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Foreword

This series is dedicated to Electrical
Progress—to all who have helped and
those who may in the coming years help
to bring further under human control
and service to humanity this mighty
force of the Creator.

The Electrical Age has opened new
problems to all connected with modern
industry, making a thorough working
knowledge of the fundamental princi-
ples of applied electricity necessary.

The author, following the popular appeal for practical
knowledge, has prepared this progressive series for the electrical
worker and student; for all who are seeking electrical knowledge
as a life profession; and for those who find that there is a gap in
their training and knowledge of Electricity.

Simplicity is the keynote throughout this series. From this
progressive step-by-step method of instruction and explanation,
the reader can easily gain a thorough knowledge of modern
electrical practice in line with the best information and experi-
ence.

The author and publishers here gratefully acknowledge the
hearty and generous help and co-operation of all those who have
aided in developing this helpful series of Educators.

The series will speak for itself and “‘those who run may read.”

The Publishers.
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IMPORTANT

To quickly and easily find information on any subject, read
over the general chapter headings as shown in the large type—
this brings the reader’s attention to the general classification of
information in this book.

Each chapter is progressive, so that if the reader will use the
outline following each general chapter heading, he will readily
come to the information desired and the page on which to
find it.

Get the habit of using this Index —it will quickly reveal a
vast mine of valuable information.

“An hour with a book would have brought to your mind,
The secret thal took the whole year to find;

The facts that you learned al enormous cxpense,
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CHAPTER 37

Galvanometers

If a compass needle be allowed to come to rest in its natural
position, and a current of electricity be passed through a wire

F1a. 1,274.—Bunnell simple detector galvanometer. It has middle clamps and scale divided
into degrees.

just over it from north to south, the north seeking end of the
needle will be deflected zoward the east.

If the wire be placed under the needle and the current con-
tinued from north to south the needle will be deflected toward
the west.

Again, if the current be passed from north to south over the needle, and
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back from south to north under the needle, as shown in fig. 1,276, the mag-
netic effect will be doubled, and the needle deflected proportionately.
Upon these phenomena depend the working of galvanometers.

Ques. Describe a simple galvanometer.

Ans. It consists essentially of a magnetic needle suspended
within a coil of wire, and free to swing over the face of a grad-
uated dial. ‘

+
—Z066

Fig. 1,275.—Effect of a neighboring current upon a magnetic needle. Above the needle and
parallel to it is a conductor carrying an electric current, the current flowing in the direction
indicated by the arrow. This causes the north pole of the needle to turn toward the east.
If the conductor be held below the needle, its north pole will turn in the opposite direction or
toward the west. These movements are easily determined by Ampere’s rule as follows: . If a
man could swim in the conductor with the current, and turn to face the needle, then the north pole
of the needle will be deflected toward his left hand.

Ques. What is a galvanoscope and how does it differ from
a galvanometer?

Ans. A galvanoscope, asshown in fig. 1,276, serves merely to
indicate the presence of an electric current without measuring
its strength. A galvanometer is an indicator of currents, in
which the movement of the needle shows the direction of the
current, and indicates whether it is a strong or a weak one.

When the value of the readings has been determined by experiment or
calculation any galvanoscope becomes a galvanometer.
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Ques. For what use are galvanometers employed?
Ans. They are used for detecting the presence of an elec-
tric current, and for determining its direction and strength.

Ques. How is the direction and strength of the current
indicated?

Ans. When a galvanometer is connected in a circuit, the

Q.
yj N\

. a )
=95~ —
m———

Fia. 1,276.—Effect upon a magnetic needle of a neighboring current in a loop. In this arrange-
ment the same conductor is simply carried Lack beneath the needle and hence both the upper
and lower portions tend to turn it in the same direction, while the sidte branch or vertical
section is ineffective. In accordance with Ampere's swimming rule, the ufsper wire causes
the N pole of the needle to turn to the left, while if a man imagine himself swimming in the
lower wire in the direction of the current, and facing the needle (that is, swimming on his
back), the N pole of the needle will turn to his left—that is to the east. The effect of the
loop then has double the effect of the single wire in fig. 1.275.

direction of the current is indicated by the side toward which
the north pole of the needle moves, and the current strength
by the extent of the needle’s deflection.

Ques. How should a galvanometer be set up before using?
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Ans. When no current is flowing, the coil should be parallel
to the magnetic needle when at rest.
Ques. What is a ‘‘sensitive’” galvanometer?

Ans. One which requires a very small current or pressure
to produce a stated deflection.

It does not follow that a galvanometer which is sensitive for current
measurement will also be sensitive for pressure measurement.

A —
|
= — JJ

Fia. 1,277.—Effect upon a magnetic rieedle of a neighboring current in a coil. The coil as
shown, is equivalent to several loops, that is, the force tending to deflect the needle is equal
to that of a single loop multiplied by the number of turns. lience, by using a coil with a
large number of turns, a galvanometer may be made very sensitive so that the needle wilt
be perceptibly deflected by very feeble currents. Aninstrument, as shown in the figure
is called a galvanoscope. When it is accurately constructed, and supplied with a scale show-
ing how many degrees the needle is deflected it is then called a galvanometer.

Ques. Define the term ‘‘sensitivity.”

Ans. With reference to mirror reflecting galvanometers it
may be defined in three ways. First, in megohms, the sensi-
tivity being the number of megohms through which one volt will
produce a deflection of one millimeter with the scale at distance
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of one meter. Second, in micro-volts, the sensitivity being
the number of micro-volts which applied directly to the ter-
minals of the galvanometer will produce a deflection of one
millimeter with the scale one meter from mirror. The sensitivity
is best stated in megohms for high resistance galvanometers
and in micro-volts for low resistance galvanometers, and is
frequently given both for galvanometers for intermediate re-
sistance. Third, in micro-amperes, the sensitivity being the

Fia. 1,278 —Knott galvanoscope. It has three separate circuits, 1, 25 and 100 turns with
binding post for each circuit.

F1a. 1,279.—Breguet upright galvanometer with glass shade.

Fra. 1,280.—Bunnell horizontal galvanometer. It has two coils, one of which is of zero resist-
ance and one of fifty ohms resistance adapting it to a variety of tlests.




904 Galvanometers

number of micro-amperes that will give one millimeter deflec-
tion with scale at a distance of one meter.

Ques. Upon what does the sensitivity depend?

Ans. 1, Upon the number of times the current circulates
around the coil, 2, the distance of the needle from the coil, 3,
the weight of the needle, 4, the current strength, and 5, the
amount of friction produced by its movement.

F1a. 1,281 . —Bunnell galvanometer for measurement of instruments, lines, batteries, wires,

etc., from -ul)() to 10,000 ohms or more.
.

NOTE.—The definition of roltage sensitivity given on page 9486 is the one recommended
by the (/. S. Bureau of Standards. Some foreign makers, however, specify the sensitivity in
terms of the voltage impressed directly across the terminals of the galv without the
critical damping resistance in series. The latter sensitivity may be several times the former.
This fact should be borne i mind when selecting a galvanometer.

NOTE.—Strong currents must not he passed through very semsitive galvanometers, for
even if they be not ruined. the deflections of the needle will be too large to give accurate meas-
urements.  In such cases the galvanometer is used with a shunt. or coil of wire arranged so
that the greater part of the current will flow through it, and only a small portion through the
galvanometer.
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'I‘l'u? needle is usually quite small, and often a compound one. In very
sensitive ga}vanometers. the coils are wound with thousands of turns of
very fine wire, and shunts are generally used in connection with them.

Ques. What two kinds of coil are used?

Ans. The short coil and the long coil.

Ques. What is the difference between a short coil and a
long coil galvanometer?

Fiu. 1,282.—Knott lecture table galvanometer. Adapted for use in simple lecture table experis
ments, where high sensibility is not essential. The scale is large and open.

Ans. A short coil galvanometer has a coil consisting of a
few turns of heavy wire; a long coil galvanometer is wound
with a large number of turns of fine wire. -

Ques. What is the action of short and long coil galvan-
ometers?

Ans. With a given current, the total magnetizing force
which deflects the needle is the same, but with a short coil, it
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is produced by a large current circulating around a few turns,
instead of a small current circulating around thousands of
turns as in the long coil.

The short coil being of low resistance is used to measure the current,
and the long coil of high resistance, is suitable for measuring the pres-
sure. Hence, a short coil instrument with its scale directly graduated in
amperes is an ammeter, and the long coil type with graduation in volts is
a volt meler.

Classes of Galvanometer.—There are numerous kinds of

Fia. 1,283.—Knott standard tangent galvanometer with Thompson adjustable control magnet.
The suspension system consists of a needle 15 mm. Jong, suspended by fiber and provided with
a convenient lift. The needle is protected by a box provided with engine divided dial, the
windings are proportioned to meet the conditions of the greatest variety of experiments: 3
turns coarse wire, posts 1 and 2, wound clockwise; 12 turns coarse wire, posts2and 3, wound
counter-clockwise, giving between posts 1 and 3, nine turns of coarse wire wound counter-
clockwise; 320 turns fine wire, posts 3 and 4, wound clockwise, especially designed for determ-
ining the constant of a tangent galvanometer.
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galvanometer designed to meet the varied requirements. Ac-
cording to construction, galvanometers may be divided into
two classes, as those having:

1. Movable magnet and stationary coil;
2. Stationary magnet and movable coil.

Either type may be constructed with short or long coil, and
there are several ways in which the deflections are indicated.
The principal forms of galvanometer are as follows:

1. Astatic;

. Tangent;
Sine;
Differential;
Ballistic;
D’Arsonval.

@ o1

Astatic Galvanometer.—It has been pointed out how a
compass needle is affected when a wire carrying a current is
held over or under it, the needle being turned in one direction
in the first instance, and in the opposite direction for the sec-
ond position of the wire.

The earth’s magnetism naturally holds the compass needle
north and south. The magnetic field encircling the wire, being
at right angles to the needle (when the wire itself is parallel
therewith), operates to turn it from its normal position, north
and south, so as to set it partially east and west. However, on
account of the fact that the earth’s magnetism does exert some
force tending to hold the needle north and south, it is evident
that no matter how strong the current, the latter can never
succeed in turning the needle entirely east and west. The ac-
complishment of this is further prevented by the reason of the
points of the needle, where the magnetic effect is greatest,
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quickly passing out of the reach of the magnetic field, where
it is now practically operated on only in a slight degree. Thus
it would take quite a powerful current to hold the needle, de-
flected any appreciable distance. The use of a shorter needle
is, therefore, more desirable.

It is evident in this style of instrument that the effect of the current
cannot be accurately measured, because it acts in opposition to the earth’s
magnetism, and as this is constantly varving, some method must be em-
ployed which will either destroy the earth’s magnetism or else neutralize it.

Fia. 1,284.—Astatic necedles. Two magnetic needles of equal moment are mounted in Opposi-
tion on a light support. The whole system is suspended by a delicate fibre. and when placed
in a uniform magnetic field such as that of the earth, there will be no tendency to assume
any fixed direction, the only restraining influence on the needles being that due to torsion
in the suspension fibre.

In the astatic galvanometer, the earth’s magnetism is neutralized by
means of astalic needles. These consist of a combination of two magnetic
needles of equal size and strength, connected rigidly together with their
poles pointing in opposite and parallel directions, as shown in fig. 1,284.

As the north pole of the earth attracts the south pole of one of the
needles, it repels with equal strength the north pole of the other needle,
hence, the combination is independent of the earth’s magnetism and will
remain at rest in any position.

If one of the needles be surrounded by a coil, as shown in fig. 1,285 the
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magnetic effect of the current will be correctly indicated by the deflection
of the needle.

Sometimes each needle is surrounded by a coil, as in fig. 1,286, the coils
being so connected that the direction of current in each will tend to deflect
the needles in the same direction.

Ques. For what use is the astatic galvanometer adapted?
Ans. For the detection of small currents.

It is used in the ““nil”’ or zero methods, in which the current between
the puints to which the galvanometer is connected is reduced to zero.

Ques. Upon what does the movement of the needles

depend?
S%’N
S

N—:L-lgzr—si'

)

e

—_—

Fis. 1,285.—Connections of single coil astatic needles. The coil surrounds the lower needle
and the direction of the current between the two needles tends to turn them the same way.

Ans. Upon the combined effect of the magnetic attraction
of the current which tends to deflect the needles, and the
torsion in the suspension fibre which tends to keep the needle
at the zero position.

Ques. Does the astatic galvanometer give correct read-
ings for different values of the current?

Ans. When the deflections are small (that is, less than 10°




910 Galvanometers

or 15°), they are very nearly proportional to the strength of
the currents that produce them.

Thus, if a current produce a deflection of 6° it is known to be approxi-
mately three times as strong as a current which only turns the needle
through 2°. But this approximate proportion ceases to be true if the de-
flection be more than 15° or 20°.

Ques. Why does the instrument not give accurate read-
ings for large deflections?

F1a. 1,286.—Connections of double coil astatic needles. With this arrangement, the direction
of current in both coils will tend to turn the system in the same direction, making the needles
more sensitive than with a single coil as in fig, 1,285,

Ans. The needles are not so advantageously acted upon by
the current, since the poles are no longer within the coils, but
protrude at the side. Moreover, the needles being oblique to
the force acting on them, only part of the force is turning them
against the directive force of the fibre; the other part is uselessly
pulling ‘or pushing them along their length.

Ques. How may correct readings be obtained?



Galvanometers 011

Ans. The instrument may be calibrated, that is, it may be
ascertained by special measurements, or by comparison with
a standard instrument, what are the amounts of deflection cor-
responding to particular current strengths?

Thus, if it be once known that a deflection of 32° on a particular gal-

vanometer is produced by a current of 43 of an ampere, then a current

of that strength will always produce on that instrument the same deflec-

F1G. 1,287.—Queen reflecting astatic galv . atas ed on a mahogany base with
leveling screws. A plain mirror is attached above the upper needle. The entire combina-
tion of mirror and needles is suspended by unspun silk fram the interior of a brass tube,
which also carries a weak controlling magnet. A dial 4 inches in diameter and graduated
in degrees, enables the deflections of the needle to be accurately read. The mirror can be
used with a reading telescope and scale, or hy means of a lantern, the image of a slit may
be reflected from the mirror to a screen. Resistance, .5 to 1,000 ohms.

Fia. 1,288.—Knott laminated magnet lecture table galvanometer, 30 megohm sensibility.

tion, unless from any accident the torsion force or the intensity of the
magnetic field be altered.

The Tangent Galvanometer.—It is not possible to construct
a galvanometer in which the angle (as measured in degrees of
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arc) through which the needle is deflected is proportional
throughout its whole range to the strength of the current. But
it is possible to construct a very simple galvanometer in which
the tangent of the angle of deflection shall be accurately propor-
tional to the strength of the current.

Fi1a. 1,289.—Tangent galvanometer. It conaists of a short magnetic needle suspended at the
center of a coil of large diameter and small cross section. In praclice, the diameter of the
coil is about 17 times the length of the needle. If the instrument be so placed that. when
there is no current in the coil, the suspended magnet lies in the plane of the coil, that is.
if the plane of the coil be set in the magnetic meridian, then the current passing through the
coil is proportional to the langent of Lhe angle bv which the magnel s drﬂecled Srom the ﬁlane
of the coil, or zero position—hence the name: “tangent galvanometer.”

A simple form of tangent galvanometer is shown in fig. 1,289.
The coil of this instrument consists of a single circle of stout
copper wire from ten to fifteen inches in diameter. At the
center is delicately suspended a magnetized steel needle not
exceeding one inch in length, and usually furnished with a
light index of aluminum. When-the galvanometer is in use,
the plane of the ring must be vertical and in the magnetic
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meridian. A horizontal section through the middle of the in-
strument is shown in fig. 1,290. For simplicity, the coil is sup-

1. 1,290, —Horizontal section through middéle of tangent galvanometer, showing magnetic
whirls around the coil and corresponding deflection of needic.

Fis. 1,291.—Central Scientific Co. tangent galvanometer. A 9 inch brass ring is mounted
on a mahogany base which rotates on a tripod provided with levelling screws. The needle
has an aluminum pointer and jewelled bearings. The winding consists of 300 turns of mag-
net wire so connected (o the plugs in front that 20, 40, 80, or 160 turns or any combination
of these numbers may be used. For heavy currents a band of copper is used by connecting
to the extra pair of binding posts in the rear of the instrument.

W
posed to have but a single turn of wire, the circles surrounding
the wire representing the magnetic lines of force. ‘By extending
the lines of force until they reach the needle, it will be seen
that with a short needle, the deflecting force acts in an east
and west direction when the galvanometer is placed with its coil
in the magnetic meridian.
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1f, in fig. 1,292, ab, represent the deflecting force acting on the N end
of the needle, the component of this force that acts at a right angle to the

needle will be

Fia. 1,292.—Diagram of forces acting on the needle of a tangent galvanometer.

ab cos x
in which, x, is the angle of the deflection.

The controlling force is
ad=H

and when the needle is in equilibrium, the component, ae =H sin x, is equal

and opposite to ac, hence

ab cos x=H sin x

from which

ab

cosx

HM* _Htanx
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Since ab, is proportipnal to the current,
ab=kC=Htanx

in which £, is a constant depending vpon the instrument. For any other

current C’,
RC'=Itanx’
hence

C:C’'=tan x:tanx’

F1a. 1,293.—Bunnell tangent galvanometer. This instrument is mounted on a circular hard
rubber base, 7% inches diameter, provided with leveling screws and anchoring points.
The galvanometer consists of a magnetized needle . inch in length, suspended at the center
of a rubber ring six inches in diameter, containing the coils. There are five coils of 0, 1, 10,
50 and 150 ohms resistance. The first is a stout copper band of inappreciable resistance; the
others are of different sized copper wires, carefully insulated. Five terminals are provided ,
marked, respectively, 0, 1, 10, 50 and 150. The ends of the coils are so arranged that the
plug inserted at the terminal marked 50, puts in circuit all the coils; marked at the terminal
50—al! except the 150 ohm coil; and so on, till at the zero terminal only the copper band is
in circuit. Fixed to the needle, which is balanced on jewel and pivot, is an aluminum pointer
at right angles, extending across a five inch dial immediately beneath. One side of the dial
is divided into degrees; on the other side, the graduations correspond to the tangent of the
angles of deflection.
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This means that the currents passing through the coil of a tangent
galvanometer are proportional, not to the angle of deflection, but to the
tangent of that angle.

Ques. Upon what does the sensitivity of a tangent gal-
vanometer depend?

Ans. It is directly proportional to the number of turns of
the coil and inversely proportional to the diameter of the coil.

H
A A A A A
H R
] >
2
M -
s -

Y

Fia. 1,294.—Diagram illustrating the tangent law. This is the law of the combined action of
two magnetic fields upon a magnetic needle. If two magnetic fields he at right angles in
direction as indicated in the figure, the resultant field is obtained by the parallclogram of
forces and it makes an angle @, with one of the component fields such that tan0O = M + H,
where M, and H, are the strengths of the component fields. In the tangent galvanometer
this principle is employed in the measurement of currents. A magnetic needle is pivoted
in a field of known strength. The current to be measured is passed round a coil (or coils)
which generates a field at right angles to the original field. The needle then lies along the
direction of the resultant field, and by finding the tangent of its angle of deflection, and
knowing the field strength produced by unit current in the coil, the current strength can
be found.

Ques. How may the tangent galvanometer be used as an
ammeter?

Ans. The strength of the current may be calculated in am-
peres by the formula given on the next page when the dimen-
sions of the instrument are known.

The needle is supposed to be subject to only the earth's magnetism
and to move in a horizontal plane. The current is calculated as follows:



Galvanometers 917

amperes=mtanx ............................. .. (D)
in which N
H =constant from table on the next page;
7 =radius of coil;
N =number of turns of coil;
x =angle of deflection of needle.
The constant H, given in the following table represents the horizontal
force of the earth's magnetism for the place where the galvanometer is
w

used. Each value has been multiplied by % so that the formula (1)

for amperes is correct as given.

Fia. 1,295.—Mechanical explanation of the tangent law. Construct an apparatus as shown
in the figure. The short wooden block, NS, represents the magnetic needle. This piece of
wood turns around its center C, which may be an ordinary nail. It will now be seen that
two different forces act upon N: namely, the weight G, (one or two ounces), and the chang -
able weights which are placed in the scoop, W, (made of cardboard). The height of the roll,
or wheel, R, is such that the cord, RN, runs horizontally, when NS, stands vertically, f.e.,
when there 1s no weight in the little scoop. If the wheel, R. be placed sufficiently far from
NS, the string RN, will always remain almost horizontal, even if NS, be deviated. The
pointor on NS, moves over a horizontal scale, which is divided into equal parts, as shown.
This scale may be made of cardboard. If the hand point to division 1, when one ounce is
nlaced in the scoop, it will point to 2, for two ounces, to 3. for three ounces, elc. At 45° the
needle is deviated at its greatest angle, and this is, therefore, the sensitivity angle of the
tangent galvanometer. The deviating values are, therefore, proportionate to the scale divi-
sions 01, 02, and 03, and 50 on; and, inasmuch as these themselves are tangents, the tangent
law will hold good,
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Table of Galvanometer Constants.—Values of H.

Boston . . .699 New Haven . 731
Chicago . .759 Philadelphia .783
Denver . 919 Portland, Me. . 674
Jacksonville . 1.094 San Francisco 1.021
London 745 St. Louis 871
Minneapolis 681 Washington . .810
New York 744

Ques. How is the tangent galvanometer constructed to

give direct readings?

Ans.

15 20

ML O S |

To obviate reference to a table, the circular scale of

25 30T

PRI WU T

Fi¢. 1,296.—Graduation of tangent galvanometer scale with divisions representing tangent
values. In the figure let a tangent OT, be drawn to the circle, and along this line let any
number of equal divisions be set off, beginning at O. From these points draw lines back to
the center. The circle will thus be divided into a number of spaces, of which those near O,
are nearly equal, but which get smaller and smaller as they recede from O. These unequal

spaces correspond to equal increments of the tangent.

readings would be proportional to the tangents.

If the scale were divided thus, the

the instrument is sometimes graduated into tangent values, as
in fig. 1,296, instead of being divided into equal degrees.

Ques.
values?

Ans.

with accuracy than into equal degrees.

.

What is the objection to the scale with tangent

It is more difficult to divide an arc into tanéent lines
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Ques  What disadvantage has the tangent galvanometer?

Ans. The coil being much larger than the needle, and hence
far away from it, reduces tha sensitiveness of th® mnstrument.

The Sine Galvanometer.—This type of instrument has a
vertical coil which may be rotated around a vertical axis, so

F1a. 1,297.—Central Scientific Co. universal tangent galvanometer. This instrument may be
used as a tangent, Gaugain, lelmholtz-Gaugain, sine, cosmne, Wiedemann or delector
galvanometer. The coils, which sl de on a beamn parallel to the one carrying the nee-le box,
are wound on brass rings 12 inches in diameter. On each ring are wound two co.ls of 48
turns each, connected to separate binding posts, and double wound so as to be of equal
resistance. The coils and needle box aie cach provided with an indicator for reading their posi-
tion on the scale. The needle box is swiveled and removable and one coil may be rotated
about its vertical axis and its position read on a disc graduated in degrees. Currents may
be measured ranging from .000002 ampere to 100 amperes.

that it can be made to follow the magnetic needle in its de-
flections.

In the sine galvanometer, the coil is moved so as to follow the needle
until it is parallel with the coil. Under these circumstances, the strength
of the deflecting current is proportional to sine of angle of deflection.”
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Ques. Describe the construction of a sine galvanometer.

Ans. A form of sine galvanometer isshownin fig. 1.298. The
vertical wire®coil is seen at M. A needle of any length less than
the diameter of the coil M, moves over the graduated circle N.
The coil M, and graduated circle N, may be rotated on a ver-

IF16. 1,298.—Sine galvanometer. It differs (rom the tangent galvanometer in that the vertical
coil and magnetic needle are mounted upon a standard free to revolve around a vertical
axis, with provision for determining the angular position of the coil. The necdle may be
of any length shorter than the diameter of the coil. In the hgure the parts are: M, coil;
N. graduated dial of magnetic needle; H, gracduated diat by which the amount of rotation
necessary to bring the needle 10 zero is measured: E, terminals of tte coil; O, upright stand-
ard carrying coil and graduated dial of magnetic needie; C, base with leveling screws.

tical axis, and the amount of angular movement necessary to
bring the needle to zero, measured on the graduated circle H.

Ques. How is the current strength measured?

Ans. It is proportional to the sine of the angle measured on
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the horizontal circle H, through which it is necessary to turn
the coil M, from the plane of the earth’s magnetic meridian to
the plane of the needle when it is not further deflected by the
current.

Ques. How is the sine galvanometer operated?

Ans.  In using the instrument, after the needle has been set
to zero, the current is sent through the coil, producing a deflec-

TABLE OF NATURAL SINES AND TANGENTS

Z| Bin. | Taon.| ¢ | Sin. | Tao. (' Sin. | Tan.| ¢ Sin. , Tan.
0° .0000| .0000118° .3090| .3249436°| .5878| 726354° 9511} 3.0777
19 | 32568] .34 5 9563, 3.2709
1| .0175] .017. 7| .6018| .7536{56
2| ,0349] .034 3420 . | -6157| .78 9613| 3.4874
31 ,0528] .052 - [9 | .6293) .809857 .9859| 3.7321
1| .3584] .383; 8 .9703| 4.0108
4| .0698| 069922 | .3746! .404 6428 .8391)59
5| .0871| 0875023 | .3907] .424 | 9744| 4.3315
6 | .1045( .1051 1| .6561) .8693j60 .9781| 4.3046
1] .4067| .4452 L6691 900 9816| 5.144
71 1219 1228025 | .4226| (466343 | .6820; .9325%61
€ .1392| 1405826 | .4384] .4577 2 .9848/ 5.6713
9| .1564 .1 4 .6947| .9657)63
7 | 4540 .509545 | .7071| 1.0000) .9877| 6.3138
10 | .1736! 1763028 | 4695 .53i746 | -7193] 1.035564 03! 7,354
. .4848) 554 5 9925 8.1443
11 | .1908] .19. 7| .7314] 1.0724f66
12 | J2079! (212 .5000, 5774 .7431| 1.1106 .9945| 9.5144
13 | .2250) .230 9 | 7547 1.1504067 .9962( 1183
1| .5130{ .6 : 8 .9976/14.20
14 | 2419 2493832 | .5299| 624 .7660| 1.1918f69
15 | .2588) .2679{33 | .5446] .649 .9986{19.08
16 | .2756] .286 L[ .7771] 1.2349[70 .999/24.64
4 | .5592] .6745'52 | .7880| 1.2799 .9998'57.29
17 | .2924] 305735 | .5736] .7002;53 | .7988| 1.3270[71 |

tion of the needle. The coil is then rotated to follow the motion
of the needle, the current being kept constant, the rotation
being continued until the zero on the upper dial again registers
with the needle. The current then is proportional to the sine
of the angle through which the coil has been turned, as deter-
mined by the lower dial.
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Ques. Has the sine galvanometer a large range?

Ans. For a given controlling field, it does not admit of a
very large range of current measurement, since, for large de-
flection, on rotating the coil the position of instability is soon
reached.

Ques. What is the position of instability?

Ans. The position of the needle beyond which the rotation
of the coil will cause it to turn all the way round.

Ques. llow may the range be increased?

Ans. By an adjustable controlling field or a shunt.

Ques. What advantage has the sine galvanometer over
the tangent instrument?

Ans. Its advantage is in the case where the relative values
of two or more currents are required to be measured, or where
the constant of the instrument is obtained by comparison with
a standard measuring instrument and not calculated from the
dimensions of the coil, because all galvanometers thus used
follow the sine law independently of the shape of the coil, while
only circular coils will follow the sine law.

Damping Effect.—The term “damping effect” means the
offering of a retarding force to control swinging vibrations, such
as the movements of a galvanomeler needle, and lo bring them
quickly lo rest.

Frequently the sensitivity is the only characteristic speci-
fied, but this is only one of three major characteristics. The
critical damping resistance is an extremely important char-
acteristic, as it is very difficult to work with a galvanometcr
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that is improperly damped. If excessively under damped, the
galvanometer system oscillates around its position of rest after
a deflection, and if excessively over damped it will travel to
its position of rest so slowly that it is very difficult to tell when
the system has come to rest. A critically damped galvanometer
is dead beat; that is, on deflection the system moves to, but
does not pass, its new position and comes to rest there in the
minimum time, after which, with the removal of the current,
the system returns to, but does not pass, its zero position.

Fia. 1,299.—Queen tangent and sine galvanometer. This instrument properly adjusted can be
used as a standard instrument for laboratory work. The brass ring is 12 inches in diam-
eter, and the grooves in which the wire is wound are carefully turned so as to be of true
rectangular cross section, thus allowing the constant of the instrument to be accurately cal-
culated and compared with the constant as obtained by other methods. The compass box
is 5 inches in diameter and is so held in position that it may be raised or lowered, rotated
on its vertical axis, shifted out of the plane of the coil, etc., thus enabling the operator to
acquire proficiency with the instrument and to meet all cases of derangement possible. The
dial is graduated to single degrees, and the ncedle is susperded by a very light cocoon fibre.
The whole instrument can be turned about its vertical axis, and a quadrant graduated in
degrees upon the base allows the amount of rotation to be accurately measured, and the
laws of the sine galvanometer investigated. The instrument is wound to measure .25 am-
pere to 8 amperes.

Experience has shown that it is most convenient to work with a gal-
vanometer which is just slightly under damped, and it usually pays to
sacrifice sensitivity to attain such a condition.

Very often proper damping may be produced by a shunt or a combina-
tion of a shunt and series resistance. In specifying a galvanometer, the



924 Galvanometers

external critical damping resistance should be stated. If this cannot be

done readily, a complete description of the circuit, external to the gal-

vanometer, should be given.

External Critical Damping Resistance.—By definition, this
is the external resislance in the galvanomeler circuil necessary to
produce the critically damped condition.

The advantage of the critically damped condition rests chiefly

'|1||ﬁ
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F1c. 1,300.—Knott universal 'ecture table galvanometer. It comprises eight instruments in
n one: 1, galranometer, one space detlection means .002 amperes or .002 volt; 2, miils roft
meter, range 25 milli volts readm;b to !5 milli volt; 3. milliampere meter, range 25 milliamnperes

reading to ' milliampere: 4, rol! n: e'er range O to 5 volts reading to ]lu volt; 5, rolt meter,
range 0 to 25 volts reading to !; voli; 6, rolt i:eter, range O to 125 volts reading to 214 volts;
7., ammeter, range O to 5 amperes reacing to I—IJ ampere; 8, ammeter, range 0 to 25 amperes
reading to 4 ampere.
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in the fact that it aids in rapid work, since a galvanometer sys-
tem when critically damped returns more promptly to rest
than when in an underdamped or over damped condition.
Another advantage is that when approximately critically
damped the system is prevented passing much beyond its

FIg. 1,301.—Knott Lampra projection galvanometer, adapted for projection work. The scale
chamber is of the refgulation slide holder size with glass both sides of the indicator. Itis
arranged to give adequale adjustment for any form of projection lantern, the indicator
moving over an arbitrary scale.

position of rest upon its return, and therefore the zero or nil
position is rendered more stable. This conduces to more accu-
rate work when deflections are to be estimated. Practically,

NOTE.—Period requirements. When the proper sensitivity and external critical damp-
ing resistance have been decided upon, it usually devolves upon the designer of the galvano-
meter to secure as short a period as is possible, since the shorter the period the quicker may
successive adjustments or readings be made. The principal exception to this statement arises
in the application of galvanometers to ballistic measurements. Here a short period is unde-
sirable. In special cases where the period must not exceed a certain value. it is better to specify
the period and the external critical damping resistance, leaving it to the designer to obtan the
greatest sensitivity possible.
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it is best to work with a galvanometer just slightly under-
damped.

The Differential Galvanometer.—This is a form of galva-
nometer in which a magnetic needle is suspended between two
coils of equal resislance so wound as lo lend fo deflect the needle
in opposile directions.

Fia. 1.302.—Differential galvanometer. It consiats of two coils of wire, so wound as to have
opposite magnetic effects on a magnetic needle suspende:l centrally between them. The
needle of a differential galvanometer shows no deflection when two equal currents are senc
through the coils in oppokite directions, since, under these conditions, each coil neutralizes
the etfect of the other. Sometimes the current is so sent through the two coils, that each
coil deflects the needle in the same direction. In this case the instryment is no longer dif-
ferential in action. If, when this condition obtains, the magnetic needle be suspended at
the exact center of the line which joins the centers of the coils, the advantage is gained by
obtaining a field of more nearly uniform intensity around the needle. When the needle
is suspended by a silk fibre, a final and most delicate adjustment can be obtained by raising
or lowering one of the leveling screws slightly, so as to tilt the needle nearer to or farther
from one of the coils.

The needle of a differential galvanometer shows no deflection when two
equal currents are sent through the coils in opposite directions, since
under these conditions, each coil neutralizes the other’s effects. Such
instruments may be used in comparing resistances, although the Whea:-
slone ‘bridge, in most cases, affords a preferable method.

Ques. Name the special use of the differential galvano-
meter.
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Ans. It is used for comparing two currents.

Ques. What is the method of comparing currents?

Ans. If two equal currents be sent in opposite directions
through the coils of the galvanometer, the needle will not move;
if the currents be unequal, the needle will be deflected by the
stronger of them with an intensity corresponding to the differ-
ence of the strength of the two currents.

Fiaes. 1,303 and 1,304.—Knott triple laminated high school galvanometer, 30 megohm sen-
sibility. The laminated magnets give greater magnetic strength, cnabling heavier ribbon
suspensions to be used, thus decreasing the liability of breakage. The cwil is of the close
wound type, and forms part of the suspension system, which can be removed by loosening
one screw. The zero adjustment and coil lift operate by turning a knurled screw head.
Deflection readings are made directly by pointer moving over a 343 in. horizontal dial gradu-
ated in degrees. This galvanomeler is specially adapted for the use of ballistic coils in
capacity and self-induction experiments.

Ques. llow are the coils adjusted?

Ans. This is done by coupling them in series in such a way
that they tend to turn the needle in opposite directions, and
when a current is passing through them they are moved nearer
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to the needle or farther from it until the needle stands at zero
with any current.

If the coils be not movable, a turn or more can be unwound from the
coil giving the greatest magnetic effect until a balance is obtained, the
wire so unwound can then be coiled in the base of the instrument.

Ballistic Galvanometer.—This type of galvanometer is de-
signed to measure the strength of momentary currents, such
for instance, as the discharge of a condenser. In construction

FiG. 1,305.—Weston portable student galvanometer. Resistance approximately 25 ohms.
The current required for a millimeter (one scale division) deflection is 22 micro-amperes.
With 1 volt, a deflection of 1 millimeter will be obtained through 45.500 ohms, but as a de-
flection of .2 of a millimeter can be readily detected, the galvanometer is, in reality, service-
able through 227,500 ohms. This galvanometer is designed for the use of students in colleges
and schools, for making bridge measurements, and for the detection of small currents.

the magnetic system is given considerable weight, and arranged
to give the least possible damping effect.

If a momentary current be passed through a ballistic galvanometer,
the impulse given to the needle does not cause appreciable movement to
the magnetic system until the current ceases, owing to the inertia of the
heavy moving parts, the result being a slow swing of the needle.

Ques. What name is given to the swing of a ballistic gal-
vanometer needle?
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Ans. It is called the kick.

Ques. How is the current measured?

Ans. As the needle swings slowly around it adds up, as it
were, the varying impulses received during the passage of the
momentary current, and lhe quantily of electricily that has passed
1s proportional lo the sine of half the angle of the first swing or kick.

F1i. 1.306.—Queen dead beat and ballistic reflecting galvanometer. As illuatrated, the coils are
easily removable and enclose a heavy block of copper fixed in a central fork. In a cyln-
drical hole bored in this block hangs the bell magnet which with its mirror is suspended
by a long cocoon fibre, and the eddy currents induced in the copper bring the system quickly
to rest after a detlection. By lifting the copper block out of the frame the instrument is
made ballistic. The instrument is made with coils of any desired resistance up to 1,000 ohms.

