used in connection with

electroliers to enable a part or the whole of the lights

to be operated as desired. Sometimes they are mounted
in the electrolier itself. They are made in a variety of

forms and the connections necessary are, as a rule, easily

understood by an examination of the switch that it is pro-

posed to use.

40. Snap Switches.—Ordinary snap switches are gen-

erally of a style similar to that shown in Fig. 21. They are

mounted on porcelain bases and the work-

ing parts are covered by a metal cap. A
switch of this kind is comparatively inex-

pensive, but it projects from the wall and

does not make as neat a job as a switch

arranged so that the working parts set

into the wall. Moreover, they are always
fig. 81. more or less liable to damage and take up

space. The other type is known as a flush switch. Like

snap switches, they are made in a large variety of styles and

sizes.

Fig. 22 gives an idea as to the arrangement of a flush

switch. In this case the switch is operated by pushing

the button projecting through the plate. The working

parts are encased in porcelain and the face plate may be

given any finish required to match the other hardware trim-

mings in the building. One of the terminals is shown at s.

When one button is pushed in, lever / makes contact with c, c',

thus completing the circuit. Snap switches, Fig. 23, are
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also made so that they may be mounted flush with the wall.

When switches are mounted flush, an iron box should be

provided in which to place them. Fig. 24 shows a switch

Fig. 22. Fig. 23.

box or frame of the kind referred to. A piece of board

having an opening large enough to receive the box is nailed

between the studding. The box is so mounted that the

edge a will come flush with the plaster. The box is fastened

in position by screws at b, b and the switch

is fastened in the frame by screws c, c.

The use of these frames makes a substan-

tial job and the switch is held securely

in place. The switches themselves are

not usually installed in the boxes until

the fixtures are put up.

In selecting switches, it pays to get

good ones. A great deal of trouble is caused by cheap,

flimsy switches, in which the springs are always breaking

or the parts working loose. A little extra investment put

into good switches when the wiring is installed will save a

great deal of annoyance and expense afterwards.

Fig. 24.
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FIXTURES.

41. The selection of suitable fixtures and the proper

wiring of them are important matters. The wireman should

not be satisfied to put up any fixtures that may be furnished.

He should examine them and test them himself. The fol-

lowing rules should be followed:

Fixtures—
a. Must, when supported from the gas pipes or

any grounded metal work of a building, be insu-

lated from such piping or metal work by means
of approved insulating joints placed as closely as

possible to the ceiling.

It is recommended that the gas outlet pipe be protected
above the insulating joint by a non-combustible, non-absorp-
tive insulating tube having a flange at the lower end where
it comes in contact with the insulating joint ; and that where
outlet tubes are used, they be of sufficient length to extend
below the insulating joint and that they be so secured that
they will not be pushed back when the canopy is put in place.

Where iron ceilings are used, care must be taken to see that
the canopy is thoroughly and permanently insulated from
the ceiling.

b. Must have all burrs, or fins, removed before
the conductors are drawn into the fixture.

c. The tendency to condensation within the pipes

should be guarded against by sealing the upper end
of the fixture.

d. No combination fixture in which the con-

ductors are concealed in a space less than \ inch
between the inside pipe and the outside casing will

be approved.
e. Must be tested for contacts between conduct-

ors, and fixture, for short circuits, and for ground
connections before they are connected to their

supply conductors.

f. Ceiling blocks for fixtures should be made of

insulating material; if not, the wires in passing
through the plate must be surrounded with non-
combustible, non-absorptive insulating material,

such as glass or porcelain.

42. Great care should be taken to see that the sockets

are good, and also that they are strong enough to bear the
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weight of shades. Faulty sockets are more likely to cause

trouble on fixtures than on drop cords, for the socket itself

is always grounded on the fixture, and if either wire

becomes grounded on the socket shell, it is in consequence

grounded on the fixture.

fig. 35.

INSULATING JOINTS.

43. The insulating joint is the most important elec-

trical fitting used in fixture work. Joints are made for all

possible combinations.

Fig. 25 shows a very

good style
;

piece a

screws on to the gas

pipe and b to the fix-

ture. The parts are

separated by insula-

ting material e, and

the outside of the joint is covered with molded insulation d.

In connecting fixtures to the wiring, all wires should be

kept away from the gas pipe above the joint, but they may
be bunched in below the insulating joint after the wires

have been spliced, soldered, and taped. It is very impor-

tant to protect the gas pipe at this point.

Insulating joints should be tested before

being used. Canopy insulators should be

installed wherever there are metal ceil-

ings against which the canopies of fixtures

might come. The canopy is the brass

cup-shaped piece used at the top of fix-

fig. 26. tures to cover the joint. It is in contact

with the fixture; hence, it is important that it be insulated

from metal ceilings, or else all the benefits derived from an
insulating joint will be lost. Fig. 26 shows a canopy insula-

tor. It is simply an insulating ring placed between the

canopy and the ceiling.

/. II.—ig
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44. The student should note the following additional

rules relating to insulating joints, fixture wire, etc.

Insulating Joints—
a. Must be made entirely of material that will

resist the action of illuminating gases and will not

give way or soften under the heat of an ordinary

gas flame or leak under a moderate pressure. They
shall be so arranged that a deposit of moisture will

not destroy the insulating effect and shall have
an insulating resistance of at least 250,000 ohms
between the gas-pipe attachments, and be suffi-

ciently strong to resist the strain they will be liable

to be subjected to in being installed.

b. Insulating joints having soft rubber in their

construction will not be approved.

Fixture Wire—
a. Must have a solid rubber insulation, with a

slow-burning, tough, outer covering, the whole to

be £-% inch in thickness, and show an insulation

resistance between conductors and between either

conductor and the ground of at least 1 megohm
per mile after 1 week's submersion in water at

70° F. and after 3 minutes' electrification with

550 volts.

b. Must not be less in size than No. 18 B. & S.

c. Supply conductors, and especially the splices

to fixture wires, must be kept clear of the grounded
part of gas pipes, and where shells are used, the

latter must be constructed in a manner affording

sufficient area to allow this requirement.
d. Must, when fixtures are wired outside, be so

secured as not to be cut or abraded by the pressure

of the fastenings or motion of the fixture.

e. Under no circumstances shall there be a dif-

ference of potential of more than 300 volts between
wires contained in or attached to the same fixture.

Decorative Series Lamps.

—

Incandescent lamps run in series shall not be used

for decorative purposes inside of buildings except

by special permission in writing from the Inspection

Department having jurisdiction.
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45. When old fixtures are to be wired, they must be

taken down and supplied with insulating joints. Sockets

may be attached to such old gas fixtures by means of spars

that fasten to the fixtures at

the gas burners. Fig. 27 shows fSk^

three different styles of these \f\ JliiJi^
spars. V| ^^V

LOCATION AND DISTRI-
BUTION OF LAMPS.

|

46. The character of the

lamps to be used and their fig. 27.

location is a matter of much
importance that must be determined in each case by the

purpose for which the lamps are installed. For signs and

decorative work, this purpose is solely to attract atten-

tion or to produce ornamentation. In interior lighting, it

is to illuminate other objects either close at hand, as with

desk lamps, or at a somewhat greater distance. Where
illumination is the sole requirement, the lamps should pref-

erably be placed where they cannot be seen, but where

they will throw their light upon the object to be illumi-

nated, as on the stage of a theater. In general work,

however, it is not possible to place the lamps in this man-

ner, but they should be placed where they will not be

too conspicuous. When they must be in view, the lamps

should be surrounded by shades that will diffuse the light

and take away the glare. Frosted globes are of assist-

ance in many places, but it is better to have the light dif-

fused by a shade. Shadows should be avoided as much as

possible.

47. Chandeliers are usually relied on for general illumi-

nation. They should be hung high to get the best effects,

and should never be as low as the level of the eye of a
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person standing. Borders or rows of lights placed on the

ceiling near the walls give very good illumination without

hurting the eyes. To get the best illumination with the

smallest number of lamps, the walls and ceilings should be

finished in light colors or in white and kept clean. It is

cheaper to retint ceilings than to burn many lamps. This is

especially true of stores, where much illumination is a neces-

sity. Walls papered in dark colors and woodwork of dark,

rich wood make it almost impossible to brilliantly light a

room.

48. It is an exceedingly difficult matter to give any rule

for determining the number of lamps required to light a

room of given size. Very much depends on the degree of

illumination required, on the height at which the lamps are

placed, and the color of the walls and ceilings. Experience

is about the only reliable guide. The following number of

lamps for 100 square feet (Table V) will give an approximate

idea as to the number of lights required to produce a given

effect, but these values must not be considered as fixed by

any means:

TABLE V.

Number of 16-Candlepower
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CONDUIT WIRZN"Gr.

EAREY CONDUIT SYSTEMS.

49. Not many years ago, before there were uniform rules

governing the installation of wires to make them safe, it

was a common practice to use for electric lighting wires

wound with cotton thread saturated with paraffin. These

wires were fastened with wooden cleats nailed against the

walls and ceilings. Signal and bell wires are still sometimes

put up in this-way. The first step in the direction of improve

ment was limiting the number of incandescent lamps allowed

on a given size of wire. The next was the substitution of

"weather-proof" or "Underwriters'" wire for the paraffin-

covered '

' office wire. " Later came the porcelain cleat, which

was not in general use before 1892.

50. The manner of installing wire in concealed work has

undergone a similar evolution. At first wires were pulled

through holes in the joists and installed without any pro-

tection other than their insulating covering; sometimes

even two wires were pulled through the same hole, but this

was not long tolerated. Progress came along two distinctly

different lines: one that of insulating the wire by the use

of knobs and tubes, as previously described ; the other that

of providing a continuous raceway, or conduit, for the

conductors.

51. One of the first conduit systems and one that came
into very extensive use, though it is not now allowed by the

Underwriters, was that of the Interior Conduit and Insula-

ting Company. This conduit was made of paper wound in

an ingenious manner, so as to form a tube, and coated with

tar inside and out. These tubes were installed as a con-

tinuous raceway from outlet to outlet. One or two wires,

as happened to be most convenient, were pulled into each

conduit.
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These paper tubes were very brittle, and the system was

improved by covering them with a thin shell of sheet brass.

Then came the requirement that the conduit should never

contain more than one wire. At one time, "brass-covered,

interior conduit work" was considered the best possible kind

of construction.

52. These paper conduits may still be used to advantage

in special places, especially in running wires up and down
brick walks, in connection with knob-and-tube work, as an

additional protection to wires encased in plaster. It is quite

as good as, and in some respects better than, iron pipe for

this purpose ; and though the Underwriters do not endorse

it, most inspectors pass it when thus used. It is also

frequently used in place of molding, where wires are run on

the surface of walls or in corners, where ordinary molding

would be awkward. But it is not tolerated as a conduit

proper, because it is not strong enough. Nails can easily

be driven through it.

53. Another excellent tube that may still be used in

some places, though not approved as a conduit proper, is

the flexible Circular-Loom tube. This is a woven tube

treated with insulating material that makes it hold its shape.

It has no metal covering, but is stronger than the brass-

covered, interior conduit and more convenient to use. It

will be permitted under the present rules only in special

cases, as it is not waterproof or nail-proof.

APPROVED CONDUIT SYSTEMS.

54. The conduits now approved by the Underwriters are

all iron pipes with more or less insulating lining. They are

divided into two classes, lined and unlined. When unlined

conduits are used, an additional braided covering must be

placed on the wire. Conduits must comply with the following

specifications:
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Specifications for Interior Conduits.—
a. Each length of conduit, whether insulated or

uninsulated, must have the maker's name or initials

stamped in the metal or attached thereto in a satis-

factory manner, so that the inspectors can readily

see the same.

Metal Conduits with Lining of Insulating Material :

b. The metal covering or pipe must be equal in

strength to the ordinary commercial forms of gas
pipe of the same size, and its thickness must be not
less than that of standard gas pipe, as shown by the
following table:

Size. Thickness of Wall. Size. Thickness of Wall
Inches. Inches. Inches. Inches.

\ .109 \\ .140

| .111 \\ .145

f .113 2 .154

1 .134

An allowance of T f-g-
inch for variation in manufac-

turing and loss of thickness by cleaning will be
permitted.

c. Must not be seriously affected externally by
burning out a wire inside the tube when the iron

pipe is connected to one side of the circuit.

d. Must have the insulating lining firmly secured
to the pipe.

e. The insulating lining must not crack or break
when a length of the conduit is uniformly bent at

temperature of 212° F. to an angle of 90°, with a
curve having a radius of 15 inches for pipes of 1 inch
and less and 15 times the diameter of the pipe for

larger pipes.

f. The insulating lining must not soften injuri-

ously at a temperature below 212° F. and must
leave water in which it is boiled practically neutral
—that is, neither acid nor alkali.

g. The insulating lining must be at least^ inch
in thickness and the materials of which it is com-
posed must be of such a nature as will not have a
deteriorating effect on the insulation of the con-
ductor, and be sufficiently tough and tenacious to

withstand the abrasion test of drawing long lengths
of conductors in and out of same.

h. The insulating lining must not be mechani-
cally weak after 3 days' submersion in water, and
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when removed from the pipe entire must not absorb
more than 10 per cent, of its weight of water during
100 hours of submersion.

i. All elbows or bends must be so made that the
conduit or lining of same will not be injured. The
radius of the curve of the inner edge of any elbow
not to be less than 3^ inches. Must have not more
than the equivalent of 4 quarter-bends from outlet

to outlet, the bends at the outlets not being counted.

Unlined Metal Conduits

:

j. Plain iron or steel pipes of equal thickness and
strengths specified for lined conduits may be used
as conduits, provided their interior surfaces are

smooth and free from burrs; pipe to be galvanized
or the interior surfaces coated or enameled, to pre-

vent oxidization, with some substance that will not
soften, so as to become sticky and prevent wire

from being withdrawn from the pipe.

k. All elbows or bends must be so made that the
conduit will not be injured. The radius of the curve
of the inner edge of any elbow not to be less than

?>\ inches. Must have not more than the equivalent
of 4 quarter-bends from outlet to outlet, the bends
at the outlets not being counted.