If a reflecting method be used with a straight scale, the observed de-
flection depends upon the tangent of twice the angle of movement of the
needle, For small deflections, however, the change of flux can be taken
as directly proportional to the observed deflection.

Shunted Ballistic Galvanometer.—It may be shown, that in
discharging a condenser, for example, through a shunted ballis-
tic galvanometer, the quanlily of eleciricity divides inversely in
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proportion lo the resistance of the two paths, one through the gal-
vanometer and the other through the shunt. However, the

bl

tas. 1,307 and 1,303.—Knott laminated vertical magnet galvanometer, 70 megohm sensib-
ility. The unit suspension system shown in fig. 1,308, carries the coil, upper and lower sus-
pension, zero adjustiment and coil lift, all comprising a single unit attached to the back base
plate. A back target fiducial mark is used, with a [ront opening wide enough for both edges
to be used in their normal position without errors of parallux. By removing the reading
device, reflections can be read by telescope reading. Sensibility is 70 megohm, equal to
all requirements for laboratory use; resistance about one ohm per megohm.

NOTE.—A short period is undesirable in a galvanometer which is to be used for ballistic
measurements. Not only does a short period make it difficult to read the maximum deflection
or throw, but the throw itsell may be appreciably in error if the time of discharge through the
galvanometer b. not short in comparison with the period of the galvanometer. For these reasons
a galvanometer for ballistic measurements should have a long period. This can be obtained
by weighting the coil, but it is more eflicient to use a coil of greater width. Of course, where
a very long period is necessary, the coil can be made wide, and weighted in addition. How-
e ver, for measurements requiring a ballistic galvanometer of very long period, it has been found
more convenient to employ a modification of the ballistic galvanometer known as the flux-
meter. The fluxmeter is a ballistic galvanometer in which the restoring torque has been re-
duced to a minimum, and the damping made as great as possible. When measuring flux with
such an instrument and an auxiliary exploring coil, the position of the galvanometer coil follows,
almo.t immediately, any change in flux through the exploring coil. The fluxmeter is so
much more convenient to use that it is recommended for all measurements which would other-
wise require such a ballistic galvanometer. It is believed by some, that a galvanometer to be
used ballistically should be undamped. While it is true that an undamped ballistic galvano-
meter is more sensitive than a critically damped ballistic galvanometer, the critically damped
galvanometer is much more convenient. Ballistic galvanometers are now available with suffi-
ciently high sensitivity to make it unnecessary to dispense with the damping. Accordingly
for convenience, a ballistic galvanometer i3 recommenc1 (or critically dampe 1 condition.
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consequent throw will not be related in a simple manner to the
shunt resistances at the various shunt points because the damp-
ing will depend upon the circuit resistance.

If, on the other hand, an Ayrton universal shunt be employed when
measuring condenser discharges, the damping constant does not change
for the various shunt points, since the galvanometer circuit resistance re-
mains constant for all shunt settings. It suffices, therefore, to determine
the galvanometer constant for one shunt ratio and follow the shunt mark-
ings for other positions.

GALVANOMETER

J E

Y

SHUNT

11

Fi16. 1,309.—Diagram showing method of connecting galvanomeier shunt. By the use of a
shunt the range of measurement of a galvanometer can be greatly increased.

In using a shunted ballistic galvanometer on any other than an ex-
tremely high resistance circuit a shunt cannot be used unless the galva-
nometer constant be determined for the shunt point and circuit conditions
to be afterwards employed. To illustrate, in making measurements of
magnetic induction, the test or search coil will usually have a low resist-
ance, resulting in a change in the damping constant when the shunted
galvanometer is applied to the search coil circuit, and a further change
when the shunt switch is moved from one point to another. Even an
Ayrton shunt may not be used under these circumstances without deter-
mining the galvanometer constant for the particular shunt setting and
circuit resistance to te employed in making the induction measurements.
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To avoid error from these causes it is customary always to have in series
with the search coil the secondary of the mutual inductance to be em-
ployed in determining the galvanometer constant. It is of interest to show
the sensitivity of a ballistic galvanometer in two ways. The total quantity
of electricity passing through both shunt and galvanometer should be
considered.

The other method is to consider the galvanometer throw for a unit
quantity of electricity passing throvgh the galvanometer coil. This last

Fra. 1,310.—Ayrton universal shunt. Multiplying powers 1, .1, .01, .001, .0001, 0, and infin-
ity. This type of shunt may be supplied with a total resistance of 3,000, 10,000, 30,000 and
100,000 ohms. In selecting ashunt the external critical damping resistance of the galvanom-
eter with which the shunt is to be used should be considered. A shunt should be selected
which will enable the use of the galvanometer in approximately critically damped condi-
tions. Of course the resistance of the circuit beyond the shunt should be taken into account
when making the selection.

NOTE.—Senasitivity requirements. A galranomeler should hare a sensitivity sufficient
to permil reading lo a degree of precision commensurale 1ilh the requirements of the work lo be
underlaken. It is usually a matter of simple calculation to determine the required sensitivity.
It is not desirable to employ a galvanometer having a1 sensitivity far greater than the worn
demands, because this results in working with a galvanometer which is more diflicult to use.
Another objection arises from the fact that the period is probably longer than necessary because
of the higher sensitivity, and as a result the time taken (or successive adjustments or readings
is relatively longer.  An additional disadvantage is that considerable time is likely to be wasted
by making too many trials in attempting to obtain too close adjustment. Furthermore, a
galvanometer having an unnecessarily high sensitivity is likely to have a less stable zero,
particularly since in this case the high sensitivity implies greater departure from zero in making
the settings.
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method is useful in showing clearly how the shunt affects the sensitivity
by reason of its damping.

Galvanometer Shunts.—The sensitiveness of a galvanometer
used for measuring current may be reduced to any desired
extent by connecting a resistance of known value in parallel
with it. Thus, if it be desired to measure a current greater
than can be measured directly by the galvanometer, a part of
the current can be sent through the resistance or shunt, and
the total value of the current calculated.

O
VINF

Fic. 1,311.—Diagram of a form of universal shunt box for use with galvanometers of widely
different resistances. The galvanometer, as indicated at G. is connected across the ends
of a series of resistances AB. The main wires are connected, one to end A, of the series
and the other to a traveling point whose position is varied by means of plugs or by a dial
switch.

A galvanometer shunt bears a definite ratio to the resistance
of the galvanometer, being usually adjusted so that onlv .1,
.01, or .001 part of the current passes through the galvanometer.

The degree in which a shunt increases the range of deflection
of a galvanometer is called its “multiplying power.”

If .1 of the current flowing, passed through the galvanometer and .9
through the shunt, then the current in the circuit would be ten times that
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through the galvanometer. Accordingly the current in the galvanometer
must be multiplied by the multiplying power of the shunt to obtain the
true value of the current in the circuit.

In order to determine the resistance necessary to be used
with a certain galvanometer, the resistance of the latter is to
be divided by the mulliplying power desired, less one.

S lm«iwmnmnuimtntmumm“mum_'"""
1 i

Fi1a. 1,312.—Queen projection or lecture table galvanometer; used also by manufacturers as a
current detector on work benches to note if circuit winding, cail, etec. be complete. The
galvanometer is a pivot and jewel type 1)’ Arsonval and requires no leveling or adjusting. The
telescope support allows for adjusting the height. The scale is etched in glass.

Example.—What must be the resistance of a shunt for a galvanometer
of 2,000 ohms resistance where only one-fifth of the current 1s to pass
through the galvanometer?
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The multiplying power less one is
5—-1=4
and the required resistance is
2,000 +4 =500 ohms.

Damping.—This relates to the checking or reduction of oscil-
lations. Thus, a galvanometer is said to be damped when so

Fia. 1,313.—Knott self-leveling I’ Arsonval galvanometer, 600 megohm sensibility, designed
especially for advanced laboratory work. 1t can be used cither as a wall or table instrument
is both self-centering and self-leveling. The instrument is hung from universal gimbals, so
that both magnet and coil are always ir correct relation. Resistance 400 ohms.

constructed that any oscillations of the pointer which may be
started, rapidly die away. Galvanometers are frequently pro-
vided with damping devices for the purpose of annulling these
oscillations, thus causing the moving part to assume its final
position as quickly as possible.
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Fic. 1,314.—Thompson galvanometer with mirror reflecting system for reading the deflections
of a galvanometer needle by the movements of a spot of light reflected from a mirror attached
to the needle or movable magnetic system.

 TELESCOPE
N ~SCALE
// MIRROR
NMIRROR ON

GALVANOMETER COIL

Fic. 1,315.—Telescope method of reading gal vanometer deflections by reflection of scale reading
in mirror. Here two mirrors are used, but in most cases the telescope is pointed directly
toward the mirror on the galvanometer shown in fig. 1.314, because the two mirror system,
as illustrated in the figure, is used on portable galvanom ters since it is the more compact.
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Sometimes the instrument is fitted with a damping coil, or closed coil
so arranged with respect to the moving system that the oscillations of the
latter give rise to electric currents in the closed coil, whereby energy is
dissipated. Again, air vanes are employed, but anything in the nature of
solid friction cannot be used.

Use of Mirrors in Galvanometers.—In order that small
currents may be measured accurately, some means must be
provided to easily read a small deflection of the needle. Ac-

Figs. 1,316 and 1,317.—Galvanometer lamp and scale for individual use. The scale is etched
on a ground glass strip 6 centimeters wide by 60 centimeters fong with long centimeter d1vi-
sions and short millimeter divisions the entire length, reading both ways from zero in the
center. It is mounted in an adjustable wooden frame. A straight tHament lamp (110 volts)
is enclosed 1n a metal hood japanned black to cut out all reflected light. This form of fila-

ment makes a single brilliant line on the scale, enabling closer readings than the “spot of
light” arrangement. The lamp hood is adjustable to any desired height on the suppor rod.

cordingly, it is desirable that the pointer be very long so that a
large number of scale divisions may correspond to small de-
flections. In construction, since sensitive galvanometers must
be made with the moving parts of little weight, it would not
do to use a long needle, hence a ray of light is used instead,
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which is reflected on a distant scale by a small mirror attached
to the moving part.

In the Thompson mirror reflecting galvanometer, as shown in fig. 1,314,
a small vertical slit is cut in the lamp screen below the scale, and the ray
of light from the lamp, passing through the slit, strikes the mirror which
is about three feet distant, and which reflects the beam back to the scale.

= -

Fic. 1,318.—Reading telescope. This arrangement is utilized to measure the deflections of
a galvanometer having suspended mirror moving system. /t consists of a reading telescope
mounted as i'lustrated with a millimeter scale, having a length of 50 centimeters. In use,
the image of the scale is scen in the galvanometer mirror through the telescope. The eye
piece of the telescope has a cross hair which acts as a reference line so that by noung the
particular division on the scale when the galvanometer is at rest, the amount of deflection
can he readily observed when the galvanometer is deflected. The instrument has all the
necessary adjustments to set it up quickly and for bringing the cross hair and scale in focus.
It is generally placed at a distance of one meter from the galvanometer mirror.

It should be noted that the angle between the original ray of light and
the reflected ray is twice the angle of the deflection of the mirror; the de-
flections of the ray of light on the scale, however, are practically propor-
tional to the strength of currents through the instrument.

The mirror arrangement as shownin fig. 1,311, requires a darkened room
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for its operation, but such is not necessary when a telescope is used as
in fig. 1,315. Here the scale readings are reflected in the mirror and their
value observed by the telescope without artificial light.

D’Arsonval Galvanometer.—This instrument has a movable
coil in place of a needle, and its operation depends upon the
principle that if a flat coil of wire be suspended with its axis

Figs. 1.319 and 1,320.—Diagrams showing essential features of construction and principle of
operation of D’Arsonval galvanometer.

perpendicular to a strong magnetic field, it will be deflected
whenever a current of electricity passes through it.

Ques. Describe the construction of a D’Arsonval galvan-
ometer.

Ans. The essential features are shown in figs. 1,319 and 1,320.
The coil, which is rectangular in section is wound upon a cop-
per form, and suspended between a permanent magnet by fine
wires to the points A and B. The magnet has its poles at N
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and S. Ithasasoft iron cylinder fixed between the poles in order
to intensify the magnetic field across the air gaps in which the
coil moves.

Ques. Explain its operation.

Ans. An enlarged horizontal cross section of the galvan-
ometer on line XY, is shownin fig. 1,320. The current is flowing

Fi1a. 1,321.—Knott sell-levaling wall galvanometer.

in the coil as in fig. 1,319, up on the left side and down on the
right. The position of the coil when no current is flowing is
indicated by »’s’. By applying the law of mutual attraction
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between magnetic poles, it is seen that when the current is
applied, the poles developed at »’s’, will move into the posi-
tion n” s”, as shown in fig. 1.320.

Ques. How is the coil affected by a change in the direction
of the current?

Ans. The polarity of the coil is reversed and consequently
the direction of the deflection.

1. 1.322.—Knott radio micrometer heat indicator. I¢ contains the fundamental parts of
the 1Y Arsonval galvanometer, but with the moving coil replaced by a sensitive thermo-
electric couple. A candie flame 50 {t. distant wilt cause a marked deflection.  The detlect -
ing horn is mounted on a movable ring, so that the heat can be received from either side
only. The heat trom the body of the observer therefore cannot affect the readings.

Ques. Upon what does the sensitiveness of the instru-
ment depend?

Ans. Upon the strength of the field of the permanent mag-
net, the number of turns in the suspended coil, and the torsion
of the wires by which it is suspended.

Ques. When is this galvanometer called ‘‘dead beat’?
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Ans. When the construction is such that the moving part
comes quickly to rest without a series of diminishing vibrations.

Ques. What causes this?

Fia. 1,323.—Queen high sensitivity galvanometer. The coil system is contained in its case
as a separate unit, so that any number of systems can be placed in the same magnet. The
damping is attained by the induced currents set up 1n a closed copper circuit on the coit
This current is removable thereby making the system dead beat or ballistic. The deflections,
whether the damping circuit be on or off the coil, are proportional to the current passed through
the coil, or to the quantity of electricity discharged through whben used ballistically. The
coil 13 protected by means of a clamp operated from the back of the coil case. It is designed
s0 as to prevent too much pressure being exerted on the coil,
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Ans. The instrument is made dead beat by winding the coil
on a copper or aluminum frame, so that when in operation,
currents are induced in the frame by the motion of the coil in
the magnetic field; these currents oppose the motion of the coil.

Ques. For what service is the D’Arsonval galvanometer
adapted?

Ans. It is desirable for general use as it is not much affected

Figs. 1,324 and 1,325.—l.cedsar.d Northrup portable galvanometer, pointer type withremovable
system. This type has sufficient sensitivity for Wheatstone bridge work to accuracies of
1/10%:; for potentiometer measurements to .05 millivolt; and for a variety of purposes for
which reflecting instruments might be supposed to be required. System, pointer and scale
is contained in removable interchangeable unit. Scale, 15 mm. divisions either side of a
central zero, viewed through glass covered aperture. Zero adjustment provided by screw
on top suspended system housing. 1.g. 1,324 shows galvanometer and fig. 1,325 system.

by changes in the magnetic field. It may be made with high
enough period and sensitivity to be satisfactory as a ballistic
instrument, but for extreme sensitivity an instrument of the
astatic type is more generally used.

Galvanometer ‘‘Constant” or ‘‘Figure of Merit.”—In order
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that a galvanometer shall be of value as a measuring instru-
ment, the relation between the current and the deflection pro-
duced by it must be known. This may be obtained experi-
mentally by determining the value of the current required to
produce one scale division. The galvanometer constant then
may be defined as the resistance through which the galvanometer

GRAY INSTRUMENT CO.
PHILA,, PA:

“QUEEN ,Ns.-r.un.;ﬂ‘rs"
u.s-A

F1a. 1,326.—Queen wall type D’Arsonval galvanometer designed for general work in electrical
measurcments. The instrument can be leveled by means of the side gimbal screws and the
screw at the bottom. The pole pieces have heen shaped in relation to the shape of the coil
s0 as to produce proportional deflections. The scale is curved so as to make the deflection
proportional to the angle of deflection. It is mounted upon an aluminum back controlled
by a rack and pinion for zero adjustment. The scale is divided into millimeters with 250
dimensions in black on one side and 250 dimensions in red on the other side of zero.

will give a deflection of one scale division when the current applied
1s al a pressure of one voll.

Accordingly, the deflection as indicated on the scale must be
multiplied by its constant or figure of merit, in order to obtain
the correct reading. If the scale readings be not directly
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proportional to the quantity to be measured, the law of the
instrument must also be considered.

Thus in a tangent galvanometer as previously explained
I=Ktan¢
where I=current, ¢, the deflection or scale reading, and K, the galvan-
ometer constant,

CQUEENH

Fia. 1,327.—Queen type S wall D’Arsonval galvanometer designed for use in both educational
and commercial laboratories.

When it is essential that the total resistance of the circuit
should not be altered by an alternation of the galvanometer
shunt, a compensating box should be used which automatically
inserts a resistance for each shunt in series with the shunted
galvanometer to bring the total resistance up equal to the un-
shunted value. Thus the current in the main circuit is not
altered.
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Sensitivity.—There are four convenient definitions of this
characteristic, involving some statement of the electrical con-
ditions required to secure a standard deflection.

Current sensitivity
Megohm sensitivity
Voltage sensitivity
Ballistic sensitivity

Current sensitivity.—This is the current required lo give the standard
deflection.

In any d’Arsonval galvanometer it is the current flowing through the mov-
ing coil that causes the deflection, and all other expressions of galvanometer
sensitivity are derived from’'the current sensitivity.

Megohm sensitivity.—This is the number of megohms resislance that
must be placed in series with the galvanometer tn ovder thal from an impressed
e.m.f. of one voll there shall resull the standard deflection.

Inasmuch as the galvanometer coil resistance is usualy negligible in com-
parison with the total resistance in series, the megohm sensitivity is only
another way of stating the current sensitivity. The number representing
‘the megohm sensitivity is the reciprocal of the number representing the cur-
rent sensitivity. The megohm sensitivity is the constant usually stated for
galvanometers to be used for measuring insulation resistance.

Voltage sensitivity.—This is the rollage that must be impressed on the
circuil made up of the galvanomeler coil and the external critical damping re-
sistance, tn order that there shall result the standard deflection. The voltage sen-
sitivity is equal to the product of the current sensitivity and the total resist-
anceincircuit. Itisthe constant usually stated for low resistance galvanom-
eters to be used for detecting very small e.m.f.’s such as those generated
by thermo-couples.

Ballistic sensitivity.—This is the quaniity of electricity that must sud-
denly be discharged through the galvanometer {n order that there shall result
the standard deflection.

It is the constant usually given for galvanometer to be used ballistically
for the measurement of brief discharges from condensers or inductances.
The ballistic sensitivity constants refer to the undamped condition of the
galvanometer. The sensitivity of a ballistic galvanometer when critically
damped is about one third of the undamped sensitivity.
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The third definition, the micro-volt sensitivity, is usually
employed with low resistance galvanometers. The first and
second are used interchangeably with high resistance galvanom-
eters, and in the same galvanometer are numerically equal.

External Critical “o.mping Resistance.—This is the resistance
which must be placed in series or in parallel with the galvanometer to
produce the critically damped condition.

Fia. 1,328.—Queen portable 1'Arsonval galvanometer. The deflections are proportional to
the current and the scale has 3 divisions cach side of the center. A zero adjustment is
provided.

Period.—The period usually stated for a galvanometer is the full un-
damped period, which is the time in seconds elapsing between two suc-
cessive passages in the stmre direction through the position of rest. It is
customary to take the peticd of critically damped galvanometer as equal to
its undamped period, for while the critically damped period is theoretically
infinite, practically, a critically damped deflection is within about 1.59,
of its final position in the undamped periodic time. While the fuil un-
damped period is stated for ballistic galvanometers, the quarter period

NOTE.—The Bureau of Standards recommends including the external critical damping
resistance in the galvanometer circuit when calculating or determiningthe voltage sensitivity.
Some foreign makers specify the voltage sensitivity at the terminals of the galvanometers with-
out the critical damping resistance in series. This latter sensitivity may be several times the
former. This fact should be borne in mind when selecting a galvanometer.
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(or the time for the initial deflection away from zero) is of principal interest
in ballistic measurements. When critically damped, the time for the
quarter period is obtained by dividing the undamped quarter period by
2x3.1416.

TEST QUESTIONS

1. What is a galvariometer?

What is a galvanoscope and how does it differ from
a galvanometer?

3. What effect has a neighboring current upon a
magnetic needle?

4. How does a galvanometer indicate the direction and
strength of the current?

How should a galvanometer be set up before using?
What is a “sensitive” galvanometer?
Upon what does the sensitivity depend?

What is the difference between a short coil and a long
coil galvanometer?

9. Explain the operation of short and long coil galvano-
melers.

10. Give the two general classifications of galvanometers.
11. Name six kinds of galvanometers.

12. What is an astatic galvanometer and for what use
is it adapted?

13. Does the_astatic galvanometer give correct readings
for different values of the current?

14. Describe a tangent galvanometer, and its use.

(2]

W~ O
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15.

16.

18.

19.
20.
21.

22.

34.

Upon what does the sensitivity of the tangent gal-
vanometer depend?

How may the tangent galvanometer be used as an
ammeter?

. Explain the tangent law; give mechanical explana-

tion of this law.

How is the tangent galvanometer constructed to give
direct reading?

What is the disadvantage of the tangent galvanometer?
Describe the sine galvanometer and its use.

How is current strength measured with the sine
galvanometer

What is the position of instability of the sine galvan-
cmeter?

What advantage has the sine galvanometer over the
tangent galvanometer?

Define the term “damping effect.”
What is the external critical damping resistance?

Define the term ““period” and what are the period
requirements?

Describe the differential galvanometer and its use.

What is the method of comparing currents with the
differential galvanometer?

How are the differential coils adjusted?

Describe the ballistic galvanometer and its use.

What is a “kick?

Describe the shunted ballistic galvanometer.

What are galvanometer shunts and how are they used?
Define the term “damping.”
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33.

36

37.

38.

39

How are mirrors used in galvanometers?

. Explain the construction and principle of the D’ Arson-
val galvanometer.
When is the D Arsonval galvanometer called *'dead
beat’"?
What is the galvanometer “constant™ or “‘figure of
merit’?

. Give four definitions for sensitivity.
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CHAPTER 38

D. C. Indicating Instruments

The various devices considered in this chapter for indicating
current, pressure and electrical energy are known as:

1. Ammeters;

2. Volt meters;

3. Electro-dynamometers;
4. Watt meters.

An ammeter is simply a commercial form of galvanomeler so
constructed that the deflection of the needle indicales directly the
strength of current in amperes.

A good ammeter should have a very low resistance so that very little of
the energy of the current will be absorbed; the needle should be dead beat,
and sufficiently sensitive to respond to minute varia*’~=~ of current.

According to the principle of operation, wnmeters and volt
meters are classified as:

1. Moving iron;
Moving coil;
Solenoid or plunger;
Magnetic vane;

Hot wire;
Electrostatic;

SN W
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7. Astatic;
8. Inclined coil;
9. Fixed and movable coil.

Again, they are divided according to their use into two classcs:

Fa. 1,329.—Moving element of Brown-Keystone instruments, weight 1.2 grams.

Fia. 1,330.—Moving element of Brown-Keystone instruments assembled in bearing. The
moving element consists of coil, counterpoise and poinfer. The mechanical connections are
made by means of screws ard steady pins. In order to adjust for slight set or subset of
spring under long use a zero adj"ster is provided by means of which this set can be con-
nected and the pointer brought back to zero.
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1. Portable type;
2. Switchboard type.
Milli-ammeters or milli-volt meters are instruments in which the scale

is graduated to read directly in thousandths of an ampere or thousandths
of a volt respectively.

Ques. Describe the moving iron type instrument.

S

| .

—

Fia. 1,331.—Moving iron type instrument. The essential parts are: N, soft iron needle; C,
coil; M, permanent magnet; P, pointer; S, scale. Current passing through the coil acts
on the needle, causing it to turn agamst the restraiming force due to the influence of the
permanent magnet.

N

Ans. The arrangement of the working parts is shown in
fig. 1,331. A soft iron needle is pivoted at N, inside of a coil C,
and is held out of line with the axis of the coil by means of a
permanent magnet M, when the instrument is idle. In this
position, the pointer P, which is attached to the needle, stands
at the zero mark of the scale S.
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If a current be passed through the coil, magnetic lines of force are set
up in its center, which tend to pull the needle into line with them, and
therefore with the axis of the coil. This pull is resisted by the permanent
magnet M, and the amount of deflection of the needle from the zero po-
sition depends upon the strength of the current or the voltage according
to whether the coil is wound to indicate amperes or volts.

Ques. What is the principle of the moving iron type in-
strument?

Fias. 1.332 to 1,337.—Principle of moving iron repulsion instruments. If direct current be sent
through the two small pieces of iron suspended vertically within a solenoid by thread as in
fig 1,332, they will become magnetized and since they are in the same magnetic fietd both will
be alfected the same, and will repel each other as in fig. 1.333. 1t the current be sent thiough
the solenoid in the opposite direction the result will be the same. Next if the coil be Jaid
on 118 side and the two pieces of won be placed within it horizontally as in fig. 1,335, one
fixed and the other free to move and a current be passed thiough the solenoids the two
pieces of iron will repel each other If an @ c. be uged instead of d. c. and 1t reverse with
sufficient frequency, the polarity ot the two pieces of iron will reverse in step with the cur-
rent and they will repel each other as betore. Hence on employing this principle in instru-
ment construction two curved preces of iron are used, one fixed and the other mvoled so
that it will rolate when electrically repelied irom the fixed won as in fig. 1,337. A pointer
attache | (o the movable iron moves over a gra luated scale.
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Ans. This type of instrument depends for its action upon fhe
pull of flux in endeavoring lo reduce the reluctance of ils path.

This pull is proportional to the product of the flux and the current, and
so long as no part of the magnetic circuit becomes saturated, the flux is
proportional to the current, hence the pull is proportional to the square of
the current to be measured.

Ques. Describe a moving coil instrument.

Ans. This type of instrument is shown in fig. 1,338. It con-
sists of a moving coil C, to which is attached a pointer P, and

F1a. 1,338.—Moving coil type instrument. The essential parts are: A, spiral spring; C, coil;
K, soft iron core; M, permanent magnet; P, pointer: S, scale. Current passing through
the coil causes tne moving system to turn against the restraining force due to the influence
of the permanent magnet.

which is pivoted between the poles of a permanent magnet M.
The coil moves between these poles and a fixed soft iron core
K, and is held in the normal position by two spiral springs A,
above and below the coil. The springs also serve to make elec-
trical connection with the coil C.

When a current passes through the coil, magnetic lines are set up in it
which are at an angle to those passing from one pole of the permanent
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magnet to the other. The lines of force, which formerly passed from one
pole of the magnet to the other by straight lines or by short curved ones,
are “stretched” on account of the field produced by the current in the
coil, and, in trying to shorten themselves, tend to twist the coil through
an angle. This tendency to move is resisted by the two spiral springs,
hence the coil moves until equilibrium is established between the two
opposing forces.

The amount of deflection of the pointer depends, either
upon the current strength, or the voltage according to the
winding of the coil.

Fio. 1,339.—Reliance dissectable volt meter and ammeter for d. c. and a. ¢. This meter was
designed to show in the simplest form possible the similarity in construction of a volt and
ampere meter of the magnetic vane principle. As the difference of volt- meters and ammeters
of this type is in the series spool or coil only, the moving element is so arranged that it may
be easily removed from the volt meter coil and mounted in either the low reading ammeter
coil or the one of greater carrying capacity, or vice versa. The series coil of the volt meter is
wound with a very fine wire and a resistance put in series to adjust same for the voltage or
scale marking. The size of wire with which the ammeter coils are wound must be of the carry-
ing capacity for which the scale is drawn. A very distinct comparison of the three ampere
coil and the one hundred ampere coil is here shown.
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Ques. Why is a high resistance coil used with a volt
meter?

Ans. As actually constructed, most volt meters are simply
special forms of ammeter. From Ohm’s law, the current
through a given circuit equals the pressure at its terminals di-
vided by its resistance. Hence, if a high resistance be con-
nected in series with a sensitive ammeter that will measure
very small currents, then the current passing through the cir-

AMMETER

AMMETER

Fias. 1,342 and 1,343.—Conncctions for series and shunt ammeters. When the construction is
such that all the current passes through the instrument, it is connected as in fig. 1,342, but
where the instrument is designed to take only a fraction of the current, it is connected across
a shunt, as in fig. 1,343, a definite proportion of the current passing through the instrument
and the remainder through the shunt.

cuit is directly proportional to the voltage at its terminals,
and the instrument may be calibrated to read volts.
Ques. Into what two classes may ammeters be divided?

Ans. They are classed as series or shunt according to the
way they are designed to be connected with the circuit.
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Ques. What determines the mode of connecting am-
meters?

Ans. When the wire of the ammeter coil is large enough
to carry the whole current, it is connected in the circuit in
series as shown in fig. 1,342. If, however, the wire be small,
the instrument is connected in parallel with a shunt of low re-
sistance, <o that it only carries a small part of the current, as
in fig. 1,343.

0 LOWER SPRING

)
“T0 UPPER SPRING

Fra. 1.344.—Weston amm ter; view showing shunt enclosed within the instrament. Weston
instruments are direct reading and dead beat. Although the scales have practically uniform
divisions. it is not assumed in the calibration that they are uniform, and the scales are fot
printed or engraved. The method of calibration consists n laying out each large division
of the scale by comparing the instrument with a standard, and then inking in the division
lines so found. The smaller divisions between the large ones are then equally spaced and
marked by a mechanical method,

For circuits which carry large currents, the shunt connection is always
used, because otherwise the coil of the ammeter would have to be very
heavy and the instrument correspondingly bulky.

Ques. How are shunt ammeters arranged to correctly
measure the current?

Ans. The coil is arranged so that a definite proportion of
the whole current passes through it.
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A large conductor of low resistance is connected directly between the
two terminals or binding posts of the instrument; the coil is connected as
a shunt around a definite part of this main conductor; then, since the two
are connected in parallel and each branch has a definite resistance, the
current divides between the two branches directly in proportion to their
relative conductivities, or inversely according to their resistances. The
coil, therefore, takes a definite part of the whole current, and the force
moving it and its pointer away from the zero position is directly propor-

FiG. 1.345.—Weston portable standard ammeter with self-contained shunts. The pointer
is knife edged and each instrument is equipr.ed with a zero correcting device.

tional to the whole current. Hence, by providing a proper scale, the value
of the entire current will be indicated.

Ques. How is a volt meter connected?

Ans. A volt meter is always connected to the two points,
whose difference of pressure is to be measured.

NOTE.—Inatrument errors on rectified circuits. 1If an instrument of the first class
and one of the second be connected in series with a rectified current, their indications will
differ according to the relation the ripple bears to the total current, and the form factor of the
ripple  This discrepancy may be in the neighborhood of 2 to 5 per cent under commercial
operating conditions, as shown hy the actual tests. The upper limiting value of the error would
be equal to the form factor, or ratio between the root mean square and the average value of the
wave. In the case of a sine wave this amounts to 1.11, causing an error of 11 per cent in the
reading. If it be desired to measure the watts taken by a translating device of any character,
a dynamometer type of wattmeter should be used in preference to any other. By so doing,
no errors due to rectified current peculiarities will be introduced.
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For instance, to measure the voltage between the two sides A and B,
of the circuit shown in fig. 1,346, one terminal of the volt meter is con-
nected to wire A, and the other to wire B. If the *‘drop” or difference in
voltage through a certain length of wire L, of a circuit, as from A to B,
in fig. 1,347 is to be determined, one terminal of the volt meter is con-
nected to A, and the other to B.

In a similar manner is found the drop through a lamp.

Ques. What is the difference between a volt meter and
an ammeter?

A

VOLTMETER

A~—L—-B

Fia. 1,346.—Volt meter connection for measuring the pressure in an electric circuit. The volt
meter is connecled tn parallel in the circuit at the point where the voltage is to be meas-
ured.

Fia. 1.347.—Volt meter connection for measuring the “'drop” or fall in voltage in a certain length
of wire, as for instance, the length between the points A and B. The volt meter is shunted
between the two points whose pressure ditference is to be measured.

Ans. A volt meter measures pressure, while an ammeter
measures current. As actually constructed, most volt meters
are simply special forms of ammeter.

'y
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Ques. Explain the term ‘‘calibrate.”

Ans. To calibrate a measuring instrument is to determine
the variations in its readings by making special measurements
or by comparison with a standard.

Ques. Describe a solenoid or plunger ammeter.

bNXWEIGHT

. PLUNGER ASOLENID

POINTER

SCALE

F1a. 1,348.—Plunger type instrument The current to be measured passes through the sole-
noid producing a magnetic effect on the soft iron plunger which tends to draw it into the coil,
and thus causes the pointer to move over the graduated scale. The distance the rod moves
depends on the value of the restraining force (which may be springs or gravity), the coil
winding, and strength of current The winding consists of a few turns of heavy wire for an
ammeter, and a large number of turns of fine wire when constructed as a volt meter. Since
the iron has a certain amount of residual magnetism, the deflection with smaller following
large currents is more than would be produced by the same current following a smaller one,
The instrument therefore 18 less reliable than the usual types.

Ans. This type consists of a “‘plunger” or soft iron core ar-
ranged to enter a solenoid.

Current being passed through the wire of the solencid causes the core
to he more or less attracted against a restraining force of gravity or springs.
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A pivoted pointer attached to the core indicates the current value on a
graduated dial as shown in fig. 1,348. .

Ques. What are the objections to plunger instruments?

Ans. They are not reliable for small readings, and are read-
ily affected by magnetic fields.

Ques. Describe a magnetic vane instrument.

Fia. 1.349.—Magnetic vane instrument. A soft iron vane, eccentrically pivoted within a coil
carrying the current to be measured, is attracted toward the position where it will conduct
the greatest number of magnetic lines of force against the restraining force of a spring or
equivalent.

Ans. It consists of a small piece of soft iron or vane mounted
on a shaft that is pivoted a little off the center of a coil as
shown in fig. 1,349.

The principle upon which the instrument works is that a piece of soft
iron placed in a magnetic field and free to move will move into such position
as to conduct the maximum number of lines of force. The current to be
measured is passed around the coil producing a magnetic field through the
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center of the coil. The magnetic field inside the coil is strongest near the
inner edge. hence, the vane will move against the restraining force of a
spring so that the distance between it and the inner edge of the coil will
be as small as possible. A pointer, attached to the vane shaft moves over
a graduated dial.

Ques. Describe an inclined coil instrument.

Ans. As shown in fig. 1,350, a coil carrying the current, is
mounted at an angle to a shaft to which is attached a pointer.

POINTER SPRING~

ST=SCALE  MAGNETIC
YANE

FiG. 1,350.—Thomson inclined coil ammeter. It is constructed on the magnetic vane
principle in which an iron vane is attracted by the magnetic field due to the coil, soastoturn
itself parallel with the axis of the coil, the latter being inclined with respect to the axis of the
vane. The volt meter of this type has a similarly placed stationary coil. but in place of the
iron vane, is provided with a moving coil in series with the other coil. The restraining force
in each case being that due to springs. Figs. 1,351 and 1,352 show the actual construction of
inclined coil instruments.

A bundle of iron strips is mounted on the shaft. A spring re-
strains the shaft and holds the pointer at the zero position when
no current is flowing.

When a current is passed through the coil, the iron tends to take up a
position with its longest sides parallel to the lines of force, which results
in the shaft being rotated and the pointer moved on the dial, the amount
of movement depending upon the strength of the current in the coil.

The coils for large sizes are generally wound with a few turns of flat
insulated copper ribbon. The instruments are adapted to either direct or
alternating currents but are recommended for alternating currents.
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Ques. What is the principle of the hot wire instrument?

Ans. Its action depends upon the heating of a conductor
by the current flowing through it, causing it to expand and set
in motion an index needle or pointer, the movements of which,
by calibration, are made to correspond to the pressure differ-
ences producing the actuating currents.

Fuas. 1,351 and 1.352.—Thomson inclined coil. portable indicating instruments. Fig 1,351,
ammeter type P, interior; fig. 1,352, watt meter, type P, interior. These instruments, though
primarily designed for use on alternating current circuits, may also be used on direct cur-
rent circuits, by making reversed readings and taking the mean as the true indication. The
volt meters and watt meters are constructed on the dynamometer pr.nc'ple and the am-
me’ers, on the magnetic vane principle. The volt meters and watt meters are provided
with a contact key which may be locked in posit'on, enabl ng the instruments to be left
constantly in circuit. The movements of the pointer are damped by means of an air vane;
there is also a friction damp.ng device operated by a small button to check excessive oscil-
lat ons of the pointer. The inclined coil instruments are so designed that the torque is suf-
ficently high to insure the pointer assuming a definite position with each change in current
value.

Ques. What are the characteristics of hot wire instru-
ments?

Ans. Volt meters of this type are not affected by magnetic
fields, and as their self-induction is small, they can be used on
either direct or alternating currents; but they possess certain
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serious defects: they consume more current than the other
types; cannot be constructed for small readings; are liable to
burn out on accidental overloads; are somewhat vague in the
readings near the zero point and are sometimes inaccurate in
the upper part of the scale.

Ques. Describe the construction and cperation of the
Whitney hot wire instruments.

Ke B

Fia. 1,353.—Diagram showing principle and construction of the Whitney hot wire instruments.
The action of instruments of ths type depends on the heating of a wire by the passage of
a current causing the wire to lengthen. This elongation is magnified by suitable mechan-
ism and transmitted to the pointer of the instrument.

Ans. As shown in fig. 1,353, a wire AX, of non-oxidizable
metal, of high resistance and low temperature coefficient, passes
over a pulley B, mounted on the shaft C. The ends of the wire
are attached to the plate E, at its ends F and G, the wire being
insulated from the plate at G. A spring H, holds the wire in
tension and takes up the slack due to the expansion caused by
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the heating of the wire when a current passes through it. The
current flows only in the portion of the wire marked A, between
the plate E, and the pulley B, up to the point K, where the
connection is shown. When a current flows through the wire A,
the spring takes up the slack, pulls A, around B, and causes B,
to rotate upon its shaft C. It is clear, that a pointer attached
to C, would indicate on a scale the movement of B, and C, but
as this movement is very slight, a magnifying device will be
required. This device consists of a forked rod L, rigidly at-

Fie. 1,354, —Weston swinging bracket. round pattern instrument.

tached to the shaft C, and carrying at its lower end a silk
fibre fastened to the fork and passing around a pulley M, to
which a pointer N, is attached. For direct current measure-
ments only an electromagnetic system is used.

Ques. What is the principle of electrostatic instruments?

Ans. The action of these instruments depends upon the
fact that two conductors attract one another when any differ-
ence of electric pressure exists between them. If one be
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delicately suspended so as to be free to move, it will approach
the other.
Ques. Describe the Kelvin electrostatic volt meter.

Ans. A simple form consists, as shown in fig. 1,355, of a
metal case containing a pair of highly insulated plates, between

Fia. 1,355.—Kelvin clectrostatic volt meter; a form of instrument designed for measuring high
pressures up to 200,000 volts. The instrument, as illustrated, consists of fixed and movable
vanes with terminals connecting with each. These vanes which act as condensers take
charges proportional to the voltage difference between them, resulting in a certain attrac-
tion which tends to rotate the movable disc against the restraining force of gravity. In
the figure. aa and b, are two fixed vanes and ¢, a movable vane, carrying a pointer and
having a proper weight at its lower end.

which a delicately mounted paddle shaped needle is free to
move.
\i'hen the needle is connected to one side of a circuit and the stationary

plates to the other side, the needle is attracted and moves between them
as indicated by the pointer. Adjusting screws at the lower end of the
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needle allow it to be balanced so that its center of gravity .is somewhat
below the center of suspension. Gravity then is the restraining force.

The range of the instrument may be changed by hanging differgnt
weights upon the needle. By increasing the number of blades the in-
strument can be made to measure as low as 30 volts. The form having

Fras. 1,356 and 1,357 —Genera! Electric electrostatic volt meters. Fig. 1,356, vane type;
fig. 1,357, pan type. The main use of electrostatic volt meters is for measutement of volt-
ages from 3 to 50 kv. For high voltages, the electrostatic volt meter has the advantage of
being easily insulated, and as there is not a complete metallic circuit, it is not necessary to
include in the construction a large amount of expensive resistance wire. In addition, instru-
ments of this type draw an inappreciuble current from the line which is of advantage in many
cases. Electrostatic volt meters are used for cable testing and instrument testing where a
ready determination of differences éf pressure may be made and where a deviation from the
correct value of 22.5 per cent 1s not objectionable. For best results, an electrostatic volt
meter should be calibrated after it has been assembled and mounted. Resistances in series
with the meter terminals are furnished to protect the instrument in the event of over-voltage
on the circuit to which the volt meter is connected. Should an arc-over occur it would not
greatly damage the instrument.
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two stationary blades and one movable blade is suitable for measuring
from 200 to 20,000 volts. The quadrant electrometer or laboratory form
will measure a fraction of a volt.

Ques. Explain the construction and principle of the Thom-
son astatic instruments.

Ans. The fields of thesz instruments are electromagnets
wound for any specified voltage and provided with binding

F1a. 1,353.—Thomson astatic instrument without cover. When current passes through the |,
coils of the moving element, the lines of force parallel to the shaft. produce a torque which
tends to turn the shaft and cause the ncedle to travel across the scale. This action is, of
course, opposed by the magnetic field at right angles to the shaft acting on the two picces
of magnetic metal. These astatic instruments have no controlling springs. ‘The two small
silver spirals which conduct the current to and from the armature are made of untempered
silver and exert no force as springs. The actuating and restraining forces are dependent
upon the same electro-magnets. The damping etfect in these instruments is produced by
an aluminum disc nioving in a magnetic field, and is proportional te the square of the magnet
strength.

posts separate from the current posts of the instrument. The
moving coils are mounted upon an aluminum disc and are
located in a magnetic field which is parallel to the shaft and
astatically arranged. Two small pieces of magnetic metal are
rigidly mounted cn the shaft and the astatic components of the
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magnetic field, which are perpendicular to the shaft, tend to
keep the pieces of magnetic metal in their initial positions.
When current passes through the coils of the moving element,

F1es. 1,35) and 1,360.—Westinghouse shunts for ammeters. Direct current ammeters for switch-
board service are seldom made for eapacities greater than 25 amperes. I or higher capacities
external shunts are used with milli-volt meters. The milli-volt meters are adjusted so that
with 50 milli-volts applied to the end of the instrument leads, the instrument wiil give full
scid * deflection, the scales being marked in amperes.

Fias. 1,361 to 1,369.—Weston switchboard shunts. Each shunt consists of one or more sheets
of a special alloy, fitted at each end into grooves in two capper blocks, which are provided
with means for connecting the shunts in circuit with the main conductor and with the instru-
ment. Inshuntsup to and including a capacity of 2,500 amperes the terminal blades are an
integral part of the shunt terminal. Above this capacity the connecting terminal blades are
copper, soldered and riveted into the shunt blocks.
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the lines of force parallel to the shaft produce a torque which
tends to turn the shaft and cause the needle to travel across
the scale. This action is, of course, opposed by the magnetic
field at right angles to the shaft acting on the two pieces of
magnetic metal. There are thus no restraining springs, current
being conveyed to the moving coil by torsicnless spirals of
silver wire. Thomson astatic instruments can be provided
with polarity indicators, a red disc showing on the scale card

Fras. 1,370 to 1,373.—Weston standard portable shunts. The milli-volt meters used in connec-
tion with these shunts read directly in amperes. Shunts of different capacities can be ad-
justed to the same instrument, and it can, therefore, be used to measure a current of 2,000
amperes with the same degree of accuracy as a current of 1 ampere. In selecting shunts of
diflerent capacities for use in connection with one instrument it should be considered that
the higher ranges must be even multiples of the lower one in order to suit the same scale on
the instrument.

where the poles are reversed. The effect of external fields is

eliminated by the astatic arrangement of the fields and the

moving parts. A field which, tends to increase the torque on
one side of the armature diminishes it to a corresponding degree
on the other side. The damping effect in these instruments

is produced by an aluminum disc moving in a magnetic fieid.
Ques. What are multipliers?

Ans. These are extra resistance coils which are connected
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in series with a volt meter for increasing its capacity or read-
ings. They are put up in portable boxes, and must be adjusted
for each particular volt meter as the resistance of a multiplier
coil must be a multigle of the resistance of the volt meter itself.

Ques. What is an electro-dynamometer?

Fii. 1.374.—Weston rotary switch type multiple range portable precision shunt. These are
feVen range senies type precision shunts, constructed so that any range may be selected at
will, by merely turning the switch handle until the index shows the desired range to be 1n
circuit, It is not necessary to open either the main or the instrument circuit when chang-
ing the range. By turning one notch above the highest range, the entire shunt is short cir-
cuited.

Fia. 1.375.—Weston multiplier for standard ammeter. These multipliers are resistors having
a definite multiplying constant, the resistance material ol which is highly insul:ue@ and
arranged for proper heat dissipation. They are so adjusted that the readings of the instru-
ment may be multiplied by a specific constant. Multipliers are usually constructed so }hal
the indication of the pointer, multiplied by 2, 5, 10 or 20 will give the voltage of the arcuit.
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Ans. An instrument for measuring amperes, volts, or watts
by the reaction between two coils when the current to be
measured is passed through them. One of the coils is fixed and
the other movable.

Ques. Describe the Siemens’ electro-dynamometer.

SPRING

A%Eln?c MOVABLE
CoIL — VOLT COIL

FiG. 1,376 .—Diagram of Siemens’ electro-dynamometer. It consists of two coils on a common
axis, but set in planes at right angles to each other in such a way that a torque is pro uced
between the two coils which measures the product of their currents. This torque is balanced
by twisting a spiral spring through a measured angle of such degree that the coils shall
resume their original relative positions. If the instrument be used for measuring current,
the coils are connected in series, and the reading is then proportinnal to the square of the
current. If used as a wat! meter, one coil carries the main current and the other a small
current, which is proportional to the pressure. The reading is then proportional to the
power in the circuit.

F16. 1,377 —Diagram showing connections of Siemens’ electro-dynamometer as arranged to
read watts.

Ans. The essential parts are shown in fig. 1,376. The fixed
coil A, composed of a number of turns of wire is fastened toa
vertical support, and surrounded by a movable coil B, of a
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few turns, or often of only one turn. The movable coil is sus-
pended by a thread and a spiral spring C, below the dials which
are fastened at one end to the movable coil and at the other
end to a milled headed screw D, which can be turned so as to
place the planes of the coil at right angles to each other, and
to apply torsion to the spring to oppose the deflection of the

— e
Fia. 1,378.—Roller-Smith electro-dynamometer used in watt meters.

——

movable coil for this position when a current is passed through
the coils. The ends of the movable coil dip into two cups of
mercury E, E’, located one above the other and along the axis
of the coils so as to bring the two in series when connected to
an external circuit.

The arrows show the direction of currént through the two coils. An
index pointer F, is attached to the movable coil. The upper end of this

—
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pointer is bent at a right angle, so that it swings over the dial between
two stop pins G,G’, and rests directly over the zero line when the planes
of the coils are at right angles to each other. A pointer H, is attached to
the torsion screw D, and sweeps over the scale of the dial. The spring is
the controlling factor in making the measurement.

FIXED COILS

3
I
Zz
=
=
w
b=

bes

Fia. 1,379.—Diagram of Siemens' dynamometer with names of parts. When constructed as a
rolt meter, both coils are wound with a large number of turns of fine wire, making the instru-
ment sensitive to small currents. Then by connecting a high resistance in series with the
instrument, it can be connected across the terminals of a circuit whose voltage 1s to be mea-
sured. When constructed as a wall-meler, one coil is wound so as to carry the main current
and the other made with many turns of line wire of high resistance suitable for connecting
across the circuit.

Fia. 1,380.—l.eeds and Northrup electro-dynarmomelter. It is a reliable instrument for the
measurement of alternating currents of comniercial frequencies.

Ques. Explain the operation of the Siemens’ electro-
dynamometer.

Ans. In fig. 1,376, when a current is passed through both
coils, the movable coil is deflected against a stop pin, then the
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screw D, is turned in a direction to oppose the action of the
current until the deflection has been overcome and the coil
brought back to its original position. The angle through which
the pointer of the torsion screw was turned is directly propor-
tional to the square root of the angle of the torsion. To de-
termine the current strength in amperes, the square root of
the angle of torsion is multiplied by a calculated constant fur-
nished by the makers of this instrument.

Fia. 1,381.—General Electric, Thomson type C-6 direct current watt hour meter. It is stand-
ard practice to furnish flexible cable leads provided with copper terminals for meters of 100
amperes capacity and above. For meters of lower capacity, the leading-in wires are fastened
to suitable brass binding posts with set screws. N

Ques. How is the electro-dynamometer adapted to meas-
ure volts or watts?

Ans. Both coils are wound with a large number of turns
of fine wire making the instrument sensitive to small currents.
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SetScrew

Termings
SCrews
Clare'pn
Screw ;‘g’
Shurit

a Termingl
Screw

Fra. 1,382.—General Electric. Thomson type C-6 direct current watt hour meter with cover
removed.

Fra. 1,383.—Interior of General Electric Thomson type watt hour meter (type C-6) showing
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Then by connecting a high resistance in series with the instru-
ment it can be connected across the terminals of a circuit whose
voltage is to be measured.

When constructed as a watt meter, one coil is wound so as to carry the
main current, and the other made with many turns of fine wire of high
resistance suitable for connecting across the circuit. With this arrange-
ment, the force betweer: the two coils will be proportional to the product
of amperes by volts, hence, the instrument will measure watts.

PR

Fies. 1,384 to 1,394.—Parts of type C-6 Thumson watt hour meter.
Fra. 1383 —Tet continied.

armature, small commutator and gravity brushes. A spherical irmature moving within circutar
hield conls is the construction adopted .n thismeter, The armature 1s woundon a very thun pajer
shell, stitl enough to withstanc the stran due to winding and subsequent handhng. ‘Fhe wire®
composmyg the armature is of the sma'lest gauge con<istent with mechanical strength. The
ficld conls, as betore siated, are ciremtar, and are pliced as near cach other as possible, one
on ¢ither side of the armature with the internal diameter just sullicient to give the neces-
sary clearance fer the rotatirg element.  This construction prevents magnetic leakage.
Ribbon wire 1s employed for the held coils, thus economizing space and further carrying out
the idea of concentration.
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SOURCE SOURCE

L

LOAD LOAD

F16. 1,395.—General Electric type C-6 d. ¢. watt hour meter, two wire connections, 5 to 50
amperes up to 240 volts; type C-7. 5 to 25 amperes, 500 to 600 volts

Fia. 1,396.—General Electric type C-6 d. ¢. watt hour meter, two wire connections. 75 to 600
amperes up to 240 volts; 50 to 600 amperes, 500 to 600 volts.

SOURCE SOURCE
"

LOAD LOAD

Fig. 1.397.—General Electric type C-6 d. ¢ watt hour meter, three wire connections. 5 to 50
amperes, 200 to 240 volts.

Fia. 1,398.—General Electric type C-6 d. ¢. watt hour meter, three wire connections, 75 to
300 amperes, 200 to 240 volts.
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Fia. 1,399.—Westinghouse type CW-6 watt hour meter with cover off. This meter is of the
commutator type without iron in the magnetic circuit. The spherical armature is closely
surrounded by circular field coils which provide the shortest magnetic path and smallest
magnetic leakage, thus securing high torque with small consumption of energy. The arma.
ture winding Is wound on a hollow sphere of prepared paper which is moulded in corrugated
form to secure strength. Uniform brush tensian is maintained by gravity. Each brush
consists of two small round wires placed side by side and held against the commutator by a
small counterweight whose distance from the fulcrum is adjustable. The current winding
consists of two flat coils of strap copper, one clamped rigidly on either side of the central
mounting frame which supports the armature bearings. These coils are connected either
in series or parallel, depending on the capacity. In three wire meters one of the cails is con-
nected in series with each side of the line. The retarding element consists of a light aluminum
disc rotating between two pairs of permanent magmets. The magnets are prepared by a
special aging process to insure permanence. Full load adjustment is made by shifting the
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Ques. Describe briefly the construction ¢f the Thomsen
recording watt meter.

Ans. It consists of fzur elements: 1, a motor causing rota-
tion; 2, a dynamo providing the necessary load or drag; 3, a
registering device, the function of which is to integrate the
instantaneous values of the electrical energy to be measured,
and 4, means of regulation for light and full load.

Ques. What is the action of the motor in the Thomson
watt hour meter?

HICROMETER SCREW ADJSTER
_ CY"R"QR‘C“L GULKTING BRUSH TENSION.
g M
QR T BUSHCAMP ENBLING
ONE TENTH TN s “"fs

D REEN GINS WITH‘
GUT ALTERING TENSION.

RiGiC ONEJ’IECE CAS’L
ALUM
STIFFENER RIBS‘

{ & ; - HQRT.STIFF SH
AR"”URE WSRTS ] —wn H PV chnon
ocxso . |. .- 3 CLAMP ATTACHED
DIRECT RE LIGHT LOAD ADJUST-
ASSOCIATI - 1S

wNAY i SENT OF WIDE RANGE.

DAMPER MAGNETS

- IMMOVABLY CLAMPED

N PLACE.

MICROMETER MAGNETIC Y /

S TROLLING MAIN SPEED UMM JEWEL

DAMPER  BEARING.

Fra. 1.400.—Interior view of Columbia watt hour metex' (type D), showing construction and
principal parts and connections.

Fie.. 1.399.— Text continued.
posmon of the permanent magnets. Ample light load adjustment or {riction compensation
is provided by mcans of the movable coil. which can be shifted harizontally or radially on
loosening one screw. The meter registers directly in kilowatt hours.
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F1a. 1,401.—General Electric. Thomson type CS, astatic watt hour meter with cover and mag-
net shield removed. This meter is constructed on the astatic principle to minimize the effect
of external magnetic fields which are commonly encountered when dealing with large direct
current circuits. These fields may be due to several causes such as an adjacent bus bar
carrying large currents, iron frame work of switchboards, steel girders in buildings, etc.,

field. The astatic principle which is the important feature of these meters, involves the use
of two motor elements. Obviously, if one field coil and its armature be considered, a pro-
jected field from an adjacent bus bar or similar source of disturbance would tend to alter
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Ans. It rotates at very slow speed, and since there is no
iron in its fields and armature, it has very little reverse volt-
age. Its armature current, therefore, is independent of the
speed of rotation, and is constant for any definite voltage ap-
plied at its terminals.

The torque of this motor being proportional to the product of its arma-

Fic. 1,402.—Detail of brush construction and arrangement of Thomson astatic watt hour
meter.

ture and field currents, must vary directly as the energy passing through
its coils. In order then that the motor shall record correctly, it is neces-
sary only to provide some means for making the speed proportional to
the torque. This is accomplished by applying a load or drag, the strength
of which varies directly as the speed.

Ques. Explain the operation of the Thomson recording
watt meter. '
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field, there being no iron, varies directly with the current in
the field. Thus the strength of the field with 10 amperes flowing
to the load is exactly twice the strength of the field with 5
amperes flowing to the load.

The strength of
the armature is de-
pendentonthe volt-
age of the system
to which it is con-
nected, the arma-
ture element of the
meter being practi-
cally a volt meter.
There is, therefore,
a torque or puil
varyingdirectly
with the strength of
thearmature multi-
pliedbythestrength
of the field, or, in
other words, vary-
ing directly with
the watt load, and
except in so far as
influenced by fric-
tion, the speed of

DIRECT CURAERT ‘.-‘l{‘:.;.', . rotation varies
YO8 ng i B % B directly with the

: ng.tcml torque or pull. The
Seeiorizio L currents generated

in the disc arma-

ture consist of eddy

currents, which cir-
culate within the
mass of the disc.

Fic. 1,411.—Sangamo service type two wire, direct current watt hour meter, with cover and
recording train removed. [t consists of a motor dynamo set coupled to a revolution
recording mechanism. the epeed of the set being proportional to the power delivered through
it. The mercury motor cansists essentially of a copper disc floated in mercury between the
poles of a magnet and provided with leads to and from the mercury at diametrically opposite
points.
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Installation of Watt Meters.—The various types of watt
meter differ so widely either in mechanical details, or operating
principles, that it is customary for manufacturers to furnish
detailed instructions for the installation of their meters. Such
instructions should be carefully followed in all cases, but the

following will be found generally applicable to all-types of
motor meter:

1. After unpacking the meter, and before opening the case or cover,

- a —

Fm 1,412.—Electric and magnetic circuits of the mercury motor of Sangamo D-5 watt hour
meter. The current of electricity, carried by the circuit in which energy is to be measured,
enters the contact C, passes through the comparatively high resistance mercury H, to the edge
of the low resistance copper disc D, across through the disc to the mercury H, and out of
the contact C:. The magnetic field of the motor is excited by a winding connected across

the circuit, in which energy is to be measured; that i s, the magnetic field is proportional to
the voltage.

F1a. 1,413.—Relative directions of current, magnetic flux and rotation of disc of Sangamo D-5
watt hour meter.
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clean the latter carefully to remove all adhering particles of dust
and excelsior.

2. The proper location for the meter should be one where there is no
vibration. When this location has been selected, nail or screw upon
the walls, a board somewhat larger than the dimensions of the back
of the meter, and upon this board hang the meter by the top hanger.

]

Fias. 1,414 to 1,417.—Disassembled moving system of Sangamo two wire, direct current watt
hour meter.

Fias. 1,418 to 1,424,—Field magnet, mercury chamber, main bracket and moving parts of
Sangamo two wire, direct current watt hour meter.
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3. After hanging the meter, open or remove the case or cover, and if
necessary, put the mechanism in order according to instructions fur-
nished by the manufacturer.

4. In order to operate satisfactorily, the meter should hang plumb, so
that the spindle of the revolving element will be vertical, and the
horizontal planes through the armature and retarding disc will be

level. Many complaints
relative to meters being
slow on light loads, are
invariably due to the
fact that the meters
have been installed out
of plumb.*

5. In making the cir-
cuit connections, be
very careful that
the positire lead or
wire is placed in
the positire binding
post of the meter.
This precaution is
essential for insur-
ing an accurate and
sensitive measure-
ment on small
loads.

Fi1a. 1,425.—Thermo-couple and light-load adjustment of Sangamo direct current watt hour
meter. A, is the thermo-couple winding which encloses a couple consisting of two strips
of dissimilar metal, each end terminating in a slotted terminal held by screws Band C. As
shown. the couple is connected for use on the positive side of the line: loosening the screws
and moving it to connect across C and D), adapts it for use on the negative side of the line.
The'light load adjustment is obtained by moving the clamp E, one way or another along
the resistance strip. The round wire 1s of copper, while the flat strip is of resistance metal.

*NOTE.— The most practical and accurate method of plumbing a meter is to level it hy
means of a small brass weight placed upon the retarding disc. Place the weight upon the front
or back upper surface of the disc, close to the edge. If the disc™ant weight rotate toward the
right. move the bottom of the meter in the same direction so as to raise the disc on the right.
When the disc 1s level, the weight ‘and disc will remain stationary when the weight is placed
on either the front or the back of the disc. Next, piace the weight on the disc close to the edge
on either side. 1f the disc rotate toward the front, swing the bottom of the meter away from
the wall or board until the disc remains stationary when the weight is placed upon it on either
side. Ii the disc rotate toward the back, raise it up on that side by bringing the top of the
meter away from the wall or board. It is possible that the second leveling operation will alter
the position of the disc ohtained by the first operation, therefore, the first should be repeated,
and after that the second also, until the disc remains stationary when the weight is placed at
any point upon 1ts surface. This method of leveling is more reliable than any method in
which a spinit level is employed.



D. C. Indicating Instruments 991

i | — rl /]
!! _
,i Eis "
| - }. Aﬁrébl
—— s o
. SC
]
— st-sYnmcs,,_L
H N} K
COPPER
. H— 5] o
OSSP (N I N P N NS S
'T | [ o[ o]~
| -
Cabb L

]
]
|
l remain with their

6. When a meter
of the commutator
motor type sparks
at the brushes at
starting, it is an

commutator is

\\ indication that the

dusty. Clean it
with a piece of
closely woven cot-
ton tape 14 in. in
width.

7. Meters should
never beallowed to

covers, off, in the
testing room sta-
tion, or any other
place. In order to
getthebestservice,
and to give them
long life they must
be kept clean.

NOTE.—Sangamo meters
for use on circuits ol more
than 130 volts are provided

_with resistors connected in

1 series with the voltage mag-
net windings, and these re-
sistors, when used in meters
for circuits not exceeding 250
volts, are mounted upon and
form a part of the motor ele-
ment. On circuits of more
than 250 volts 'the series re-
sistor is mounted ir an ex-
ternal box.

F1a. 1,426.—Internal circuits of Sangamo two wire direct current watt hour meter.* Elenents
in two and three wire meters: A, armature; B, zero point of light load adjustment D,
damping disc, E,E, contact ears of mercury chgmber; H, heater winding of therme couple;
1,1, binding post “from line;” K, clamp slider of light load adjustment; M, notor element;
N, adjustment for drop of shunt; 0,0, binding posts *'to loa:;”” S, spindle; U, upper bearing;
W, worm driving recording train; Y, laminated shunt magnet; SC, 'shunt coils; CT, com-

pounding turns to build up speed on heavy load

*NO I'te.—The reference letters under fig. 1,426 apply to figs. 1,426 and 1,428,
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How to Test a Meter.—A simple test for ascertaining whether
a customer’s meter is fast or slow, may be applied as follows:

B/ \6 5 4, 4 5 G 5 4*
KILOWATT HOURS 2

f— .’m-.

:V,"X 6 2 oo 1;’
L

Fm‘.tel;435 to 1,437.—Threc views of recording mechanism of $ ) two wire watt hour
meter. .
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1. Turn off che lamps and other power consuming devices in the house
and then note the reading of the meter dial and the exact time of day;

2. Turn on as quickly as possible about one-tenth of all the lamps in
the house and allow them to burn for about two hours;

3. At the end of two hours, turn off the lamps as quickly as possible
and note the reading of the meter dial.,

Fi1a. 1,438.—Duncan model EK, direct current watt hour meter.

The difference between the first and second readings of the dial will be
the indicated consumption of two hours, and if this be greater than the
amount of power that ought to be consumed by the number of lamps
turned on, the meter is fast, but if it be less, the meter is slow.

The best results obtained by this method are only approximations,
however, on account of the variations in the watts consumed by the dif-
ferent makes of lamp, the uncertainty as to the actual voltage on the
line at the time of the test, and the lack of knowledge zs to the age of

S ——— i ————————
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TERMINALS TERMINALS
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F1a. 1,439.—Diagram showing internal connections of the Duncan watt hour meter. Its ppera-
tion depends upon the principle of the well known electro-dynamometer, in which the
electromagnetic action between the currents in the field coils and an armature produces
motion in the latter. It also embodies the other two necessary watt hour meter elements
required for the speed control and registration of the revolutions of the armature, these
being embodied in the drag magnet and disc, and the meter register respectively. The motion
of the armature is converted into continuous rotation by the aid of a1 commutator and brushes,
the commutator being connected to the armature coils and carried on the same spindle
therewith.
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the lamps. Therefore, if the meter test within five per cent., or do not
record more nor less than one-twentieth of the assumed lamp consumption
it is safe to assume that the meter is correct as the result of the test is
not likely to be any closer to the truth.

TOP VIEW

BACK VIEW

Fias. 1,440 and 1,441.—Duncan mode! E, register. Instructions for reselting register to zero:
remove complete register from the meler; remove screws A an 1 B; loosen screw C, one half
of a turn; disengage pinion P, from gear wheel W1, by moving frame F, to the nght as shown
by dotted line; re-set the dial pointers by turning gear wheels W3 and W1; move frame F,
back in place and replace screws A and B; adjust mesh of pinion P>, and gear wheel W1,
to allow slight backlash; tighten screws A, B and C,

Ques. How should a roughened commutator be cleaned
and smoothed?

Ans. By means of tape.

Waste of Electricity in Lighting.—In large residences where
a good many servants are employed or in any place where the
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TFOP VIEW

B Incregge Tensio®™ B
Ccregse Tenso™
F1a. 1,442.—New style Duncan brushes. AMethod of
adjustment: loosen set screw S; change tension by

moving arm B, in the direction indicated; tighten set
screw S,

Fia. 1,447 —Method of polishing Duncan commutator

with tape. S

Fias. 1,441 to 1,446.—Duncan melter showing method of replacing fixed type compensating
coil with swinging type. R, red lead to positive series binding post if 110 volt m. ter; if 220
volt meter, connect red lead to pan cake coil resistance on front of meter base. To replace
fixed compensating coils and switches shown in figs. 1,444 and 1,145 with the movable com-
pensating coil, illustrated in fig, 1,446, disconnect greenlead G, from brush; disconnect lead
R; remove screws A and B: remove coil and switch as a unit; substitute movable coil; replace
screws A and B; connect red and green leads as indicated.
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power consumed is not directly under the supervision of the per-
son who must pay the bills, a great deal of waste usually occurs.

Fr.. 1,447 to 1,457.—Tools for use with Duncan d.c. watt hour meters, hoth old and new
types. A, sticks of corn pith; B, seahing tool; C, brush cleaner; 1), brush adjuster; k£, magnet
wrench: F, brush wrench; G, armature screw driver; H, commutator pick; !, wragnet cleaner
(phosphor bronze); J, pivot remover; K, magnet adjuster.

NOTE.—A rmeter operates under more varied and exacting conditions than almost any
other picce of apparatus. [t is frequently subjected to vibration, moisture and extremes of
temperature; it must register accurately on varying voltages ana vanious wave forms; it must
operate for many months without any supervision or attention whatever; and, :n spite of all
these conditions, it is expected to register with accuracy from a tew per cent. of its mted capacity
to a 50 per cent, overload. As a meter is a type of mechamsm, its natural tendency is torun slow:
but occasionally, through accident, a meter may run fast. Whan a meter runs fast the con-
sumer 1s paymg a higher rate per kilowatt hour than his contract calls for. lle is being dis-
crimunated aganst. The peniodic testing of meters is therefore a necessity anct s an indication
of the honesty of intention of the manager toward the customers of s company. Meters
controlhing a very large amount of revenue may be tested as often as once a morth, while the
ordinary run of meters should be tested at least once a year, once in eighteen months or once in
two years, the penod varying with different companies, dilfferent types and dilferent civic
requirements. Commutator type meters having comparatively heavy moving dements with
consequent rapid increase in friction due to wear on the jewel and bearings, and a commutator
also increasing in friction with age, must have frequent and expert attention to insure their
accuracy under all conditions.
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If the meter be read before retiring, the reading in the morning will
show how much energy was consumed during the night, which will show
in turn how many lamps were burning all night.

A great deal of light can be saved by placing the lamps so that they
will throw the light where it is needed and by placing small lamps such
as 8 candle power and 4 candle power in places where not much light is
needed, such as bath rooms, halls, cellars, etc.

When the lamps get old and dim they should be replaced with new
ones, as it costs about the same to burn an old lamp as a2 new one. An

TO NEUTRAL TO
= —
LINE LOAD
—

|
g =
[

SRS

F1a. 1,461.—Connections of Duncan model E, three wire, 4 binding post d.c. watt hour meter,
300 amperes and less, 550 volts and less.

old 16 candle power lamp which is very dim will give only about 8 candle
power and use about as much current as is required for a new 16 candle
power. If the dim light be light enough, it should be replaced by an 8
candle power lamp, which will not consume as much power as the old
16 candie power.

TEST QUESTIONS

1. How are ammeters and volt meters classified?
2. Describe the moving iron type instrument.
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13.
14.

135.

16.
17.
18.

19.

20.
21.

What is the principle of the moving coil instrument?

How does the winding differ in ammeters and volt
meters?

Why is a high resistance coil used with a volt meter?
How is an ammeter and volt meter connected?
Describe a solenoid or plunger ammeter.

Describe a magnetic vane instrument.

Describe an inclined coil instrument.

How does a hot wire instrument work?

What is the principle of electrostatic instruments?

. Explain the construction and principle of the Thom-

son astatic instruments.
What are multipliers?

What is an electro-dynamometer, and how does it
work? c

How is the electro-dynamometer adapted to measure
volts or watts?

Explain how a watt meter is installed.
Describe the Sangamo mercury motor watt meter.

How does the thermo-couple and light load adjust-
ment of Sangamo meter work?

Give a practical and accurate method of plumbing a
meter.

Describe the method of testing a meter.

What is the construction of the Duncan meter?
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22. How should a roughened commutator be cleaned and
smoothed?

23. Explain the method of reading the recording dials of
a meter.

24. Explain watt hour, watt minute and watt second
constants.
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CHAPTER 39

Testing and Testing Apparatus

The pfactical electrician frequently has to make tests of
various kinds which require the rapid and accurate measurement
of voltage, current and resistance. It is therefore essential that
he understand the methods employed in testing and the opera-
tion of the instruments used.

Most tests are made with a galvanometer, and the devices such as re.
sistances, switches, etc., which are used in connection with the galvan-
ometer may be obtained put up in a neat and substantial box together
with the galvanometer, the combination being called a *‘{esting set.”
Numerous forms of testing set are illustrated in this chapter.

The construction, use, and operation of the various types of galvan-
ometer have been explained in chapter thirty-seven. Ammeters and volt
meters, which are simply special forms of galvanometer, and which are
largely used are fully described in the preceding chapter.

Pressure Measurement.—An electromotive force has been
defined as that which causes or tends to cause a current; it is
analogous to water pressure; potential difference corresponds to
difference of level. The lotal electromotive force of a circuit is
independent of resistance or current, and cannot be limited to
mean the fall of pressure between any two points, as for in-
stance the terminals of a battery.

If the pressure of a battery be two volts when measured on open circuit

by a static voltmeter, there will still be two volts on closed circuit, but
there will now be a loss of pressure through the internal resistance of the
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battery and the voltage across the terminals will be less than the total
voltage. The static volt meter, never closing the circuit, actually measures
the total voltage.

Ques. What error is introduced in measuring the pres-
sure of a battery with an ordinary volt meter?

ZINC SULPHATE
SOWTION

ZINC SULPHATE
CRYSTALS fl

MERCURQUS AND AT
SULPHATE AND ZING § ; - - MALGAM OF ZINC
SULPHATE PASTE —

FiG. 1,462.—Clark cell (Kahle’s modification of the Rayleigh H form), the standard for the
Irternational volt. The cell has for its positive electrode, mercury, and {or i1ts negative
electrode, amalgamated zinc. The electro.yte consists of a saturated solution of zinc sul-
phate and mercurous sulphate. The pressure is 1.434 volts at 13° C., and between 10° C.
and 25° C. the pressure decreases .00115 of a volt for each increaseof 1° C. The containing
glass vessel consists of two limbs, closed at bottom and jo.ned above to a common neck
fitted with a ground glass stopper. The diameter of the limbs should be at least 2 cms.,
and their length at least 3 cms.  The neck should be not less than 1.5 cms. in diameter. At
the bottom of each limb a platinum wire of about .4 mm. in diameter is‘sealed through the
glass. To set up the cell, place mercury in one limb, and in the other hot hyuid amalgam,
containing 90 parts mercury and 10 parts zinc. The platinum wires at the bottom must
be completely covered by the mercury and the amalgam, respectively. On the mercury,
place a layer 1 cm. thick of the zinc and mercurous sulphate paste. Both this paste and
the zinc amalgam must be covered with a layer of the neutral zinc sulphate cryswals 1 cm.
thick. The whole vessel must then be filled with the saturated zinc sulphate solution, and
the stopper inserted so that it will just touch it, leaving, however, a small bubble to guard
against breakage when the temperature rises. Before finally inserting the glass stopper
a strong alcoholic solution of shellac is applied to the upper edge, after which the stopper
is pressed firmly in place.
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Ans. Since the measurement is made on closed circuit the
reading does not give the total pressure of the battery.