Fig. 28 shows a piece of iron-armored, lined con-

is the armor about
-J

inch thick, which is the same

as ordinary gas pipe; b is the insulating lining,

not less than fa inch thick and adhering to the

outer pipe. Conduit, whether lined or unlined, is

put up in the same manner as a good job of gas-

fitting. Great care should be taken at the joints

to see that the pipe is reamed and that the ends

come together, so as to form a smooth runway
(free from burrs) for the wire. Fig. 29 shows an

elbow. In many places the conduit itself may be

bent and the use of an elbow with its threaded

joints avoided. About as good a way as any to

bend conduit is to get a good, stout piece of spruce

or hard pine and bore a hole in it a little larger

than the conduit. The pipe is then passed through
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the hole and the bend may be easily worked in. For iron-

conduit wiring, the wireman should be provided with a reg-

ular outfit of pipe fitter's tools.

56. As previously mentioned, most conduit wiring is

now carried out on the single-

tube system; i. e., both wires ^==|
or a twin wire are run in the

same conduit. This plan re-

quires less conduit and labor

than the double-tube system

and is in fact the only allow-

able arrangement when alterna-

ting currents are used. In the

case of a large church, sup-

posedly wired for 52 volts, 2 per

cent, loss, the contractor ran

wires in separate pipes, with

the result that when the cur-

rent was turned on only 13 volts

were obtained at the lamps. It

is cheaper, as well as better, to

use twin or concentric conduct-

ors in a single conduit, except

for very large cables which are to carry continuous currents.

57. Use of Outlet and. Junction Boxes.—Since in any

conduit system the primary object is to have the wires

arranged so that they may be withdrawn, it is necessary,

whenever a branch is taken off, to provide a junction box
of some kind, because it is evident that splices cannot be

made at intervening points without interfering with the

withdrawal of the wires. Conduit wiring is, therefore, done

on the so-called loop system. This will be understood by

referring to Fig. 30 (a) and (b) ; Z, Z,, L, etc. are lamps on

one circuit that is to be supplied from a panel board or dis-

tributing center located at A. In (a) the wiring is indi-

cated as it might be done with the ordinary knob-and-tube

system, using branches whenever they will reduce the labor

Fig. 29.
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and the amount of wire necessary;
(J?)

shows the same

lamps wired on the loop system, using outlet boxes b and

looping out the twin wire at each lamp. No branches are

taken off between outlet boxes, and by disconnecting the

wires running to the lamps, the main wires may be withdrawn.

The loop system using iron conduits is, of course, very

much more expensive than the knob-and-tube system. It

is, however, much more permanent in character and is the

Cutout

Cabinet.

rr^

Cutout

Cabinet,

or Panel Board ir
Conduit

(a)

YfivinLoop.

0»

Fig. SO.

only style now used in the best class of buildings. It

is used altogether in modern fireproof buildings. The best

method of running the conduit, so as to save bends and

make the conduit as short as possible, must be left to the

judgment of the wireman. In laying out such wiring, he

must remember that the two wires are run together and

that he cannot make short cuts with single wires as in

knob-and-tube work.
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5S. Conduits less than | inch inside diameter are not

allowable and an outlet box should be provided at every

outlet. When branch lines are taken off, a junction box

must be provided. There should not be more than the

equivalent of four right-angled bends between junction

boxes or there will be difficulty in pulling through the wire.

Junction boxes and outlet boxes are manufactured in a

large variety of forms to accommodate conduits coming into

them from different directions. Fig. 31 (a) shows a round

Fig. 31.

junction box. These boxes should be mounted firmly in the

wall and be placed so that the surface will come flush with

the plastering. The split nuts a, a hold the conduit in

place. Fig. 31 (b) shows an otitlet plate. The conduit is

clamped in openings a and the gas pipe is clamped in b.

Very convenient junction and outlet boxes are now made of

stamped steel and are arranged so that one or more opem
ings may be made in the side by taking out a small disk.

Fig. 32 shows a box of this kind. The conduit enters the

box and, projecting through it

about \ inch, is held in place by

an insulation cap a that screws

over the end on the inner side.

A check nut b screws up against

the outside of the box. Fig. 33

shows these fittings more in detail.

Boxes of this type may be suited

to different locations by simply fig . 32 ,
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knocking out or removing the disks whenever openings are

needed. This avoids the necessity of carrying a large

Insulation

Fig. 33.

number of different boxes in stock. Outlet boxes may be
obtained that are provided with special covers to accommo-
date almost any make of flush switch.

59. Fig. 34 shows a flush switch (with face plate

removed) mounted in a switch box suitable for use with

iron-armored conduit.

Outlet boxes are also

made for use with com-
bination fixtures; they

are provided with open-

ings for the gas pipe to

pass through.

When a change in

the size of wire is made
in a junction box, it

is necessary to protect

the branch circuits by

a cut-out. Special cut-

outs are made suitable

for mounting in junc-

tion boxes. Fig. 35

shows a cut-out suitable

for a square box like

that shown in Fig. 32.

Outlet boxes and cut-outs are also made for places where
both gas and electricity are used.

Fig. 34.



27 INTERIOR WIRING. 57

60. Fig. 36 (a) and (/?) shows the method of mounting
an outlet box in a fireproof ceiling. By crossing the ells

fig. 35.

as shown at ($), the fireproof brickwork does not need to be

cut as much as when they are not crossed, as in (a). The
face of the box should

come flush with the £
plastering. Cement
or plaster of Paris

may be run in around

the box and elbows

to hold them securely

in place. In work of

this kind the conduit

is usually run on the

upper surface of the

fireproof floor as in-

dicated; the strips

on which the wood
floor is laid usually

FlG - 36 -

make sufficient space between the fireproof brick and the

wood floor to accommodate the conduit. Where iron conduit

is attached to wood beams, it is held by pipe straps in the

same way as gas pipe.
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61. Underwriters' Rules Relating- to Conduit Wire
and Installation.—The following rules relating to the wire

used for conduit work and the installation of the conduit

should be observed

:

Conduit Wire

—

Must comply with the following specifications:

a. Single wire for lined conduits must comply
with the specifications for rubber-covered wire on
other low-voltage work. For unlined conduits, it

must comply with the same requirements, except

that tape may be substituted for braid, and in addi-

tion there must be a second, outer, fibrous covering

at least -^ inch in thickness and sufficiently tena-

cious to withstand the abrasion of being drawn
through the metal conduit.

b. For twin or duplex wires in lined conduits,

each conductor must comply with the specifications

for rubber-covered wire on other low-voltage work,

except that tape may be substituted for braid and
there must be a substantial braid covering over the

whole. For unlined conduits, each conductor must
comply with the same requirements, except that

tape may be substituted for braid and, in addition,

must have a braid covering, the whole at least

Jg inch in thickness and sufficiently tenacious to

withstand the abrasion of being drawn through the

metal conduit.

c. For concentric wires, the insulation of the

inner conductor must comply with the specifications

for rubber-covered wire, except that tape may be

substituted for braid, and there must be outside of

the outer conductor the same insulation as on the

inner, the whole to be covered with a substantial

braid, which for unlined conduits must be at least

J-g- inch in thickness and sufficiently tenacious to

withstand the abrasion of being drawn through the

metal conduit.

The braid required around each conductor in duplex,

twin, and concentric cables is to hold the rubber insulation

in place and prevent jamming and flattening.

62. The following rules govern the installation of

conduits:
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Interior Conduits.—
The object of a tube or conduit is to facilitate the insertion

or extraction of the conductors, to protect them from
mechanical injury, and, as far as possible, from moisture.
Tubes or conduits are to be considered merely as raceways,
and are not to be relied on for insulation between wire and
wire or between the wire and the ground.

a. No conduit tube having an internal diameter
of less than | inch shall be used ; measurement to

be taken inside of metal conduits.

b. Must be continuous from one junction box to

another or to fixtures, and the conduit tube must
properly enter all fittings.

c. Must be first installed as a complete conduit
system, without the conductors.

d. Must be equipped at every outlet with an
approved outlet box or plate.

e. Metal conduits, where they enter junction
boxes and at all other outlets, etc., must be fitted

with a capping of approved insulating material,

fitted so as to protect wire from abrasion.

f. Must have the metal of the conduit perma-
nently and effectually grounded.

Vires in Conduits—
Must not be drawn in until all mechanical work

on the building has been as far as possible com-
pleted.

Must for alternating-current systems have the
two or more wires of a circuit drawn in the same
conduit.

It is advised that this be done for direct-current systems
also, so that they may be changed to alternating-current
systems at any time, induction troubles preventing such a
change unless this construction is followed.

There has been much discussion as to what constitutes a

permanent and effectual ground in such work. In small

installations the ground should be of as great carrying capac-

ity as the conductors within the conduit. In large plants

this is not practicable. Where conduits pass from junction

box to junction box, they should be well connected, electri-

cally as well as mechanically, to the metal of the boxes, so

that no part of the conduit system will be insulated or in

poor contact with the rest of the system. On every large
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installation, a ground detector should be installed at the

main distribution center, so that a ground may be easily

located and lifted.

63. While a conduit system is considered merely as a

"system of raceways" for the wires, if it is properly

installed, all joints firmly made, and an efficient ground pro-

vided, it serves the purpose also of an additional protection.

No ground can then occur anywhere in the concealed wiring

in the building except upon the conduit, and if that is

grounded to the earth, it cannot do any damage. If two

grounds should occur upon opposite sides of the line, a

"dead " short circuit is formed through the walls of the iron

pipe. This will blow the fuses on the lines affected, discon-

necting them, but doing no other damage. The iron pipe

also has the effect of choking back any possible lightning

stroke upon the line, thus affording additional protection to

the lamps and fixtures.

64. Screw joints between various lengths of pipe and

between pipes and junction boxes and cut-out cabinet frames

are to be preferred to all other kinds of joints, because they

are more secure and afford better electrical contact. To
secure them in an entire system, it is necessary to use a few

right-hand and left-hand couplings or a few unions. Where
unions are used, they should preferably be of brass, because

brass gives better contact at the sliding joints than iron.

Right-hand and left-hand couplings are also used. In most

cases, however, instead of a union or right-hand and left-

hand coupling, the thread is cut well back on one piece, the

coupling screwed on and afterwards screwed back over the

other piece.

But owing to the difficulty of installing screw joints in all

places, and because other joints are easier to make and

require less expensive fittings (though not so good), many
systems have been designed in which other kinds of joints

are relied on. Whatever system is used, however, the work-

man must not shirk the duty of making good pipe connec-

tions, which are as important as soldered joints on the wires.
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65. Flexible Armored Conduit.—In order to avoid

joints and make the conduit cheaper and easier to install,

flexible armored conduits

have recently been brought
/f*

255^^*'*^^

forward. Fig'. 37 shows a ^¥s======^^\)^^^
piece of the Greenfield con- ^-r-^^Cxni)

'

V—
duit, showing the method "^^iP^^^ ^^
of connecting it to a junc-

tion box. This conduit is

made of steel ribbon wound spirally. It affords a good pro-

tection to the wire against mechanical injury, but it is not

waterproof. It is, therefore, inferior to the iron conduit for

damp places or where the conduit has to be laid in concrete.

This conduit may be used for fished work, but is not allow-

able for a regular conduit system.

66. Economy of Space in Conduit Systems.—-In those

places where very many circuits are to be run, as, for exam-

ple, in a partition or along one wall, it is often impossible to

find space enough for all the wires and at the same time

keep them the distance apart required by the Underwriters.

In such cases, they may be run in conduits and placed com-

pactly together side by side.

Where the walls on which the wires are to be concealed

are of brick or stone or other masonry, a conduit system

offers the only method of concealing the wires that is at

once practicable, economical, and permanent. It is the sys-

tem to adopt for all concealed work in new fireproof build-

ings and in all other new buildings except those where

most of the walls and partitions are of frame covered with

lath and plaster, leaving ample space and easy work for

knob-and-tube construction.

In large buildings where there are to be many electric

conduits, architects usually provide channels in the brick-

work in which the conduits can be placed, so as to bring

them behind the' surface of the brick without having to cut

the brick with a chisel after it is in place, which is a labori-

ous and objectionable method.

/. 11.—20
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67. Drawing Wires in Conduits.—When the wires are

to be drawn into conduits, it is a good plan to blow soap-

stone through first, as it makes the wire slide through easier

Fig. 38.

and take the ells better. A " snake" is first run through

the tube and the wire pulled through by means of it. The

snake usually consists of a steel ribbon about \ inch wide
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With a ball about £ inch diameter on the end. If the con-

duit has many turns, it is advisable to use a coiled spiral

spring about ^ inch diameter and 6 or 8 inches long with a

ball on one end and the other end fastened securely to the

steel ribbon. The end with the piece of spring is pushed in

first and the spring passes around the turns easily.

68. Fig. 38 shows one floor of a dwelling house wired

with conduits. The numbers on the various outlets indicate

the number of lamps supplied. The wiring is carried out

on the loop system, and it will be noticed that no branches

are taken off between outlets. Four circuits are used in

order that there may not be more than ten lamps on any
one circuit.

WOODEN MOLDINGS.

69. "Wooden moldings are used to a great extent in

running wires over woodwork, on walls, door and window
frames, and other places where they cannot otherwise be

well concealed. Moldings put up on ceilings or walls should

be arranged symmetrically, so as to disguise their purpose, or

at least not disfigure a room, even though it may be neces-

sary to put up blank or empty molding for this purpose.

Work of this kind is confined almost exclusively to old

buildings. The following rules relate to these moldings:

Wooden Moldings—
a. Must have both outside and inside at least

two coats of waterproof paint or be impregnated
with a moisture repellent.

b. Must be made of two pieces, a backing and
capping so constructed as to thoroughly encase the
wire and provide a ^-inch tongue between the con-
ductors and a solid backing that, under the grooves,
shall not be less than f inch in thickness, and must
afford suitable protection from abrasion.

It is recommended, that only hardwood molding be used.
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Wires—
For molding work :

Must have approved rubber-insulating covering.

Must never be placed in molding in concealed or

damp places or where the difference of potential

between any two wires in the same molding is over
300 volts.

70. Irresponsible parties sometimes run weather-proof

wire in moldings. This practice is dangerous, for in mold-

ing work there is practically no insulation except that on

the wire, if the molding becomes damp; while in cleat and

tube work there is an air space, and in conduit work an

iron pipe, as an additional protection. Moreover, a wire

with an air space or an iron jacket around it cannot do

much damage even if it does become very hot ; but a wire

embedded in wood if overloaded excessively will char and pos-

sibly set fire to the wood, because the heat cannot easily be dis-

sipated. Dampness is the greatest enemy of molding work.

fig. 39.

However, where hardwood moldings and rubber-covered

wires of sufficient size are used in places always dry, this

kind of work is quite safe and is very much in vogue at the

present day. Moldings are especially convenient in running

border lights around the walls of rooms, where lamps are

placed a foot or so apart, and in wiring show windows for

temporary displays, and other work of a semi-permanent

nature. Moldings are made in a variety of styles, some

of which are ornamental and nicely finished to match the

trimmings of the rooms in which they are used. Fig. 39

shows a typical two-wire molding that conforms to the

Underwriters' requirements, since it has the backing a and

capping b.
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TESTS.
71. After a job of wiring has been completed, tests should

be made to see if all connections are correct and also if

there are any grounds or crosses between the wires. All

circuits should be tested before fixtures of any kind are put

up, and each fixture should be tested carefully before it is

put in place. Fixtures when received from the factory are

not usually wired, and connecting the sockets, etc. must be

done before they are put in place. If this is not carefully

done, the fixture wire is apt to become grounded ; hence, the

fig. 40.

necessity of testing out fixtures before they are put into

position. For most of this testing a magneto-bell is used.

This is a small hand, electric generator connected with a

bell similar to the call bell on a telephone. Fig. 40 shows a

portable magneto made for testing work; /, f are the ter-

minals to which wires are attached in order to test any
circuit. When a circuit is established between /, /', the bell

rings. These instruments are made of various capacities

designed to ring the bell through resistances of 5,000 to

10,000 ohms, or more.
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72. Each branch circuit should be tested individually

with the magneto by connecting it to the terminals of the

circuit at the panel board or cut-out. The wires at all the

outlets should be separated and the circuit rung up. If no

ring is obtained, it shows that there is no cross between the

wires. The wires coming out of each outlet should then be

touched together in turn and also their corresponding

switch outlets, if there are any, to see if the connections to

the outlets are all right. After each outlet is rung up, its

wires should be left separated. Each side Of the circuit

should then be tested for grounds. If it is a conduit sys-

tem, one terminal of the magneto should be connected to

the sheathing and the other to each side of the circuit in

turn. If no ring is obtained on either side, it shows that

the wire is clear of grounds. If a ring is obtained, the ends

should be carefully examined, and if necessary the wire

must be drawn out and examined. In knob-and-tube work

the method of testing is practically the same, only in test-

ing for grounds one side of the magneto may be connected

to a gas or water pipe. Each fixture should be subjected

to similar tests, and after all the fixtures are in place, the

system as a whole should be tested.

73. Underwriters' Tests. — An insurance inspector

usually tests each branch line with a magneto for con-

tinuity, short circuits, and grounds. He then usually

counts up the number of lamps on each circuit and notes

the sizes of wire used to see that no wire is overloaded when

all the lamps are on. Concealed Avork must be inspected

before the lath and plaster are put on, otherwise it will not

be passed without special investigation ; this means tearing

up floors and walls, which is expensive, to say the least.

In most installations, where the inspector has no reason

to suspect that any faulty material has been used, he is

able to satisfy himself by these tests and by examining the

work with his eye; in fact, in many cases an ocular inspec-

tion is the only inspection made by the authorities, if they

are satisfied that the contractor is honest and has made the

other necessary tests.
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74. Where more particular attention is given to a piece

of work or where it is desired to learn whether an old

installation or one not properly inspected at the time the

work was done is up to the standard of safety, the insula-

tion resistance is measured.

Insulation Resistance.

—

The wiring in any building must test free from
grounds; i. e., the complete installation must have
an insulation between two separate conductors and
also between all conductors and the ground (not
including attachments, sockets, receptacles, etc.)

of not less than the following

:

Up to 5 amperes 4,000,000 ohms.
Up to 10 amperes 2,000,000 ohms.
Up to 25 amperes 800,000 ohms.
Up to 50 amperes 400,000 ohms.
Up to 100 amperes 200,000 ohms.
Up to 200 amperes 100,000 ohms.
Up to 400 amperes 25,000 ohms.
Up to 800 amperes 25,000 ohms.
Up to 1,600 amperes 12,500 ohms.

All cut-outs and safety devices should be in place
when the above test is made.
Where lamp sockets, receptacles, and electroliers,

etc. are connected, one-half of the above will be
required.

Where lamps or other devices are suspected of taking

more current than they should or where the load on any
line is, for any reason, in doubt, the current should be

measured with an ammeter.

MEASUREMENT OF DROP IN VOLTS.

75. If the current can be turned on in order to make a

test of the drop in voltage, the best way is to use a volt-

meter and determine the actual drop on each line at full

load. With an ordinary voltmeter, the best method is to

have two pairs of test cords and plugs connected to a double-

pole double- throw switch. One pair of test cords should

run to the distribution center; the other should run to the

fixture to which the drop is to be determined. The switch

should be so connected to the voltmeter that a reading of
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the voltage at the end of one pair of cords can be taken one

instant and that at the end of the other pair of cords the

next. The difference is the drop in volts on that line. All

of the lamps should be turned on while the measurements

are being taken, and several sets of readings should be made,

because currents supplied from central stations suffer varia-

tions in voltage.

MAEINE WORK.
76. Wiring on board ships is subjected to some special

conditions and therefore requires special treatment. The
first important condition not usually met with on land is the

motion of the ship, which makes it necessary to avoid all

forms of construction where chafing or breaking might take

place. The second important peculiarity is the constant

dampness of the atmosphere. For these and other reasons

a separate code has been prepared for marine work, from

which the following rules are selected. They embody the

chief points in which marine work differs from other work.

Wires

—

a. Must be supported in approved molding or

conduit except at switchboards and portables.

Special permission may be given for deviation from this

rule in dynamo rooms.

b. Must have no single wire larger than No. 12

B. & S. Wires to be stranded when greater carry-

ing capacity is required. No single solid wire
smaller than No. 14 B. & S. except in fixture wir-

ing to be used.

Stranded wires must be soldered before being fastened
under clamps or binding screws, and when they have a con-
ductivity greater than No. 10 B. & S. copper wire, they must
be soldered into lugs.

c. Splices or taps in conductors must be avoided
as far as possible. Where it is necessary to make
them, they must be so spliced or joined as to be both
mechanically and electrically secure without solder.

They must then be soldered, to insure preservation,
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covered with an insulating compound equal to the
insulation of the wire, and further protected by a

waterproof tape. The joint must then be coated or

painted with a waterproof compound.

Wires for Molding- Work—
a. Must have an approved insulating covering.

The insulation for conductors, to be approved, must be at

least
3
8
3 inch in thickness and covered with a substantial

waterproof and flame-proof braid.

The physical characteristics shall not be affected by any
change in temperature up to 200° F. After 2 weeks' sub-
mersion in salt water at 70° F., it must show an insulation

resistance of 1 megohm per mile after 3 minutes' electrifi-

cation with 550 volts.

b. Must have when passing through water-tight

bulkheads and through all decks a metallic stuffing

tube lined with hard rubber. In case of deck tubes,

they shall be boxed near deck to prevent mechani-
cal injury.

c. Must be bushed with hard-rubber tubing

\ inch in thickness when passing through beams
and non-water-tight bulkheads.

Wires for Conduit Work—
a. Must have an approved insulating covering.

The insulation for conductors for use in lined conduits, to

be approved, must be at least -£% inch in thickness and be
covered with a substantial waterproof and flame-proof braid.

The physical characteristics shall not be affected by any
change in temperature up to 200° F.

After 2 weeks' submersion in salt water at 70° F., it must
show an insulation resistance of 1 megohm per mile after

3 minutes' electrification with 500 volts.

For unlined metal conduits, conductors must con-

form to the specifications given for lined conduits,

and in addition have a second, outer, fibrous cover-

ing at least -£% inch in thickness and sufficiently

tenacious to withstand the abrasion of being drawn
through the metal conduit.

b. Must not be drawn in until the mechanical
work on the conduit is completed and the same is

'

in place.

c. When run through coal bunkers, boiler rooms,

and where they are exposed to severe mechanical
injury, must be encased in approved conduit.
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and treated with a non-inflammable, waterproof compound.
After 1 week's submersion in water at 70° F., at 550 volts,

and a 3 minutes' electrification, must show an insulation
between the two conductors or between either conductor
and the ground of 1 megohm per mile.

Wooden Moldings—
a. Must be made of well-seasoned lumber and

be treated inside and out with at least two coats of

white lead or shellac.

b. Must be made of two pieces, a backing and a

capping, so constructed as to thoroughly encase the
wire and provide a -|-inch tongue between the con-
ductors and a solid backing that, under the grooves,
shall not be less than f inch in thickness.

c. Where molding is run over rivets, beams, etc.,

a backing strip must first be put up and the mold-
ing secured to this.

d. Capping must be secured by brass screws.

Cut-Outs.—
a. In places such as upper decks, holds, cargo

spaces, and firerooms, a water-tight and fireproof

cut-out may be used, connecting directly to mains
when such cut-out supplies circuits requiring not
more than 660 watts energy.

b. When placed anywhere except on switch-
boards and certain places, as cargo spaces, holds,

firerooms, etc., where it is impossible to run from
center of distribution, they shall be in a cabinet
lined with fire-resisting material.

c. Except for motors, searchlights, and diving
lamps, shall be so placed that no group of lamps
requiring a current of more than 6 amperes shall

ultimately be dependent on one cut-out.

A single-pole covered cut-out may be placed in the
molding when same contains conductor supplying circuits
requiring not more than 220 watts energy.

Fixtures

—

a. Shall be mounted on blocks made from well-

seasoned lumber treated with two coats of white
lead or shellac.

b. Where exposed to dampness, the lamp must
be surrounded by a vapor-proof globe.

c. Where exposed to mechanical injury, the lamp
must be surrounded by a globe protected by a stout
wire guard.
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WIRI^a ESTIMATES.
77. It is difficult to lay down any reliable rules to be

used in estimating the cost of a proposed wiring job. As
when estimating in other lines of work, experience must

largely be relied on. The prices of labor and material vary

so widely in different sections of the country that any general

rules might lead to very inaccurate results. Moreover, these

prices are always fluctuating. One frequently sees state-

ments to the effect that certain kinds of wiring can be done

for so much per lamp or so much per outlet, but it is evident

that while such figures might be fairly correct so far as the

average of a large number of installations is concerned, they

might be far from correct when applied to individual cases.

78. The only way in which to obtain a fairly close esti-

mate of the cost of a given installation is to prepare plans

and lay out the circuits, marking the size of the wire and

the capacity of the various switches and cut-outs required.

By laying out these plans, the amount of wire, conduit, and

other material required may be arrived at quite closely.

The number of switches, cut-outs, etc. can be counted up

and their cost estimated. In measuring the length of the cir-

cuits, do not forget to take into account the wire and material

necessary for running up and down walls to switches or

outlets. Margin should be allowed for such material as

tape, solder, etc. The labor item will depend largely on

whether the building to be wired is an old one or one in the

process of construction, also on the style of wiring used, so

that the labor item can only be determined from a careful

inspection of the premises to be wired and experience on

work of a similar class. An ordinary two-story dwelling

house wired on the concealed knob-and-tube system will

require about 6 days' labor of a man and helper. This is for

a medium sized house. Some small houses will require less

than this. Old houses require a much larger expenditure of

labor, because there is liable to be considerable molding work

to be done.
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79. As stated before, it is unsafe to assume a certain

cost per outlet in figuring on a job of wiring unless one has

been doing considerable work of a certain class. As a rough
guide, however, it may be stated that ordinary dwellings

wired on the concealed knob-and-tube plan will cost from
$2.00 to $3.00 per outlet. This, of course, does not include

the fixtures, but should cover the cost of snap switches and
porcelain cut-outs. Ordinary exposed wiring can usually be

run for $1.00 to $1.75 per drop, including rosettes, cord, and
sockets, though, of course, very much depends on how closely

the lights are grouped. It is evident that if the lamps are

scattered very much, the cost of wire, porcelain fittings, and
labor will be comparatively high, and this will increase the

cost per drop. Wiring with iron-armored conduit is expen-

sive, but it is substantial. It is difficult to give any
figures as to the cost per outlet. For small installations,

it will probably cost from $5.00 to $6.00 per outlet; in large

installations, the cost will be somewhat less. The student

must remember that these figures are approximate only.

The cost in different localities might vary widely from the

above, and the only way to make a fairly close estimate is to

lay out the circuits, make a list of the material needed, and
estimate their cost and the probable labor required.





INTERIOR WIRING.
(PART 3.)

COMBrNTNG SEVERAL WIRING
SYSTEMS.

STORE LIGHTING.

1. A large electric-light installation generally requires

many kinds of wiring, and there are usually special condi-

tions that determine what kind of work is to be done in each

locality. As an example, we will take the wiring system of

a certain department store as it was actually put in.

After a careful study of the conditions existing, the man-
agers of the store concluded that enclosed-arc lamps were

best suited for the general illumination of their stores, and

that incandescent lamps should be installed for use at desks,

in closets and warerooms, and occasionally in show win-

dows. Accordingly, the premises were wired for 250 en-

closed-arc lamps and 500 incandescent lamps at 110 volts.

Separate feeder wires were run to each of the ten depart-

ments. The dynamos were installed in the engine room in

the subbasement, one machine capable of supplying current

for one-third of the lamps to be used when the load was

light, and one generator capable of operating two-thirds of

the lamps, and some small motors. When the entire load

was on, the two generators operated in multiple.

§28
For notice of copyright, see page immediately following the title page.
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2, In order that light could be secured in case of a break-

down of the plant, service wires from the Edison three-wire

system were brought into the basement and connected to

the switchboard in such a manner that this current could be

used in an emergency. The double-throw switches and con-

nections necessary to change over from the two-wire to the

+ //0

+

(b)

Fig. 1.

three-wire system, where arc lamps are. used, are shown in

diagram in Fig. 1 [a). A special four-pole double-throw

switch was installed. If there were no arc lamps requiring

that the direction of the current must be constant, one

three-pole double-throw switch, connected as in Fig. 1 (b),

would have been sufficient. The use of the three-wire
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system in this case involved no saving in the lines, as that

system extended only to the main switchboard, beyond

which the two-wire system was used.