The error is very slight because the resistance of the volt meter is very
high and the current so small that the loss of pressure in the battery can
be neglected.
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F1a. 1,463.—Weston Cadmium Cell. It is made in two forms; one known as the Weston normal
cell, in which the solution of cadmium sulphate is saturated at all temperatures at whicl
the cell may be used. The other, known as the Weston standard cell, in which the cadmium
sulphate solution is unsaturated at all temperatures above 4° C. The Weston normal cell,
or saturated form is slightly affected by changes in temperature, but, on account of the fact
that it can be accurately reproduced, it was adopted by the London Conference in 1908,
as a convenient voltage standard. The value of its voltage suggested by the committee
of the London Conference on Electrical Units and Standards, and adopted by the Bureau
of Standards at Washington, Jan. 1st, 1911, is 1.0183 International volts at 20°C. At any
other temperature its voltage is:

E. = E — 0000406 (t — 20) —.00000095 (t — 20)2 + 0000000 (t — 20°)?
The Weston standard cell, or unsaturated form is practically unaffected by changes in
temperature and is the form most commonly used for laboratory work and general testing.

The average pressure of this form is 1.0187 Int. volts.
.

Ques. Define the International volt.

Ans. It is the electromotive force that, steadily applied lo a con-
ductor whose resistance is one International ohm, will produce a
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current of one International ampere, and which is represented

sufficiently well for practical use by % of the vollage belween

the poles of the Clark cell at a temperature of 15° C., when pre-
pared as in fig. 1,462..
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Fias. 1,464 and 1,465.—Steam pump showing by hydraulic analogy the difference between
amperes and coulombs. If the current strength in fig. 1,465 be one ampere, the quantity
of electricity passing any point in the circuit per hour 8 1 X 60 X 60 = 3,600
coulombs. The rate of current flow of one ampere here illustraied may be compared to the
rate of discharge of a pump as in fig. 1,464. Assuming the pump to be of such size that it
discharges a gallon per stroke and is making 60 strokes per minute, the quantity of water
discharged per hour (coulombs in fig. 1,465) is 1 X 60 X 60 = 3,600 gallons. Following
the analogy further (in fig. 1,465), the pressure of one volt is required to force the electricity
through the resistance of one ohm between the terminals A and B. In fig. 1,464, the boiler
must furnish steam pressure on the pump piston to overcome the friction (resistance) offered
by the pipe and raise the water from the lower level A’, to the higher level B’. The differ-
ence of pressure between A and B, in the electric circuit corresponds to the difference of
pressure between A’ and B’. The cell furnishes the energy to move the current by main-
taining a difference of pressure at its terminals C and D; similarly, the boiler furnishes
energy to raise the water by maintaining a difference of pressure between the steam pipe C,
and exhaust pipe D’.

The relation between the units volt, ampere and ohm, is shown graph-
ically in figs. 1,464 and 1,465.
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Current Measurement.—It is necessary to adopt some
arbitrary standard in order to compare currents of different
strengths. The term strength of a current, or current strength
means the 7ate of flow past any poinl in the circuit in a given
unit of time.

The unit of current, called the ampere, is defined as the unvarying current
which, when passed through a solution of nitrate of silver in waler (15 per

cent, by weight of the nitrate) deposils silver al the rate of .001118 gramme
per second.

Ques. How much copper or zinc will ene ampere deposit
in one second?

Ans. .0003286 gramme of copper in a copper voltameter,
or .0003386 gramme of zinc in a zinc voltameter.

Ques. What is the difference between an ampere and a
coulomb?

Ans. An ampere is the unit rate of flow of the current, and
a coulomb is the unit quantity of electricity, that is, the ampere
is the rate of current flow that will deposit .0003286 gramme
of copper in one second and a coulomb is the quantity of elec-
tricity that passes a given point in one second when the current
strength is one ampere.

In other words a coulomb is an ampere second.

Example.—I1f an arc lamp require a current of 8 amperes, how much
electricity does it consume per hour?

Since one coulomb =one ampere second, the quantity of electricity con-
sumed per hour is

amperes | _ fseconds | _
3 !x 160 %60 !—28,800 coulombs.

NOTE.—.4 galvanometer is not a measuring instrument and should not be used as such,
except in cases where no better method is available; for example, the emert of insulation
resistance. Where circumstarices are such that a galvanometer must be used as a measuring
instrument, it should be calibrated with such frequency as to become, in effect, a transfer
instrument.
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Voltameter.—A voltameter is an electrolytic cell employed
to measure an electric current by the amount of chemical de-
composition the current causes in passing through the cell.
There are two classes of voltameter:

1. Weight voltameters;

2. Gas voltameters.

Fro. 1,466.—Queen weight voltameter for determining the strength of current by the weight of
metal deposited in a given time. The two outside plates form the anode and are joined
together and to one binding post, while the cathode is placed beiween them and connected
to the other binding post. The cathode thus receives a deposit on both sides.  An adjustable
arm serves to lower the plates into the electrolyte. To calculate the strength of an un-
known current which has passed through a weight voltameter, divide the gain in weight by
the number of seconds the current flows through the instrument and by the weight deposited by
one ampere in one second. That is, (for copp.r voltameter) current strength in amperes =
gain in weight -+ (time in seconds X .0003286).

Ques. What is the difference between these two classes
of voltameter?

Ans. In one, the current strength is-determined by the
weight of metal deposited or weight of water decomposed, and
in the other by the volume of gas liberated.
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Fig. 1,466 shows a weight voltameter and fig. 1,467 a gas voltameter.

Ques. How should the plates of a weight voltameter be
treated before use?

Ans. They must be thoroughly cleaned and polished with
sand paper, the sand being afterwards removed by placing them

F1a. 1,467 —Gas voltameter for determining the strength of cur-
rent by the volume of gas evolved. To use. connect up as
shown in the illustration. Adjust so that the zero position
of the burette is about one-half inch below the level of the
top of the U tube. Pour acidulated water into the mouth of the
burette till the water in the U tube is about one-half inch from
the top. With the electrodes inserted through the corks, care-
fully place each one in position by giving a slight twist to the
right as the cork enters. The water level in the U tube and
burette should now be the same or further adjnstment must be
made to attain this result. The level in the burstte does not
necessarily have to correspond with the zero graduation, but
must not be below it. Unclamp the burette and hold it nearly
horizontal. The liquid will not run out if the corks be tight, ac-
cordingly thisis the air leakage test. Attach the connectors and
wires from the current source (which should have a oressure
of 2 or more voits) placing a switch in the circuit. When the
switch is closed, bubbles of gas will rise in the U tube from
both electrodes, displacing the water and forcing it up the
burette. lydrogen will be liberated over the negative elec-
trode, and oxygen over the positive electrode in the pro-
portion of twice as much bydrogen as oxygen. To calculate
the current strength, divide the volume of gas liberated by the
time in seconds, and by the volume of gas liberated (in cubic
centtmeters) by one ampere in one second and by .1733; that is:
amperes = volume of gas liberated <+ (tume in seconds
X .1733).

LS
-—
=

BURETTE
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in.running water. The fingers must not be placed on any part of
the plate which is to receive the deposit.

Ques. What form of voltameter has been selected to
measure the International ampere?

Ans. The silver voltameter arranged as here specified.
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The cathode on which the silver is to be deposited shall take the form
of a platinum bowl, not less than 10 cms. in diameter, and from 4 to 5
cms. in depth. :

The anode shall be a disc or plate of pure silver some 30 sq. cms. in
area, and 2 or 3 c¢ms. in thickness. This shall be supported horizontally
in the liquid near the top of the solution by a silver rod riveted through
its center.

To prevent the disintegrated silver which is formed on the anode falling
upon the cathode, the anode shall be wrapped around with pure filter
paper, secured at the back by suitable folding.

The liquid shall consist of a neutral solution of pure silver nitrate con-
taining about 15 parts by weight of the nitrate to 85 parts of water.

Ques. What is the value of the International ampere as
measured with the silver voltameter?

Ans. The International ampere is represented sufficiently
well for practical use by the unvarying current which, when
passed through a silver voltameter (as described above) deposits
silver at the rate of .001118 gramme per second.

Ohm’s Law and the Ohm.—The various tests here described
depend for their truth upon the definite relation existing be-
tween the electric current, its pressure, and the resistance
which the circuit offers to its flow.

This relation was fully investigated by Ohm in 1827. Using the same
conductor, he proved not only that the current varies with the pressure,
but that it varies in direct proportion.

Ohm’s law has already been discussed in a previous chapter
and the several ways of expressing it are repeated here for con-
venience:

volts_
ohms’

1. Amperes =
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1,013

2. Volts =amperes X ohms;

volts

3. Ohms=——
amperes

Various values have been assigned, from time to time, to
the ohm or unit of resistance, the unit in use at the present time
being known as the International ohm. This was recommended
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Fia. 1,468.—The International ohm,

By delinition, the resistance of 11.452 grammes of

mercury in the form of a column of uniform cross section 106.3 centimeters in length, at a tem-
perature of 0° C. This is approximately equivalent to a column 106.3 ewr. long, having a

uniform cross section of 1 sq. mm.

In the figure the resistance of the external circuit and

the standard one volt cell is assumed to be zero.
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at the meeting of the British Association in 1892, was adopted
by the International Electrical Congress held in Chicago in
1893, and was legalized for use in the United States by act of
Congress in 1894. The International ohm is graphically de-
fired in fig. 1,468. The previous values given to the ohm which
were more or less generally accepted are as follows:

The Siemens’ Ohm.—A resistance due o a column of mercury 100 cm.
long and 1 sq. mm. in cross section at 0° C.

B. A. (British Association) Ohm.—A resistance due to a column of
mercury approximately 104.9 cmn. long and 1 sq. mm. in cross section at 0° C.

Legal Ohm.—A resistance due (o a column of mercury 106 cm. long and
1 sq. mm. in cross section at 0° C. This unit was adopted by the Paris
conference of 1884,

OHM TABLE*

Inter-
Date | national | Legal B. A. |Siemens'
,Ohm Ohm Ohm Ohm

International Ohm.[1893—4( 1. 1.0028 | 1.0136 | 1.0630
Legal Ohm .. ...... 1884 .9972 1. 1.0107 | 1.0600
B.A.Ohm ......... 1864 .9866 L9804 | 1 1.0488

-9407 9434 | 9535 | 1.

Practical Standards of Resistance.—The column of mer-
cury as shown in fig. 1,468, is the recognized standard for re-
sistance, however, in practice, it is not convenient to compare
resistances with such a piece of apparatus, and therefore sec-
ondary standards are made up and standardized with a great
degree of precision. These secondary standards are made of
wire. The material generally used being manganin or platinoid.

*NOTE.—/n the above table to reduce, for instance, British Association ohms to Inter-
national ohms, multiply by .9866, or divide by 1.0136; to reduce legal ovhms to International
ohms, multiply by .9972, or divide by 1.0028, etc.
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Resistance Measurement.— Resistance is that which offers
opposition lo the flow of electricityv. Ohm’s law shows that the
strength of the current falls off in proportion as the resist-
ance in the cir-
cuit increases.
This gives a
basis for meas-
uring resist-

ance.

Fia. 1,469.—Leeds and Northrup resistance standards, National Bureau of Standards type.
hermetically sealed in a neutral oil 10 overcome changes due to atmospheric conditions.
Accuracy I(l)ﬁ of 17 for total energy of ll, watt. -215 of 177 up to 1 watt. The principal
requirement in a resistance standard is that its resistance value be definite within the
required accuracy, under definite conditions. For the sake of convenience the value of a
standard should be definite under all usual conditions of normal use. However, for work of
the utmost accuracy, it is often necessary to resort to the use of temperature contzol by
means of oil haths.

F1a. 1,470.—Leeds and Northrup standard resistance Reichsanstalt type .1 ohm; adjusted at
20° C. Low resistance standards may be properly divided into two classes: 1, those which
are designed primarily as resistance standards, and 2, those designed as cusrent carrying
standards. Those of the first mentioned class are often used to measure currents up to their
capacity. The above standard has both pressure and current terminals. The binding posts
for the former are mounted on high posts so as to he easily accessible when the standard is
immerse:l in oil.  When used as a resistance standard of precision, it should not be subijected
to a current of more than one ampere, and when used as a current carrying standard of lesser
accuracy, a current of 2 or 3 amperes may be used.
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There are various methods by which an unknown resistance
may be measured, as by the:

1. Direct deflection method;

2. Method of substitution;

Fall of potential method;
Differential galvanometer method;
Drop method;

Volt meter method;

Wheatstone bridge method.

U B S = £9
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Fia. 1,471.—Direct deflection method of testing resistances; a useful and simple method which
may be used in numerous tests. (Galvanometer readings are taken through the known and
unknown resistances, and the current being proportional to the deflections, the value of the
unknown resistance is easily calculated.

Direct Deflection Method.—This method is based on the
fact that the greater the current through a galvanometer the
greater the deflection of the needle; it is a simple method and
is capable of extended application.

The apparatus required consists of battery, galvanometer,
known resistance, and double contact key. The connections
are made as in fig. 1,471.

The known resistance is put in circuit with the galvanometer and after
noting the deflection, the key is moved in order to cut out the known



Testing and Testing Apparatus 1,017

resistance and throw into circuit the unknown resistance. The deflection of
the galvanometer is again noted and compared with the first deflection.

If the deflections be proportional to the current, the unknown resistance
will be as many times the known resistance as the deflection with the
known resistance is greater than the deflection with the unknown resistance.

Method of Substitution.—This is the simplest method of
measuring resistance. The resistance to be measured is inserted
in series with a galvanometer and some constant source of

GALVANOMETER

0006939t
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Fra. 1,472.—Substitution method of testing resistances. The connections and apparatus are the
same as in fig. 1.171, except that a resistance box is used in place of the known resistance
In making the test, first note dellection with unknown resistance in circuit, then press
key so that the current will pass through the resistance box, and adjust the resistance in
the box so that the deflection of the galvanometer is about the same as with the unknown.
Now switch from this circuit to the other, changing the resistance in the box until equal
deflections are obtained. When this obtains, the resistance in the box is the same as the
resistance being tested.
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current, and the galvanometer deflection noted. A known ad-
justable resistance is then substituted for the unknown and
adjusted till the same deflection is again obtained. The value

IINW

Fra. 1,473.—Ordinary resistance box. It contains a set of standard resistances consisting of
coils of insulated wire having low conductivity and small temperature coefficient. The
ends of the coils are joined to the section of the bar between the plugs. The insertion of
a plug cuts out a coil. In using, care should be taken to put the plugs in with a slight twist
so that there shall be no resistance introduced by poor contact.

Fia. 1,474.—Megohm box or sct of standard high resistances. The box contains five resist-
ances of 200,000 ohms each. The six pillars are petticoat insulated, the resistances being
ptaced between each pair of pillars. There is a cdouble contact post on top of cach pillar
s0 that these can e connected together with copper links.
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of the adjustable resistance thus obtained is equal to that of
the resistance being tested.

Ques. What kind of adjustable resistance is used in mak-
ing the above test?

Ans. A resistance box.

F1a. 1,475.—Leeds and Northrup Standard high resistance box, 100,000 ohms equipped with
short circuiting switch. When the switch is thrown to the right the box is short circuited
and when thrown to the left the resistance of 100,000 ohms is placed in the circuit.

116, 1,476.—Standard resistance hox; 100,000 ohms, in four units of 10,000, 20,000, 30,000, and
40,000 ohms. An “infinity” plug separates each coil from the ones adjacent. Segments are
elevated from the hard rubber top by special washers in order to increase insulation. Bind-
Ing posts are so arranged as not to be in the way when plugs are used.

Ques. Describe a resistance box.

Ans. It consists of a box containing numerous resistance
coils with their ends connected to terminals and provided with
plugs so that they may be thrown into or out of circuit at will,
thus varying the resistance in the circuit.

Fall of Potential Method.—This is a very simple method of
measuring resistances, and one that is convenient for practical
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work in electrical stations because it requires only an ammeter,
volt meter, battery and switch—apparatus to be found in every
station. The connections are made as shown in fig. 1,477.

In making the test the ammeter and volt meter readings are
taken at the same time, and the unknown resistance calculated
from Ohm’s law. Accordingly, since:

volts

AP S = ———— .ot 1
pe ohms o
AMMETER VOLTMETER
Y |
Ed
p b Y )4 |
= _BATTERY
_ UNKNOWN RESISTANCE
SWITCH
Fic. 1,477 .—Fall of potential method of testing resistances; i convenient method for testing at

stations, requiring only the usual instruments to be found at a station. The resistance
of the volt meter must be very high, otherwise the test must be made as in fig. 1,478,

solving for the resistance,

volts
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Example.—If in fig. 1,477 the readings show 6 volts and 2 amperes
how many ohms is the resistance being tested?
Substituting in formula (2)

6
hms=-=3
ohms 5

Ques. Can this test be made with any kind of volt meter?

SWITCH BATTERY

—II——

AMMETER

(S

UNKNOWN RESISTANCE

YOLTMETER

O

F1a. 1,478 —Fall of potential method of testing resistances; diagram showing connections for
testing with low resistance volt meter. The resistance measured with this connection will be
the sum of the resistances of thecoil and the ammeter. The resistance of the ammeter is
usually known and can be subtracted from the sum to obtain tbe required resistance.

Ans. Itsresistance must be very high to avoid error. When
a volt meter having small resistance is used, it should be con-
nected so as to measure the fall of pressure across both am-
meter and unknown resistance as shown in fig. 1,478.

Differential Galvanometer Method.—This is what is known
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¥1a. 1,479.—Differential galvanometer method of testing resistance:. In making the test, the
resistance box is adjustecl till the galvanometer needle shows no deflection. When this
condition obtains, the resistance in circuit in the resistance bos is equal to the unknown
resistance, hence, a reading of the box gives the value of the unknown resistance.

Fra. 1,180.—Knott Traveling Plug resistance hox, range 1 to 1,110 chms. This box is provided
with brass blocks and ebonite top. Contains 12 coils ranging from 1 to 400 ohms, with total
resistance of 1,110 ohms. Tre usefulness of this box 1s increased by the addition of two

traveling plugs facilitating its use in the comparnson o. electromotive force of batteries,
and other tests.
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as a nil or zero method, that is, a method of making electrical
measurements in which comparison is made between two
quantities by reducing one to equality with the other, the
absence of deflection from zero of the instrument scale showing
that the equality has been obtained.

The test is made with a differential galvanometer, and resistance box
connected as in fig. 1,479. The current then will divide so that part of
it flows through the resistance being tested and around one set of coils of the
galvanometer while the other part will flow through the resistance box
and the other set of coils as indicated.

Fra. 1,481 .—Single contact and short aircuiting key. This key is intended especially for use with
D'Arsonval galvanometers in zero, deflection methods.  The key is connected in circmt with
the galvanometer so that whenever the key is not depressed, the galvanometer is short
circuited, and 1ts oscillations quickly damped out by the currents induced in its coil

When the resistance box has been so adjusted that its resistance is the
same as the unknown resistance the current in the two brarches will be
equal, and the needle of the galvanometer will show 1o deflection .

Ques. What name is given to this method of testing?

Ans. It is called a zero method, distinguishing it from de-
fleclion methods.

Ques. For what kind of resistance is the method adapted?

Ans.  Since it is a nil cr zero method, it is better adapted
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to the measurement of non-inductive than of inductive re-
sistances.

Ques. What precaution should be taken with inductive
resistances?

Ans. The current must be allowed to flow until it becomes
steady to overcome the influence of self-induction.

_VOLTMETER ‘2’#,%‘3’.?*
KNOWN RESISTANGE UNKNOWN RESISTANCE
BATTERY
S |
111}

F1a. 1,482.—Drop method of testing resistances. The apparatus is connected as shown and
readings taken with volt meter across known and unknown resistance. The unknown resis-
ance is then easily calculated.

Ques. What may be said with respect to the differential
galvanometer method?

Ans. With an accurate instrument it is very reliable.
Drop Method.—This is a convenient method, and one which

may be used for measuring either high or low resistances with
precision. It is used for many practical measurements, and
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requires only a voltmeter, battery, known resistance and a two
way switch.

The instruments are connected as in fig. 1,482, and in making
the test, the volt meter is switched into circuit across the known
resistance and then across the unknown resistance, readings
being taken in each case. The value of the unknown resistance,
is then easily calculated from the following proportion:

drop across known resistance known resistance
drop across unknown resistance  unknown resistance

from which

unknown} known resistance X drop across unknown resistance
resistance drop across known resistance

Ques. What may be substituted for the volt meter?

Ans. A high resistance galvanometer, whose deflections are
proportional to the current, the value of the deflections being
“substituted in the formula.

Ques. What precaution should be taken in making the
test?

Ans. The current used should not be strong enough to
appreciably heat the resistance, and if the current be not very
steady, several readings should be taken of each measurement
and the average values used in the formula.

Ques. How are the most accurate results obtained?

Ans. By selecting the known resistance as near as possible
to the supposed value of the unknown resistance.
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Volt Meter Method.—This is a direct deflection method and
consists in determining first the resistance that will deflect the
needle through one division of the scale on a given battery
current, then with this as a basis for comparison the volt meter
is connected across the unknown resistance whose value is
easily calculased from the reading.

In making the test, the instruments are connected as in fig.
1,483. The current from battery is first passed through the
galvanometer by turning switch as shown.

g ]. ‘
TWO WAY

VOLTMETER SWITCH

BATTERY
UNKNOWN RESISTANCE

- —

Fic. 1.4R3.—Volt meter method of testing resistances. Knowing the resistance of the volt meter,
turn switch to the left and from reading calculate resistance corresponding to one division
of the scale. Turn switch to right and multiply reading by resistance required for deflec-
tion of one division. This gives resistance of volt meter and unknown resistance; subtract-
ing from this the resistance of volt meter gives value of the unknown resistance.

[as

Assuming the resistance of the instrument to be 8,000 ohms and that
the current deflects the needle through 10 divisions of the scale, then for
a deflection of one division the resistance is

8,000 X 10 =80,000 ohms.

Accordingly, if, when the switch is moved to the right connecting the
volt meter across the unknown resistance, the needle be moved through
6 divisions of the scale, the combined resistance of the volt meter and un-
known resistance is

80,000 +6=13,3334 ohms,
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and substracting the resistance of the volt meter, the value of the un-
known resistance is

13,3331 —8.,000=5,333} ohms.
Ques. For what kinds of test is the volt meter method
best adapted?

Ans. For measuring high resistances, as the insulaticn of
wires, etc.

Fig. 1.484.—Double contact key. Itis of especial value in connection with a Wheatstone bridge.
When used with the latter it forms a combinauon battery and galvanometer key. The
battery is wired to the top leaves of the key and the galvanometer o the lower leaves.
Hence. when operated, the battery circuit will be closed before the galvanometer circuit,
as it 1s desirable to avord undue disturbance of the needle.

Ques. What may be said with respect to the current used?

Ans. Its voltage should be as high as possible within the
limits of the volt meter scale.

Ques. In testing cable insulation what is desirable with

respect to volt meter and current?

Ans. A low reading volt meter should be used in connection
with a large battery.
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Wheatstone Bridge Method.—For accurate measurements
of resistance this method is almost universally used.

The so called ““Wheatstone™ bridge was invented by
Christie, and improperly credited to Wheatstone, who
simply applied Christie's invention to the measurement
of resistances.
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Fia. 1,485.—Diagram showing principle of Wheatstone's bridge. A, B, C and D, are the four
members which constitute the bridge. The current from the battery divides at P, part
traversing DC, and part traversing BA. The galvanometer connected to M and N, will
indicate when the currents are equal in the two branches hy giv'ng no deflection. This is
then a zero or nil method of testing. The resistances and keys required in testing are shown
in fig. 1,489. In the actual instrument, the members A, B,C, and D, are known by the names

This stigma has become so firmly rooted that it will perhaps have to be
tolerated.

The bridge consists of a system of conductors as shown in
fig. 1,485. The circuit of a constant battery is made to branch
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at P, into two parts, which re-unite at Q, so that part of the
current flows through the point M, the other part through the
point N. The four conductors A,B,C,D, are spoken of as
the arms of the balance or bridge.

It is by the proportion existing between the resistances of these
arms that the resistance of one of them can be calculated when the
resistances of the other three are known.

Fig. 1,486.—Knott hydrodynamic Wheatstone bridge for astudy of the principles invotved by
measurements of resistance by the Wheatstone bridge method, using fall of hydraulic
pressure as an analogy to electric pressure. On a polished wooden baseboard is mounted
a system of tubes connected to form a Wheatstone diagram. In the “‘arms’ are reducing
valves analogous to resistances. Pressures in the various arms are indicated by the mano-
meters. In the “bridge” is a pressure indicator analogous to the galvanometer by connecting
to one of the nipples and allowing a flow of water through the apparatus, the fall of pressure
through the different arms may readily be noted. By regulating the reducing valves in these
arms. a balance may be secured when no indications of pressure can be noted in the “bridge.”
The pressure in the arms will be noted in the manometer.

When the current which starts from the battery arrives at P, the press-
ure will have fallen to a certain value. The pressure in the upper branch
falls again to M, and‘continues to fall to Q. The pressure of the lower
branch falls to N, and again falls till it reaches the value at Q. Now if
N, be the same proportionate distance along the resistances between P
and Q, as M, is along the resistances of the upper line between P and Q,
the pressure will have fallen at N, to the same value as it has fallen to at M;
or, in other words, if the ratio of the resistance C, to the resistance D, be
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equal to the ratio between the resistance A, and the resistance B, then
M and N, will be at equal pressures, To find out if this condition obtain,
a sensitive galvanometer is placed in a branch wire between M and N,
which will show no deflection when M and N, are at equal pressure or

when the four resistances of the arms ‘“‘balance’ one another by being in
proportion, thus:

F16. 1,487 . —Knott demonstration Wheatstone bridge for a study of fall of potential and dem-

onstration of the principle of the Wheatstone bridge. This apparatus was designed for use
on the lecture table, which accounts for its generous proportions  Each arm of the hridge
has an incandescent lamp inserted in it, so that whether current goes through that arm or
not becomes evident instantly. A galvanometer is provided as part of the outfit.

Fii. 1,488 —Knot( demonstration Wheatstone bridge, diamond form for practical application
of Wheatstone diagram in determining resistance. As will be noted from the iltustration,
all connections and coils are mounted on a base according to the Wheatstone diagram as
found in standard text books. In the “ratio arms” are coils of 1, 10 and 100 ohms. The
“halance arms” are provided with gaps cach with non-detachable binding posts, one pair for

the “known™ and one pair for the “unknown’ resistance. Binding posts and a key are
provided for the battery o0 ) palvanometer cireuits.
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If, then, the value of A, B, and C, be known; D, can be calculéted. The
proportion (1) is reduced to the following equation before substituting.
BC
b=7%
For instance, if A and C, be, as in fig. 1,489, 10 ohms and 100 ohms re-
spectively, and B be 15 ohms, 1D will be (15X 1001+ 10 =150 ohms.

As constructed, Wheatstone bridges are provided with some resistance
coils in the arms A and C, as well as with a complete set in the arm B.

BATTERY NN 4
ik -
BATTERY KEY

Fia. 1 .489.—Diagram showing arms of Wheatstone bridge, resistances and method of connecting
galvanometer, battery and unknown resistance.

The advantage of this arrangement is that by adjusting A and C, the
ratio between I3 and D, can be determined, and can, in certain cases,
be measured to fractions of an ohm. In fig. 1.489 resistances of 10, 100,
and 1,000 ohms are included in the arms A and C.

Ques. Describe thec method of testing with the bridge.
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Ans. Fig. 1,490 illustrates the general arrangement of re-
sistances to be found in an ordinary bridge. The connections
are made as shown. In testing, first depress the battery key,

KEY \./-
—a X
— ‘] GALVANOMETER

A C
N| 1000 100 10 Q10 100 1000 M

Q0 0 @070 0

INF | B [4

2
Q {0 Q 8]

{111
BATTERY

S S T ¢ (2

P 50 (4] 20 10
BRIDGE

UNKNOWN  RESISTANCE

FIa. 1,490.—Diagram showing usual arrangement of resistances in arms of Wheatston : bridge.
In practice the bridge is seldom or never made in the lozenge shape of the diagrams, figs.
1,485 and 1,489, these being given merely for clearness. The resistance box of fig. 1,473 is, in
itself, a complete “bridge,” the appropriate connections being made by screws at various
points. The lettersin the above diagram correspond with those in figs. 1,485 and 1,489, and
the three figures shauld be carefully compared.

then lap the galvanometer key. This should be repeated ad-
justing the resistances till no deflection is obtained. The re-
sistance then in the arm BX(C+A), will give the value of
the unknown resistance.

Ques. Why should the battery key be depressed before
the galvanometer key?
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Ans. To avoid the sudden swing of the galvanometer
needle, which occurs on closing circuit in consequence of self-
induction.

Ques. How is it known whether too much or too little
resistance be unplugged?

I1a. 1,491.—Standard resistance box and Wheatstone bridge. This patternis a modification
of the Anthony form of bridge. All the resistances are wound upon metal spocls. The
bridge ratio coils are 1, 10, 100, 1,000, 10,000. The rheostat coils are arrarged in five rows,
of ten coils each. The ordinary decade plan (explained in 1ig. 1,196) is followed. The coils
may be jomed in series, in multiple, or in any combination of serics and multiple. The coils
may thus be checked against each other in many combinations. For instance, afl the ten

ohm coils taken in parallel may be compared with any one ohm coil. The precision of adjust-
1

ment is said to be %}% for the coils of the tenth ohm serics, and 5—(—)% for the coils of the

rheostat. The ratio coils are certified to be like each other to within l—(l)l-)‘,‘[. The box is
supplied with battery and galvanometer keys of substantial construction.

NOTE.—Too little attention has been given in schools to a thorough understanding of
that basic principle, fall of potential, fundamental 1o Wheatstone hridge work. A student's
incomplete understanding of fall of potential makes it difficult fotr him to understand what he
is striving to obtain when he uses a Wheatstone bridge. This incomplete understanding is
due, perhaps, to the word of mouth descriptions and the lack of adequate illustrative demon-
strative apparatus. To picture for him the actual fall of potential, the Knott demenstration
apparatus shown in the accompanying cuts is recommended.




1,034 Testing and Testing Apparatus

Ans. The galvanometer needle will be deflected to one side

for too much resistance, and to the opposite side for too little
resistance.

F1a. 1.492.—Pohl commutator. This is equivalent to a two pole double-throw switch. The

depressions in the base are filled with mercury into which the contacts dip in closing the
circuit,

1000 100 10 | | 10 100 1000

Do) oD et

F1a. 1,493.—Ratio coils of Wheatstone bridge. Almost every hox intended to serve asa Wheat-
stone bridge is furnished with a set of coils which forms the arms of proportion or ratio arms
of the bridge. There is a choice of several different ways of arranging these coils. The
figure shows the simplest arrangement, which is employed in boxes not intended for the
highest accuracy. The required ratio, as for instance 1:100 is obtained by withdrawing a
plug from each arm A and B. Ratios A o 1 LD etc., or 1000, 10c0, 1.000 10

! 1 To' T 10 ¢ 1 w10 100
(tc., are obtainable in this manner. This simple arrangement is open not only to the objection

that the contact resistance of the plugs which remain in is always incladed with the resist-
ance unplugged, but also to alt other object:ons to be urged against the use of many plugs where
a few will do. The method has the limitation that it is not possible to reverse the arms of
the bridge, that is, to transpose the arms A and B.
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F1ia. 1,194, —Method of reversing arms of Wheatstone bridge with reversing blocks. The areange-
ment shown in the figure is classical, being that used in the English post-otfice type of Wheat-
stone bridge. It is open to the objections which apply to the use of several plugs, one of
which is withdrawn to obtain the des red resistance.

F1i. 1,495.—Leeds and Northrup dial type Wheatstone bridge. There are five dial decades,
10 X .1 + 9 (1 4+ 10 4 100 4 1,000 ohms. Ratio Arms; ten cols, plug controlled, rever-
sible, 2 each 1, 10, 100, 1,000, 10,000 olims. Accuracy: 1,000, 100, 10 and 1 chm dicades,

1 1eor q 1
sy%i 0.1 ohm decade, 7; ratio coils, 3 7.

General; Large exposed studs; type B

Metal spools; individual coil for each switch position; perforated metal box.
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Figs. 1,46 and 1,497.—

Diagrams illustrating the

decade plan of combining

1 resistance coils. In this
x met hod the coils are con-
nected inseriesand the ar-

rangement avoids the disaGvantage of the
ordinary Wheatstone bridge in that the lat-
ter requires a large numter of plugs toshort
circuit the resistance not in use, wtich
introduces an element of uncertainty as to
resistance of the plug contacts and the
necessity of adding up the values of all the
unplugged resistances in order to deter-
mine the total resistance in circuit. The
necessary regular succession of values in a
rheostat built on the decade plan can he
obtained with either nine or ten coils per
decade. The chief reason for using the
latter number is found in the facility with
which all the coils of one decade can be
compared with one coil of the next
higher decade, thus permitting the coils
of a rheostat to be checked among them-

selves. Thus, the ten 1 ohm coils can be checked with a 10 ohm, the ten 10's with a

100, etc.

In some sets the ten coils of a decade can be connected in series or in

parallel, and it then hecomes an advantage to have ten coils to a decade, since the coils in
one decade in parallel equal one of the coils of the next lower decade. When these latter
advantages are not required, and especially when dials or sliding switches are used, there
is little or no advantage in using more than nine coils per decade, as shown in fig. 1,496.
Here all the coils of the set are connected in series 8o that the circuit is never open. Thus it

@
- )[A=)E]=) 2] [s] (7] (6] (s ] (o]
, s P4 4 / / 4 ’ Vs 4

is a slight advantage to have permanent connections a, b and ¢, because all the coils of a
decade can be thrown in circuit by simply pulling out a plug, it not being necessary to
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Ques. What is the meaning of “Inf.,”” marked on the
bridge?

Ans. It stands for “infinity,” because the resistance coil at
the point marked infinity is omitted so that adjacent sections
of the arm are disconnected when the plug is taken out.

In fact, the air gap interposed by the removal of the plug by no means
provides an infinitely great resistance, but is usually called such because
it is vastly greater than any of the other resistances of the bridge.

The Decade Plan.—In this method of combining resistance
coils, there are 9 or 10 one ohm coils for the units place, 9 or 10
ten ohm coils for the tens place, 9 or 10 one hundred ohm coils
for the hundreds place and so on. Each series of coils of the
same value is designated a decade. The connections are usually
made as shown in figs. 1,496 and 1,497.

It is apparent from the figure that any value in any one decade can
be obtained by inserting between a bar and a block, only one plug; more-
over if several decades be in series, any value up to the limit of the set
can be read off directly from the position of the plugs without having to
add up the unplugged resistance as in the ordinary arrangement.

Ques. What other advantages are gained with the decade
arrangement?

Ans. The single plug used with each decade is never out of
use, being either in the zero position or set on some value, and
is therefore not easily lost by being laid aside. The use of only
one plug in a decade makes it easy to ascertain that the plug

Fias. 1,496 and 1,497.—Text continued.

insert it again, as would be the case if the a. b and ¢, connections were not used. More-
over, if any plug make bad contact, its effect is somewhat lessened by having this bad
contact shunted by the remaining coils of the decade. Again, there are occasions where
violent deflections of a galvanometer are prevented by not having the circuit entirely open
when a plug is taken out.
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is making good contact as only one block in a row is plugged
at a time, the other blocks are not kept under a strain by
having plugs forced tightly between them.

This strain on the blocks, which always exists in those sets in which a

, resistance is thrown in by removing a plug, tends to separate or loosen
them and often to warp the hard rubber upon which they are mounted.