3. The feeder cables were run from the engine room to

the centers of distribution in each of the various depart-

ments, in iron-armored conduits, one cable to a conduit.

Cables and not wires were used, because heavy, solid con-

ductors cannot be drawn into conduits with bends in them.

These conduits were put together with screw couplings,

Avith corner boxes of special design at each elbow, as the

cables were very heavy. In the basement the conduits were

all connected together by locknuts and a bus-bar, which

was grounded to the water main back of the main valve on

the automatic-sprinkler system by an iron rod, which was

inserted in the water pipe like a tap. This afforded an

excellent ground.

4. Cut-out cabinets were installed in each department.

When in conspicuous places, they contained marble tablets

upon which were mounted lugs to receive fuses. Enclosed

fuse links were used. A switch was provided on the tablet

for each circuit. All connecting wiring was done on the

back of the board and was thus concealed. The tablets

were mounted in hardwood cabinets with plate-glass doors

that opened by sliding downwards like a window sash. In

less conspicuous places, the cabinets were provided with

hinged wooden doors, were lined Avith asbestos, and provided

with porcelain link fuse cut-outs of the open-fuse type. For.

each enclosed-arc lamp a separate branch line Avas run from

the nearest cut-out cabinet. Large departments were pro-

vided Avith several cut-out cabinets connected to the same
pair of feeders,

5. The branch lines were run in various Avays; some of

them AA
rere run in pipes, some Avere run in molding, and

some A\
Tere run open. Where they were placed in pipes,

tAvin conductors AA
Tere used and the lamps were hung from

the pipe ends by means of an insulating joint. All the

branch pipes were connected together and to the feeder

/. II.—21
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pipes at the cut-out cabinet in the same way as those pipes

were connected together in the basement.

6. A drop of 2 volts was allowed in the mains and a drop

of 1 volt in the distributing wires for incandescent lamps.

The distributing wires for the arc lamps were all of No. 14

wire, and the resistances at the lamps were adjusted so as

to secure 80 volts at the arc. From a distribution closet in

one of the busiest departments, twin conductors of No. 14

wires were run to the generator switchboard, in an iron

pipe, and connected to a voltmeter on the switchboard. The

terminals of these pressure wires in the closet were con-

nected, with proper cut-out protection, to the terminals of

the feeders. The dynamo tender was, therefore, able from

the indications of the voltmeter to regulate his machines

so as to maintain a constant potential of 110 volts at the

cabinets.

7. The show windows were lighted by enclosed-arc lamps

hung in the space above the goods displayed, but out of sight

from the street. Only the outer globes projected below the

dust-proof casing surrounding the window space. Thus,

brilliant illumination was secured with very little glare and

with great economy. The lamps were so arranged that they

could be lifted out of the globes whenever it was necessary

to trim them ; but the globes were never removed, being

cleaned while in place. This arrangement proved very

effective and convenient. Additional circuits were run to

various points for connecting incandescent lamps and special

apparatus for holiday displays.

THEATER WIRING.

8. The wiring of theaters and entertainment halls pre-

sents some peculiar features. All the lamps in the theater

must be controlled from one point, usually on the right wing

of the stage. The gas lighting is also controlled from the

same point. Most of the lights on the stage are arranged

in borders, or long rows, which contain several circuits of
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lamps of various colors, and are also usually provided with

dimmers. Therefore, the stage switchboard of a large the-

ater is quite a complicated affair compared with the distri-

bution closets used in ordinary work.

In cases where there are a large number of borders of

incandescent lamps, it is inconvenient to divide them into

circuits of only 660 watts, and permission can usually be

obtained from the Underwriters to place more lamps on such

circuits if special care is taken.

9. Stage dimmers are of two kinds, resistance boxes

and reactive coils. The latter are more economical, but can

be used with alternating currents only. Care must be taken

to locate resistance boxes where they can be kept cool by

the circulation of fresh air. Equalizers are used to regu-

late voltages within small limits when large currents are

used, as, for example, to correct unbalancing of the three-

wire system. They are made of small resistance and large

carrying capacity. The following Underwriters' rules

relate to the installation of these appliances:

Resistance Boxes and Equalizers

—

Must be equipped with metal or with other non-
combustible frames.

The word " frame " in this section relates to the entire

case and surroundings of the rheostat, and not alone to the
upholding supports.

Reactive Coils.

—

Reactive coils must be made of non-combustible
material, mounted on non-combustible bases, and
treated, in general, like sources of heat.

Most of the dimmers in common use consist of a resistance

split up into a number of sections, so that the amount of

resistance in series with the lamps may be varied. They
are made in a number of different forms, some of them being

arranged so that their operating handles interlock so that

they may be operated singly or together in any desired com-

bination. Dimmers are, of course, connected in series with

the circuits that they are intended to control.
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WIRING FOR SPECIAL PURPOSES.

10. While in most work of a permanent character the

closet system of distribution, with very slight drop in the

branch lines, is the proper system to adopt, there are

special conditions that sometimes make it desirable to install

wires for a very low price, for temporary or occasional use.

In such installations, the efficiency is of comparatively little

importance, but the proper regulation and uniform voltage

at the lamps are as important as in permanent work.

11. Let us take a case, such as the installation of a thou-

sand 8-candlepower lamps for decorative purposes around

the cornices of a building at a fair, where the wires will be

up for a few days or weeks only. All the lamps are to be

Fig. 2.

burned at the same time. In such a case, it may be eco-

nomical to allow as much as 12.5 per cent, drop on the lines

and use 100-volt lamps on 112.5-volt service. We will

run but one pair of feeder lines around the building, a dis-

tance of 1,000 feet. We desire to have the drop on these

lines such that we will have 100 volts at any point between
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them and 112.5 volts at the terminals. This can only be

accomplished by running the lines in opposite directions

and having' them change in size often enough to secure

practically uniform drop per foot. Fig. 2 (a) illustrates

such an arrangement, and (b) shows the same thing drawn

in a straight line instead of a square. This is sometimes

called the anti-parallel method of feeding.

12. There will be a lamp for every foot. There will be

required 10 branches of No. 11 wire, with 25 lamps on each

branch, as sIioavii in Fig. 2 (/?). Weather-proof wall recepta-

cles will be used. The total length of wire in the mains

is 2,000 feet. The length of wire to any given branch is

1,000 feet; hence, the rate of drop must be 12.5 volts per

1,000 feet. On account of the method of feeding from each

end, it is easily seen in Fig. 2 (I?) that the length of wire

through which the current flows to any point d must be

1,000 feet. The currents that various wires will carry with

a drop of 12. 5 volts are as follows

:

Resistance Amperes
fer 1,000 Feet.

Ampei es.

2.521 = 4.96

1.586 = 7.88

.997 - 12.5

.627 = 19.9

.394 = 31.7

.313 = 39.9

.248 = 50.4

The amperes for larger wires can be be found by consult-

ing the tables in Interior Wiring, Part 2.

Since the lamps are to be 8 candlepower, there will be

about 1 ampere for every 4 lamps, and consequently for

every 4 feet of line (2 wires). In making up a conductor

to have nearly uniform drop, it will be necessary for us to

compromise for all points that do not exactly correspond

with the above-calculated current values. ' For instance, if

we join No. 12 wire to No. 14 wire, it must be at a point

where there is between 4.96 and 7.88 amperes. If we select

Size of Wire.
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lengths of wire that will bring this joint half way between

the points where the wires exactly correspond, it will be

near enough. We then will have results as given by the

following table:

Size

of
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Hence, in the first case if we have a current of 7.88 amperes

32 feet from the end and a current of 4. 96 amperes 20 feet

32 20
from the end, the joint will be 20 -|

—

—r = 26 feet from

the end and 26 feet of No. 14 wire will be required. Also in

the case of the No. 8 and No. 6 wires, we have 19.9 amperes

80 feet from the end and 31.7 amperes 127 feet from the end

;

hence, the joint between the two sizes will be 80 -\

2

= 103.5 feet from the end. In the table, the nearest even

feet are given, so that this is taken as 104. In the case of

the 0000 wire, the distance from the end of the line corre-

sponding to a drop of 12.5 volts works out 1,022 feet, though,

of course, there would not be quite as large a current as

255.1 amperes because the line cannot be longer than

1,000 feet. This quantity is, however, used in determining

the distance (915 feet) of the end of the 000 wire from the

end of the line. The distance of the end of the 0000 wire

must, of course, be 1,000 feet because the cornice is 1,000 feet

long. The lengths in column 5 are obtained by subtrac-

ting the successive values of column 4, for example 65 — 41

= 24, 104 — 65 = 39, etc.

13. Cut-outs of the following amperes capacity would

have to be installed

:

15 amperes, to protect Nos. 14, 12, and 10.

65 amperes, to protect Nos. 8, 6, 5, 4, and 3.

130 amperes, to protect Nos. 2, 1, and 0.

160 amperes, to protect No. 00.

250 amperes, to protect Nos. 000 and 0000.

This statement assumes that weather-proof wire is to be

used. Fig. 3 is a diagram of a portion of the wiring in

place, showing the connections of cut-outs.

11. Another method of wiring for temporary work is to

put up wires on the feeder system just large enough to

carry the current, and then calculate the drop and install

lamps of the required voltage. This is a simple and very
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cheap method. In the case of the border lamps just con-

sidered, if wired in this way, we could use eight pairs of

feeders of No. 10 wire, with 125 lamps per feeder. If we

To endoftine r'/S/t. -* 385ft to Ma/n Cutout
Cutout /60/4m/?eres.

N^OOO

-Cutout CJ^mperes. At- 'J.

V/fM /3lamps.
() () (\) (\) () t) () nj

To Ma.n ^p *. £SJ/t to endof t/ne.

Cutout 7/^ffi

fZLamps /V<?/4 Wire.
() O C) o o o o 'o » o o o o o o

-Z5-
C. P. Lamps

.

Fig. 3.

arrange the feeders as shown in Fig. 4, the lengths of these

feeder lines and the drop on each would then be roughly as

follows, if each lamp required \ ampere. Current in each

K^/H
-/OOOJt "\

Mains carrying fS5 L am^s.
At9iOJeea/

ens.

L7/sfr//?uting

Center.

feeder is if-5- amperes, and No. 10 wire has a resistance of

about 1 ohm per thousand feet. The approximate length

of the feeders will be as given below

:

2 lines 425 feet (2 wires) long, 26. 6 volts drop.

2 lines 300 feet (2 wires) long, 18.8 volts drop.

2 lines 175 feet (2 wires) long, 10.9 volts drop.

2 lines 50 feet (2 wires) long, 3.1 volts drop.

The drop in the first case = if1 X .425 X 2 = 26.0. The

others are found in a similar manner. In the distribution,

about 1 volt would be lost. Consequently, if 125 volts are

supplied, the lamps should have voltages of 97, 105, 113,

and 121 if each lamp requires \ ampere.

15. There are many other methods or plans by which

such a building as this could be wired for a large drop and
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still be furnished with uniform and steady light. The sugges-

tions here given are merely to set the student thinking

about the matter of saving material. By making every

installation a matter of special study, until he has thoroughly

mastered every detail of the business, he will discover many
ways of economizing labor and material that cannot be

brought to his attention in any other way. Before using

any unusual method, however, he should make certain that

there is no objection on the part of the Underwriters or of

the Fire Department to what he proposes to do.

HIGH-POTEKTIAL SYSTEMS.
16. The foregoing rules have applied to systems usinj

550 volts or less. For pressures over 550 volts, the following

rules apply:

HIGH-POTENTIAL SYSTEMS.

550 to 3,500 Volts.

Any circuit attacJied to any machine or combina-
tion of machines which develops a difference ofpoten-
tial between any two wires of over 550 volts and
less than 3,500 volts shall be considered as a high-

potential circuit and as coming under that class,

jiuless an approved transforming device is used which
cuts the difference of potential down to 550 volts or

less.

Wires

—

a. Must have an approved rubber-insulating
covering.

The thickness of the insulating walls must not be
less than those given in the following table for

B. & S. gauge sizes:

From 14 to 1. inclusive, -£f.

From to 500,000 C. M., // covered by a tape or

a braid.

Larger than 500, 000 C. M., -// covered by a tape or

a braid.
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The requirements as to insulation and break-

down resistance for wires for low-potential systems
shall apply, with the exception that an insulation

resistance of not less than 300 megohms per mile

shall be required.

/;. Must be always in plain sight and never en-

cased except where required by the Inspection

Department having jurisdiction.

c. Must be rigidly supported on glass or porce-

lain insulators, which raise the wire at least 1 inch

from the surface wired over, and must be kept

about 8 inches apart.

d. Must be protected on side walls from mechan-
ical injury by a substantial boxing, retaining an air

space of 1 inch around the conductors, closed at the

top (the wires passing through bushed holes) and
extending not less than 7 feet from the floor. When
crossing floor timbers in cellars or in rooms where
they might be exposed to injury, wires must be

attached by their insulating supports to the under
side of a wooden strip not less than \ inch in

thickness.

1 7. It is never advisable to bring high-potential wires

into a building when it can be avoided. The danger to life

due to their presence is greater than the fire hazard. An
arc on a high-potential circuit carrying much current, once

started, will continue to burn even when the points between

which it plays are separated several inches; and a lightning

discharge can easily start such an arc. High-potential

systems of over 500 volts are usually alternating. Series-arc

lighting circuits are the only important continuous-current

high-potential circuits much used in the United States.

With the exception of arc lamps, it is seldom necessary to

bring any high-potential wires inside of buildings. Where

alternating current is used, the line pressure is lowered by

means of transformers, and it is never necessary to bring

the high-pressure wires farther within than to substations or

transformer rooms.

18. Transformers.—The ordinary alternating-current

transformer consists of two separate coils of wire wound on
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an iron core built tip of thin sheets of iron. One of these

coils, \h&primary, has a comparatively large number of turns

and is connected to the high-pressure line. The other coil,

the secondary, has a small number of turns and is connected

to the lamps or other devices to be supplied with current.

The high-pressure current flows through the primary and

sets up an alternating magnetism through the secondary and

induces an E. M. F. that is proportional to the ratio of the

number of turns in the secondary coil to the number of turns

in the primary. For example, if the primary had 500 turns

and the secondary 50, the secondary voltage would be -^,
or y

1^ the primary voltage, and if the primary were supplied

at 1,000 volts, the secondary would deliver 100 volts. The
following rules relate to transformers. Transformers of good

reliable manufacture will stand all the tests named, but some

of the old types made a number of years ago will not.

Special attention should be paid to the rules governing the

installation of transformers in buildings. Cut-outs on such

circuits must be of some pattern especially designed and

approved for the purpose. Ordinary fuse blocks should not

be used for high voltages.

19. Rules Relating to Transformer Construction

and Installation.—

-

Transformers

—

a. Must not be placed in any but metallic or

other non-combustible cases.

b. Must be constructed to comply with the fol-

lowing tests:

1. Shall be run for 8 consecutive hours at full

load in watts under conditions of service, and at

the end of that time the rise in temperature, as

measured by the increase of resistance of the pri-

mary coil, shall not exceed 135° Fahrenheit.

2. The insulation of transformers when heated

shall withstand continuously for 5 minutes a dif-

ference of potential of 10,000 volts (alternating)

between primary and secondary coils and between
the primary coils and core, and a no-load "run"
at double voltage for 30 minutes.
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c. Must not be placed inside of any building,

excepting central stations, unless by special per-

mission of the Inspection Department having juris-

diction.

d. Must not be attached to the outside walls of

buildings, unless separated therefrom by substantial

supports.

( When permitted inside buildings.)

a. Must be located at a point as near as pos-

sible to that at which the primary wires enter the

building.

b. Must be placed in an enclosure constructed of

or lined with fire-resisting material; the enclosure

to be used only for this purpose, and to be kept
securely locked and access to the same allowed only

to responsible persons.

c. Must be effectually insulated from the ground
and the enclosure in which they are placed must be
practically air-tight, except that it shall be thor-

oughly ventilated to the outdoor air, if possible,

through a chimney or flue. There should be at

least 6 inches of air space on all sides of the trans-

former.

20. The greatest danger to be feared in the use of

transformers is the grounding of the primary upon the

secondary wires. This may occur either on account of a

breakdown of the insulation under working conditions or

because of lightning striking the primary wires. Efficient

protection against lightning is an essential part of the out-

of-door and central-station equipment.

WIRING FOR ARC LAMPS.

21. Constant-Potential Arc Lamps.—The use of arc

lamps in multiple on low-potential circuits has already

been considered. Wiring for these lamps is done in practi-

cally the same way as for incandescent lamps, so that no

special comment is necessary. The following special rules

relate to arc lamps operated on low-pressure circuits; a few

rules relating to electric heaters are also given, as they

belong to the same class of work.
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Arc Lights on Low-Potential Circuits—
a. Must have a cut-out for each lamp or each

series of lamps.

The branch conductors should have a carrying capacity
about 50 per cent, in excess of the normal current required
by the lamp to provide for heavy current, required when lamp
is started or when carbons become stuck, without overfusing
the wires.

b. Must only be furnished with such resistances

or regulators as are enclosed in non-combustible
material, such resistances being treated as sources

of heat. Incandescent lamps must not be used for

resistance devices.

c. Must be supplied with globes and protected

by spark arresters and wire netting around globe,

as in the case of arc lights on high-potential cir-

cuits.

Electric Heaters—
a. Must, if stationary, be placed in a safe situa-

tion, isolated from inflammable materials, and be
treated as sources of heat.

b. Must each have a cut-out and indicating

switch; i. e. , a switch to indicate whether the cur-

rent is " on " or " off.

"

c. Must have the attachments of feed-wires to

the heaters in plain sight, easily accessible and pro-

tected from interference, accidental or otherwise.

d. The flexible conductors for portable appara-

tus, such as irons, etc., must have an approved
insulating covering.

e. Must each be provided with name plate, giv-

ing the maker's name and the normal capacity in

volts and amperes.

22. Constant-Current Arc Lamps.—Arc lamps used

for street lighting are nearly always run in series. With

this arrangement the same current flows through all the

lamps and this current has to be maintained at a constant

value by the generator, no matter how many lights may be

in operation. The voltage generated by the dynamo there-

fore varies with the load. For example, suppose each lamp

requires 50 volts; then, if 10 lamps were in operation, the
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generator would have to supply a pressure of 500 volts; if

50 lamps, 2,500 volts; and so on. The current has to be

forced through all the lamps in series; hence, the voltage

increases directly as the load, while the' current remains

constant. This is just the reverse of the constant-potential

system. It is easily seen that if the number of lamps is at

all large, the pressure applied to the circuit has to be very

high; hence, arc lamps connected to such a circuit must be

treated as being on a high-pressure system and wired up

accordingly. Series-arc lamps are used for indoor illumina-

tion, though not as extensively as they once were.

23. In all constant-potential installations, protective

devices are installed to open the circuit whenever the lines

are overloaded or the apparatus does not operate properly.

In constant-current working, the circuit must never be opened

while the dynamo is running. The protective devices used

on constant-potential working must, therefore, never be

installed on constant-current circuits.

All series-arc apparatus is thrown out of circuit by shunt-

ing or short-circuiting the main circuit before opening the

lines upon which the apparatus is connected; in other words,

the following rule must be complied with:

Switches

—

Must, for constant-current systems, close the

main circuit and disconnect the branch wires when
turned "off"; must be so constructed that they

shall be automatic in action, not stopping between
points when started, and must prevent an arc be-

tween the points under all circumstances. They
must indicate, upon inspection, whether the current

be " on " or " off."

24. The general method of installing arc-lighting wires

is similar to that used in other open work, except that the

wires must be rubber-covered and mounted at least 8 inches

apart. They must also be very thoroughly protected against

accidental contact with anything not intended to connect

with them. The following rules apply to the installation of

the wires:
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Wires for Use on Constant-Current Series-Arc
Systems

—

a. Must have an approved rubber insulating

covering'.

b. Must be arranged to enter and leave the build-

ing through an approved double-contact service

switch, mounted in a non- combustible case, kept

free from moisture and easy of access to police or

firemen. So-called "snap switches " must not be

used on high-potential circuits.

c. Must always be in plain sight and never
encased except when required by the Inspection

Department having jurisdiction.

d Must be supported on glass or porcelain insu-

lators, which separate the wire at least 1 inch from
the surface wired over, and must be kept rigidly at

least 8 inches from each other, except within the

structure of lamps, on hanger boards, in cut-out

boxes, or like places, where a less distance is neces-

sary.

e. Must, on side walls, be protected from
mechanical injury by a substantial boxing, retaining

an air space of 1 inch around the conductors, closed

at the top (the wires passing through bushed holes),

and extending not less than 7 feet from the floor.

When crossing floor timbers in cellars or in rooms,

where they might be exposed to injury, wires must
be attached by their insulating supports to the

under side of a wooden strip not less than £ inch in

thickness.

The size of arc wires must not be smaller than that

required by the Underwriters for the current used ; but the

wires should be much larger, on account of the loss in the

lines and for mechanical strength. They should be of the

same size as the wires used by the lighting company in its

outside work, but must be rubber-covered, not weather-

proof.

25. The tendency is to connect more and more arc

lamps on a series circuit. In the early days of electric

lighting, arc machines were made to operate 1, 2, or 3

lamps. The number was increased to 30 or 50, and finally

to 60, where the limit remained for a few years. But
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machines are now built to operate as many as 125 lamps on

a single circuit, and are in quite general use, although the

Underwriters prohibit the bringing of circuits of more than

3,500 volts (70 series-arc lamps) within' buildings. With

45 volts at the arc and 5 volts lost on the line for each lamp,

we have on a 125-lamp machine a total potential difference

of 6,250 volts. A shock received through the human body

from such a circuit is almost sure to be fatal. Too much

care cannot be taken not only to insulate the wires and

locate them out of reach, but also to insulate the lamps.

They should be hung from insulated supports, and not

hooks screwed into the ceiling.

Hanger Boards—
Must be so constructed that all wires and current-

carrying devices thereon shall be exposed to view
and thoroughly insulated by being mounted on a

non-combustible, non-absorptive, insulating sub-

stance. All switches attached to the same must be

so constructed that they shall be automatic in their

action, cutting off both poles to the lamp, not stop-

ping between points when started, and preventing
an arc between points under all circumstances.

Arc Lamps—
a. Must be provided with reliable stops to pre-

vent carbons from falling out in case the clamps
become loose.

b. Must be carefully insulated from the circuit

in all their exposed parts.

c. Must, for constant-current systems, be pro-

vided with an approved hand switch, also an auto-

matic switch that will shunt the current around the

carbons, should they fail to feed properly.

The hand switch to be approved, if placed any-

where except on the lamp itself, must comply with
requirements for switches on hanger boards.

d. Must be carefully isolated from inflammable
material.

e. Must be provided at all times with a glass

globe surrounding the arc, securely fastened upon
a closed base. No broken or cracked globes to be

used.
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f. Must be provided with a wire netting (having
a mesh not exceeding 1^ inches) around the globe,

and an approved spark arrester, when readily inflam-

mable material is in the vicinity of the lamps, to

prevent escape of sparks, melted copper, or carbon.

It is recommended that plain carbons, not copper
plated, be used for lamps in such places.

Arc lamps, when used in places where they are exposed
to flyings of easily inflammable material, should have the
carbons enclosed completely in a globe in such manner as to
avoid the necessity for spark arresters.

For the present, globes and spark arresters will not be
required on so-called "inverted-arc" lamps, but this type of
lamp must not be used where exposed to flyings of easily

inflammable materials.

g. Where hanger boards are not used, lamps
must be hung from insulating supports other than
their conductors.

h. Spark arresters must so close the upper orifice

of the globe that it will be impossible for any sparks
thrown off by the carbons to escape.

26. Incandescent Lamps on Series Circuits.—The
use of incandescent lamps connected in series for street

lighting is quite extensive, but such lamps are rarely brought

inside of buildings. When they are, the rules for other

classes of high-potential work apply, as well as the following:

Incandescent Lamps on Series Circuits

—

a. Must have the conductors installed as required
by the rules for constant-current arc-lamp wiring
and each lamp must be provided with an automatic
cut-out.

b. Must have each lamp suspended from a
hanger board by means of rigid tube.

c. No electromagnetic device for switches and
no system of multiple-series or series-multiple light-

ing will be approved.
d. Under no circumstances can they be attached

to gas fixtures.

Incandescent lamps used on series circuits must be designed

and provided with fittings designed for that purpose. The
rule against series-multiple connections means that a con-

nection such as ten 52-volt lamps in multiple must not be

/. II.—22
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placed in series with a 10-ampere arc-lighting system. The

burning out of 1 or 2 incandescent lamps on such a system

would throw too much current on the others, burn them

out, and destroy the sockets. Many other reasons forbid

such connections.

WIRING FOR ELECTRIC MOTORS.

27. The wireman is frequently called upon to connect

up motors. These are nearly always operated at constant

potential, and the wires are installed as for other wiring of

this kind. They are usually operated on 110, 220, or

500 volts direct current or on similar voltages alternating

current. Alternating-current motors are usually run on

either the two- or three-phase system. Care should be

taken to see that the interior wiring has sufficient capacity,

and in order to determine this, the current taken by the

motor at full load should be known.

It is well to allow a liberal amount of current for small

motors, because of their low efficiency. The efficiency of a

large motor can be learned from the manufacturer; and high-

grade, high-priced machines are more efficient than cheap

ones. This is a most important consideration to the pur-

chaser. For the purposes of wiring, however, it is safe to

figure 90 per cent, efficiency for motors over 10 horse-

power in capacity, 85 per cent, for motors of 5 horsepower

or over, 80 per cent, for motors of 2 horsepower or over,

75 per cent, for motors of 1 horsepoAver, and lower efficien-

cies for motors of smaller sizes. There are 746 watts to a

horsepower. Alternating-current motors take somewhat

more current for the same output than those operated on

direct current. The accompanying table gives the approxi-

mate value of the current in the lines for motors of various

sizes and voltages. These figures would vary somewhat in

individual cases, because the efficiency and other character-

istics of motors vary considerably. The current taken by

a motor at full load is usually given by the makers on the

name plate of the machine. If it is not given, the table will

serve as a guide in determining the size of wire to be used.
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After the full-load current of the motor has been deter-

mined, the size of the wire is arrived at in the same way as

if the wiring were being done for lights.

28. Motors should not have much drop in the wiring, or

they will not regulate properly ; but drop upon motor cir-

cuits does not affect motor regulation to the same extent as

drop on lighting circuits affects the light. The following

rules relate to the installation of motors

:

Motors

—

a. Must be insulated on floors or base frames,

which must be kept filled to prevent absorption of

moisture, and must be kept clean and dry. Where
frame insulation is impracticable, the Inspection

Department having jurisdiction may, in writing,

permit its omission, in which case the frame must
be permanently and effectively grounded.

A high-potential machine which, on account of great
weight or for other reasons, cannot have its frame insulated,

should be surrounded with an insulated platform. This may
be made of wood mounted on insulating supports and so

arranged that a man must stand upon it in order to touch
any part of the machine.

In case of a machine having an insulated frame, if there

is trouble from static electricity due to belt friction, it

should be overcome by placing near the belt a metallic comb
connected to the earth or by grounding the frame through
a very high resistance of not less than 200 ohms per volt

generated by the machine.

b. Must be wired under the same precautions as

required by rules for wires carrying a current of the

same volume and potential.

The leads or branch circuits should be designed to carry

a current at least 50 per cent, greater than that required by
the rated capacity of the motor to provide for the inevitable

overloading of the motor at times without overfusing the

wires.

c. The motor and resistance box must be pro-

tected by a cut-out and controlled by a switch, said

switch plainly indicating whether "on" or "off."

Where ^ horsepower or less is used on low-tension

circuits, a single-pole switch will be accepted. The
switch and rheostat must be located within sight

of the motor, except in such cases where special
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permission to locate them elsewhere is given, in

writing, by the Inspection Department having
jurisdiction.

d. Must have their rheostats or starting boxes

located so as to conform to the requirements of

other resistance boxes.