Another advantage of the decade plan is that it permits obtaining a

Fia. 1,498.—Two plug arrangement of ratio coils. Eachof the ratio coils has one of its terminals
connected to a common center which corresponds (o the block marked C, in the figure. Tie
other terminal of each cuil is connected to an individual block, there being one block for
each coil. The bar 13, on one side of these blocks is joined to the rheostat and the bar A, on
the other side to an X, post. In the ordinary use of this set of ratio coils two plugs only are
.used. One plug is inserted between the bar A, and one of the blocks, 1, 17, 10, 10/, etc., of
the central row of blocks. The other plug is inscrted between the bar 13, and any one of
the other blocks of the central row. There are two ratio coils of each value. To obtain an
even ratio as 1,000 to 1,000’, one plug is inscrted between the block 1,000 and the bar A,
and the other plug between the 1,000 block and bar 13, the ratio arms are reversed; that is,
the 1,000 ohm coil is connected to the X, post and the 1,000 ohm coil 10 the end of therheostat.
When uneven ratios are used, the same ratio can be obtained by four different combinations.
To obtain the ratio one to ten, insert a plug between A and 1, and another between I3 and
10, or between A and 1’, and 13 and 10, and get 1:10, or between A and 1, and 13 and 107
and get 1:10’, or again, between A and 1’ and I3 and 107, and get 1’ to 10'. Other ratios
are obtained in a similar manner. By using more than two plugs and connecting certain of
the coils in parallel combinations, a large number of other ratios may be obtained. This
arrangement offers a convenient method of measuring the sensihility of a bridge and galvano-
meter combination that is frequently applicable. If for instance the one ohm coil be used
on either side after a balance has been obtained the one ohm may be shunted with the 1,000

ohm on the same side. This will make a variation of Tluﬂ of 19 and the galvanometer
deflection may be noted for this variation. Similarly, the 1 ohm may be shunted with the
100 for a variation of 157, or with the 10,000 for a variation of "lm of 19. The ten ohm
coil may be shunted with the 1,000 for a variation of 19 and with the 10,000 for a variation
of ’l‘T) of 1%. In the arrangement of ratjo coils, errors due to plug contacts are negligible

because only two plug contacts enter the circu’t, and with an even ratio, it is only the differ-
ence in the resistances of the two plug contacts that can affect the result. In measuring
any of the ratio coils while in the box it is only necessary to connect to the bar C, and to
either the bar A or 13, and plug in the coils to be measured.
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Fi16s. 1,44 and 1,500.—The Lecds
and Northrup decade. The object
of this arrangement is to reduce
the number of coils required. In
fig. 2,499, the 1, 3’, 3 and 2 are
connected in series. Let the ter-
minals of the 1 ohm and 2 ohm
coils be numbered (1), (2), (3),
1) and (5) (fig. 1,499). The cur-
rent enters at point (1) and
leaves the coils at the point (5),
traversing 1,3, 3, 2 = 9ohms in
all. If this series be multiplied
by any factor,n, thenn (1 4+ 3/ +
34 2) = n9ohms. It will be
seen that if the points (1) and
(5) be connected, all the coils
are short circuited, and the cur-
rent wil traverse zero resistance.
If the points (2) and (5) be con-
nected, the 3°, 3 and 2 ohm coils
will be short circuited and the
current will traverse 1 ohm. By
extending the process so as to
connect two and only two points
at a time it is possible to ob:ain
the regular succession of values n
0.1,2,3,4,5,6,7,8,9), thelast
being obtained when no pownts
are connected. Fig. 1,500 shows
Leeds and Northrup's method of
connecling these points two at a
time with the use of a single plug.
The circles in the diagram repre-
sent two rows of ten brass blocks
each. To the first two blocks at
the top of the rows, the points (5)
and (1), fig. 1,493, are connected;
to the second two, the points (2)
and (5) are connecled, etc., no
points being connected to the last
pair of blocks. Hence, if a plug
be inserted between blocks 1 and
5, fig. 1,500, the points (1) and 15)
of diagramfig.1,499 are connected,
giving the value of 0, if between
the blocks 2 and 5 the points (2)
and (5; are connected, giving the
value 1, and so on. The value
9 is obtainable when the plug is
in the last pair of blocks, which
have ro connection. Fig. 1,498
shows a top view of the blocks
of a simple decade constructed
upon tais plan.
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suc'cess'ion of va}ues by means of sliding contacts or dial switches, a method
which is becoming deservedly more appreciated.

Ques. What is the difference between ‘‘plug out” and
“plug in” types of resistance box?

Fia. 1,501.—Queen Acme portable testing set. It consistzola Wheatstone bridge, with revers-
ible arms, battery of four dry cells, D’ Arsonval galvanometer, battery and galvanometer
keys. There are sixteen resistance coils, having a combined resistance of 11,110 ohms.
Each bridge arm is provided with three coils of 1, 10, 100 ohms, and 10, 100, 1,000 ohms
respectively. The commutator admits of a ratio of 1 to 1,000 on either bridge arm, giving
the set a theoretical range from .001 of an ohm to 11,110,000 ohms. For resistances above
1,000,000 ohms, the normal battery power must be increased. The contact keys are located
as shown. The battery key has single contact, but the galvanometer key has double con-
tact; depressing it closes the galvanometer circuit, and releasing it short circuits the galvano-
meter, bringing the latter quickly to rest.
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Ans. In the plug out type, resistance is put in the circuit
by removing plugs, as in fig. 1,489;in the plug in type, resistance
is put in the circuit by inserting plugs as in figs. 1,496 and 1,497.

Testing Sets.—For convenience in testing, a combination of
the instruments used is put up in a neat and substantial case,
and known as a testing set. There are innumerable forms of
testing set, a few of which are shown in the accompanying illus-
trations. The usual combination is a Wheatstone bridge, gal-
vanometer, battery and necessary keys and connections.

Testing sets usually employ the principle of the Wheatstone bridge,
because the location of faults is largely a question of resistance or capa-
city measurement, and translation of the measurement into the corre-
sponding di.tance to the point at which the ground, cross or open occurs.
Fault location, and ordinary field or shop resistance measurement require
portability and ruggedness in a set, combined with the best possible sen-
sitivity and accuracy. To meet all the requirements is a complex problem
in design, and care and attention to detail in manufacture is no less im-
portant from the user’s standpoint.

Ques. Describe the operation of the Queen Acme testing
set figs. 1,501 and 1,502, in measuring resistance.

Ans. Connect the terminals of the resistance to be meas-
ured to the line posts C and D. Place the battery connections
on the two upper tips 0 and 1, thus throwing one end of the
battery into circuit, which is sufficient until an approximate

NOTE.—The galvanometer is the heart of the testing set, and the purchaser of a set
should judge as to the merits of the instrument largely on the basis of ruggedriess and sensi-
tivity of the galvanometer.

NOTE.—Galranometer shunt. In making a measurement with a Wheatstone bridge
employing a sensitive galvanometer, the operator, if he has na idea of the magnitude of the
**X" resistance, usually starts his measurement with the galvanometer shunted so as to make
it very insensitive. As he approaches a halance he reduces the shunting in steps until finally
the galvanometer has maximum sensitivity. The shunting enables him to obtain bis results
with greater certainty and speed.
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balance is obtained. Employ the 100 ohm coil in each bridge
arm, and place the commutator plugs in the position PQ, or
in the position ST. Then remove plugs from the rheostat until
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Fi6. 1,502.—Connections and circuits of Queen Acme portable testing set. There are three
rows of blocks, LL‘, MM’, NN’. LL’, is connected to NN’ by means of a heavy copper bar,
joining L’ and N’. LL’and NN’, constitute the rheostat, from which any resistance from
1 obm to 11,110 ohms may be obtained by removing the proper plugs. The block N, of the
rheostat is connected to the lower line post I).  The upper line post C, is connected to the
block X, of the commutator. The block C, has no other permanent connection, except
key G. The block R, of the commutator is connected to the block L., of the rheostat, and
has no other connection, excepting by plugs. Kach half of MM’ constitutes a bridge arm,
designated A and B, respectively, Beginning at the lower line post §), the connections
form a continuous circuit through the rheostat, thence through the bridge arm B, thence
through the bridge arm A, thence to the upper line post C. The commutator serves merely
to reverse the bridge arms A and B. The battery terminals are connected as shown; the
positive terminal directly to the common junction of the two bridge arms, and the negative
terminal through the battery key to the rheostat. The positive terrainal of the galvano-
meter is connected through the galvanometer key with the block X, and the negative terminal
with the block R, of the commutalor, or, what is equivatent, with the block L.. of the rheo-
stat. The commutator blocks A, B, R and X, are connected by plugs as shown. When
the commutator plugs are in the position ’Q, the bridge arm B, is connected to the rheostat
and the bridge arm A, is connected to the line, the ratio heiween the bridge arms ratio
being A + B = X + R, but when the plugs are in the position ST, the bridge arms are
reversed in position A, being connected with the rheostat and B, with the line, and the
bridge arm ratio becomes A + B = R + X. The connections 0[ the u_sung set may be
more readily understood from the snmphhed diagram fig. 1,503.
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the value of total resistance employed, or nearly as may be
guessed is equal to that of the unknown resistance. Now press
the battery key Ba, and holding it down momentarily, press
the galvanometer key Ga. If the galvanometer needle swing
to the right toward the symbol + the resistance employed in
the rheostat is too high, and must be reduced. If the needle
swing to the left toward —, the resistance employed is too low
and must be increased. By altering the resistance of the

A
/7’5087.
A

| I _—= '
|

Fra. 1,503.—Simplified diagram showing connections of Queen Acme portable testing set.

rheostat accordingly, a value will soon be found, which when
varied slightly either way, will reverse the deflection of the
galvanometer needle. Now remove the battery connection
from tip 1, and place it on the tip 4, thus throwing the whole
battery into circuit. Then press the keys again as before, first
the battery key, then the galvanometer key. This will increase
the deflection of the galvanometer needle for the same varia-
tion in the rheostat, thus enabling the making of a more accu-
rate adjustment. The measurement thus made will be the

_ o
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best result that can be obtained with bridge arms of equal
value, but by selecting more suitable values of the two arms

from the following table of bridge ratios a much higher degree
of accuracy mayv be obtained.

Table Showing the Best Values of Bridge Arms for Measuring any
Desired Resistance

Best values of | Position of ‘|
Commutator
Value of Resistance being measured Plugs as
shown in
A= B= fig. 582
Below 1.50hms.............. 1 1,000 PQ
Between 1.5and 11 ohms. ...... .. 1 100 PQ
o 11 and 78 ohms. ..... e 10 100 PQ
‘ 78 and 1,100 ohms ........ 100 1,000 PQ
o 1,100 and 6,100 ohms...... 100 100 PQ or ST
“ 6,100 and 110,000 ohms. ,..| 1,000 100 ST
o 110,000 and 1,110,000 ohms.| 1,000 10 ST
‘1,110,000 and 11,110,000 ohms| 1,000 1 ST

Ques. In testing with the Queen Acme set how should
the plugs be placed in the commutator?

Ans. Always make the arm A, the smaller except when the
two arms are of equal value.

Ques. If the resistance being measured be higher than
6,100 ohms, or lower than 1,100 ohms, how should the com-
mutator plugs be placed?

Ans. If higher than 6,100 ohms, they should be, placed in
the position ST; if lower than 1,100 ohms, in position PQ.
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When the plugs are placed in the ST, position, the unknown resistance
is found by dividing the value of the larger bridge arm by that of the
smaller, and multiplying the total employed resistance in the rheostat by
the quotient. When the plugs are placed in the PQ, position, the em-
ployed resistance in the rheostat is divided by the quotient,

Direct Deflection Method with Queen Acme Set.—To

F1a. 1,504.—Diagram of the Queen dial decade portable testing set. Its dimenrsionsare 9'.”
long, 7”7 wide, and 7” deep, and weighs 114 pounds. The resistances are arranged upon the
dial decade plan. being placed in circuit by means of a rotating switch contact. The switches
are so constructed that they may be turned in either direction, ‘thereby permitting them
to be turned quickly from the highest resistance in any dial to the lowest resistance in the
same dial. This arrangement avoids the necessity of turning back through all the remaining
resistances in any particular group of coils and is of value in locating swinginy crossesor con-
ditions of momentary balances. The connections for the various tests are made by the
manipulation of one small knife switch (W.B.—M.L.) and the switch Ba.; these are-plainly
lettered, thus avoiding the necessity of referring to a diagram of connections. In construc
tion, the dial switches are made up of eight laminations of No. 28 B, & S. phosphor bronze,
and the form is such as to prevent wearing grooves on the top of the contact studs. In
this instrument the electrical circuits are soldered throughout excepting the switch con-
tact whose resistance is negligible. The resistances are wound with manganin. The pattery
comprises six cells sub-divided which are easily replaceable. The galvanometer is tte same
as in the Queen Acme set, but has the addition of an Ayrton shunt, which is useful in making
insulation measurements. The necessary keys, binding posts, and switches are provided
s0 as to facilitate the use of the instrument for the various measurements that can be made
with it.
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measure for instance, insulation resistance by direct deflection
connect a known high resistance, say 100,000 ohms between
the line post C (fig. 1,502), and the positive battery post.
Remove all plugs from the commutator, and place all plugs
in the rheostat, as any employed resistance in the rheostat will
be in circuit with the galvanometer and the battery. Place the
battery connection so as to throw only one cell into circuit.
Now press the keys and obtain a deflection of the galvanometer
needle.

For example: assume that the needle to be deflected about 8 divisions
of the scale. Since this deflection is due to the current from one cell passing

Fia. 1,505.—Queen portable silver chloride testing battery. The silver chloride cell has the
advantage of long life, light weight, and compactness. The pressure of each cell when
new is .8 volt.
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through a resistance of 100,000 ohms, then 100,000 X8 =.8 megohm rep-
resents the resistance through which one cell will produce a deflection of
one division on the scale. Hence, .8 megohm is the constant of the
galvanometer.

Now, replace the known high resistance (100,000 ohms) by the un-
known resistance (for instance such as a cable) the value of which is to
be determined. Add enough cells to produce as large a deflection of the
needle as possible. Assume that 75 cells give a deflection of 1.5 scale
division. Then, the galvanometer constant multiplied by the number of
cells and the product divided by the deflection will give the insulation re-
sistance of the cable; or

Fia. 1,506.—Leeds and Northrup ohm meter. It consists essentially of a slide wire Wheat-
stone bridge with the scale divided to read in per cent of a fized resistance value. A galvano-
meter is mounted on the containing case of each battery and galvanometer keys are pro-
vided. These ohm meters, being slide wire bridges, the greatest accuracy is at the center
of the scale. Fixed coils of 1, 10, 100, 1,000 and 10,000 ohms are contained in the instru-
ment with a plug arrangement allowing any one to be used. When a balance is obtained
the actual resistance is determined by multiplying the dial reading by the value of the fixed
coil in use. This amounts simply to shifting the decimal point. For instance, if the 100
ohm coil were being used and the pointer were at .875, the resistance would be 87.5 ohms.
Accuracy 1% over the range .3 ohm to 30,000 ohms.
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.8 megohm X 75 cells =60.0; and
60.0+1.5 =40 megohms

as the resistance of the cable.

Fall of Potential Method with Queen Acme Set.—To com-
pare electromotive forces by this method, place the battery
connections (fig. 1,502), so as to throw into circuit all the cells,
taking care not to reverse them by crossing the battery cords.
Plug the commutator as shown in fig. 1,507, and remove 1,000
ohms from bridge arm B. Place all plugs in arm A.

i
e

Fia. 1,507. —Commutator plug setting for comparing electromotive forces by the falt of poten-
tial method with Queen acme set.

From the rheostat unplug 5,000 ohms.

Then connect one of the cells being tested, with its posi-
tive terminal to the + battery post and its negative terminal
to the line post C.

When the keys are pressed, the galvanometer needle will swing either
to the right or to the left. If it swing toward+, reduce the resistance in
the rheostat; if it swing toward —, add resistance to the rheostat. When
a value is found wherein a variation of an ohm either way reverses the
deflection, add to this value the resistance unplugged in arm B, and divide
the sum by the resistance in arm B. The result gives the ratio between the
voltages of the testing set, battery and cell being tested, respectively.
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The division is decimal and may be readily accomplished by merely
pointing off as many places as there are ciphers in the resistance employed
from arm B. This operation repeated with any number of different cells,
will give their voltages in terms of the voltage of the testing set battery,
and from these ratios their relative values may be readily obtained.

If the testing set battery be replaced by a standard cell, the first meas-
urement gives at once the voltage of the cell tested.

If the voltage of the cell or battery being tested exceed that of the
testing set battery, reverse the position of the two batteries, and the sub-
sequent operations, as outlined above, will give the desired results.

How to Check a Volt Meter with the Queen Acme Set.—
In using a set as in fig. 1,501, first remove about 10,000 ohms
from the rheostat, plug the commutator as shown in fig. 1,507,
remove 100 ohms from the arm B, of the bridge, and connect
a standard cell with the positive terminal to the + battery
post and the negative terminal to the line post C. Then, con-
nect the circuit to the battery posts of the testing set the posi-
tive lead to the + post and the negative lead to the — post.
Now, press both keys and note the direction of the deflection
of the galvanometer needle. If it move toward +, the rheostat
resistance is too high; if toward —, too low.

Change the rheostat resistance accordingly until the balance attained
is such that a very slight variation of the rheostat resistance one way or
the other will reverse the galvanometer deflection. To find the pressure
on the circuit, add 100 to rheostat resistance and point off two places.
Multiply this value by the voltage and the product will be the desired
voltage.

If the voltage of the standard cell be exactly one volt, the total em-
ploved resistance represents the voltage on the circuit.

For instance, in making a measurement on a 110 volt circuit, assume
that the employing of 7,810 chms rheostat resistance produces balance,
and that increasing or decreasing this resistance by two ohms, reverses
the galvanometer deflection. This indicates that the setting 7,840 is un-

certain, about %, of 1 per cent. Since the rheostat coils are adjusted to
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an accuracy of only 3 of 1 per cent., that will be about the accuracy cf
the measurement.

If the pressure of the standard cell be 1.018 volts, then 7,8404-100=
7,940. Pointing off two places, gives 79.40, which multiplied by 1.018
gives 80.82 for the voltage on the circuit.

To Measure Internal Resistance of Cell with Queen Acme
Set.—First compare its voltage on open circuit with the press-
ure of the testing set battery. Then, shunt the cell with a
known resistance, about 100 ohms, and again measure its ter-
minal voltage. The difference between the two values thus
obtained, divided by the value of the shunt resistance, will

F1a. 1,508.—Evershed portable ohm meter set. This testing set consists of a direct reading ohm
meter which indicates by direct reading the value of the resistance being tested, also a
portable hand dynamo which provides at any required pressure the current necessary to
make the test. It is adapted to the needs of supply stations, wiring contractors and dynamo
builders. It is also useful in testing the insulation of underground and aerial cables, and
is designed so that it can be used by ordinary workmen who are not experienced in handling
delicate instruments and who, by its use, are able to obtain accurateresults. The dynamo
is wound for 100, 200, 500, or 1,000 volts, and is fitted with spring drum inside the case
on which is coiled a twin flexible cord provided with a connector adapted for clamping under
tbe ohm meter terminals.
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give the value of the current. To find the internal resistance,
multiply the value of the shunt resistance by the ratio between
the first and second measured values.

For instance, assume that the open circuit voltage of the cell being
tested as compared with the voltage of the testing set battery is .212 of
the latter, and that when it is shunted with a resistance of 1,000 ohms,
its terminal voltage is .179. Then, the total resistance is to the 1,000

. 212 .
ohms shunt resistance as .212 is to .179 or =g %x1,000=1,184, from

which deducting the 1,000 ohms shunt resistance, gives 184 ohms as the
internal resistance of the cell.

Ammeter Test with Queen Acme Set.—Connect a low re-
sistance in series with the ammeter and run leads from it to -
the testing set, the positive lead to the + battery post and the
negative lead to the line post C, (fig. 1,502). Insert a standard
cell between the battery posts, with positive terminal to +
battery post, and negative terminal to — battery post. Plug
commutator as shown in fig. 1,507. Remove 10,000 ohms from
rheostat, and 100 ohms from bridge arm B. Determine a bal-
ance in the usual way by changing the value of the resistance
in the rheostat. This operation will balance the difference of
pressure at the terminals of the shunt resistance against the
standard cell, and its value is equal to

1.40x100 140
‘ R+100 R +100

To determine the current flowing, divide the value of the
difference of pressure thus obtained by the value of the shunt
resistance.

Loop Test.—This is a method of locating a fault in a tele-
graph or telephone circuit when there is a good wire running
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parallel with the defective one. In the process, the good and
bad wires are joined at their distant ends and one terminal of
the battery is connected to a Wheatstone bridge, while the
other terminal is grounded. There are several ways of making
loop tests as by:

1. The Murray loop;
2. The Varley loop.

These tests are the ones most frequently used. Some other loop methods
and various modifications of these tests have been worked out to meet spe-
cific requirements.”

The Murray Loop.—In this test only one of the two regular
bridge arms is used, the other being replaced by the rheostat
giving an arm of large adjustment.

NOTE.—Fault location.—The fundamental principles of fault location are quite simple
and are easily understood. In many cases their application is equally simple. In other cases,
the conditions are complicated by a network of wires, by peculiarities of the faults and other
causes. However, the very great majority of faults can be located successfully by experienced
testers with proper apparatus. To insure success, the tester should have a clear conception of
the fundamental principles and an accurate knowledge of line conditons. This knowledge and
careful practice with reliable testing apparatus will soon give one the skill, judgment and con-
fidence which will enable one to locate the most puzzling faults.

NOTE.—Grounds and crosses in land lines and short submarine cables are practically
all located by the so called methods. These are particular cases of the Wheatstone bridge and
must all satisfy the Wheatstone bridge conditions. When four resistances are grouped and a
battery and galvanometer form part of the circuit as shown, the combination is called a Wheat-
stone bridge. The resistances are to be understood individually as the total resistance from a
battery connection to the next galvanometer connection. The resistances are called the bridge
arms. It is important to remember this as mistakes are frequently made due to the uninten-
tional introduction of lead or contact resistances into one ar more of the bridge arms, which
are overlooked in the subsequent calculations. The conditions for a balance will be precisely
the same if the positions of the galvanometer and battery be interchanged.

NOTE.—The Murray loop. The loop tests are so called because the faulty wire is always
connected at its distant end with a good wire and the two in combination make the ioop. The
loop is divided into two parts by the fault. In the Murray loop arrangement, these two-parts
of the loop are two arms of the Wheatstone bridge, the other two arms of which are made up
in the testing cpparatus.
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The connections are shown in fig. 1,513. In making the test, close key
and note the deflection of the needle due to pressure of chemical action
at fault, if any. This is called the false zero.

Now apply the positive or negative pole of the battery by depressing
the battery key, and balance to the false zero previously obtained by
varying the resistance in arms A or R. Then by Wheatstone bridge for-
mula: RX =AY, and L=X+4Y; Y=L—X, whence

A R .
X=gal Y=r7al

re
re
li;
GROUND

BATTERY KEY I

F1a. 1,513.—The Murray loop test. The apparatus is connected as in the figure. The rheostat
of the bridge is used in place of the second arm to permit large adjustment. X and Y, are
the resistances of the cable between the fault and the points 1 and 2 respectively.

Ques. How may the distance from 2, to the fault be de-
termined in knots or miles?

Ans. Divide Y, by resistance per knot or mile.

The Varley Loop.—This is a method of locating a cross or
ground in a telephone or telegraph line or other cable by using
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a Wheatstone bridge in a loop formed of a good wire and the
faulty wire joined at their distant ends. One terminal of the
battery is grounded and the other connected to a point on the
bridge at the junction of the ratio arms. The rheostat arm
then includes the resistance of the rheostat plus the resistance
of the fault, while the unknown arm includes the resistance of
the good wire plus the resistance of the bad wire beyond the

GALVANONETER

GROUND 7
- L
BATTERY KEY (1

Fic. 1,514.—The Varley loop test. The diagram shows the various connections. X and Y are
the resistances of the cable between the fault and the points 1 and 2 respectively.L,is the
resistance of the good and bad cable or X + Y.

fault. When the bridge is balanced, the unknown resistances
may be readily determined by a simple equation.

In making the Varley loop test, the resistance of looped cable or con-
ductors is measured, and then connected as in fig. 1,514, Close the battery
key and adjust R, for balance.

When earth current is present, the best results are obtained when the
fault is cleared by the negative pole, and just before it begins to polarize.
If X, be the resistance from 2, to the fault, then
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L—R
2

X =

also, X, divided by the resistance of the cable or conductor per knot or
mile gives the distance of fault in knots, or miles.

When the resistance of the good wire used to form a loop with the de-
fective wire, together with that portion of the defective wire from the
joint to the fault, is less than the resistance of the defective wire from

1000 ™

Switch-Setti ng
U W,
Ele—e e=a{1]
M ©
Y

Fies. 1,515 and 1,516.—Special loop test with Leeds and Northrup fault finder. For the first

measurement connect the faulty wire to 2, either of the good wires, as Z, to 1, the post
Gr. to ground, and short circuit the coils R, and E, by closing switches U, and V, as in
the figures. Balance in the usual way and call the dial reading A. For the second measure-
ment, connect the post Gr. (disconnected from ground), to the other good wire y, as shown
in figs. 1,517 and 1,518, and get another balance; call this reading A’. The distance d,
to the fault is determined from the simple formula d =AL. +A’, where L, is the length of
the cable or faulty wire.

the testing station to the fault, the resistance R, must be inserted be-
tween point 1, and the good conductor, the defective wire being connected
directly to point. The formula in this case is*
_L+R
2

Special Loop.—This method may be used to advantage
where the length of the cable or faulty wire-only is known and
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where there are two other wires which may be used to complete
the loop. It is not necessary that the resistance of the faulty
wire and the length and resistance of the other wires be known.
Figs. 1,515 to 1,518 show the connections and method of
testing. :

Example.—All the wires in a cable 10,852 ft. long were found to be
grounded so that none of them could be used as good wires. Two wires
were selected out of another cable going to the same place by a diiferent

Switch=Setting.

¥Fias. 1.517 and 1.518.—Special loop test as made with the Leeds and Northrup fault finder.
Diagram showing connections for the second measurement. The special loop test may be
used to advantage where the length of the cable or faulty wire only is known, and where
there are two other wires which may be used to complete the loop. To use an outside bat-
tery. connect one pole to Ba, and ground the other. The pressure of th.s battery must
never exceed 110 volts; if it be over 25 volts, see that switch W, is open.

route and securely joined to one of the grounded wires at the distant end.
This grounded wire and one of the good ones were connected as shown
in figs. 1.515 and 1,516 and the reading A, was found to be 307. Con-
nections were then made as shown in figs. 1,517 and 1,518 and A, was
found to be 610. What is the value of d?
According to formula
_AL 307 x10.853

d="t= " =546l {t.
A 610
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Directions for Operating Leeds and Northrup (Type T) Testing
Set.—The following instructions will be found helpful in the
use of this set, which is designed specially for locating faults
in telephone, telegraph and other electrical transmission lines;
also, for any measurements within ordinary Wheatstone
bridge range.

Resistance Measurements.—Connect unknown resistance to posts X1
and X2, and place the switch at the back of the set in the position marked
RESISTANCE. The internal battery is connected by placing the small

F1o. 1,519.—Leeds and Northrup type T, testing set. It is provided with the necessary con-
nections for making resistance measurements, and for locating faults by the Murray and
Varley loop methods. The addition of a simple buzzer and telephone receiver permits the
location of opens as well a single three-way switch, of the type used on telephone switchboards
makes possible, with a single motion, immediate connections for resistance, or Murray loop,
or Varley loop tests. The switch replaces the two single pole, double throw switches ordi-
narily used on testing sets. Provision is made for connection of an external battery and galvano-
meter in the relatively few instances where this may be necessary; and, without changing
connections, either internal or external battery or galvanometer may be used. Protective
resistances in both internal and external battery circuits guard against burn-outs or over-
heating of the adjusted coils in the set.
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switch in the front of the set in the position marked IN. The internal
galvanometer is connected by placing the small switch near the galvano-
meter in the position marked IN. Select the required ratio on the ratio
dial and vary the rheostat dials until a balance is obtained.

The best ratio setting for various resistances is shown in the following
table:

VARLEY
RES, 1 MURRAY
N
(o]
g 1000 100 1
GA
& ] . 'Z
N 1 r,
o 1
L

[0

10~
|Eﬁl GA ca GA | BA [’%
i gl e wfour Ij

F1a. 1,520.—Connection diagram for mzking resistance measuremnent with Leeds and Northrup
type ‘T, testing set.

Ratio dial
Unknown resistance

setting
Below 10 0hms. . ... ... .. . it it .001
10ohms to 1000hms. ...... ... ..ot .01
100 ohms to 1,000 0hms... ... ... iiiiiiiiiinn e, 1
1,000 ohms t0 10,000 0hms. ......... ... ... iieuiinoann. 1.
10,000 ohms to 100,000 0hms. . .................ccoiiun... 10.
100,000 ohms to 1,000,000 0hms.....................ccn.. 100.

1,000,000 ohms to 10,000,000 ohms........................... 1000 .
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The resistance under test is determined from the following formula:
X=AR
Where X =resistance undertest..................... 1)
A =ratio dial setting
R =rheostat setting

Murray Loop Test.—Inh testing for fault location in cables in the
case of a ground, join the faulty and good wires at the distant end of the
cable. Connect the faulty wire to X1, as in fig. 1,521 and the good wire
to X2. Measure total resistance of the loop and call this r.

Fi1a. 1,521.—Connections for Murray loop test.

Connect post Gr, to ground, or if the fault be a cross, connect one of
the crossed wires to the Gr, post and at the distant end of the cable join
the other crossed wire to a wire that is known to be good. Set ratio switch
on ML,000, which places 1,000 ohms in circuit for the bridge arm or A, in
the formula. Place the switch at the back of the set in the position marked
“Murray.” Vary rheostat until a balance is obtained,
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If a satisfactory balance can not be obtained with ratio switch set at
M1,000, then set for M100 or M10.

Letting r =resistance of loop
a =resistance to fault
R =rheostat reading
A =ratio dial setting

Then e enabenaeenannannns @)

If L =length of one of the two wires which are assumed equal since a
and r are proportional to the lengths, the distance to the fault becomes

If a balance can not be obtained after using all settings down to and

including M10, it indicates that the fault is at a point of less than l—l r

from X1. In such cases locations can be made to r as follows:

With connections made as before set the ratio cial on the point marked
.001 and use the formula

a=_r— or d—i—
R +1,000 R+1,000

In most cases a check test can be applied by connecting the faulty wire
to X2and the good one to X1, and then varying the rheostat until a balance
is obtained. Letting A’ and R’ =new values of A and R,

, R'r ,  2LR’
Then a AIR .. (4) and d ATR

If the tests be made on a loop of wire, of which the total length only is
known, then this length must be substituted for L, and the 2, removed from
the numerators of the above formule. One end of the loop should be
tagged, and when this end is connected to X1, formula (3) will give the dis-
tance to the fault from that end, and formula (5) will give its distance
from X2, when the tagged end is connected to that post. When dealing with
faults of high resistance 50 or more cells of battery may have to be used.
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Example.—The total resistance of a loop, one wire of which was faulty, was found to
be 290 ochms. Withratio dial set at M1,000 a balance was obtained with 1,900 in the rheostat.
Using formula (2) the resistance to the fault from post X1 is

- 1,000 X 290
1,0004-1,900

In the above example the length of one of the two wiresis 8,995 feet. The distance to
the fault from post X2 using formula (3), is

= 100 ohms

d = 2@995X1.000) _ ¢ a3 451,

1,000 4 1,900

Fi1c. 1,522—Connections for Varley loop test.

The circuit in fig. 1,521 consists of No. 22 B. & S. copper wire which has a resistance of .01612
ohm per foot. The resuits obtained by formulae (2) and (3) should check, or 6,203.4 feet the
distance to the fault by (3) multiplied by .01612 equals 100 ohms, or the resistance to the
fault by (2).

Varley Loop Test.—In testing for fault location in cables, in the case
of a ground join the faulty and good wires at the distant end of the cable;
connect the faulty wire to X2, and the good wire to X1. Measure the total
resistance of the loop and call this r. Connect post Gr, to ground. Or if
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the fault bea cross, connect one of the crossed wires to the Gr, post and at
the distant end of the cable join the other crossed wire to a wire that is
known to be good. By placing the ratio dial switch on .1, .01, or .001 a
ratioof 1:10, 1 : 100 or 1: 1000 is obtained. If r, be over 100 ohms, use .1;
if less than 100 ohms, use .01. Place the switch at the back of the set in
the position marked VARLEY. Vary the rheostat until a balance is ob-
tained.

r =total resistance of loop

a=resistance to the fault -

A =ratio dial reading

R =rheostat reading

Ol

P

A A M B

Fra. 1,523.—Diagram of apparatus for measuring low resistances based on the pr.nciple of the
Kelvin double bridge. In the diagram AB, represents a heavy piece of resistance metal of
uniform cross section and uniform resistance per unit of length; CD), is another piece of
resistance metal of smaller croes section, and the two are joined together by a heavy cop-
per bar, AC, into which both are silver soldered; LL, are the current terminals and PP,
are the pressure terminals. The resistance of AB, between the marks 0 and 100, on the
scale S, is .001 ohm. From the point 1 on the resistance CD), to 0, on Al3, is also .001 ohm,
from 2 to 0 is .002 and s0 on, and from 9 to 100 is .01 chm. The slider M, moves along the
resistance AB, and its position is read on the scale S, which is divided into 100 equal parts
and can be read by a vernier to thousandths. Subdivided in this way the resistance between
the top off ~oints PP, may have any value from .001 to .01 ohms by steps of .000001 ohm.

: —AR
Th o 6
en a= e 6)

In most cases a check test can be applied by connecting the faulty wire to
X1, and the good wire to X2, and then varying the rheostat until a balance
is obtained. It may be necessary to place the ratio dial switch on a different
setting than that used for formula (6). Let R’=new value of R
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Fia. 1.524.—Kelvin bridge. This includes a low resistance standard of .1 ohm variable by steps
of .00001 ohm, a set of ratio coils, and a holder for rods or wires to be measured, with a
scale to measure their length. 1t is also provided with heavy flexibles to be used in meas-
uring the resistances of irregularly shaped pieces. ‘The connectiens are clearly shown in the
diagram. The range of measurements of this bridge is: 1 ohm to .1 ohm by steps of .001
ohm readily estimated to .0001, .1 to .01 ohm by steps of .0001 ohm readily estimated to
00001; .01 ohm to .001 ohm by steps of 00001 ohm, readily estimated to .000001; .001
ohm down by steps of .00001 ohm, readily estimated to 000001 ohm.

Fia. 1,525.—Kelvin bridge ohm meter for measuring low resistance. It is similar in con-
struction to the familiar Wheatstone bridge type ohm meter. Accuracy: 2% between .0001
ohm and 11 ohms; Galranometer: seneitivity 1. megohm, resistance 40 ohms; (eneral:
five ranges. Self contained No. 6 dry cell battery.
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g coils in the

.f. where the plug form of
, leaving available two extra gaps wl.ich may

, Latimer-Clark commutator, tension spring

with push button locking device for holding the contact

ator may be removed

The

Four gaps are provided for ratio coils and extension coils which are also avaijlable for insertin,

resistance box would be useless. With both mercury cup and binding post contact

for bridge wire, contact slide with rack and pinion, and fine adjustment

conventional Wheatstone bridge arr

be required in special work.

Fia. 1,526.—Knott University Reversible slide wire meter bridge for measuring resistances with low e.m
at any desired point.

Then  ar= ACHRH (@)
A+l

The distance to the fault can be obtained
from the formula:

L.o....... (8)ord’=%L.......(9)

in which a and a’= the resistances to the
fault by formulz (6) and (7) respectively, b
= the resistance to the faulty wire = L3 the
resistance of the loop where good and bad
wires are of the same size and are in the same
cable and L. = the length of the cable.