In connection with motors, the use of circuit-breakers,

automatic starting boxes, and automatic underload switches
is recommended, and they must be used when required.

e. Must not be run in series-multiple or multiple-

series, except on constant-potential systems, and
then only by special permission of the Inspection

Department having jurisdiction.

/. Must be covered with a waterproof cover

when not in use, and if deemed necessary by the

Inspection Department having jurisdiction, must be

enclosed in an approved case.

From the nature of the question the decision as to what is

an approved case must be left to the Inspection Department
having jurisdiction to determine in each instance.

g. Must, when combined with ceiling fans, be
hung from insulated hooks, or else there must be

an insulator interposed between the motor and its

support.

h. Must each be provided with a name plate,

giving the maker's name, the capacity in volts and
amperes, and the normal speed in revolutions per

minute.

29. Motor starting boxes with automatic release, to

open the circuit if the motor is overloaded or if the current

is cut off for any reason, such as the opening of the main

switch, have come into very general use. They are a very

great protection to the motors, and are much more conveni-

ent than the old starting boxes. Automatic circuit-breakers

can be installed to answer very nearly the same purpose.

The Underwriters' rules prohibit the operation of motors

or lights from street-railway circuits, except in street cars,

car barns, or railway power houses. The reason for this is

that one side of a railway system is grounded to the rails,

and the installation of motors or lights would always intro-

duce more or less fire risk.
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BELL WIRING.
30. Electric bells, burglar alarms, and electric gas-

lighting appliances bring in another class of wiring with

which the wireman has to deal. If these appliances are put

in properly, they may be a great convenience ; if not, they

are continually getting out of order and may prove to be a

regular nuisance. This class of work is often slighted and

put up in a cheap manner, but it will pay in the end to

have it put up carefully. The bells and annunciators which

show from what point the bell was rung are operated by

primary batteries, which are of low voltage, and no fire

hazard is introduced if the bell wires are kept well separated

and insulated from electric light and power wires.

THE ELECTRIC BELL.

31. The electric bell is a very simple piece of apparatus.

In Fig. 5 is shown a type of skeleton bell, in which all the

parts are visible. The battery wires

are connected at the terminals /, t'

,

and the course of the current is as

follows : From the terminal t to the

adjustment screw s, which is tipped

with platinum in order to prevent

oxidation of the contact surface,

through the spring / and the end p
of the armature to the coils of the

magnets m, m', and out at the ter-

minal f. When no current is pass-

ing, the armature is held away from

the poles of the electromagnets, as

in the position shown, but as soon as

a battery circuit is closed and a cur-

rent sent through the coils, the mag-
FlG

- 5. nets become energized and attract

the armature a, which swings about the pivot/, causing the
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hammer h to strike the bell. This movement breaks the

circuit between .? and /, and the iron cores being thereby

demagnetized, the spring c draws the armature away, when

the spring / again touches the screw s, completing the cir-

cuit. As long, then, as the battery current is free to flow,

this vibration of the armature and hammer will continue.

The tension of the release spring c may be changed to suit

the strength of the battery by means of the regulating

screw r, which is provided with nuts for this purpose on each

side of the supporting pillar. The bell mechanism is usually

enclosed to prevent entrance of dust or insects, which may
interfere with the working of the bell by lodging on the

contact points, thereby preventing the current from passing

through the magnets.

32. The bell just described is of the common vibrating

class. When a bell is required to give a single stroke each

time the circuit is closed, that is, for each pulsation of cur-

rent, a slight difference in the connection of the ordinary

bell is necessary. A wire is connected between the end of'

the magnet coil m and the terminal t, so that the circuit is

simply from one terminal to the other through the coils.

Hence, when a current passes through the coils, the arma-

ture is attracted and held, a single stroke being given to the

bell; on interrupting the current, the armature is drawn

back to its normal position by the spring c.

33. The "buzzer, shown in Fig. 6, is used in places where

an electric bell would be undesirable, as in small, quiet

rooms or on desks, and is constructed on the same principle

as the bell except that the armature does not carry a ham-

mer. In the illustration, the cover c is removed, showing

the magnet coils m, m! and the armature a. An adjusting

screw s is provided to regulate the stroke of the armature

and the consequent intensity of sound. The wires from the

push button and battery are secured at d and e, and on clo-

sing the circuit, the rapid vibration of the armature causes

a humming or buzzing sound, whence the name.
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Buzzers are generally used for signaling between the

dining room and kitchen, as a bell usually makes too much
noise for this purpose.

Fig. C.

34. The circuit-closing devices used on bellwork usually

take the form of a push, button. These are made in all

sorts of styles. The very cheap

ones are seldom satisfactory.

Bronze push buttons should be

used where exposed to the

weather. Fig. 7 shows the or-

dinary round push button. The
wires enter through holes in the

base and attach to springs b and

c. The cover d screws on, and

when e is pushed, b and c come
together, thus completing the

circuit.

One cell of any good type of

battery will ring a good bell over

a short length of wire, but it is never advisable to rely upon

less than 2 cells even on the smallest installations. When sev-

eral cells are connected together to form a battery, the zinc

of one must be joined to the carbon of the next and the free

fig.
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terminals at the ends of the row of cells connected to the

line wires.

35. Electric bells can be had of all sizes, from mere

tinklers up to the largest fire gongs. Very cheap bells

should not be used. They require much battery power,

and soon get out of order. Trouble is usually found first at

the contact points or the armature pivot. Contact points

should be tipped with platinum or silver; platinum being

much the better material for this purpose, as it never cor-

rodes or tarnishes, but it is more expensive than silver,

which is much used.

36. In an ordinary dwelling there are usually not less

than three electric bells, one located at a convenient point

in the hall with a push button at the front door; one in the

kitchen with a push at the back door, and one, a buzzer,

located in the kitchen with a push in the dining-room floor.

These bells may all be operated by the same battery. The
battery should be placed in a cool place, but where it never is

cold enough to freeze; preferably in the cellar, where the

air is not so dry that the water in the cells evaporates rapidly.

Cells should not be allowed to become dry. Water should

be added from time to time so as to keep the level of the

solution up to the proper height, which is usually marked
on the glass jar.

BATTERIES.

37. Many different types of cell are manufactured that

are suitable for bellwork. Most of those used for bellwork

are of the open-circuit type. They are intended to furnish

current for short intervals only and will run down if used

continuously. Crosses between the wires or grounds will

often cause the cells to run down rapidly. Most of these

cells will recover to a certain extent if allowed to stand for

a while on open circuit, but they should never be allowed

to become short-circuited if it is possible to avoid it.
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The cells in ordinary use on bellwork have electrodes of

zinc and carbon and contain a solution of sal ammoniac
(ammonium chloride). Sometimes they also contain a

"depolarizing" agent, such as manganese dioxide. The
effectiveness of a carbon-zinc cell depends largely on the

materials of which the carbon element is made and the skill

used in its manufacture. Burning the carbons too much or

too little in the process of manufacture makes them inferior.

Some manufacturers make inferior carbons and then treat

them with sulphuric acid, to make them operate with vigor

when first installed. Such cells soon become polarized, and

in the course of a few weeks or months are very inferior,

not because of the acid so much as because of the poor

quality of the carbon.

Where batteries are to stand considerable use, cells with

depolarizing agents must be employed. Where batteries

are worked very severely, being in almost constant use,

more expensive cells must be employed. Where there are

facilities for charging, storage batteries are very convenient

for this kind of work. Dry cells are used to a considerable

extent in connection with light bellwork and portable elec-

trical devices. There are many varieties of electric cells,

some of which are very useful and economical, but they all

require more or less care. The study of the merits and

demerits of these devices is not within the scope of this

Course.

38. The Ijeclanclae Cell.- -Fig. 8 shows a type of cell

that has been largely used for bellwork. It consists of

a porous cup P, containing the carbon electrode C, to which

a binding post B is attached; also a zinc rod Z, both being

enclosed in a glass jar with a contracted top. The zinc rod

is provided with a binding screw 2?
1?

which serves as the

negative terminal of the cell, B being the positive terminal.

Before the battery will furnish current, the jar must be

filled to the point shown in the cut with a saturated solu-

tion of sal ammoniac, and in connecting up, the zinc of one

jar is joined by a short piece of wire to the carbon of the
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next. This gives the series grouping, which is usually

required in bellwork. When, after considerable use, the

current from the cells becomes feeble, it will be necessary to

replace the liquid, but it

frequently happens that

the power may be restored

by the addition of a lit-

tle water to make up

for evaporation. The zinc

will in course of time be

consumed, and must be

replaced, and the sal am-

moniac may also be re-

newed at the same time,

although it should last

longer than a single zinc

rod of the usual size

(f inch diameter).- After

five or six rods have been

used, the material inside

the porous cup will no

longer act effectively, and

this means practically a

new carbon and cup, since they may be procured very cheaply.

In the case of renewal of a large number of cups, they may
be returned to the manufacturer and recharged by him.

39. Carbon cylindei' cells are a modified form of the

Leclanche. Sal ammoniac is used as the exciting fluid, or

electrolyte, but the porous cup is omitted. In its place a

carbon cylinder is used that presents a large surface, and

hence makes the cell have a low internal resistance.

Fig. 8.

AXUSTUNCIATORS

.

40. When a number of push buttons are installed, it is

necessary to have an indicating arrangement to show from

which button the bell is rung. The instrument used is
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called an annunciator. One ordinary house style is shown

in Fig. 9. On the face are rows of small windows, before

one of which an indica-

tor appears when the

bell rings, showing from

which room the signal

has been sent. A han-

dle h at the side is

intended to be used to

restore the indicators to

their normal position

when the call is answered.

A view of the indicator

itself is given in Fig. 10.

A hinged arm a carries a

card bearing the name
or number of the room
to which the drop is .con-

nected, and is held up in

the position shown by a

counterbalanced trip / in

front of an electromag-

net m. As soon as the current passes through the electro-

magnet, the trip is attracted and the indicator falls, being

then visible from the outside

through one of

in the front.

Fig. 9.

the openings

41. The needle annunci-

ator. Fig. 11, is a style much
used in hotels and for eleva-

tors. The current on passing

through the electromagnet of

an indicator attracts a pivoted,

iron armature carrying a pointer P on the outside dial,

causing it to set in an oblique position, in which it is held

by a catch until released by pressing the knob k below the

case. Annunciators may be obtained in almost any desired

Fig. 10.
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finish and for any number of drops. One type that has

lately become very popular is the self-

restoring annunciator. In the ordinary

instrument the drops must always be put

back after a call comes in. Sometimes this is

not done, and consequently one is at a loss to

know, when several are down, which button

has been pushed. Self-restoring annunci-

ators are constructed so that when a button

is pushed, its corresponding drop falls and

remains down until the next call is sent in.

This operates a magnet that moves the

restoring device and resets the first drop.

Self-restoring annunciators are somewhat
more liable to get out of order than the

simple kind and some of them require more
battery power. They are, however, a great

convenience, and are rapidly finding favor.

They are wired up to the buttons in the same
way as an ordinary annunciator, as the restoring device is

wholly within the annunciator itself.

RTTXSTN'G BELL WIRE.

42. There are no regulations governing the insulation

used on bell wire. That generally used is known as annun-

ciator wire and is usually No. 16 or No. 18 B. & S. copper-

covered, with two wrappings of cotton treated with paraffin.

This wire is cheap, but it is not moisture-proof, and the

insulation does not adhere very firmly to the wire. How-
ever, it will work satisfactorily if it is carefully put up and
is run in a dry place. For really good work, weather-proof

office wir.e should be used. The insulation on this wire is

heavier than on the annunciator wire and adheres firmly

;

it is also damp-proof. If it is necessary to run bell wires

where they will be exposed to considerable moisture, the best

plan is to use rubber-covered wire.

The size of wire used is generally No. 16 or No. 18 B. & S
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It will pay to use nothing smaller than No. 16, because the

cost is very little more and the line resistance is thereby

reduced. Also the batteries work to better advantage and

the line is mechanically stronger. For the main-battery wire

in large installations, No. 14 may be used to advantage.

Bell wires are often stapled to woodwork, especially when
bells are installed in old houses. If any stapling is done,

care should be exercised not to drive the staples so hard that

they cut through the insulation and break the wire. Do not

fasten two wires down under the same bare staple. Special

staples, using a small saddle of leather between the wire and

the top of the staple, are made for this work. When bell

wires are run in new buildings, they may usually be run

through holes in the beams, and they should be grouped

together as much as possible. By doing this, the wires are

run in an orderly manner and very little stapling is needed.

In the best class of work, bell wires are sometimes run in

conduits, but no matter how they are run, all circuits should

be carefully tested out after they are put up to make sure

that there are no grounds, breaks, or crosses. See that all

bell wires are kept well away from electric-light wires.

BELL AND ANNUNCIATOR CIRCUITS.

Simple Bell Circuit. — A simple bell circuit is43.

shown in Fig. 12.

A

<2>
p

S_£

A battery of two Leclanche cells <~, c con-

nected in series furnishes

current to the bell b,

located at any part of

the house, and the push

button p is placed at

any convenient point.

Fig. 12.

44. Two Bells Oper-

ated From One Point.—
It is frequently necessary

to ring two or more bells

from one push button.
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S-i

@

L|i|h*

Fig. 13.
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I

This may be accomplished by one of two methods. One is

to connect the bells in multiple arc across the leads, as in

Fig'. 13, so that each one

is independent of the

others, the bells a, b be-

ing on separate branches.

The battery B is repre-

sented in this diagram

in the manner generally

adopted, the fine line indi-

cating the carbon of the

cell and the heavy line

the zinc. The other meth-

od, making use of a series

arrangement, is shown in Fig. 14. This is often preferred

to the first method, because there is usually a saving of

wire in its use, but it is

necessary to change all

but one of the bells to

single stroke. The reason

for this is that, unless the

bells were exactly similar

in their adjustment, the

period of vibration, or rate

of swing, of the armatures would be different, and the inter-

ference would prevent satisfactory ringing of the bells. If,

however, one bell is free to vibrate and the rest are all

changed to single stroke, very little adjustment of each one

will be required to produce

a strong clear ring.