Example.—The total resistance of a loop, one
wire of which was faulty was found to be 290 ohms.
The ratio dial switch was placed at .1, and a balance
obtained with a rheostat setting of 1,910. The
resistance to the fault from post X2, using formula
6),is

290 — .1 X 1,910

d+1
For a check test a balance was obtained with a
rheostat setting of 700.
Using formula (7) the resistance to the fault
from post X1, is
.1(290 + 700) -
d+1

a= = 90 ohms.

a = 90 ohms

NOTE.—Poor Connections. It is of primary
importance that good electrical connections be made
throughout the circuit. If one is to rely upon an in-
experienced assistant for making joints and connec-
tions on poles and elsewhere, much annoyance may be
experienced.  Resistance caused by poor connections
n the loop circuit will enter directly as an error in the
location, if, for instance, the assistant does not make
a good connection in joining the faulty to the good
wire but introduces a resistance of 14 ohm, where the
wire is No. 22 B. & S. copper, the location will be
about 16 feet in error. Experience will teach one,
however, to detect in most cases improper and poor
connections by the use of the check methods, or by
duplicating some of the tests.
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Location of Opens.—Disconnect the galvanometer and battery by turn-
ing the respective switches to the position marked OUT. Connect a tele-
phone receiver to the Ga, posts and a source of alternating current such
as produced by a ‘““tone test” or buzzer to the Ba, posts. The buzzer should

be placed as tar as possible from the testing set so that its noise will not
be heard by the operator.

Set the ratio switch on M1,000, which places 1,000 ohms in the bridge
arm circuit and place the switch at the back of the set in the position

600D PAIR

FAULTY PAIR

I&lﬁ >k

I © g

i

F1a. 1,527.—Connections for testing for locations of opens.

marked MURRAY. The telephone can be permanently closed by means
of the lock-down key in its circuit, by turning the arrow stamped upon
its top away from the operator when in front of the testing set. The key
in the buzzer circuit cannot be permanently closed. If a receiver with a
head band be used, the operator’s hands will be free to close the buzzer
key and manipulate the rheostat.

Connect the open wire to post X2, and a good wire of any other pair in
the same cable to X1. Connect the mates of the wires used for posts X2,
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and X1, to the post Gr, but do not ground. The connections will then be
as indicated in fig. 1,527, in which d is the broken conductor and c, its
mate. a and b, are the wires of any other pair in the cable. All wires must
be free from grounds and crosses.

Vary the rheostat until a balance is obtained.

Letting R =rheostat reading *
L =length of cable in feet
d =distance to the open in feet
A =ratio dial setting

Fi1c. 1,528.—Queen wireless test set or inductive fault finder. This cable test set is used for
locating crosses, grounds, split pairs, etc., by means of an exploring coil. This set may be
regarded as a rernfer to the location made with a Wheatstone bridge. Its results depend
upon sound and does not involve any mathematical formula. It 1s also arranged to give a
trouble tone.

Then P et A (10)

1f a balance cannot be obtained with ratio dial set at M1,000 then set
for M100 or M10 and substitute said values of 100 or 10 for A, in the
formula. If a balance cannot be obtained after using all settings down to
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and including M10, it indicates that the open is less than .001 of the length
of the cable from X2. 1n such cases set the ratio dial on .001 and use the
formula

S T
R +1,000

1
In this way location can be made to 11,000 of the length of the cable.

Balance in the Telephone.—The bridge is balanced when the point is

I

FiG. 1,529.—Connections {or tests of telegraph and other multiple cables.

found where the noise in the telephone is least. The procedure is to place
all the dials in the rheostat at nine and successively rotate the thousands,
hundreds, tens and units dials finding a position where the sound in the
telephone 1s a minimum.

Example.—An open wire in a cable 5,280 {eet long was connected asshown in fig. 1.527.
A balance was obtained with the ratio switch at M1,000 and a dial setting in the rheostat of
1.320 ohms. The distance to the open from post X1, using formula (10}, is
1,000 X 5,280

d="""7"""= 4,000 ft,
1,320
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Tests of Telegraph and Other Multiple Cables.—In cables of this
class, in which the wires are not grouped in pairs, instead of balancing the
capacity of the open wire to its mate against that of a good wire and its
mate, as in the foregoing test, the relative capacities to ground of an open
wire and a good wire are balanced.

The connections differ only in the use of two wires instead of two pairs
and in grounding.

The switch is placed, as described for location of opens in telephone
cables. Connect the open wire to the post X2, and a good wire in the same
cable to the post X1. If possible all the other wires should be grounded to
the sheath of the cable as well as the section beyond the break. Cornect
the post Gr, to ground, as in fig. 1,529.

Let R =rheostat reading
L =length of cable in feet
d =distance to the open in feet
A =ratio dial reading

Ty Dt

Ty 595 090990055055908000000000090 800

If a balance cannot be obtained after using all settings down to and
including M10, then use the .001 ratio setting and the formula

S R
R+1,000

as in the case of the telephone cable.

d

Method of Picking Out a Grounded Wire.—Set the ratio dial on
M1,000, and the switch at the back of the set for the Varley loop.

Connect Gr, posts to ground or cable sheath and connect the wires in the
cable one after the other, to post X1. The faulty wire will be detected by
a strong deflection of the galvanometer needle when the battery and gal-
vanometer keys are closed. The galvanometer is sufficiently sensitive to
give a readable deflection for 1 volt through 1 megohm and hence a very
high resistance ground or fault can be detected.

To Use as a Resistance Box.—Connect to binding posts X2 and R.-
When using the rheostat separately the position of the switch is im-
material.

To Use Galranometer in Series with Battery.—Connect to binding
posts Grand X1, set the ratio dial on M1,000, the switch for Varley loop.
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The galvanometer is deflected by closing the battery and galvanometer
keys.

To Use Outside Battery.—Connect battery in at Ba, posts, having
disconnected the contained battery by setting the BA, switch on OUT.

To Use Outside Galvanometer.—Connect outside galvanometer to
the Ga, posts, having disconnected the contained galvanometer by setting
the Ga, switch on OUT.

Notes on the Varley Test.—This test is extremely useful,
particularly on multiplied telephone cables. - By multiplied,

A D

W/

Ex

B c——

Fi1a. 1,530.—Diagram illustrating the term mudliplied to accompany notes on the Varley test.

one is to understand that the same pair of wires is tapped into
a number of different terminals, as shown in fig. 1,530. This
pair is multiplied at four points, A, B, C and D. When the
arms of the Wheatstone bridge are made even in the Varley
test, the formula R =r—2a means that the resistance in the
rheostat when balance is obtained is equivalent to that of
both sides of the pair from the end where the helper makes
his connection, to the fault. It is an easy matter for the tester
to memorize the constants for the number of feet per ohm of
the three or four most common sizes of wire used for telephone
cables.
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Knowing the gauge of the wire it is merely necessary to multiply one-
half the number of feet per ohm of that size wire by the rheostat reading
in order to get the distance to the fault in feet,

The application of this to multiplied cable may be readily shown. As
sume a fault at X. The tester is at Ex, and the helper connects the two
wires together, say at C. The Varley test then gives the ohms back from
C, to the apparent location of the fault (in this case at N, where the pair
to B, is tapped on the main cable). laving the resistance from C to N, a
rough calculation involving feet per ohm multiplied by Varley reading
gives the distance from C, to the apparent fault.

PRIMARY
AMAVVWI—— e e

T

SECONDARY

N

Y/
TROWBLE INDUCTION COiL

NON INDUCTIVE
CONDENSER RESISTANCE

Fic. 1,531.—Queen wireless test set or inductive fault finder; diagram of instrument.

From the cable diagram this distance can be read which should be about
that between C and N. The connection at C. is then removed and replaced
on the same pair at B, and the above process repeated.

In order not to be misled by the variation in resistance due to changes
in temperature, it is well for the tester to measure some known length
once each week or two and divide distances by resistance to obtain the
proper constant. That this is quite important may be understood from
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the fact that for underground cable the constants will vary 109, between
summer and winter temperatures.

In cases where there are cables of two different gauges spliced together
it is easy to figure out the location without making any gauge correction.
For instance, consider the case where a pair of wires of one gauge is at-
tached to another pair of equal length but different gauge, the total loop
resistance being, say, 40 ohms and the Varley test showing a balance at
10 ohms with equal bridge arms. This would mean that the fault was 5
ohms from the far end. Knowing the two gauges one can estimate mentally
if this amount of resistance will carry the location beyond the junction

GROUND CONDUCTORS EXPLORING COIL

EXPLORING COIL

CROSSED WIRES ﬁ:——_@

SPLIT PAIRS

EXPLORING COIL

Fics. 1,532 to 1,534.—Queen wireless test set or inductive fault finder; diagrams of connec-
tions for use.

point of the two sizes. If not, then multiply by the constant for the gauge
wire on the far end, which will give directly the distance from that end
to the fault.

In any case where the balancing resistance carries the location into the
section nearest the locator, then instead of multiplying the constant by
the rheostat reading, subtract this reading from the total loop resistance
and multiply the difference by 14 the constant for the gauge wire nearer
to the tester. This method is lengthy of explanation but when once one
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gets the idea, these processes are mainly mental and really take very
little time.

Tests may be maae this way on all but the very shortest cables and
not then, for the reason that ordinary bridge sets are not sub-divided
below one ohm in the rheostat. Very often, however, one is able to inter-
polate proportionally to the deflection of the galvanometer when a close
approximation is necessary. lHowever, when it comes to a question of
inches on a short length of wire, either the Murray test or the Varley
test with unequal bridge arms should be used for accuracy.

AR ST 6
| GUEEN INSTRIMENTS |

FAILA 1 B A
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F1:. 1,5635.—Queen ground resistance and direct readirg ohm meter for measuring the resistance
of ground connections and driven grounds. This tester although direct reading is arranged
on the Wheatstone bridge principle, thereby giving a uniform scale with maximum accuracy
throughout its entire range. It is balanced by a telephone receiver. The use of the bridge
rheostat in the form of a slide permiis measurements {0 be made with facility and speed.
The method of use is the "*three ground test” which requires the determination of the com-
bined resistance of the ground under investigation and of two auxiliary grourds which are
connected in series with it and with each other. To increase the range of this tester, a 10
multiplier in the bridge arms is provided, permitting its use as a general purpose ohm meter
for ordinary resistance measurements, up to a maximum of 2,700 ohms. The direct scale
reads from 0O to 270 ohms on one ohm divisions. The single scale division can be easily
estimated to one half ohm. When the multiplicr is in circuit the scale range is O to 2,700 ohms.
Binding posts and switches are arranged €o that an external galvanometer can be connected
to the instrument, as some may prefer a galvanometer for balancing in place of the telephone
when measuring ordinary resistances. When used for ground resistances a telephone 1s nec-
essary.
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The formula R=r—2a is the universal Varley formula for equal bridge
arms. Knowing the gauge of the bad wire it is possible to obtain the
location by solving for a.

When a good wire of large size is used and the fault is near the far end
of the smaller wire it sometimes happens that a balance cannot be ob-
tained with the bad wire in series with the rheostat. In these cases it is
necessary to reverse the wires on their respective binding posts. Then
balance as usual and use the formula with R, negative or —R=r—2a,

10—
LINE
2 50 0o
\
TEL.
Q Y

F16. 1,536.—Queen ground resistance tester; diagram of connections. Directions for operating.
Connect permanent ground and one of the test grounds to line posts 1 and 2. Connect
receiver to posts “TEL.” Close BA, key by depressing and turning !{ turn to close perman-
ently or without turning it can be tapped. Adjust rheostat slide K, unit until no sound is
heard in the receiver. The scale reading is the resistance between the two grounds. Make
the same test using the other test ground and permanent ground, and then again using the
two test grounds. Add the three readings and divide by 2 and subtract the reading taken
between the two test grounds and this will be the resistance of the permanent ground. To use
external battery place switch at “out” and connect battery to posts “BA."

The above described loop methods, the Murray and Varley, are the ones
most frequently used. Some other loop methods and various modifica-
tions of these tests have been worked out to meet specific requirements.

The Potentiometer.—For the rapid and accurate measure-
ment of voltage, current, and resistance, the potentiometer can
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Fi1:. 1,537.—Queen ground resistance tester; simplified diagram.
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Fi:. 1,538.—Queen ground resistance tester; theoretical diagram.
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be recommended. Those in charge of electric light and power
companies, and also those who purchase large amounts of elec-
trical energy are realizing, more and more, the necessity of
having satisfactory primary standards with which to check
their volt, ampere-, and watt-meters.

When it is realized that an error of one per cent. in a com-

Fia. 1.5%9.—Leeds and Northrup Type K Potentiometer. It has no internal resistance which
gives high sensitivity. There are no contact resistances in the poleutiometer circuit proper.
The last one tenth volt is covered by a slide wire which facilitates following a fluctuating
voltage. The current flowing through the potentiometer may be ciecked without disturb-
ing the dial or slide wire setting. When usel with any cadmium cell the potentiometer is
direct reading. requiring neither calculations nor corrections. The construction of the instru-
ment is further shown in the diagram fig. 1,540.

mercial instrument means an error of one dollar one way or
the other in every one hundred dollars charged, the need of
such standardization apparatus becomes at once apparent.

The potentiometer, it should be noted, relies for its accuracy
only upon the constancy and accuracy of resistances and upon
standard cells.
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The instrument consists of an arrangement of carefully stand-
ardized resistances for measuring voltages in comparison with
a standard cell. It isused for accurate measurement of voltages,
currents and resistances.

In place of a series of standardized resistances, a slide wire may be
used as in fig. 1,540.

With the materials now available, and the skill which has been acquired
in their manufacture, both the resistances and the standard cells are

y
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Fig. 1,510.—Diagram showing connections of Leeds and Northrup type K. potentiometer.
The essential part of the instrument consists of 15 five ohm coils Al), adjusted to equality
with a high degree of accuracy, connected in series and having in series with them a slide
wire DI3, the resistance of which from O to 1,000 on its scale (the entire scale extending from
0t0 1,100) is also five ohms. A contact point M, makes contact between any two of the five
ohm coils, and a contact point M’, makes contact at any point on the slide wire DB. Cur-
rent from the battery W, flows through these resistances, and by means of the regulating
rheostat P, it is adjusted to exactly one fiftieth of an ampere. Consequently the fall of
potential across any one of the coils AD, is .1 volt and that across the slide wire DB, is .11
volt. By placing the contact point M’, at zero, and moving the contact M, thefall of potential
between M and M’, may be varied by steps of .1 volt, from 0 to 1.5 volts. By moving the
contact point M’, along the wire, the fall of potential between M and AT, may be varied in
infinitesimal steps.
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obtainable which are remarkably constant, and both can be readily checked
for accuracy.

The potentinmeter is essentially an instrument for comparing differences
of potential and the various designs differ in the method of dividing the
potential drop into decimal steps. Such instruments have either high or
low resistance circuits, and while each possesses inherent advantages it
also presents disadvantages.

The high resistance potentiometer requires a very small amount of cur-
rent so that a long series of measurements can be made without the neces-
sity of readjusting the current in the potentiometer circuit. It, however,

YO POTENTIOMETER

Fic. 1,541 .—Regulating rheostat of Leeds and Northrup type K, potentiometer. This is P, of
fig. 1,540. The actual connections are shown in fig. 1,541. This rheostat is mounted in the
right hand end of the potentiometer. Rough adjustment is made by R, and fine adjustment
by manipulating R’. The 23 ohm resistance of the latter dial is shunted by a resistance of
6.1 ohms, making possible very fine regulation. On the fine adjustment dial there is. in
series with the contact, a fixed resistance of 400 ohms, which makes negligible the effect of
possible variable contact resistance.

involves a larger number of switches for manipulation to establish a bal-
ance and is therefore not so convenient to manipulate in addition to its
higher cost.

In low resistance potentiometers the current required is larger and varia-
tion in resistance, especially of the battery, will vary the current to an ap-
preciable extent, thereby necessitating more frequent adjustment of the
regulating rheostat and consequent repeated checking against the standard
cell to insure the correctness of the E.M.F. under test. The low resistance
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type eliminates the use of contacts directly in the potentiometer circuit,
thereby confining it to the use of only one series of resistances and a slide
wire. It has the advantage of greater convenience of manipulation as com-
pared with the high resistance potentiometer. In the design of low resis-
tance potentiometers a slide wire is used for the final setting. Heretofore,

1l
'

F1g. 1.542.—Diagram of the Crompton potentiometer. I'n this instrument the resistance con-
sists of fourteen coils, each of 10 ohms, in series with a straight wire. also 10 ohms resistance,
thus forming a system of fifteen equal steps. Across the whole a pressure of 1.5 volt is
applied from a secondary cell, thus providing .10 volt per step. Any fraction is then tapped
off by means of a radial switch on the resistance coils and a sliding contact on the wire.
The standardization is performed by adjusting a resistance in series with the whole until
the standard cell employed indicates, by means of the galvanometer G, a balance at the point
which represents its electromotive torce on the basis given above.

F1c. 1,543.—Queen-Gray standard potentiometer intermediate resistance type circuit. This
instrument has a total resistance sufficiently high to permit the use of a switch in the main
circuit without error and low enough to enable a slide wire of only one turn to be used for the

last setting.
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it has been the practice to use a slide wire of ten or eleven tums in order to
make use of a wire of suitable size for mechanical strength and also to have
the requisite length to accurately sub-divide the potential in the wire to a
fraction of a milli-volt. The use of such a long wire necessitates the mov-
ing of its contact through ten or eleven turns.

N y

SHUNT COIL

SUIDE WIRE

"y ﬂ

Fic. 1,544 —Complete diagram of connectors of Queen-Gray standard potentiometer. The
main potentiometer circuit consists of 17 fifty ohm. coils in the “tenths’ switch, 10 five ohm
coils in the ‘“*hundredths” switch (intermediate switch) and the 5 ohm *‘slide wire.” The cur-
rent to operate this potentiometer is .002 ampere, therefore the fall of potential over each
50 ohm coil will be .1 volt, fot each 5 ohm coil .01 volt and for the entire slide .01 volt. The
stide wire is divided into 200 parts and consequently a single divisian is equivalent to .00005
volt. The single division can be easily estimated to .2 therehy reading to .00001 volt which
can be further reduced .1 or .000001 volt by mears of a shunt coil. It is thus noted that
means are provided for an adjustable potential trom .000001 volt to 1.7 volts which can be
extended to 17 volts when .02 ampere is made to flow through the potentiometer.

The intermediate resistance potentiometer is a type having resistance
intermediately between the high and low resistance types.

The Potentiometer Principle.—Familiarity with the prin-
ciples underlying any measuring instrument is valuable to the
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user or prospective user of the device; for not only does it
enable him to secure his results more quickly and accurately,
but it also gives him confidence in the results of his work.

A potentiometer is a device. for measuring polential differ-
ences by either tolally or partly balancing the unknown ageinst a

oy i
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Fre, 1,545 —Simplified diagram of connections of Queen-Gray standard potentiometer. The
instrument is arranged so that its settings may be reduced .1, thereby reading to 0000001
volt. This is accomplished by shunting the main potentiometer circuit with the '‘shunt
coil”” shown in the diagram, so that the combined resistances will be exactly .1 of the un-
shunted potentiometer circuit. Therefore the fall of potential across all the resistances wilt
be .1 of their nominal values. The switch when placed at .1 (see upper right of fig. 1,544)
not only places the “‘shunt coil” in circuit, but also adds to the circuit a resistance of such
value that the total resistance of the entire potentiometer circuit is the same, otherwise .002
ampere would not flow and the fall of potential across each part of the potentiometer would
not be exactly .1 of its nominal value. Placing the switch at position 1, disconnects the
“shunt coil” and short circuits the ballast resistance B.R. thus setting the potentiometer
for normal use.

variable polential difference, the value of which is known by refer-
ence o a standard of electromolive force.

If the two potential differences be exactly balanced, we have the usual
“null” potentiometer; if partly balanced, the indicating instrument (gal-
vanometer) gives a measure of their difference, and we have a detlection
potentiometer.
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As an aid in comprehending the principles involved in any
potentiometer, an analogy is useful.

In fig. 1,546, let OB, represent a section of a pipe carrying a current
of water. Between the points M and M’, a pressure difference exists,
which, other things remaining unchanged, will increase with the distance
between the points in question, the higher pressure being at M. If the
pipe be tapped at M and M’, and a branch pipe MPM’ attached, a current
flows, as indicated, and the current results from the pressure difference.

P

Fias. 1,546 and 1,517.—Hydraulic analogy illustrating pressure difference.

Pressure difference in hydraulics is analogous to potential
difference in electricity. A current flows in a conductor only
when a potential difference exists.

If, in the preceding paragraph but one, the terms “‘conductor,” “elec-
tricity,” and ‘potential difference’”’ be substituted, respectively for
“pipe,” “water” and “pressure difference” and reference is made to fig.
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1,547 instead of 1,546, the same statements hold true without medifica-
tion. The paragraph referred to will then read: Let OB, represent a section
of a conductor carrying a current of electricity.

Between the points M and M’, a potential difference exists, which,
other things remaining unchanged, will increase with the distance
between the points in question, the higher potential being at M. If the
conductor be tapped (contact made) at M and M’, and a branch conductor
MPM’, attached, a current flows, as indicated, and the current results
from the potential difference.

Referring next to fig. 1,548, a rotary pump may be inserted

O—FE__;

Figs. 1,548 and 1,549.—Hydraulic analogy illustrating maintenance of pressure difference
between N and P.

in branch MPM’, rotating in the direction indicated by the
arrow.

By the action of the pump, a pressure difference can be maintained
between N and P, with the higher pressure at N. It is easy to conceive
of the pump being driven at constant speed, so as to maintain a steady
pressure difference; and to imagine such strength of current in OB, that the
pump exactly balances the pressure difference between M and M’. In
this case, no current could flow through the branch MPM’, because the
tendency to flow in one direction would be exactly neutralized by the
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tendency to flow in the opposite direction; and this absence of current
could be shown by some kind of flow indicating instrument inserted in the
branch.

With the same substitution of terms as before, the identical
reasoning applies to fig. 1,549.
Here a battery is represented as the source of potential difference an-

alogous to the pump as the source of pressure difference. With these pre-
liminary ideas, we proceed to a consideration of electrical circuits only.

In the diagram fig. 1,550, the cell W, which may be an or-

R

W
+

|
|

Fia. 1,550.—Elementary potentjometer circuit illustrating condition of balance.

dinary dry cell, causes a current to flow, in the direction indi-
cated by the arrow, through the resistance OB.

The result is a potential difference between any two points on OB, say
between M and M’, due to the fall of potential through the resistance
between the two points considered. With the current flowing as indi-
cated, M, is at a higher potential than M’, that is, M, is positive with respect
to M.

Now consider the circuit MEGM’, in which E, represents
any source of steady potential difference and G, a galvano-
meter.
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and consequently the resistance, between the points would corresponding-
ly have to be increased or decreased, respectively, in order to maintain
this condition.

It is thus seen that it is possible to oppose two potential
differences in such a way that one will be exactly balanced by
the other; and that a galvanometer, as an indicator, shows
when such a condition exists.

Fi1a. 1,552.—Queen slide wire bridge. It consists of a portable slide wire, Wheatstone bridge
arranged to read directly in-ohms in addition to its use for locating crosses and grounds.
It is complete with battery, galvanometer and telephone receiver. ' The bridge is balanced
by moving the hand stylus until the galvanometer shows no deflection or until there is no
sound in the telephone receiver. In order to provide a wide range of measurement and maxi-
mum accuracy, ratio coils or multipliers having values of 1, 10, 100, 1,000 and 10,000 are
provided. The scale of the instrument is arranged in two parts, one of which indicates ohms
and the other is divided into uniform divisions for use when locating crosses and grounds
by the Murray and Varley loop methods. A smalt induction coil is included so as to furnish
an alternating current when using the telephone receiver.,

Assuming the value of E, to be exactly 1 volt, M and M’, couid then be
set with, say 1,000 arbitrary resistance units between them. By means of
the regulating rheostat R, the current in OB, could be adjusted until the
galvanometer showed zero deflection, indicating the potential difference
between M and M’, to be equal to that of E.

Leaving the current in OB, unchanged, it is noted that the fall of po-
tential along the resistance OB, is exactly 1 volt for each 1,000 units of



Testing and Testing Apparatus 1,087

resistance, or 1 millivolt per unit, because the current is the same in all
parts of OB. This arrangement merely assumes that W, has a voltage
high enough to produce the fall of potential as described. Its voltage
must, of course, be higher than the potential difference of E.

Still leaving the current in OB, unchanged, substitute for E, another
source of potential difference, this time of unknown value. In general,

F16. 1,553.—Brooks Model 7 deflection potentiometer. The deflection potentiometer finds its
greatest use in laboratories where large numbers of d.c. deflection instruments have to be
calibrated or checked. Before the deflection potentiometer was available, such measurements
were made against “laboratory standard” deflection instruments and these in turn were
checked against a null potentiometer. While the deflection potentiometer is not as accurate
as the null potentiometer, it is more accurate than the “laboratory standard” deflection
instruments and for calibration work is more rapid than either. In measurements where
the use of the deflection potentiometer eliminates the use of the *“‘laboratory standard” de-
flection instruments, the over-all accuracy of the measurements is improved.

the relative positions of M and M’, will have to be shifted to restore the
balance. Having found the balance point, the number of units of resist-
ance between M and M’, will represent the number of millivolts in the
potential difference being measured.

The fact that when the galvanometer shows a balance, no current flows
in the circuit of which it is a component, deserves emphasis; because of
this no current is taken from the source of electromotive force which is
being measured. The importance of this is that the source of electro-
motive force undergoes no change due to the measurement. Likewise
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when standardizing the potentiometer, no appreciable current is drawn
from the standard cell. For this reason, a standard cell, if used carefully,
will last indefinitely, since it will never be required to deliver any but
very minute currents, and these only during infrequent moments.

BATTERY VOLT BOX SHUNT STD. CELL

BAT.
RHED,

CALIBRATING -1

-7 CoIS
VOLT BOX
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isewTmeT.— -
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Fia. 1,554, —Diagram of internal connections of Brooks Model 7 deflection potentiometer, for
a thorough understanding of the deflection potentiometer it is necessary to know the prin-
ciples applying to potentiometers in general as explained in the accompanying text. Briefly the
deflection potentiometer is an instrument in which the electromotive force to be measured
is halanced approximately against a known electromotive force. The small remaining dif-
ference is read from the deflection of a galvanometer. The galvanometer serves the double
purpose of detector in the potentiomeler circuit and of a volt meter for measuring the unbat-
anced portion of the electromotive force. In order for the galvanometer deflection to accu-
rately represent the unhalanced voltage, it is necessary that the total resistance in the gal-
vanometer circuit remain unchanged for all potentiometer settings. The principal point in
the design of a deflection potentiometer is the compensation which keeps the galvanometer
circuit resistance at a constant value. The compensation is made by means of auxiliary
compensating coils, so connected in the main dial circuit, that the rotation of the dial does
not alter the resistance in the galvanometer circuit. These compensating coils are shown in
the above diagram. Fundamentally any potentiometer measures voltage, but the measure-
ment of current requires only the addition of standardized resistances, or current shunts.
The deflection potentiometer measures current by measuring the voltage at the potential
terminals of a standard resistance, consequently the general theory is the same for the cur-
rent, as for the voltage measurements. .
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1e standard cell may be connected across one portion of AB, and the
:nt adjusted, as described, and the unknown potential difference may
alanced against the fall of potential in another portion of AB. The
ections for accomplishing this with a single galvanometer are shown
g. 1,555.
o=
ation of Opens.—These measurements are based on the
.hat the capacity of wires in a cable is ordinarily a meas-
. quantity, which, in wire of uniform diameter, is pro-

ST'D CELL

Fi1a. 1,555.—Potentiometer circuit diagram.

portionate to ler?gth. In making these tests, a fault finder is
used together with a buzzer, dry cells to operate it, small in-
duction coil, and telephone receiver. These instruments are
to be found in any telephone exchange. It is best to locate the
buzzer at some distance from the fault finder in order that it
cannot be heard by the operator.
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Before attempting locations for opens it is well to make the
following measurements:

1. The insulation of the broken wire and the insulation of
the good wire with which it is to be compared;

2. The resistance between the two sections of the broken
wire should be measured.

v

Fia. 1,556.—Queen Gray simplified potentiometer. The circuit consists of a group of 22 one
hundred ohm coils (the dial switch at the lower left in illustration) and a slide wire, of exactly
one hundred ohms, in series. The current required for the circuit is .00l ampere, therefore
the fall of potential over each coil is .1 volt and likewise .1 volt over the entire slide wire.
The slide wire readable to .0001 volt (1 milli-volt) thereby giving the potentiometer a range
from .001 volt to 23 volts. The standard cell is connected to posts for the same and when
the knife switch is placed at STI). CELL its terminals are connected to the movable contacts
of the dial switch and the slide wire. To standardize the potentiometer in terms of the
standard cell the potentiometer is set to the value of the standard cell and the regulating
rheostat adjusted until the galvanometer is balanced. The knife $witch is then placed at
E.M.F., and the galvanometer again balanced by adjusting the potentiometer for the
unknown potential.

This may be done by joining the broken wire and a good wire at the
distant end of the cable and measuring the resistance of the loop. To
ensure close locations, this resistance should be over 100,000 ohms. Fair
locations can be made when the resistance is much lower and it is' worth
while to attempt it even if the resistance be as low as 10,000 ohms. The
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difficulty of determining the balance point increases as the resistance
decreases.

Ques. Describe one form of potentiometer.

Ans. As shown in fig. 1,557, it consists of a fine German
silver wire about 3 feet long stretched between the binding
posts A, B, which are attached to-a wooden base carrying a
scale divided into 1,000 equal parts. There are three circuits,
the terminal A, being included in each, one including the bat-
tery, and the other two the galvanometer. A three point

0 ! 2’/ 3 - - .
AS M f <
z
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Fia. 1,557 —Diagram of potentiometer showing method of measuring the voltage of a cell.
The potentiometer is simply a high resistance wire of uniform diameter stretched between
two binding posts, A and B, in such a way that contact can be made at its ends and along
its length. Necessary circuits are plainly shown in the figure; SC, is a standard cell and
C. the cell to be tested. M and S, are sliding contacts, cennecting with the “slide wire”.

switch connects the galvanometer in series with the standard
cell SC, or the cell to be tested C, the circuits being completed
by leads terminating in the sliding contacts M and S.

Ques. Describe the method of measuring the voltage of a
cell with a potentiometer.

Ans. Fig. 1,557 shows a method of comparing a pressure
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with that of a standard cell and is applicable whether the pres-
sure of the cell to be tested be greater or less than that of the
standard cell. In making the test the switch F, is first closed,
then the other switch is moved to D and M, adjusted till gal-
vanometer shows no deflection; similarly, the switch is moved
to G and S, adjusted till galvanometer shows no deflection.
Then, C:SC=AS: AM, from which C=SC XAS~ AM.

Example.—Let 1.016 volts be the known voltage of the standard cell
SC, and the scale reading of AS, be 657, and of AM » 225 as in the figure,

then
_1.016X657 _
C= o =2.966 volts
8 8989 89 a9 ag
+ BA. + STD. CELL~ + EM.E= 6A — BR BA~

G
p 6D
000

RES! RES2 Q

Fia. 1,558.—Leeds and Northrup type K potentiometer showing stampings on case indicating
connections.

The arrangement may, however, be made direct reading, that is, the
slide wire may have a scale of volts instead of lengths or resistances, as
follows: Suppose the standard cell to have a pressure of 1.434 volts, the
sliding contact M, is placed at the reading 1.434, and the adjustable re-
sistance varied till the galvanometer shows no current. This means that
the pressure between A and M, is 1.434, and consequently the pressures
all along the slide can be read off the scale in volts. Hence, when S, has
been adjusted to balance, the pressure of C, is read off the scale in volts.
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How to Use a Potentiometer.—All connections must be
made as indicated by the stamping on the instrument. Par-
ticular attention must be given to the polarity of the standard
cell. of the battery. and of the voltage, the corresponding +
and — signs being marked. If used with a wall galvanometer
having a telescope and scale, it will be found convenient to
place the potentiometer so that the telescope is directly over
the glass index of the slide wire, thus permitting the observer
to read the galvanometer deflections and potentiometer set-
tings without changing his position.

1.5 o]

—i—

Fra. 1,553 . —Simplified diagram for checking the slide wire of Leeds and Northrup type K,
potentiometer. To check the uniformity of the slide wire, connect posts marked BA, ani1 C,
by a heavy copper wire, not smaller than No. 10 B & 5. Post C, will be found between the
knobs of the regulating rheostat. Place switch S, on E.M.F,, and plug P, at 1. Short cir-
cuit the E.M.F, posts, and connect the galvanometer to the GA, posts, and the battery
(not in excess of 3 volts) to the posts marked BR and —BA. The slide wire can now be checked
against the five ohm coils hy the law of the Wheatstone bridge. This will be evident from
the simplified diagram. The contacts M and M’, form one pair of junctions with the gal-
vanometer between, while the posts BR and —BA, form the second pair of junctions with
the battery between.

Potentiometer Current.—A storage battery will be found advantage-
ous for producing a steady current in the potentiometer. If a storage
battery be not available, two good dry cells, connected in series, will be
found satisfactory. The regulating rheostat has been designed to take
care of ither kind of current source.

Checking Against Standard Cell.—Set the standard cell switch to
correspond with the certified e.m.f. of the standard cell. Place plug P, in
hole 1, and see that it is always® in this position when checking against the
standard cell. Place the double throw switch at STD. CELL.

NOTE. *Exception: See *“Measuring voltages from 1.61 to 16.1"" on page 1,095.
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Adjust the regulating rheostat until the galvanometer shows no deflec-
tion. In making the first adjustment, use the key marked RES.!, as a
balance is more nearly attained, use key RES?, and for the final balance
use key marked O. Key O, gives the maximum sensitivity. To ascertain
if the current in the potentiometer circuit alter during a measurement,
plug in at 1, throw switch S, to STD. CELL, close the galvanometer key.
No deflection indicates that the current has not changed. If the gal-
vanometer deflect, the regulating rheostat must be readjusted.

Measuring Unknoun Pressure.—The potentiometer ordinarily is di-
rect reading for voltages up to 1.61 volts. Above 1.61 volts a volt box

c S -

—— —— ]
P P

F1q. 1,560.—Measurement of current with Leeds and Northrup type K, potentiometer. This
is done by measuring the drop in volts across a-known resistance as here shown. S, is the
standard resistance, and on it are the potential terminals P’P’, and the current terminals
CC. The potentiometer is connected to the shunt through the posts marked PP. The
resistance between the points P’'P’, is adjusted to an even value of resistance. Most resist-
ances for this purpose are so chosen, that to det.rmine the current passing through the
shunt, it is necessary only to multiply the potentiomter reading by a decimal factor. For
instance, in using a .01 ohm standard it is necessary to multiply the potentiometer reading
by 100, which gives the current reading in amper<s; in the same way a .1 ohm requires mui-
tiplication by 10, and a .001 ohm by 1,000. The very wide range of this potentiometer, and
especially its accuracy in measurement of low pressures, makes it possible to use a resistance
standard for a very wide range of current measurements. 1f the resistance standards for
measuring large currents be selected for use with the low range of the potentiometer, they
will cost less and be easier to handle than if selected for a high range potentiometer.

should be used. However, by means of the method described later, volt-
ages up to 16.1 volts may be measured without a volt box. The method
is recommended only in special cases.

After “checking against standard cell” place switch S, on EM.F. The
balance for the unknown pressure is obtained by manipulating dial switch
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D, and rotating the contact on the slide wire. The final position of the
two contacts in conjunction with the position of plug P, indicates the
potentiometer reading. Use key RES!, for rough adjustment, key RES?,
for intermediate adjustment and key O, for final adjustment.

Plug at 1 or .1.—Plug P, at 1, gives readings directly from the settings
of the dial switch and the slide wire contact.

Plug P, at .1 shunts the potentiometer circuit so that the reading is
one-tenth of reading taken directly from the scales.

Place plug P, in hole 1 for voltages from .161 to 1.61 volts.
Place plug P, in hole .1 for voltages up to .161 volt.
Example.—A balance was obtained with the dial switch at 1.3 and the slide wire contact

at 176 and plug P, at 1. The voltage under test, therefore, is 1.3176. If the plug we-e at .1
the same reading would have indicated .13176.

F1a. 1,551.—Leeds and Northrup variable resistance standard. For measurements of resistance
less than 1 ohm the Kelvin Bridge provides the most accurate and flexitle method. This
instrument finds its greatest use in checking or comparing low resistance standards and in
the measurement of the conductivity and resistivity of low resistance samples.

Measuring Voltages from 1.61 to 16.1.—Voltages up to 16.1 volts
may be measured directly by using a greater voltage across the BA posts.
For this purpose a battery of about 20 volts should be used. [nsert plug P,
at .1 and throw the switch to STD. CELL. Then balance the galva-
nometer by means of the regulating rheostat. When balanced. insert
plug P, at 1, set switch S, on EM.F. and read the voltage in the usual
manner. Multiply the instrument reading by 10.

Use of a Volt Box.—To measure voltages above the direct range of the
potentiometer it is necessary to connect the voltage across a high resist-
ance and to measure with the potentiometer a definite fraction of the
total voltage. Fig. 1,562 shows the method in diagram, and represents
the connections of a volt box.




1,096 Testing and Testing Apparatus

AB, is a high resistance of which AC, is one five-hundredth; AD, is one-
two hundred-fiftieth; AE, is one-hundredth; AF, one-fiftieth, etc. of the
total resistance. The potentiometer reading is multiplied by 2, 5, 10, 20,
50, 100, 200, or 500, depending upon whether the voltage be connected to
AD, AE, AF, AG, AH, Al, A], or AB.

Connect the grounded side of the line to the GR, post and the un-
grounded side to the post marked with the voltage next higher than the
voltage to be measured. Connect the GR?, post to the potentiometer
E.M.F, post of the same polarity as the grounded side of the line, and

MAX. VOLTAGE. 3 15 i5 30 5 150 300 750
MULTIPLY BY 2 S 10 20 50 100 200 500
GR
A B
GR’

POTENTIOMETER

-~ TO LINE VOLTAGE =]

______________________ N
MAX.VOLTAGE 3 s s 306 15 150 300 7150 |
IMULTIPLY BY 2 5/ 10 20 50 100 200 sooJl

A |

GR'
.' POTENTIOMETER TO POTENTIOMETER
b e e e e e .

Figs. 1,562 and 1,563.—Method of using a volt box with Leeds and Northrup type K, potentio-
meter.

the other potentiometer post on the volt box to the other E.M.F, post on
the potentiometer. Multiply the potentiometer reading by the multiplier
as indicated.
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With connections as described, maximum sensitivity is obtained and
the current drawn from the line never exceeds .005 ampere. For work in
which it is desired to draw less than .005 ampere from the line and the
sensitivity is sufficient, the ungrounded lead from the potentiometer
should be connected to one of the voltage posts as shown by the broken
lines in fig. 1,563.

The multiplying factor will then be that at the post connected to the
line lead, divided by that at the post connected to the lead from the poten-
tiometer. For example, to measure 110 volts without drawing more than
.001 ampere from the line, connect as shown by the broken lines in fig.
1,563, and multiply the potentiometer reading by the ratio of 500 to 5,
or 100.

Never apply a higher voltage between the GR, post and any numbered
post than the voltage engraved at that post. To do so might seriously
damage the volt box.

Care of Potentiometer.—The slide wire, although pro-
tected to a great extent by the hood, in time accumulates dust
and dirt with a thin film of oxide. This will tend to increase
the resistance in this part of the circuit owing to poor contact.
This wire should, therefore, be cleaned occasionally.

To do this, unscrew the stop against which the hood strikes when turned
to read zero: then remove the hood and rub the entire slide wire vigor-
ously with a soft cloth dipped in vaseline. Do not use emery ar sand paper
as this will destroy the uniformity of the slide wire. Clean also the steel
contact which rubs on the wire, as this becomes glazed after much use.
When the potentiometer is not in use, the hood should be screwed all
the way down, and the lid put in place to exclude dust.

If it be used in a chemical factory, laboratory, or any place where acid
fumes are prevalent, this latter precaution is important, because the
fumes may attack the slide wire.

It is also well to keep the contact surfaces of the switch studs clean and
bright by wiping them occasionally with a soft cloth dipped in vaseline.

Location of Faults Where the Loop Is Composed of Cables
of Different Cross Sections.—Faults in loops of this character
may be located with the same degree of accuracy as those in
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loops of a uniform cross section, provided the length and cross
section of each length of cable are known. An example will
illustrate the method:

In the diagram, fig. 1,565, assume the length of the cable AE,
to be 550 yards of 25,000 cir. mil., EF, 500 yards of 40,000 cir.

P Cor
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Fi1a. 1,564.—Leeds and Northrup bridge for locating faults in power circuits. From the
diagram of connections shown in fig. 1,565, it will be seen that the instrument operates on
the slide wire principle. A galvanometer is mounted in the instrument, and the necessary
leads for connecting to the cable under test are provided. Fault locations are made by
means of the Murray loop test. Mounted upon a circular block inside the case of the instru-
ment is a low resistance slide wire. This wire is made large so that a heavy test current may
be used, thus giving a good sensitivity in making locations. A sliding contact moves upon
the bridge wire, and carries with it a pointer moving over a scale on the top of the containing
case. This scale is divided into 980 divisions, each division being about two millimeters.
The graduations on the slide wire dial stop ten divisions either side of the ends. The end
divisions are marked 10 and 990. The resistance of each lead is therefore equal to the resist-
ance corresponding to ten divisions of the slide wire. It will thus be seen that the slide wire
actually begins at the outer end of the leads, thus entirely eliminating lead resistances.
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mil., and FC, 1,050 yards of 30,000 cir. mil. These lengths
must be reduced by calculation to equivalent lengths of one
size, and for this purpose it is best to select the largest size.
The results of this calculation are as follows:

550 yds. of 25,000 cir. mil. = 880 yds. of 40,000 cir. mil.
500 “ ‘40,000 * ** = 500 ‘“ 40,000 **
1,060 ‘“ * 30,000 ¢ * =1,400 ** ‘40,000 * *

This makes the total resistance of the loop equivalent to

Res. of leads on eacl end is equal fo A dinisins
of slide wire. The slide wie 13 dwided into
1000 parts =20 for the leads or 980 chrisiens
Colibrated Scols on Galvanomeler

: -
L.

Fi1s. 1,565.—Diagram of Leeds and Northrup bridge for locating faults in power circuits, show-
ing arrangement of the connections including the lead cables and galvanometer contacts.
Make connections as shown. The clamps must be so fastened at A and C, that the contact
resistances will be very small. This contact resistance will figure in as an error in the meas-
urement. If, for instance, the contact resistance were equal to .001 of an ohm, and the
wire were of such a size that .001 of an ohrn were equal to the resistance of 20 feet of the
cable, there would be an error of 20 feet in the location of the fault. For this reason all
contact resistances throughout the loop from A to C, must be extremely small. The battery
is to be connected to the posts marked Ba, and the post marked Gr, is to be grounded. It
will very frequently happen that the ground is to the cable sheath or some other conductor.
In this case, the binding post Gr, should be grounded to th's conductor. Suffic’ent battery
should be used to give a readable deflection on the galvanometer for a small movement of
the contact on the bridge wire. The fault is located by the usual Murray formula. If, for
instance, the galvanometer show no deflection when the contact is at 300 on the scale, it
would ind.cate that the fault is at a d:stance from A, equal to .003 of the total length of
the loop from A to C. A testing current of five amperes may be used with this bridge.
In cases of necessity, this current may be increased to e.ght amperes, but when this current
is used it should not be allowed to pass through the bridge for a longer time than is necessary.
It frequently happens that small faults which have a very h gh res:stance develop in high
pressure cables. Such faults are | kely to break down and result in damage and should be
Jocated. It is usually imposs.ble to locate these faults until they have been partially car-
bon.zed. Th:s must be done by apply.ng a suffic ently h'gh voltage between the cable and
the sheath (or whatever it is grounded on) to break down the fault. In order to prevent
the breaking down process resulting in a serious burn out, a high resistance must be
placed in the c rcuit which will prevent an excessive current, or the circuit must be carefully
fused. The former procedure is the better.
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2,780 yards of 40,000 cir. mil. If the contact show a balance
for a reading of 372.5, this indicates that the fault is at a dis-
tance of 1252 of 2,780 =1,035.5 equivalent yards. Of this, 880
are in the stretch AE. Consequently the fault is:

1,035.5—-880=155.5 yards from E.

Insulation and the Measurement of its Resistance.—All
electrical insulating materials have two fundamental electrical
properties:

F16. 1,566.—Leeds and Northrup insulation testing set. Wherever cable testing apparatus
is to be permanently set up and used in a laboratory or test room a desirable combination
consists of an outfit made up of the individual instruments mounted so as to secure ample
insulation, and so wired that the connections may be easily traced. The set here shown is
for ingulation testing. and includes all necessary instruments for this work. The galvano-
meter and lamp and scale, however, are not shown. The best instlation is secured by mount
ing all the instruments, with the exception of the galvanometer and lamp and scale, upon a
substantial hard rubber plate. The connections are made by heavy enameled wires run in
air and held in place by hard rubber posts, petticoat insulated. All switches and keys are
of substantial construction and are so arranged that they may be conveniently operated.

1. Insulation resistance; and
2. Dielectric strength.
By definition, insulation resistance is the opposition to the

passage of current, and dielectric strength is the strength against
breakdown under static or high vollage siress.
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Insulation resistance is expressed in ohms or megohms
(millions of ohms) and is proportional to the thickness of a
homogeneous insulaling material and inversely proportional to
the area under lest.

Thus if a sheet of such material on each side of which is a metallic con-
ductor be in perfect contact over the whole area, the insulation resistance
might be 100 megohms. Now if the sheet and metallic conductors be ex-
tended to ten times the area. the insulation resistance will be only 10

||'|‘i- | |I I ll

10 MEGOHMS
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- INSULATING i : |
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200 MEGOHMS 20 MEGOHMS
Fias. 1,567 to 1,570.—Diagrams showing how insulation resistance is theoretically *‘propor-

tional to the thickness of a material and inversely proportional to the arca under test.”

megohms, see figs. 1,567 and 1,568, This illustrates why the insulation
resistance of a short length of good wire or cable, for example, is higher
than that of a greater length of the same conductor under similar conditions.
On the other hand, if the thickness of the insulating material mentioned
above be doubled, the insulation resistance becomes 200 megohms and 20
megohms respectively.

Dielectric strength as it is ordinarily conceived, is expressed
in lerms of the vollage al which insulation punctures or fails at
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some poinl due to static stress.* It is not affected by the area

of a homogeneous insulating material, but does increase with

increased thickness, as shown in figs. 1,571 and 1,572.
Dielectric strength can be measured only by testing to fail-

ure,—similar in principle to the way samples of building ma-

terial are tested to destruction.

____INSULATING MATERIAL —

UNDER TEST
e
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Fias, 1,571 and 1,572.—Diagram showing that dielectric strength increases with increased
thickness of the insulating material.

It must be clearly understood that the two properties—in-
sulation resistance and dielectric strength, are entirely distinct
and separate, and that both are important.

*NOTE.—Current through a resistance causes heat: if this heat be not dissipated,
1t causes a reduction in the resistance of the insulating material (the temperature co-efficient
of insulating materials being negative and numerically large; this causes further heating and
increased current which then rapidly proceeds to failure at that particular point. Therefore
true dielectric strength is "‘the critical voltage al and abore which the increase of temperature
in the insulating material increases the current densily and the temperature indefinitely, thereby
short circuiting the applied potential and destroying the insulator. Below this critical voltage
the conditions are stable and the insulator is good.”
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Up to the present time no simple relation between the two has been found.
Insulation resistance cannot be taken as a measure of the voltage required
to cause a breakdown or puncture of the insulation, but it is a valuable
guide in this respect.

Many engineers find it wise to make insulation resistance tests during
manufacture and after repairs, before applying the high voltage test, in
order, as far as possible, to avoid unnecessary breakdown. Also, it has been

Fia. 1,573.—Testing armatures with Biddle “Meg” insulation tester in an electrical repair
shop.

found that. under certain conditions, the insulation resistance of electrical
apparatus will decrease owing to the application of h.gh voltage even
though dielectric breakdown did not occur. This is entirely in addition to
the apparent reduction in dielectric strength itself which occurs when the

high voltage test is prolonged.

There is no way in which the high voltage dielectric test can
indicate low insulation resistance without causing failure.
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If the insulation break down, it only indicates that the insulation was
weak at the particular point where breakdown occurred. Furthermore.
high voltage testing does subject electrical equipment to serious risk of
unnecessary and permanent injury. particularly old equipment where the
application of high voltage is “‘playing with fire’’ as far as trouble is con-
cerned.

By the insulation resistance test, the condition of a piece of electrical
apparatus can be determined. If the insulation of a dynamo, motor or
cable contain moisture, or is deteriorated, a so called high voltage break-
down is liable not to be a diélectric point or points of the poor insulation.

¥1a. 1,574.—Biddle Megger testing set with case removed showing construction. One quarte:
size.

Thus the insulation is completely and permanently injured by the high
voltage current, whereas an insulation resistance test would show, without
risk of injury, whether the machine or cable was in condition safe for con-
tinued operation. Many a high voltage failure has been due to nothing
more than that.

In all low voltage apparatus, static strains are so smail that they need
not be considered. In high voltage apparatus, the static strains become
very important, but not more important than resistance to the leakage
of current. In all apparatus, insulation must be planned to be safe against
failure either way.

Leaky insulation is liable to have the defect at some particular point,
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however, hard it may be to locate or positively determine it. Through
this defect a small leakage of current flows.

By reason of electrolytic action, or a local rise of temperature,
or both, the resistance decreases and more current flows. This
may go on, accompanied by slight charring, which further
decreases the resistance, allowing still more current to flow.
The effect is cumulative, so that at last a real burn out may

Fi16. 1,575.—A high range ‘“Megger' testing set ready for usc.

occur, caused by a large flow of current through what was at
first a very small leak.

Onan over voltage test, anincreased leakage of current flows as the result
of the high voltage, and thus in the same way a breakdown may be pro-
duced in a few seconds, which in normal operation would have occurred
only after a long time, or perhaps not at all. In fact, if a leak be due to
moisture, dirt or any other transient condition, or is local in some particular
part of the apparatus, a breakdown need not occur; for a measurement
of insulation resistance will show that the conditions are not safe for the
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operation of the apparatus, much less for the application of over voltage.
Under these conditions the source of the trouble should be sought, and in
many instances can be located and easily remedied.

The high voltage test is not a measure of the condition of the
insulation; the insulation resistance test is such a measure.

If no local condition can be found it may be concluded that the leak
causing the low insulation resistance is distributed through the insulation;
in such cases, the apparatus may be considered all right, providingtheinsula-
tion resistance do not fluctuate widely with operating conditions nor show
a definite falling off as time goes on. Therefore, an insulation resistance
test should be made in advance of the dielectric test as a means of guarding
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Fi1c. 1,576.—Scale of Biddle high range Megger testing set. With the ‘‘b” ratio switch this
scale may be divided by 10 and by 100, so that it may have the additional ranges of 200,000
ohms to 100 megohms and 20,000 ohms to 10 megohms.

against failure due to leaks while subject to high voltage. It should be re-
peated after such a test in order to make sure that the insulation has not
been permanently weakened by the application of high voltage.

Surface leakage, while not a defect of the insulating material,
a surface leakage path through oil, dirt, metallic dust or mois-
ture from an exposed conductor to ground, or between con-
ductors, may lead to a ““flash over” and serious damage to the
apparatus.

Wiping off a machine is no guarantee that such paths have been elimin-
ated. Tests of insulation resistance will reveal their presence. In most
tests nothing is known of the exact area or thickness of the insulation, while
it is certain that it is not perfectly homogeneous and the conductors may
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not be in perfect contact with its entire surface. Also, there may be sur-
face leakage paths. Therelore, when any particular value is noted on
making a test, it is impossible to know whether it be due to general charac-
teristics or to some local defect,

If the resistance be too low for safe operation, the cause
should be sought, it may be due to moisture or even dirt, and
remedied if possible.

Often by separating connections, the location of a real leak
due 1o a defect in the insulation can be determined and repairs
made. :

GUARD WIRE
: LEAKAGE CURRENT

2

LEAD SHEATH
CONDUCTOR

POTENTIAL -

E CoIL

GROUND ™

FiG. 1,577.—Schematic diagram showing how the effects of surface leakage on apparatus under
test may be eliminated by the extension of the guard system from the guard terminal of a
high range *Megger’” testing set.

On the other hand, if the insulation resistance be sufficiently h.gh to
permit operation, its value may increase as time goes on, particularly if at
the beginning the apparatus were not thoroughly dry. However, if a leak
even of very high resistance, duc to a local defect in the insulation, be
present, there is a possibility that it may gradually decrease in resistance
until finally it results in a breakdown.

The insulation resistance test preceding the high voltage test
determines to a large extent whether the insulation be likely to
hreak down under the application of high voltage.
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Very often it occurs that moisture has gotten in or there exist paths for
leakage which should be dried out or removed before applying the high
voltage. Thus to a great extent, unnecessary breakdown can be prevented.

The insulation resistance test following the high voltage test is the only
method known for determining whether the high voltage has injured
apparatus which otherwise did not show an actual breakdown when the
high voltage was applied. It is well known that the application of high
voltage may weaken insulation without causing failure.

RING

GUARD

|
F1a. 1,578.—Diagram of electrical connections similar to fig. 1,583 but incluling the guard
system and the ratio switch arrangement. The guard system: When measuring high resist-
ances, having values on the order of those indicated by “Megger” instruments, it becomes
necessary to guard against errors due to surface leakage (and even the insulation used in the
instrument itself). To accomplish this, what is called a guard system is used, consisting of
hard rubber bushings, mica and other insulating materials. In operation, current may leak
over the surface of the case from the positive earth terminal toward the negative line term-
inal. but as soon as it reaches the guard ring, it is carried back directly to the negative side
of the dynamo or applied voltage. As the leakage current is thus unable to flow into the
line terminal and on through the moving element, it cannot affect the indication on the scale.

If the insulation resistance be low, separate the various con-.
nections of the apparatus and test each part separately, in an
endeavor to locate and remedy the trouble.

For instance, in a d. c. motor or dynamo, lift the brushes and separate
the connections to brush holders and field. Test armature, brush holders
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EXTERNAL TERMINALS CURRENT PRESSURE
OF BRiwwuE con COIL

O

M\ ONS)
06000 |

RESISTANCE
UNDER TEST ™

RATIO -CHANGE-OVER
SWITCH SWITCH

F1a6. 1,579.—Diagram of internal connections of Biddle ‘“Megger™ testing set. The change
over switch is shown set to “Bridge.” As the name implies. the set combines the functions
of a Wheatstone bridge and a "Megger” testing set. When working as a “Bridge” pres-
sure is supplied by the hand magneto, the current coil of the ohm meter acts as a galvano-
meter and an auxiliary dial resistance box is used for direct comparison with the resistance
under test, using the ratios 1 to 1, 1 to 10, or 1 to 100 as needed. By interchanging the re-
sistance box with the resistance under test (see fig. 1,583) the ratios become 1to 1. 10to 1
or 100 to 1. The principle of operation is identically the same as that of any Wheatstone
bridge.

Fia. 1,580.—Biddle Bridge-Megger testing set with direct reading resistance box connected
ready for use.
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RESISTANCE BCX
CHANGE OVER
O00O0 5%}'81 stncnv
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RESISTANCE UNDER TEST E

F1a. 1,5%1.—External connections for Bridge Megger measurements under 10,000 ohms.

RATIO SWITCH —pm r

Fia. 1,582.—Internal connections for bridge measurements under 10,000 ohms. A, current
coil used as galvanometer coil; 13, resistance to he measured; C, pressure coil used as control
coil.

NOTE.—Starting the ““Megger’® method. In starting the ‘““Megger'® method of elec-
trical maintenance, particularly on motors, wiring, elc., in industrial plants, it may be found
difficult to secure and maintain the one megohm standard. But conditions can be improved
gradually as time permits workmen to clean parts, renew deteriorated insulation, dry out
moisture, etc., so that a higher working standard can be arrived at after a reasonable time.
Those who maintain the equivalent of th¢ one megohm standard find from experience that if
the insulation resistance of their equipment be up to such values, troubles are so much less
likely to occur that results are worth far more than the effort and expense involved in making
the tests.
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and field. If necessary, test each brush holder and field coil separately.
The trouble may be due to nothing more than moisture or “‘green” insula-
tion, in which case the apparatus should be dried out or baked until the
insulation resistance becomes constant at a reasonable value. Bear in
mind that the insulation resistance of a completely connected machine
or piece of apparatus is less than the insulation resistance of any of the
separate parts.

Regulations for insulation resistance by the American In-
stitute of Electrical Engineers and also by the Unaderwriters
Laboratories, indicate what may be called “code” rules for

RESISTANC RATIO CHANGE-OVER
3 CLIER e SWITCH. SWITCH.

L &&™

[coo0O ] s

e = E

Fias. 1,583.—External connections for Bridge **Megger™”™ measurements over 10,000 ohms.

minimum values of insulation resistance, below which there is
felt to be imminent danger of failure of the apparatus.

In actual practice, readings much higher than these usually are found on
electrical equipment both new and old. From a study of results obtained
by alarger number of ““Megger”’ users, it is observed that in general an insula-
tion resistance of one megohm is considered a fair allowable lower limit
on the ordinary run of electrical apparatus, such as motors, dynamos,
rotary converters, power cables and wiring, etc. There are’exceptions of
course, such as large machines and long cables where readings lower than
one megohm may be considered entirely satisfactory.

High tension transformers and similar equipment, if not oil immersed,
usually have much higher insulation resistance.

NOTE.—With insulation resistance of one megohm it is reasonably certain that there are
no serious surface leaks and also that power apparatus, at least, is reasonably dry.
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Principle of operation of ‘‘Megger” testing set.—The “Meg-
ger” insulation testing and high resistance measuring instru-
ment consists essentially of a direct reading true ohm meter
of the permanent magnet, moving coil type mounted in a suit-
able case with a hand driven magneto or provided with other

means for supplying d.c. voltage for the test.

DYNAMO RATIO COIL

NS ! ._,_
e’ |‘ Q

J

GALVANOMETER COIL

EXTERNAL TERMINALS
X o—r D

1

CONTROL COIL RATIO COIL

Fic. 1,584.—Internal connections for Bridge ‘‘Megger” measurements showing actual con-
nections to terminals R and X.

The diagram fig. 1,585 shows the essential magnetic circuit
and electrical connections. M and M, are permanent bar mag-
nets. Between the poles at one end is the armature D, of the
hand driven dynamo and between the poles at the other end
is the moving system of the true ohm meter.

In the “Megger”’ and ‘“Meg”’ ohm meters, the hand magneto
is omitted and an external d.c. voltage is used, see fig. 1,586.
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EARTH

D LINE

GUARD
RING

Fia. 1,585.—Diagram
of magnetic circuit
and electrical con-
nections  showing
principle of opera-

tion of Biddle “Megger” insulation testing and high resistance measuring instruments.

EARTH

T0 D.C
SUPPLY
D LINE
GUARD
RING -

S A A A
Trrvryryvyy

1. 1,586, —Diagram of electrical connections showing principle of operation of *“‘Meg’ and
“*Megger” chm meters.
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The ohm meter has three coils; A, B and B’ (see figs. 1,585 and 1.587)
fixed rigidly together and iree to rotate about the axis 0.

There are no controlling springs, but current is led to the coils by flexible
copper ligaments having the least possible torsion, so that the pointer
“floats™ over the scale when the dynamo is not being operated

Coils B and B’, are connected in series through the resistance R, across
the generated voltage: they constitute the “control™ element of the ohm
meter and give the instrement the property of indicating correctly irre-
spective of the exact valve of the voltage generated or supplied, or the

Fig. 1,587.—NMoving system of Biddle Megger testing set.

strength of the permanent magnets.  These coils are so connected that
when voltage is applied they tend to turn the axis in counter clockwise
direction until they assume a position where their rate of cutting the mag-
netic flux is zero, that is, directly opposite the gap in the C, shaped iron
core about which B’, moves. The pointer then indicates infinity on the
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scale. This is what happens when a "Megger™ instrument is operated with
nothing connected across the terminals 12arth and Line.

The moving coil A, which is always in a vniform radial magnetic field,
receives current from the magneto through the resistance coil and the un-
known resistance connected to the terminals Earth and Line. The elec-
trical connections are sach that this current tends to turn the axis in a
clockwise direction, in opposition to that of I3 and B3'.

When the Earth and Line terminals are short circuited the torque pro-
duced by A, overpowers that of 3 and B’, and the pointer stands over the

MEGGER TESTING SET—, |

CONDUCTOR J
UNDER TEST

MULTI- CONDUCTOR \
CABLE INSULATION S-LINE — EARTH

\\ \ L veaminaL E TERMINAL

en?m \

¥~ OTHER CONDUCTORS
CONNECTED TOGETHER
AND TO SHEATH

LEAD SHEATH

Fia. 1,588, —Method of testing each wire of a multi-conductor cable with Biddle *‘Megger”™
testing set. Select about fifteen or twenty wires at random in the particular bunch under
test anl test each one against all other wires in that bunch. Repeat for each bunch of wires.
if all t~e wires in the cable test clear, make the remaining splices. When a number of tests
of this kind are 10 he made, it is convenient to use a motor driven *Megger™ testing set.

point marked Zero, If now a suitable resistance be connected to the
external terminals, the current from the magneto has two paths available
and will divide, part passing through the “control” coils B and B’, and part
throvgh ccil A, in series with the resistance under test. The result is that
the opposing torques of the two elements balance one another at a point
on the scale corresponding to the value of the resistance connected. In
this way, by using various values of resistance, the entire scale is calibrated.

Becauvse the two elements of the ohm meter are supplied from the same
source of voltage, the pointer will always move to the same position for
a glven resistance under test.
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Any change of magneto or applied voitage affects both circuits in the

same proportion. Similarly the strength of the permanent magnets can
vary considerably without affecting the accuracy of the instrument.
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TEST QUESTIONS

What error is introduced in measuring the pressure
of a battery with an ordinary volt meter?

Define the International volt.
What is the standard of current measurement?
What is a volt meter?

Upon what do the various tests made by the prac-
tical electrician depend?

Define the International ohm.

Name and explain seven methods of measuring
resistance.

Upon what is the direct deflection method based?
Describe a resistance box.

What method of measuring resistance is used in elec-
trical stations?

What is the drop method used for?

Describe the so called Wheatstone bridge, and explain
its use.

What is the decade plan?
What is a testing set?
What is a loop test?

Describe the Murray loop, Varley loop and special
loop tests.

What are the various loop tests used for?
Describe the Kelvin bridge and its use.
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19.
20.
21.

2N
23]

24.
25.
26.
27.
28.
29.

31.
3

33.
34.
35.
36.

37.
38.
$3%);
40.

41.

What is a reversible slide wire bridge used for?

Describe the test for location of opens.

Describe the tests for telegraph and other multiple
cables.

Give the method of picking out a grounded wire.

W/}zat kind of test is the Varley loop specially used
or?

Give some notes on the Varley test.

Describe the direct reading ohm meter.

What is a potentiometer?

Explain the principle of the potentiometer.

Name three classes of potentiometers.

Describe a slide wire bridge.

How is the voltage of a cell measured with the poten-
tiometer?

How is a volt box used with a potentiometer?

Describe the location of faults where the loop is com-
posed of cables of different cross sections.

Name two properties of insulating materials.
What may result from surface leakage?
Describe the instruments used for insulation testing.

Name two fundamental electrical properties of all
insulating materials.

Define insulation resistance.
What is dielectric strength?
How is dielectric strength measured?

What is the effect of current flowing through a re-
sistance?

What is the characteristic of leaky insulation?
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42. Does a high voltage test measure the condition of
insulation?

43. What sometimes results from surface leakage?

44. What insulation resistance regulations are given in

' the Code?

45. Give the principle of operation of **Megger" testing
set.

46. Describe other instruments used in insulation testing.
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CHAPTER 40

Storage Batteries

Introduction.—The practical development of the storage
battery is comparatively recent, although a knowledge of the
phenomena upon which its actions are based, dates back to
1801. In 1800, the year made memorable by Volta’s discovery
of the galvanic battery, Nicholson and Carlisle found that a
current from Volta's cell could decompose water.

NOTE.—In 1801, Gautherot discovered that if two plates of platinum or silver, im-
mersed in a suitable clectrolyte, be connected to the terminals of an active primary cell and
current be allowed to flow, a small current could be obtained on an outside circuit connecting
these two electrodes as soon as the primary battery had been disconnected.

NOTE—Erman found that the positive pole of such a cell, was the pole which had
been connected to the positive pole of the battery.

NOTE.—In 1803, Ritter observed, with gold wire, the same phenomenon as Gautherot,
and constructed the first secondary battery, by superposing plates of gold, separated by cloth
discs, moistened with ammonia.

NOTE.—Volta, Davy, Marianini, and others added somewhat to the knowledge on the
subject, and in 1837, Schoenbein found that peroxide of lead could be used in secondary bat-
teries.

NOTE.—Sir William Grorve next came forward with the discovery that metal plates,
with a layer of oxide on them, acted better than the plain metallic plates, and Wheatstone and
Siemens found still later that peroxide of lead was the best for such purpose..

NOTE .—In 1842, Grove constructed a gas battery, in which the force came from the oxy-
gen and hydrogen evolved in the electrolysis of water acidulated with sulphuric acid. By
means of fifty such cefls, he obtained an arc light.

NOTE.—Michaei Faraday. when clectrolyzing a solution of lead acetate, found that
peroxide was produced at the positive, and metallic lead at the negative pole, and in his “Ex-
perimental Researches.” he comments on the high conductivity of lead peroxide, and its power
of readily giving up its oxygen. Although he made no appa-ent use of this discovely, it may
be considered as the next important step in the development of the storage battery.
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As to the theory at this time, it may be stated that Clerk Maxwell,
although the leading electrician of his time, speaks of the storage bat-
tery as storing up a quantity of energy in a manner somewhat analogous
to the ordinary condenser; hence the use of the word ‘‘accumulator”
for storage battery.

Ques. To what use is the storage battery sometimes put
in electric lighting or power stations?

Ans. To carry the “peak” of the load, and the entire load
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Fig. 1,589.—Sectional view of Gould cell showing various parts.

NOTE.—According to Niblett, Wheatstone, de la Rue and Niaudet were well aware
that peroxide of lead was a powerful depolarizer, but nobody appears to have made use of this
fact until 1860, when M. Gaston Plante constructed his well known cell with coiled plates.
Plante’s researches extended up to 1879, and practically determined the state of the art.

NOTE.—In the manufacture of storage battery plates, nearly every conceivable shape
has been tried, and it has been found that an approximately square plate gives the best re-
sults. The plate should not be made too deep, else it wili be subjected to different degrees of
chemical action. The plate should be so constructed as to be able to expand with the active
material, without destroying the contact hetween the two.  The electrolyte should have free
access t0 all parts of the active material.
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at minimum hours. To act as equalizer or reservoir. Also
for equipment of annex or substations.

Theory of the Storage Battery.—The action of the storage
battery is practically the same as that of the primary battery
and it is subject to the same general laws. The cells of a storage
battery are connected in the same way as primary cells, and
when charged is capable of generating a current of electricity
in a manner similar to that of a primary battery.

SOFT RUBBER PLUG™  ga—

= . __STRAPS USED T0 CONNECT
e PLATES OF A GROUP
POSITIVE PLATE .
OF . DARH BROWN 1 — ———HOLO-DOWN USED TO KEEP WOOD
COLOR : SEPARATORS FROM FLOATING
By 8 ¢ T NEGATIVE PLATE OF A GRAY
PERFORATED RUBBER .
SEPARATOR PLACED = OR SLATE COLOR
NEXT T0 POSITIVE =
PLATE |

HARD RUBBER JAR
GROOVED WOOD ~
SEPARATOR PLACED
WITH SMOOTH
SIDE NEXT TO
NEGATIVE PLATE

l RIB OR BRIDGE FOR
SUPPORTING THE ELEMENT

B T SEDIMENT SPACE

Fia. 1,590.—Sectional view of Exide cell in rubber jar showing various parts. The positive
plates when burned to the strap as shown, are called the positive group. The negative plates,
when burned to the strap as shown, are called the negative group. Both groups and separa-
tors assembled as shown, are called the element.

NOTE. —In 1879, R. L. Metzer did avay with the tedious forming process, by mechanic-
ally applying the active material. This important discovery was not, however, generally known,
until 1881, when Camille Faure obtained important patents concerning the me thod of shorteming
the time of formation. X

NOTE.—Chartles F. Brush. working independently of either tFaure or Metzer. arrived
at the same result, and the United States courts have decided after long litigation, that to him
helongs the priority of invention ir. this country.
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It differs, however, from the primary battery in that it is capable of
being recharged after exhaustion by passing an clectric current through
it in a direction opposite to that of the current on discharge. This differ-
ence constitutes the principal advantage of the storage battery over the
primary battery.

Ques. Describe a storage cell.

Ans. It consists of plates or of grids in an electrolyte of
such a character that the electrical energy supplied to it is

Fic. 1,591.—Westinghouse 12 compastment glass case radio storage B hattery. 24 volts;
capacity 3,500 milliampere hours (3.5 ampere hours) when discharged at a rate of 40 milli-
amperes.  The clear glass case gives the user a view of the action of the battery on charge
and discharge, and permits a ready inspection of plates and separators us well as the level of
the acid solution. A layer of sealing compound over the rubber covers and around the posts
keeps this battery free from acid ieakage.

converted into chemical energy (a process called charging).
The chemical energy can be reconverted into electrical energy
(a process called discharging).

Ques. Describe the electrolyte generally used.

Ans. It consists of a weak solution of sulphuric acid which
permits ready conduction of the current from the charging
source; the greater the proportion of acid within certain
limits, the smaller the resistance offered.

Ques. What is the effect of the current passing through
the electrolyte?

Ans. It decomposes the water into oxygen and hydrogen;
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this is indicated by the formation of bubbles upon the exposed
surfaces of both plates, these bubbles being formed by oxygen
gas on the plate connected to the positive pole of the primary
battery, and hydrogen on the plate connected to the negative
pole. S

Because, however, the oxygen is unable to attack either platinum or
silver under such conditions, the capacity of sach a device to act as an
electrical accumulator is practically limited t» the point at which both
plates are covered with bubbles. After this point the gases will begin to
escape into the atmosphere.

Ques. What is the prime condition for operation of a
storage battery?

Ans. The resistance of the electrolyte should be as low as
possible in order that the current may pass freely and with full
effect between the electrodes.

If the resistance of the electrolyte be too small, the intensity of the
current will cause the water to boil rather than to occasion the electrolytic
effects noted above.

Ques. What happens when the charging current is dis-
continued, and the two electrodes joined by an outside wire?

Ans. A small current will flow through the outside circuit,
being due to the recomposition of the acid and water solution.
The process is in a very definite sense a reversal of that by
which the current is generated in a primary cell.

Iydrogen collected upon the negative plate, which was the cathode, so
long as the primary battery was in circuit, is given off to the liquid imme-
diately surrounding it, uniting with its particles of oxygen and causing
the hydrogen, in combination with them, to unite with the particles of
oxygen next adjacent. The process is continued until the opposite positive
plate is reached, when the oxygen collected there is finally combined with
the surplus hydrogen, going to it from the surrounding solution.
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This chemical process causes the current to emerge from the positive
plate, which was the anode, so long as the primary battery was in circuit.
The current thus produced will continue until the recomposition of the
gases is complete; then ceasing because these gases, as before stated, do
not combine with the metal of the electrodes.

Types of Storage Battery.—There are three general classes of
storage cell classified according to the type of plates.