45. One Bell Operated
From Two Points.—When
it is desired to ring a bell

from two different places,

a simple series circuit can-

not be used, because there

would be a break at each

<§>

Fig. 14.

Q)p H>

41
Fig. 15,
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push button and a current would not flow unless both but-

tons were pressed at once. The second button must then

be in parallel to the first, as

in Fig. 15, so that Avhichever
LS_E

O (ST

Fig. 16.

button p or p' is pressed,

(j the circuit through the bell b

and battery B is completed.

46. Figs. 16 and 17

show two arrangements of

wiring for ringing two bells

simultaneously from three

different points. The bells

a, b are connected in parallel in Fig. 16, but they may be

put in series, if desired, as in Fig. 17, provided one of them is

changed to single stroke. In the case of an actual installa-

tion, it might be necessary

to run the wires in some
other manner than as here

laid out, depending on the

construction of the build-

ing; but, from the direc-

tions already given, it

should be an easy matter

to devise the best ar-

rangement. The choice be-

tween series and parallel connection of the bells will depend

on which is more economical in copper for the line wires.

Placing the bells in multiple requires a larger volume of

current to be supplied than when they are in series, because

the total current subdivides among all the bells. This calls

for a large battery and large wires. When the branch

circuit containing one bell is very much longer, and hence

of higher resistance than the branch containing another

bell, the current will not divide equally between the two
bells, and hence the parallel arrangement may not be satis-

factory in such cases. Placing the bells in series requires an

additional cell or two, but no larger wire is required.

Fig. 17.
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47. Wiring: for Three Bells and Three Push But-
tons.—Fig-. IS shows a plan of wiring that is often used for

FrontDoorBe//

Q
Bear Door Be//.

Buzzer

rs^i

FronfDoorPush

©

<3>-
Dm/noffoomPus.h

RearDoorPush

Fig. IS.

the bell system in a small dwelling where no annunciator

is used.

4:8. Wiring* for Simple Annunciator.—A wiring dia-

gram for a simple annunciator system is shown in Fig. 19.

The pushes 1, 2, 3, etc. are

£7 ®2~ ~3©1

<§*_ 4 ^

located at convenient points

in the various rooms, one

terminal being connected

to the battery wire b and

the other to the leading

wire / communicating with

the annunciator drop corre-

sponding to that room. The
battery wire is run from

one pole of the battery direct

to one side of each of the

pushes. The other side of

each push is then connected

to its drop on the annun-

ciator. A battery of three or four Leclanche cells is placed

at B in any convenient location, but should not be set in a

dark or inaccessible spot or be exposed to frost.

Fig. 19.

;. U.—23
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49. "Wiring for Return-Call Annunciator.—In Fig. 20

is illustrated a return-call system requiring one battery-

wire/ h b, one return wire r,

and for - each room one

leading wire lv /
2 , etc. The

annunciator board is di-

vided into two parts, the

upper part having the num-
bered drops and the low-

er the return-call pushes.

Each room is provided with

a double-contact push, such

as that shown in Fig. 21.

The tongue / makes con-

nection normally with the

upper contact c, but when
pressure is put on the but-

ton k, the tongue is forced

against the lower contact c'.

The return-call pushes on

the lower board of the an-

nunciator are of the same

description. In Fig. 20 all

these pushes are shown diagrammatically, for convenience

in tracing out the circuits. The closure of the circuit in any

room, as, for example, No. Jf, releases the corresponding drop

and rings the office bell /. The path of the current is then

from the push Jf. through

c-d-c-f-g-B-h-o, and back

to the lower contact of the

push button. On the return

signal being made from the

office, the annunciator-bell

circuit is broken at d, and,

the push button in the room
being released, a new circuit is formed through k, as follows:

from the battery B through g-m-r-n-o-a-c-k-p to the bat-

tery, the room bell being in this circuit.

fig. 20.

Fig. 21.
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50. In installing annunciator systems, it is usual to

run the battery wire, which is No. 14 or 16 annunci-

ator wire, through the building at some central portion.

If there are many rooms, it will be advisable to splice

on a length of No. 18 wire to extend from the push

in each room to the battery wire. The connection from

the other side of the push button to the annunciator, that

is, the leading wire, should be No. 18. For the return-

call system, a battery of four or five Leclanche cells is

required.

All wires used in annunciator service should have dis-

tinguishing colors to prevent confusion.

The battery wire may be blue, the

return wire red, and the leading wires

white. This arrangement will greatly

simplify the connections and reduce the

liability of mistake.

51. Wiring- for Elevator Amrtmci-
ator.—The wiring for an elevator annun-

ciator does not differ greatly from that

of a simple annunciator; in fact, the

scheme of connections is essentially the

same. A battery wire /;, Fig. 22, is run

up the shaft and connected to each push

button on the different floors. The return

wires from each button are then carried

to a point a at the middle of the shaft,

where they should terminate in a small

connection board, so that they may be

readily disconnected from the wires in the

cable running to the cage e. The wires

running from the connection board to the

cage are in the form of a flexible cable,
. . Fig. 22.

which is made especially for this kind

of work. This cable contains one more wire than

are push buttons, because it has to provide for the

wire r.

there

return
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SPECIAL APPLIANCES.

52. The Automatic Drop.—For special alarm purposes,

it is sometimes desirable that the bell should continue to

ring after the push is released. This is accomplished by the

use of an automatic drop, which closes an extra, or shunt,

circuit as soon as a current passes along the main circuit.

A B
Fig. 23.

Fig. 23 shows two views of an automatic drop, A being a

side elevation and B a front view with the cover removed.

There are three terminals on the baseboard; those marked a

and b are connected to the ends of the magnet coil, the end

at b being also connected to the frame/"; terminal c makes
connection to the spring contact d, which is insulated from
the frame and all other wires. The bell circuit is closed first

through a-b by means of the push button; the armature e

is at once attracted, there-

by releasing the rod piece^,

which falls by gravity and

makes contact with the

spring d, establishing a

circuit between b and c,

which short-circuits the

push button and magnet
coil of the drop.

53. The connections

for the automatic drop are

fig. 24. shown in Fig. 24. The

M

-©?-
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circuit obtained, on pressing the push button />, is from the

positive pole of the battery B through the push to the

terminal a of the drop, through the magnet coils to d, and

then through the bell to the negative pole of the battery.

As soon as d falls, the magnet coils are cut out, the current

being diverted at e, and passes by way of the new contact

from c to l\ and thence through the bell and back to the

battery.

54. Two-Point Switch..—When two bells are arranged

to ring from one push button,

it is sometimes desirable to

cut one of them out during

some part of the day. For

this purpose a small switch,

Fig. 25, is used, by means of

which one bell, when connected

in series with the other, may be

short-circuited. The wires are

run to the back of the switch, FlG
-
25-

one connection being to the lever arm at a, the other to the

contact piece b.

55. Door-Openers.—In apartment houses, banks, and

other places, it is often convenient to have the latch on a

door arranged so that the door may be unlocked from some

distant point. For this purpose door-openers are used.

These are made in a number of different styles, the mecha-

nism differing with the different makes. In all of them, how-

ever, the unlocking is effected by means of an electromagnet,

which is connected to the push and battery in the same way

as an ordinary bell.

56. Operating- Bell From Highting- Circuit.—It is

sometimes convenient to operate an electric bell from an

incandescent lighting circuit. This may be done where direct

current is used to operate the lamps, but if alternating current

is used, an ordinary bell will work very poorly, if at all. Of

course, it is necessary to use a resistance in connection with
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the bell in order to limit the current. The amount of resist-

ance will depend on the kind of bell used, because some bells

require much more current than others. Incandescent lamps

make a cheap and convenient form of resistance. Fig. 26 (a)

shows a bell a and push button b in series with 4 lamps /

across a 110-volt circuit. This is the simplest scheme of con-

nection, but there is apt to be bad sparking at the contacts

on the bell, because the voltage across the break rises to

//Ol/.

i_

ft(o Q
^

no V.

\

6(0

(a)
V~lT^l

(b)

Fig. 26.

110 volts at the instant the circuit is broken, (b) shows the

bell shunted across one of the lamps, in which case the

voltage at the break would be much smaller. The operation

of bells from lighting circuits is not to be recommended
unless the bell wiring is done as carefully and with a view

to as good insulation as the light wiring. Ordinary bell

wiring put up with staples, etc. should not be connected to

any source of pressure exceeding 10 volts, and it would be

decidedly unsafe to connect it to a 110-volt circuit.

BURGLAR ALARMS.

57. Automatic switches may be placed on windows and

doors, in connection with alarm bells, to indicate when
entrance into a building is being forced. There are two

methods of installing these alarms: the open-circuit and the

closed-circuit systems. In the open-circuit system, which

is the one usually employed, the connections are similar to

those of an ordinary electric-bell circuit, the automatic
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circuit-closing device being substituted for the push button.

A window spring used in this system is shown in Fig. 27.

This is let into the window frame, the cam c alone projecting;

when the window is raised, the cam is pressed

in, revolving about the pin p y
and makes contact

with the spring s, which is insulated from the

plate by a washer at the lower end and is nor-

mally prevented from touching the cam by an

insulating wheel w. The wires from the bell

and battery are connected to the plate and

spring, respectively. The annunciator used is

much the same as that employed for bellwork,

but additional, convenient attachments are usu-

ally placed on it, such as a device to keep the

bell ringing until the annunciator is reset, a

clock to connect and disconnect the system at

certain hours, etc. The annunciator is usually

equipped with a small button over each drop,

which when pushed will complete the circuit

and cause the drop to fall if there happens to

be any door or window open. These are very

useful for testing out to see if everything is

closed. All these appliances belong to the an-

nunciator itself and do not affect the general plan of wiring,

which is carried out in the same way as for bell wiring.

58. In the closed-circuit system, automatic switches

of various styles are used, but the contacts are held together

Fig. 27.

Fig. 28.

when the alarm is set, and a movement of the window or

door breaks this contact. Two batteries are required for
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this system, one being a closed-circuit gravity battery indi-

cated at b in Fig. 28, connected in series with a resistance r

of about 200 ohms, the magnet coils of the bell a, and the

alarm switch s. The armature of the bell is thus held away

from the back contact c. The open-circuit Leclanche bat-

tery b' is connected to this contact and to the far terminal

of the magnet coils; this circuit is therefore normally open,

but as soon as the main circuit is opened by moving the

alarm switch, the spring on the armature of the bell presses

it against the back contact, thereby closing the local circuit

through the bell.

59. Fig. 29 shows a crowfoot or gi*avity cell, the type

generally used when a small current has to be furnished con-

tinually. A sheet-copper electrode is placed at the bottom

of the jar along with

crystals of copper

sulphate. A solu-

tion of zinc sulphate

covers the zinc, and

on account of the

copper-sulphate so-

lution being more

dense than the

other, the two solu-

tions do not mix,

hence the name
gravity battery.
The top solution

should be drawn off

from time to time

and water added.

If the dividing line

between the solu-

tions gets up as high

as the zinc, a dark deposit will be formed on the zinc and

the battery will become inoperative. This upward diffusion

of the copper sulphate will occur if the cell is left standing

Fig. 29.
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on open circuit. These cells will deliver a small, steady cur-

rent, but their output is not large and they are rather expen-

sive to maintain. The closed-circuit burglar-alarm system

is little used in ordinary work in connection with dwellings.

It is usual when connecting up burglar-alarm annun-

ciators to group the windows or doors; i. e., the contacts on

several doors or windows are connected in parallel and

attached to one drop. To provide a drop for each door and

window would require too large an annunciator and would

cost too much for the ordinary run of work.

ELECTRIC GAS LIGHTING.

BURNERS FOR PARALLEL SYSTEM.

60. In the application of electricity to gas lighting, a

spark is caused to pass between two conductors, placed near

the burner, at the same time that the gas is turned on. In

the parallel system of lighting,

each burner is independent of all

the others, having direct con-

nection between the battery wire

and ground. Three different

styles of burner are used: the

pendant, the ratc/iet, and the

automatic burner.

61. The pendant burner
is shown in Fig. 30. A well-

insulated wire is brought to the

burner and secured under the

head of the screw s, thereby

making connection to the sta-

tionary contact piece c, which is

fastened by a screw / to the

frame/" and insulated from it by

washers w. On pulling the pend-

ant r downwards, the spring a fig. 30.
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is drawn across c, and, on passing off at the upper side, the

break causes a spark which, when the gas has been turned

on, will ignite it.

62. The ratchet burner is very similar to the plain

pendant, but is provided with a ratchet and pawl operated

by a pendant, a downward pull turning on the gas at the

same time that the spark is produced. A second pull extin-

guishes the gas.

63. The automatic burner is shown in Fig. 31 with

the cover removed. Two wires must be provided, running

from a double push button, one of them leading to the wire a

and the other to b. The circuit from a is through the left-

hand magnet coil c to the

insulated band d, which

has a projection e at one

side. Upon this rests a

metal rod r, bent at the

upper end and termina-

ting in a contact piece; at

the lower end the rod is

grounded by connection

with the frame f. Each
magnet coil has an arma-

ture g or g' Avith a pro-

jecting finger on the inner

side. When current is sent

through the magnet c, the

armature g is raised and

turns the gas valve v by

striking one of the pins.

At the same time the rod r

is pushed up, thus breaking the circuit at a point where the

gas is escaping and producing a spark that will ignite it.

To provide for certain action, the sparking should continue

later than the instant of turning on the gas, and this is

effected by the use of a spring to restore the circuit. The

Fig. .31.
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rod r is forced upwards against the spring s, but when the

circuit is opened at the spark gap, the spring presses the

rod and armature down again, and the. circuit being thereby

closed, a spark is again produced on opening. This continues

as long as the push button is pressed, the action being simi-

lar to that of an electric bell. The second coil h is grounded
at the inner end, and when a current is sent through, the

armature g' is raised, turning the valve and cutting off the

supply of gas. Automatic burners are very convenient

where it is wished to light or extinguish a gas jet from some
distant point. They are used principally in hallways where
it is desired to light or extinguish the gas from any floor.

ARRANGEMENT OE LIGHTING APPARATUS.

64. To light gas by electricity, a spark of considerable

intensity must be produced. This can be done by means of

batteries and induction coils or by

an electrostatic discharger. For

the parallel system used with the

burners just described, a spark
coil is employed to supply a good
spark. Fig. 32 shows an ordinary

spark coil. It is made up of an iron core about f inch in

1 W I
Fig. 33.

diameter and 8 inches long. This core is built up out of
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soft-iron wire and is wound with 5 or 6 layers of No. 18 mag-

net wire. The coil k is connected in series with the cells r,

as indicated in Fig. 33. The battery should have at least six

cells for satisfactory service. One end of the coil is con-

nected to the gas pipe/. When the pendant is pulled, the

tip makes contact and a current is established through the

circuit. When the circuit is broken, the self-induction of

coil k causes a bright spark at the break.

65. Wires for this purpose are usually run on the out-

side of the gas fixtures, but they may be concealed if there

is sufficient room between the fixture shells and the gas

pipe. It is advisable to use wire provided with good insu-

lation for this kind of work, for the wires are particularly

likely to become grounded upon the fixtures to which they

are fastened. Where fixtures are wired on the outside, the

wires should be painted or made with the proper colored insu-

lation, so as not to show ; but they must not be painted with

bronze or metallic paint, which would penetrate the insula-

tion and cause grounds, unless rubber-covered wire were

used.

66. To make the location of grounds easy, it is advisable

to run separate wires from a distributing point near the

battery to each fixture or group of fixtures. The wires

can be connected together at that point by means of a con-

necting board, at which any fixture can be disconnected.

This makes the location and removal of grounds an easy

matter. Fig. 34 shows the general arrangement of a sys-

tem using both plain pendant and automatic burners.

The .distributing board is shown at D. The automatic

burner is provided with a double push button c. When
the dark button is pressed, the light is extinguished; when

the light button is pushed, the gas is turned on and

lighted.

In the above diagrams the gas pipe has been used as part

of the circuit. This is done where the fixtures use gas only.

Where electric light is used on the fixtures, the gas pipe
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must not be used as part of the circuit. The connections

are, however, essentially the same. All that is necessary is

F3

B
-mil

o—A—A—o J)

3-
Sparrt

Co//.,

Fig. 34.

to use an additional wire instead of the pipe. The following

Underwriters' rules relate to gas-lighting wiring in connec-

tion with electric-light fixtures.

Electric Gas Lighting.—
Where electric gas lighting is to be used on the

same fixture with the electric light:

a. No part of the gas piping or fixture shall

be in electric connection with the gas-lighting cir-

cuit.

b. The wires .used with the fixtures must have
a non-inflammable insulation, or, where concealed
between the pipe and shell of the fixture, the insu-

lation must be such as required for fixture wiring
for the electric light.

c. The whole installation must test free from
" grounds."

d. The two installations must test perfectly free

from connection with each other.
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67. Since the battery is momentarily short-circuited

every time a spark is obtained, it would soon run down if

the contacts on the burner were to remain permanently

touching. To give notice of this, a relay (Fig. 35) may be

used in series with the battery, the current entering at b and

passing out at c, after circulating around the coil. The
magnetic circuit is completed by an armature a, which is

held back against a stop by the weight w when no current

Fig. 35.

is passing. If a short circuit occurs, the armature is

attracted, and the spring d is pressed against the platinum-

tipped screw s, completing a local circuit by means of the

wires e, f through a vibrating bell and one-cell battery.

The current used in lighting the gas at a burner is of such

short duration that the bell is not rung. A modification of

this arrangement is to provide an armature on the spark

coil itself, which shall close a local alarm circuit when the

battery is short-circuited.
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APPARATUS FOR MULTIPLE-LIGHTING STSTEM.

68. The multiple, or flash, system, of gas lighting is

used in large halls where many lights are installed in groups.

A fixed spark gap is used at each burner, both of the points

being insulated from each other and from the gas pipe,

except the last point of a series, which

is grounded. The style of burner used

is shown in Fig. 36, in which a and b

are the points of the spark gap. To
complete the connection between con-

secutive burners, a fine, bare copper

wire, about No. 26 gauge, is stretched

across, being secured through the small

holes at the lower ends of the strips «, b.

The body of the burner is made of some

insulating substance, and a flange of mica in is added to

give further protection. Since one circuit may consist of a

large number of burners, it will be seen that the E. M. F.

must be very high to force a current across so much air

space, and to insure success, the wiring must be installed

Fig. 36.
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Pig. 37.

with the greatest precaution. The wire should nowhere be

nearer to the gas pipe than 1\ inches; if, however, it is

necessary to approach more closely, the wire should be

enclosed in glass tubing.

The apparatus required for this system of gas lighting

consists of an induction coil i, Fig. 37, operated by a bat-

tery B and used with a condenser c across the spark gap of

the primary/. The condenser cuts down the spark at the
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circuit-breaker, for this spark would be very destructive

in the case of a large coil. The fine-wire secondary s is

grounded at G, and the other

terminal is connected to the line

wire passing to the burners.

69. Fractional machines
are also used in the multiple-

lighting system. These gener-

ate static electricity, and in

many cases are more reliable than

induction coils, as there is no

battery to get out of order.

One form of this machine is

shown in Fig. 38. One of the

terminals / is to be connected

to the switch handle s and the

other g to ground. The ma-

chine is rotated by means of the

handle h, and the switch is moved from one contact to. the

next, lighting the gas on each circuit 1, 2, 3, 4 m rapid

succession.

Fig.



INDEX

NOTE.—All items in this index

to the page of the section. Thus, "

be found on page 29 of section 28.

A Sec

Adjustments for arc lamps.... 18

Alternating-current ammeters
and voltmeters.. 17

" current arc-light

dynamo 19

" current circuits,

Measurement of

power on 14
" current constant-

current system.. 16
" current constant-

potential, en-
closed-arc lamp. 18

" current constant-

potential system 16

" current dynamos
for incandescent

lighting- 16
" current, lightning

arresters 17

" current. Line cal-

culations for 14
" current, Power

transmissionby. 14

" current switch-
board 17

" current s w i tc h-

boards for paral-

lel running 17
" current, wiring,

Calculations for. 27

Aluminum conductors 14

Ammeters and voltmeters. . . . 17
" and voltmeters. Al-

ternating-current. 17

refer first to the section (see the Preface) and then

Annunciators 28 29" means that annunciators will

73

12

35

69

50

87

47

71

46

58

Ammeters and voltmeters,
Weston

" on arc switchboards
Ampere-hour meters
Annunciator, Needle

" Self-restoring...

Annunciators
Apparatus for multiple-light-

ing system
Approved conduit systems.. ..

Approximate weights of
weather-proof wire

Arc circuits, Laying out of. . .

.

•' circuits, Lightning protec-

tion for
" dynamo, Brush
" dynamo, Wood
" lamp, Brush
" lamp lightning arrester...
" lamp, Photometry of .. ..

" lamp pulleys
" lamp, Thomson-Houston.

.

" lamp, Wood
" lamps
" lamps, Candlepower of

" lamps, Constant-current..
" lamps, Constant-potential
" lamps, Cut-out switches for

" lamps, Examples of

" lamps for constant poten-

tial

" lamps in multiple series .

.

11 lamps, Methods of distri-

bution for

" lamps, Methods of hanging

Sec.



Xll INDEX

Sec.

Arc lamps, Parallel distribu-

tion for 18
il lamps, Power consumption

of 18

" lamps, Rope for 18

" lamps, Series-distribution

for 18

" lamps, Space illuminated

by 18

" lamps, Special applications

of 18

" lamps, Wiring for 28
lt light carbons 18

" light dynamo, Alternating

current of 19

" light dynamo, Thomson-
Houston 19

" light lines, Differential

method of locating
grounds on 19

" light 1 ines, Locating breaks
on 19

" light lines, Locating
grounds on 19

" light lines, Locating
grounds on, by means of

voltmeter 19

" light lines, Testing of 19

" light switchboards 19

" lighting., Constant-current

transformers for 19

" lighting, Size of wire for.. 18

" lighting, Station equip-

ment for 19

" machines, Care of 19

" machines, Insulation of... 19

" machines, Multicircrait. . . . 18

" machines, Reversal of po-

larity of 19

" machines, Running in se-

ries of 19

" machines, Troubles in ar-

matures of 19

" machines, Troubles in field

coils of 19

" switchboard, Panel type of 19

" switchboard, Voltmeter
for 19

" switchboards, Ammeters
for 19

" switchboards, Construc-

tion and operation of 19

" switchboards, Wattmeter
for 19

" switchboards without ca-

bles 19

24

84

26

25

89

14

11

35

12

5

2

3

4

1

44

38

n

10

28

28

28

33

34

31

32

51

55

55

46

56

Page
4

4

1

13

24

11

45

44

35

38

Sec.

Arc, Temperature of 18

" Voltage of 18

Arcs, Open 18

Armatures for Thomson-Hous-
ton dynamo 19

Armored cable 27

Arrangement of carbons 18

" of lighting appa-

ratus 28

Automatic burner 28
" cutouts, Rules re-

lating to 26
" drop 28

overload and under-

load switch for

storage cells 15

B Sec. Page
Bare and insulated wires 14 15

" copper wire, Dimensions
of 26 24

Bases for incandescent lamps.. 16 10

Batteries 28 27
" Regulation of 17 73

Battery equipment for lighting

plants 17 72

Bell and annunciator circuits.. 28 32
" wire, Method of running.

.

28 31

" wiring 28 24

Boosters, Use of 16 48

Brush arc dynamo 19 18

" arc dynamo, Connec-
tions for 19 25

" arc dynamo, Regulator

for 19 20

" arc lamp 18 44

" plug and spring jack. .

.

19 52

Bunsen photometer 16 18

Burglar alarm 28 40

Burned-out arc lamp coils. . . . 18 74

Bus-bars 17 7

Buzzer 28 25

C Sec. Page
C. R. regulater 16 63

Cabinets and panel boards,

Use of 27 25

Cables 15 16

" Connecting of 15 18

" Joining of . 15 21

Calculation of line losses due
to resistance 26 59

" of proper size of

wire for a given

loss 26 62



INDEX

Sec. Page
Calculation of wire in terms of

circular mils 27 5

" of wire sizes in

terms of resist-

ance per 1,000

feet 27 3

Calculations for two-wire sj's-

tem 14 34

Candlepower, Mean horizon-

tal 16 22
" Mean spherical 16 24
" of arc lamps. .

.

18 21

Canopy insulator 27 45

Capacity of transformers for

three-phase induc-

tion motors 14 71

" of wires for marine
work 27 70

Carbon-cylinder cells 28 29

Carbons, Arrangement of 18 11

'" Composition of 18 14

" for arc lights 18 11

Care and adjustment of arc

lamps 18 72

" and operation of storage

cells -.. 15 50

" of arc machines 19 _ 28

Carrying capacity of insulated

wires 26 22

" capacity of under-

ground tubes 15 29

Cement-lined pipe conduit 15 9

Center of distribution 26 33
il of distribution 26 64

" of distribution 16 70

Character of enclosed arcs 18 9

Circuit-breakers 17 27

" breakers 26 34

Circuits, Laying out of 27 31

Circular measure 14 17

mil 14 17

Cleaning meters 14 98

Coils, Reactance or kicking ..

.

15 41

Combined running of dyna-
mos 15 63

Combining several wiring sys-

tems 28 1

Comparison of properties of

copper and aluminum 14 26

Compensating voltmeters 17 19

Compensation for heating in

arc lamp 18 62

Compensator, Mershon 17 21

Composition of carbons 18 14

Compound machines in multi-

ple with shunt machines 15 77

Sec. Page
Compound-wound machines in

parallel ... 15 72

Concealed electric-light wir-

ing , Specifica-

tions for 27 37
" knob -and -tube

work 27 21

Conductors, Aluminum 14 24
11 Copper 14 15
" in multiple, Fuse

protection of 27 14

Conduit, Cement-lined pipe 15 9

" Creosoted-wood 15 9
" Flexible armored 27 61

" systems, Approved . . 27 50

" systems, Early 27 49

" Vitriried-clay or ter-

ra-cotta 15 10

" wire and installation,

Underwriters' rules

relating to 27 58

" wiring 27 49

Conduits 15 9
" Drawing wires in. .. . 27 62

Connecting cables 15 18

Connections for testing incan-

descent lamps 16 26

Constant-current arc lamps ... 28 15

" current arc-light dy-

namo 19 11

" current series en-

closed-arc lamp 18 55

" current series open-

arc lamps 18 42

" current transformers
for arc lighting 19 38

" direct-current, Series

enclosed-arc lamps
for 18 58

1 potential arc lamps.. 18 37

" potential arc lamps. . 18 66

Construction and operation of

arc switch-
boards 19 46

of enclosed-arc

lamp 18 57
" of lamps 16 4

Continuity tests 15 31

Control of lamps from two
points 27 39

" of lights from three

or more points 27 41

Copper and aluminum, Com-
parison of proper-

ties 14 26

" conductors 14 15



XIV INDEX

Sec. Page

Creosoted-wood conduit 15 9

Cross-arms 15 3

" section of lines, Estima-

mation of 14 75

Crowfoot battery 2S 42

Current allowance for incan-

descent lamps 16 77

" detector galvanome-

ter 15 32

" in line, Estimation of. 14 76

" required by lamps,

Estimation of 27 7

" required by motors.. 28 20

" transformers 17 14

Cut-out cabinets, Rules rela-

ting to 27 29

" out switches for arc lamps 18 85

" outs, Location of 26 44

D Sec. Page

Damp places. Wiring in 27 18

Decorative series lamps 27 46

Definition of low-potential sys-

tem 26 24

Detector galvanometer 15 32

Determination of sizes of wire

according to current capacity 26 44

Differential booster 15 60

method of locating

grounds on arc-

light lines 19 5

Dimensions and resistance of

German-si 1 ver
wire 14 28

" and resistance of

iron wire 14 27

" of bare copper
wire 26 24

Direct-connected alternators.. 16 92

" current constant-cur-

rent system 16 50

' current constant poten-

tial enclosed-arc lamp 18 67

" current constant-poten-

tial system 16 42

" current switchboards .

.

17 52

Discharging storage cells .... 15 57

Distribution, Center of 16 70

" circuits 26 33

" from manholes .
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