1. Plante cells;

Fia. 1,592.—Unformed Plante type plate, showing appearance of plate before forming. The
clear outline of the grooves indicates absence of oxide, due to action of *’forming’ solutions,
or charging current.

2. Faure cells;
3. Manchester cells.

According to construction secondary cells may be classified

as follows: !
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. Lead sulphuric acid cells;
. Lead copper cells;

. Lead zinc cells;

. Alkaline zincate cells.

O o =

The lead sulphuric acid type includes all those cells belonging to the
Plante and Faure groups.

Lead copper cells consist of sheets of metal coated with lead oxide,
serving as the positive electrode, and copper .plates for the negative

Fra. 1,593.—Faure or pasted type plate grid without active material.
Fia. 1,594.—Appearance of Faure or pasted type grid after active material is pasted.
NOTE.—The Faure or pasted type plate is generally known as a “‘grid type” and is
used exclusively in batteries for vehicles.
NOTE.—Pasted plates of one polarity may be used with Plante plates of opposite polar-

ity. " Plates of different design and age, however, should not be used together in any positive
or negative group of a cell, on account of local action which will take place between the plates.
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electrodes. These plates are immersed in a solution of copper sulphate.
Cells belonging to this class are not employed in commercial practice,
being useful only for laboratory experiments.

Lead zinc cells are similar to the preceding type, but differ by having
zinc for the negative electrode, and zinc sulphate for the electrolyte. The
voltage of these cells is slightly higher than that of the ordinary cell, and
their capacity per unit of total weight is high, but they are apt to lose
their charge on open circuit, besides they possess most of the disadvantages
of the Plante cells.

. Vent
P‘?Ca

Sesal
Nut

Fras. 1,595 to 1,602.—Parts of Exide cell for railway service with positive group of Manchester
type plates.

Alkaline zincate cells have copper for the positive, and iron for the
negative electrode. The electrolyte is composed of sodium, or potas-
sium, zincate. Cells of this type are used to some extent for traction
purposes.

In addition to the above, there are some special forms of cell which
do not belong to the four preceding types.

Ques. Describe the Plante type.
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Fia. 1,608.—Exide Manchester type positive plate. In construction the grid is a cast lead
antimony alloy. This alloy unlike pure lead resists the *“‘forming” action during charge and
discharge. The grid is provided with circular openings, slightly tapering toward the center,
into which are forced by hydraulic pressure, the rosettes or buttons of soft lead which con-
stitute the active portian of the plate. These buttons are formed of strips of pure lead, cor-
rugated transversely and rolled'into a spiral. After being forced into place in the grid they
are subjected to the **forming” process. whereby theactive material or lead-peroxideisdeveloped
electro~chemically on the transverse surfaces. The expansive action of this forming process,
combining with the “hour glass” shape of the openings, securely locks the buttons in place.

1
Fic. 1,604.—Exide box negative plate. In construction, the grid which is of-lead -antimony
alloy is formed of horizontal and vertical ribs, spaced about 1 in. apart, farming pockets
closed on both sidea with perfosated sheet lead, in which pockets the active material is per-
manently held in place. Thus, the grid and the active material are not necessarily of the
same composition, as is the case with other types of negative plate, but each is of the com-
position best designed for the functions to be performed.

Fias. 1,605 and 1,606.—Manchester but-
tons or rosettes of soft lead which con-
stitute the active material of Manchester
plates.

F1a. 1,607.—Section of Manchester positive
platz showing placement of soft lead
buttons.
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Ans. In the Plante type the lead is chemically attacked and
finally converted into lead peroxide, probably after it has gone
through several intermediate changes. The plates are all
formed as positive plates first and then all that are intended for
negative plates are reversed, the peroxide being changed into
sponge lead.

Ques. What is done to make the Plante plate more ef-
ficient? .
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Fic. 1,608.—Exide box negative group.
Fia. 1,609.—Exide Manchester positive group.

Ans. The surfaces are finely subdivided, the following meth-
ods being those commonly used: scoring, grooving, casting,
laminating, pressing, and by the use of lead wool.

Ques. Describe the Faure or pasted type.

Ans. This form of plate is constructed by attaching the
active material by some mechanical means to a grid proper.
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The active material first used for this purpose was red lead, which was
reduced in a short time to lead peroxide when connected as the positive
"or anode, or to spongy metallic lead when connected as the cathode or
negative, thus forming plates of the same chemical compound as in th
Plante type. :

The materials used at the present time by the manufacturers for making
this paste are largely a secret with them, but in general they consist of
pulverized lead or lead oxide mixed with some liquid to make a paste.

Ques. How do Faure plates compare with those of the
Plante type?

Ans. They are usually lighter and have a higher capacity,
but have a tendency to shed the material from the grid, thus
making the battery useless.
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F1a. 1,610.—Sectional view of Exide battery showing construction.
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Many ways have been tried for mechanically holding the active ma-
terial on the grid, the general method involving a special design in the
shape of the grid. Some of these designs are: 1, solid perforated sheets
of lattice work; 2, corrugated and solid recess plates not perforated; 3,

* ribbed plates with projecting portions; 4, grid cast around active material;
5, lead envelopes, and 6, triangular troughs as horizontal ribs.

The Electrolyte.—Sulphuric acid is generally used as electro-
lyte; the acid should be made from sulphur and not from
pyrites, as the latter is liable to contain injurious substances.

Vs’
00 B

Fias. 1,611 to 1,623.—Typical connecting straps and connectors.

Ques. How is. ti)e electrolyte prepared?

Ans. One part of chemically pure concentrated sulphuric
acid is mixed with several parts of water. The proportion of
water differs with several types of cell from three to eight parts,
as specified in the directions accompanying the cells.

Ques. What test is necessary in preparing the electrolyte?

Ans. In mixing the water and acid, the hvdrometer should
be used to test the specific gravity of both the acid and the
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solution. The most suitable
acid should show a specific
gravity of about 1.760 or 66
Baumé.

Ques. In preparing the elec-
trolyte, how should the water
and acid be mixed?

Ans. The mixture should be
be made by pouring the acid
slowly into the water, never (he
reverse. As cannot be too
strongly stated, in mixing, the
liquid should be stirred with

NOTE.—Specific gravity is the weight of
a given substance relative to an equal bulk of
some other substance which is taken as a stand
ard of comparison. Water is the standard for
liquids. In the laboratory the specific granity
bottle is often used in determining the specific
gravity of a liquid. The capacity of the bottle
is 1,000 grains of pure water. When 1t is filled
with spirits of wine and weighed in a balance
(together with a counterpoise for the weight of
the bottle, which of course is constant), it will
weigh considerably less than 1,000 grains; in
fact, the bottle will contain only about 91
grains of proof spirit; therefore, taking the
specific gravity of water as unity, 1 or 1.04¢
the specitic gravity of spirits of wine is 0.917.
If, on the other hand. the bottle be filled with
sulphuric acid, it will weigh about 1.850 grains;
hence, the specific gravity of sulphuric acid is
said tobe 1.8 A more convenient method
s -by the use of the hydrometer syrninge.

F1e. 1,624.—The hydrometer syringe; a convenient device for testing storage battery cells. By
sligh.ly compressing the bulb and inserting the slender tube through the vent hole in the
cover of the cell sufficient acid may be drawn up to float the hydrometer within the large
glass tube, and the reading can be made at once. The acid is returned to the cell by again
campiessing the bulh, and the reading of the next cell taken. The laborious and uncleanly
method of drawing out sufficient acid by a syringe is thus avoided
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a clean wooden stick, the acid being added to the water
slowly; the acid is corrosive and will painfully burn the
flesh.

Distilled or rain water should be used in preparing the electrolyte.
When made, the solution should be allowed to cool for several hours or
until its temperature is approximately that of the atmosphere (60 being
the average). At this point it should have a spedific gravity of about
1.200 or 25° Baumé. If the hydrometer show a higher reading, water
may be added until the correct reading is obtained; if a lower reading,
dilute acid may be added with similar intent. '

SPECIFIC GRAVITY TABLE

Sulphuric acid Water Specific gravity
(Per cent.). (Per cent.). of Mixture.
50 50 1.398
47 53 1.370
44 56 1.342
41 59 1.315
38 62 1.289
35 65 1.264
32 68 1.239
29 71 1.215
26 74 1.190
23 i iF 1.167
20 &80 1.144
17 83 11121
14 86 1.098
10 90 1.068

The electrolyte should never be mixed in jars containing the battery
plates, but preferably in stone vessels, specially prepared for the purpose.
Furthermore, it should never be placed in the cell until perfectly cool.

Ques. What is the effect of mixing the acid and the water?

Ans. The mixture becomes hot.

Before using, the mixture should be allowed to cool.
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Ques. What kind of a vessel should be used?

Ans. The vessel should be of glass, glazed earthenware, or
lead.

Ques. At what density is the resistance of dilute sulphuric
acid at a minimum?

Ans. At 1.260.
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Fia. 1,625.—View of hydrometer and electrolyte showing state of charge of cell as indicated by
the density cf the solution.

The percentage of concentrated sulphuric acid and of water per 100
parts of the electrolyte for various specific gravities is given on the page
following.

The electrolyte of the desired specific gravity may be purchased ready
for use, but in cases where it is desirable to save freight, the acid may be
diluted at the point of installation.

Ques. What is the effect of a deep containing vessel?
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Ans. Parts of the plate surface may do more than their
share of the work due to the difference in the density of the
electrolyte at the top and bottom. The containing vessel
should, therefore, never be deeper than about 20 inches unless
some artificial means of acid circulation be used.

Ques. What is the effect of changes in temperature on
the electrolyte?
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Fia. 1,626.—Freezing points of electrolyte. The freezing point of a battery depends upon its
strength.  For instance, a solution with a strength or specific gravity of 1.250 will not frecze
until cooled to a temperature of 62° below zero Fahr. A strength of 1.150 will freeze at 5°
ahove zero, hence there is little danger of freezing except when the battery is completely
discharged. Moreover, at these freezing points, the solution is slushy and does not become
hard until the temperature goes still lower. If water be added to a battery in freezing

weather and then not stirred in with the solution by charging the battery, it will remain
on top of the solution and may freeze.

Ans. The resistance of the electrolyte is changed, being less
for increase of temperature.

Ques. How should the cells be filled?

Ans. Enough of the electrolyte should be poured into the
jars to completely cover the plates, or to within about a half
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inch of the top edge of the jar. Large cells should be filled by
means of an acid proof pump and rubber hose.

Ques. What change takes place after filling the jars?

Ans. The specific gravity of the electrolyte will fall consid-
erably, but will rise again when the battery is charged.

Ques. What may be said with respect to the density of
the electrolyte?
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I'16. 1,627.—Top of Gould cell showing construction.

Ans. It should never exceed 1.300 (usually from 1.280 to
1.295) when the battery is fully charged.

Ques. How much electrolyte is used per 100 ampere hours
battery capacity, on an 8 hour rating?

Ans. About ten pounds; in automobile batteries, about four
pounds is sufficient.
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Ques. What should be done with old electrolyte?

Ans. When a battery is taken down the electrolyte may be
saved and used when re-assembling the battery, providing great
care be exercised when pouring it out of the jar, so as not to
draw off with it any of the sediment.

It should be stored in convenient receptacles, preferably carboys, which
have been thoroughly washed and never used for any other purpose.

Fia. 1,628.—Willard A.R.A. signal, lead Plante plate cell in glass jar.

Fia. 1,629.—Willard signal, Faure plate cell in sealed glass jar.

The electrolyte saved in this manner will not, however, be sufficient
to refill the battery, and as some new electrolyte will be required, in gen-
eral it is recommended that the old supply be thrown away and all new
electrolyte (1.200 specific gravity) be used when re-assembling.

Voltage of a Secondary Cell.—This depends on the density
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of the electrolyte, the character of the electrodes and condi-
tion of the cell; it is independent of the size of the cell.

The voltage of a lead sulphuric acid cell when being charged
is from 2 to 2.5 volts. While the cell is being discharged, it de-
creases from 2 to 1.7 volts. The voltage due to the density of
the electrolyte may be calculated from the following formula:

V=1.85+.917 (3—s)

in which

= N —

V =voltage; ‘
S =gspecific gravity of the electrolyte;

s =specific gravity of water at the temperature of observation.

TEST QUESTIONS

Give the theory of the storage battery.
Describe the storage cell.
Describe the electrolyte generally used.

What is the effect of the current passing through the
electrolyte?

What is the prime condition for operation of a stor-
age battery?

What happens when the charging current is discon-
tinued, and the two electrodes joined by an outside
wire)

What are the three general classes of storage cells?

Describe the Plante type.

What is done to make the Plante plate more efficient?

Describe the Faure cr pasted type.
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1.

12.
13.

14.

-

15.
16.

17.
18.

19.
20.

How do Faure plates compare with those of the Plante
lype?
What test is necessary in preparing the electrolyte?

In preparing the electrolyte, how should the water
and acid be mixed?

What is the effect of mixing the acid and the water?
What kind of a vessel should be used?

What is the effect of changes in temperature on the
electrolyte?

How should the cells be filled?

What may be said with respect to the density of the
electrolyte?

What should be done with old electrolyte?
Upon what does the voltage of a storage cell depend?
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CHAPTER 41

Storage Battery Systems

Storage batteries are used for many purposes, such as to
supply current for electric vehicles, gas engine ignition, lighting,
and in connection with power stations and distribution work.
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F16. 1,630.—Load curve showing use of storage battery as an aid to the generating machinery.
In the diagram, it is seen that the battery discharges at minimum and maximum leads and
is charged at other times, the battery furnishing current for the entire minimum load and
part of the maximum load.

The latter is an important field, the storage battery being
used in connection with the power station for the following

purposes:

1. To carry the peak load, during hours of maximum demand;

2. To carry the entire load during hours of minimum demand, or for a
short time in case of emergency;

3. To act as an equalizer;
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4. For regulation of load and voltage;

5. As compensation for feeder drop;

6. As a preventive against shut downs.

In almost every electric lighting plant there are long periods during the
day and late at night when the number of lamps lighted is so small that it
may not pay to run the generating machinery. In such cases. storage bat-
teries may usually be used to advantage to aid in carrying the maximum
load and to supply the entire current at minimum load as illustrated in fig.
1,630. In other words, batteries are substituted for a certain portion of the
machinery plant or are used in place of the latter.

Ques. What provision must he made in power plants
when storage batteries are not used?

Fia. 1,631.—Fairbanks-Morse lighting outfit. The above cut illustrates a 2 horse power
vertical special gasoline or kerosene oil engine belted to a .9 kw. compound wound 32 volt
dynamo. It will supply a maximum of 42-20 watt, or 50-15 watt 32 volt Tungsten lamps
and is built and balanced, so that current can be taken direct from the dynamo withcut
flicker in the lights. The storage battery has 16 cells and a capacity of 436 amperes for
7%4 hours at 32 volts. This will supply seven 20 watt Tungsten lamps for 744 hours, or nine
15 watt lamps for 7' hours. The switchboard is arranged g0 as to give 24 hours service.
It is customary to run the engine during most of the lighting period and to use the battery
for lights late at night. If the whole number of lights be not used when the engine and
dynamo are in operation, the surplus is used to charge the battery.
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Ans. The capacity of the generating machinery must be
sufficient for the heaviest overloads which may occur, and it
must be operated continuously for 24 hours a day in the ma-
jority of central stations supplying current for lighting and
power.

Ques.” What results are obtained with this method of
working?
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F16. 1,632.—Diagram showing effect of storage battery in regulating the dynamo load in a com-
bined railway and lighting plant. In this case the average and line loads are ahout equal
and the battery covers the instantancous fluctuations. It will be noted that while the line
load fluctuations vary between 780 and 1,420 amperes, those of the dynamo load are kept
at an average between 1,030 and 1,160 amperes.

Ans. The engines working under very variable loads, not
only operate at low efficiency, but are continually subjected to
severe mechanical strains.

Ques. How may greater efficiency be secured with steam
engines under variable loads?
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Ans. Judicious selection of the number and sizes of the
engines enables them to be worked in most cases at a consider-
able fraction of their full capacity nearly all the time.
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Fia. 1,633.—Storage battery connected in parzllel with adynamo. This arrangement cnzbles
the dynamo to be stopped for a considerable portion of the time, and thus saves labor and at-
tention. It also acts to prevent fluctuations as in a dynamo driven by a gas engine whose
speed varics periodically because of the nature of its cycle of operation. The circuit includes
a reverse current circuit breaker or discriminating cut out (not shown) to prevent battery
discharging through dynamos when the latter is not running.
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Fi1c. 1,634.—Diagram showing action of storage battery as a reservoir of reserve power. The
figure shows an actual load curve from an Edison station for 24 hours. . A sudden storm
caused the load to be thrown on very quickly, the peak of the load being higher than usual.
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Ques. What further improvement is secured in most cases
with the storage battery?

Ans. The plant is made more flexible, and the econcmy of
the engines is increased by making their loads nearer uniform,
and nearer to full capacity while they are running.

Ques. What is the effect of a battery connected in parallel
with a dynamo, as in fig. 1,633?

Ans. It is not necessary for the dynamo to have a capacity

Fia. 1,635.—Westinghouse farm light and power plant.

exceeding that which is sufficient for the average daily load.
at which it may be worked practically all the time.

When the load is below the average, the dynamo charges the battery,
and when the load rises above the average, during the hours of maximum
demand, the battery discharges into the line in parallel with the dynamo.
During the hours of minimum demand the engines may be shut down
and the necessary current supplied from the battery alone, thus not only
increasing the efficiency of the plant, but serving to maintain a steadier
pressure under fluctuating loads.
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Ques. What is understood by the expression ‘‘floating the
battery on the line”’?

Ans. A storage battery is said to Jloat on a line when con-
nected across the circuit at some distance from the power sta-
tion, so that a heavy load on the line, within the range of the
battery influence, causes sufficient line drop to allow the battery
to discharge, while with a light load on the line, the drop is
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Fia. 1,636.—Exide floating battery system for railway signaling, connected to a.c. charging line.
This system provides an independent reservoir of electrical energy at each signal, always
charged and connected to the signal circuit to supply d.c. to the latter during any interrup-
tion of the normal supply, to insure no interruption of the signal service.

small and the impressed voltage at the battery high enough
to charge the battery. This usage is confined chiefly to electric
railway service, where large voltage changes are permissible.

Ques. When the battery is floated on the line, how may
the amount of charge be made to approximately equal the
amount of discharge?
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Ans. By properly proportioning the number of cells in series.

Connections and Circuit Control Apparatus.—When a stor-
age battery is used on an electric lighting plant, provision must
be made for feeding the lamps, etc., from either the dynamo
or battery separately, or from the two working in parallel, and

Fra. 1,637.—Parallel charge, series discharge including dynamo and distribution circuits.
1, ammeter; 2, volt meter; 3, ammeter switch; 4, volt meter switch; 5, series parallel switches;
6, battery circuit breaker; 7, battery rheostat; 8, overload and reverse current circuit break-
er (discriminating cut out); 9, dynamo field rheostat; 10, battery switch; 11, dynamo
cwitch; 12, switches to distribution circuits.
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it should be possible to charge the battery at the same time the
lamps are being supplied. To accomplish these results requires
three switches, for the following connections:

1. To connect the lamps to the dynamo;
2. To connect the lamps to the battery;
3. To connect the battery to the dynamo.

In some plants, the first switch is omitted, because the lamps are always
fed by the battery alone. the latter being charged during the day, when no
lamps are in use.

AMMETER BATTERY Agm&NT'%R
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Fia. 1,638,—Diagram of connections arranged for charging battery in two parallel groups and
discharging in series, the charge and discharge being controlled by variable resistances.
In yacht lighting the limited space generally probibits the use of a charging booster, and
in such instances this method of charge and discharge control is the usual practice. In case
the dynamo from which the battery is charged has sufficient range in voltage to charge
all cells in series, a charging booster is not required, nor is it necessary to connect groups
of cells in parallel, as the dynamo voltage may be varied as charge proceeds.

It is desirable, however, to have all three switches in every plant in order
to be able to supply lamps and charge the battery at any time.

In the battery circuit there should be an ammeter having a scale on both
sides of zero, to show whether the battery is being charged or discharged,
as well as the value of the current, Another similar ammeter is required
in the circuit between the dynamo and the battery, to show the direction
and amount of current. A third ammeter is desirable in the lamp circuit,
to show the total current supplied to the lamps, but it need only indicate
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on one side of zero, since the current there always flows in the same direc-
tion.

A volt meter is required with a three way switch to connect it to the
dyndmo, battery or lamps, and a circuit breaker must be inserted in the
battery circuit in order that it may be opened when the current becomes
excessive,

A discriminating out out or reverse current circuit breaker is required
between the dynamo and the battery to open the circuit when the charging
current falls below a certain value, and thus avoid any danger of the battery
discharging through the dynamo, if from any cause the voltage of the latter
drop below that of the battery. This completes the ordinary measuring and
circuit controlling apparatus employed with storage batteries.
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Fic. 1.639.—Diagram showing three wire system with one dynamo and storage battery. A
220 volt dynamo charges a storage battery of corresponding pressure, which in turn sub-
divides the pressure and supplies a three wire system, the neutral wire of which is connected
to the middle point of the battery as shown.

Methods of Control for Storage Batteries.—As the external
voltage of a storage battery varies with the amount of charge
it contains and with the direction of the current, it is necessary
to employ some means for compensating this variation in order
to maintain a constant voltage on the line supplied by the bat-
tery. The various devices used for this purpose are as follows:

1. Variable resistances:
2. End cell switches;

3. Reverse pressure cells;
4. Boosters.
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The particular method selected will depend upon the size of the battery,
the purpose for which it is used, the allowable limits of current and voltage
variations, the cost of the system, etc.

Variable Resistance.—Regulation by variable resistance may
be used advantageously only with batteries of small capacity,
and in small lighting plants such as those of yachts, where the
space available for battery auxiliaries is limited, and where the
cost of energy is so low that the loss of power in the resistance
is not objectionable.
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Fia. 1,640.—Variable resistance method of regulation for storagg battery; diagram showing
connections for charging two halves of a battery in parallel.

The connections for one of the simplest methods is shown in fig. 1,640.
The battery is divided into two halves, which are connected in series for
discharging and in parallel for charging.

Since the voltage of each cell at the end of a discharge should not be
lower than 1.8 volts, a battery intended for use on a 110 volt lighting cir-
cuit will require 110+1.8=62 cells. The voltage necessary, however, for
each cell at the end of a charge is about 2.6 volts, or a total of 2.6 X62 =161
volts for the battery, a value which is far above the line voltage.

By dividing the battery into two halves and connecting them in parallel
only 80.5 volts are necessary for charging. The excess voltage of the line,
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29.5 volts is taken up by the resistance, which also controls the output of
the battery on discharge.

End Cell Switches.—These may be used to advantage in small
installations where there is not demand for current during the
day, or where the charging is done by means of boosters.
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Fia. 1,641.—Diagram showing connections for ignition outfit. The charging switch has four
indications—"Off,” “Battery,” “Dynamo” and ‘“Charge.” When engine is at rest
switch is turned to “Off.” The first turn brings it to “Battery,” enabling the engine to
be started. Next turn cuts battery off and puts “Dynamo” direct on engine. The next
turn brings the switch to **Charge.” Dynamo then charges the battery and surplus current
is stored up. Next turn is “Off,” which stops engine and disconnects battery from dynamo.
Test the dynamo wires with test paper (negative makes mark). Put positive of dynamo to
positive of battery. Dynamo should be regulated to charge at about four amperes.

Ques. What is an end cell switch?

Ans. A form of switch employed in connection with a stor-
age battery in order to control the end cells for regulating the
voltage.

Ques. Describe the construction of an end cell switch.
Ans. This is shown in fig. 1,642.
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The switch contact arm is made in two parts, A and B, which are insu-
lated from each other as shown, and connected with each other through
the protective resistance R. The end cell contacts are so spaced that
when the main current carrying part A, of the switch arm, is squarely on one
end cell contact such as X, the part B, does not touch any other contact

+ such as Y, but when the switch arm is advanced for cutting into circuit
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Fia6. 1,642.—Diagram of end cell switch. This form of switch controls several cells at one end
of a storage battery and is used for regulating the voltage. The requirement of an end
cell switch is that in switching from one end cell contact 19 another, the discharging circuit
must not be opened, neither must the moving arm touch one contact before leaving the
one adjacent, since the joining of two contacts will short circuit the cells connected thereto.
To accomplish this, the spacings of the two arms and contacts are such that when the main
arm A is squarely on an cnd cell contact, the advance or auxiliary arm B touches no other
contact, but in passing from one point to the next, the advance arm reaches the contact
toward which it is moving before the main arm leaves its contact. The resistance X,
between the two points prevents short circuiting, and the current to the main circuit is
never broken.

another end cell, the part B, reaches the contact Y, before the part A,
leaves the contact X, thus keeping the battery circuit closed, while the re-
sistance R, limits the current in the short circuited cell at the instant the
switch arm passes from one end cell contact to the next.

Ques. How should the conductors joining the end cells to
the end cell switch contacts be proportioned?

Ans. They must have the same sectional area as the con-
ductors of the main circuit.

'
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Fig. 1,643.—High voltage charge. End cell regulation. 1, dynamo ammeter; 2, volt meter;
3, battery ammeter; 4, volt meter switch; 5, dynamo switch; 6, dynamo circuit breaker
over load and reverse; 7, dynamo field rheostat; 8, battery circuit breaker; 9, battery switch;
10, discharge end cell switch; 11, charging end cell switch: 12, switches to distributing cir-
cuits. The battery is charged in one series dircctly from the dynamo, which has a pressure
range to 155 volts, and the charging current is controlled by the dynamo field rehostat.
Two end cell switches are required so that the lighting circuits may be supplied while the
battery is charging, the power voltage for the lamps being obtained by adjusting the posi-
tion of the end cell switch connected to the lighting circuit. This is an overload breaker in
the battery circuits and an overload breaker with reverse current trip in the dynamo cir-
cuit, tae latter protecting the dynamos against overload and reversal of current. .
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The reason for this is that when any end cell is in use, the conductor
connecting it to the switch becomes a part of the main circuit. An al-
lowance of 1,000 amperes per sq. in., when the battery is discharging at
the two-hour rate, is considered good practice.

Ques. Describe some of the features of end cell switch
construction.

Ans. Those of small capacity are made circular; the larger
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Fra. 1,644.—Diagram of connections of a battery cquipment for a residential lighting plant.
In the diagram the volt meter and volt meter connections have been omitted. The bus
bars on the battery panel are connected directly to the bus bars on the dynamo panel.
In this installation the dynamos are run during the afternoon on discharge, being regulated
by means of an end cell switch. On charge the pressure above that of the bus bars, required
to bring all cells up to full charge, is supplied by means of a motor driven charging booster,
the voltage at the armature being suitably varied by changing the field excitation.

DISCHARGE

sizes are made horizontal in form, and both types may be
either operated by hand or motor driven.

Ques. Where are end cell switches of large capacity lo-
cated?

. Ans. Generally they are placed as near the battery room as
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possible to avoid the cost of running the heavy conductors,
and when such switches are motor driven, the usual practice
is to control their operation from the main switchboard.

In fig. 1,645 is shown the method of regulation with an end switch.
The diagram shows the battery being charged with the main switch open,
and the voltage of the dynamo raised to the charging pressure. During
discharge the cells are connected in series, and as the voltage of each cell
at the beginning of discharge is at least 2.1 volts, only 52 or 53 cells are
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Fia. 1,645.—End cells witch control for storage battery; connections showing main line open
when the battery 18 being charged.

required to give the desired pressure of 110 volts, but as the discharge
continues, and the voltage of each cell decreases, the end cells, 1,2,3.4,
etc,, are cut into circuit successively by means of the end cell switch,
thereby adding to and compensating the drop in the total voltage until,
at the end of discharge whken the voltage of each cell has fallen to 1.8
volts, the entire 62 cells are in series to supply the required line pressure.

. For a 110 volt circuit, the number of cells required is 110+1.8=61,
and the number in series when the battery begins to discharge is 110+
2.1=52. Hence, in a 110 volt circuit an arrangement must be provided
whereby 61 —52=9 cells may be cut out or switched in, one by one.
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The number of end cells for any voltage may be obtained by the fol-
lowing formula:
Number of end cell E £
umber of end cells = 75 — 57
E =voltage of supply circuit;
1.8 =minimum voltage of cell during discharge;
2.1 =voltage of fully charged cell.

Reverse Pressure Cells.—These consist of unformed lead
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Fia. 1,646.—Diagram showing method of charging a storage battery at one voltage and

supplying lights at a different voltage. As may be scen, two end ce!l switches are required.
The voltage of the supply current is adjusted by the number of celis in series on switch 87,
while switch 8, is moved to cut out cells as they become fully charged. In this instance the
end eclls included between the contact arms of the two end cell switcheés must be of sufficient
size to receive the charging current, plus the current to the supply circuit. If the battery can
be charged at times when the dynamo 1s supplying no other load, only one end cell switch
is required.

plates immersed in the ordinary electrolyle of dilute sulphuric

acid.

As they have no active material, they possess no capacity,

but are capable of setting up an opposing pressure of about 2
volts each to the discharging current flowing through them,
thereby cutting down the total voltage of the battery, so that
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the net voltage across the line depends on the number of re-
verse current cells in series in the battery circuit. As the voltage
of the battery falls during discharge, the reverse pressure cells
are cut out, successively, thus keeping the external or line
voltage constant.
It is obvious, that as these cells do not possess any capacity, the num-
ber of active cells required in the battery will be the same as when end
cell control is employed. Therefore, the reverse pressure cells represent

an increase in equipment, which entails an additicnal expense of at least
8 per cent. For this reason, and also on account of the fact that the
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¥r16. 1,647.—Regulation with reverse pressure cells. These cells are merely lead plates placed
in an electrolyte of dilute sulphuric acid. They have no capacity but set up an opposing
or reverse voltage of approximately 2 volts per cell if current be passed through them.
In using these cells for controlling cischarge, the total number of active celis in the battery
will be the same as if the method of end cell control had been used. Reverse pressure cells
represent an increase in cquipment of about 8 per cent. or more. These cclls, as shown,
are connected in the circuit in opposition to the main battery, and conductors are run from
each of them to points on a switch similar to an end cell switch. At the beginning of dis-
charge. all the reverse cells are r circuit, acting in opposition to the main battery. As
discharge proceeds and the battery voltage falls, the reverse cells are gradually cut out of
circuit. The only advantage in this method of regulation is that the discharge throughout
the battery is uniform, but this fact alone does not warrant such means »f regulation on
account of the additional expense involved, and the encrgy loss when discharging against
reverse cells is the same as if resistance had been placed in the circuit.

amount of energy lost in discharging against reverse pressure cells, is the
same as when the resistance methods of controlling the discharge are em-
ployed, the use of cells for this purpose is now practically obsolete.

Boosters.—In general, a booster may be defined as a dynamo
inserted in series in a circuil, to change its voltage. It may be
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driven by an electric motor, in which case it is sometimes called
a molor-booster. The function of a booster is to add to an
electric pressure derived from another source.

For instance, if a storage battery be used in conjunction with one or
more dynamos to supply current to an electric light installation, the
battery cannot be charged from the machines which are feeding the lamps,
because it requires a pressure higher than that required for the lamps to

!
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¥1g. 1,648.—Diagram of Joseph Bijur’s storage battery system (General Storage Battery Co.).

The booster field winding has one terminal connected to the middle point of the battery
and the other terminal, to the wire joining the resistances A and B, A lever, pivoted at L,
carries at either end a number of contact points which dip into troughs of mercury when one
end of the lever moves upward or downward. These points are connected to correspond-
ing points on their respactive resistances, and therefore all of the resistances connected
to contact points which are immersed in the mercury are short circuited. The points are
of various lengths, so that when the lever operates, they contact progressively with the
mercury. I more of the A, points than the B, points be immersed in the mercury, the
resistance of B, is less than that of A, more sections of it being short circuited. Current
will therefore flow from the middle point of the battery, through the booster field, and
through B, to the negative side of the system, exciting the booster field and producing a
booster voltage to charge the battery. Again, if more of the A, points be immersed, the
A, resistance becomes the smaller, and current then flows from the positive side of the
system through resistance A, through the booster field to the middle point of the battery,
the field excitation and the booster pressure produced being in a direction opposite to the
first described, and tending to discharge the battery. When the resistances A and B, are
equal, there is no pressure to send current in either direction through the booster field coil.
When the load on the external circuit is normal, the lever is in a horizontal position, A and B,
being equal, no current flows through the booster field hence, no current passes into or out
of the battery. With increase of external load, the pull of the solenoid is strengthened by
a small increase in dynamo current passing through the winding. This draws down the left
end of the lever producing a current in the booster field such as to discharge the battery and
assist the dynamo to supply the load demand. A decrease in external load is attended by a
slight diminution in dynamo current, the solenoid is weakened and the pull of the spring
predominates. This results in a. downward movement of the right side of the lever causing
excitation of the booster field to produce a pressure to send charge into the battery.
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complete the charge. A small dynamo is therefore connected in series
with the main machines and the battery, acting in conjunction with the
former to provide the necessary pressure.

The power for running such a dynamo is obtained in various
ways.
The dynamo or charging booster may be belt driven or arranged on an

extension of the armature shaft of the main dynamo; again, it may consist
of a single armature with a double winding (fig. 1,649), or a motor and

Fia. 1,649.—Typical farm of dyramotor. A dynamotor is a comhination of dynamo and
motor on the same shaft, one receiving current, usually of different voltage, the motor
being employed to drive the dynamo with a pressure either higher or lower than that received
at the motor terminals. A machine of the dynamotor form, with its windings exactly alike,
is often used in three wire systems to balance or equalize the two halves of the circuit.

dynamo coupled together on one bed plate. Boosters may be divided into
several classes as follows:

1. Series boosters; 4. Differential boosters;
2. Shunt boosters; 5. Constant current boosters;
3. Compound boosters; 6. Separately excited boosters.

Series Boosters.—The series booster acts so as to compound
the battery, and tends to maintain a constant voltage on the
line, whatever the load may be.
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Its operation depends on the fact that the dynamo voltage must rise
and fall with the load. It can, therefore, be used only with a shunt dynamo
or its equivalent as the source of supply.
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F16. 1,650.—Entz’ carbon pile booster system (Electric Storage Battery Co.). The booster
field winding is connected at one end to the middle point of the battery. The other end
is connected to the upper contact points of two carbon pile resistances, A and B. The
lower end of A, is connected to the negative side of the battery, and the corresponding end
of B, to the positive side. This arrangement constitutes in effect a potentiometer. 1f the
resistance of A, be cqual to that of B, there is no pressure in the booster field to establish
current through it. The drop through A + B is equa! to the total battery voltage, and
if A = B, the drop from either side of the battery through A or B, is one-half the total
drop, hence the end of the booster field winding, connected to the upper ends of A and B,
is also at the prossure of the middle point of the battery which is likewise the pressure of
the other side of the hooster field coil. Accordingly when A = B, there can be no current
through the coil. When the two resistances are unequal, there will be current through the
booster field, its direction depending on which of the resistances is the less, and its magnitude
will he proportional to the difference between the two resistances.  Variations in the pressure
on a carbon pile causes variations in its resistance and the solenoid, M, opposed by spring S,
both pulling on lever L, which rests on the two piles A and B, controls the relative resist-
ances of the two piles 1o cause charge and discharge of the battery. The solenoid winding is
in series with the dynamo circuit and when the load is normal the spring pull is just equal to
the magnet pull, and the resistances of A and B, are equal. When external load varies, a small
but proportional variation in the pull of P, charges the relative resistances of the piles and the
booster field is energized to produce a voltage to cause battery chatge or discharge.

Ques. What use is made of the series booster system?

Ans. Tt is suited to power, but not to incandescent lighting
purposes, being similar in operation to a floating battery. It
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is not extensively used as the other types give better service,
under the same conditions.

Ques. Describe some characteristics of the series bocster.

Ans. It is automatic and adjusts its voltage to produce the
proper ratio of charge or discharge with varying external load,
and it also tends to maintain a constant voltage across the line,
under all conditions of change in circuit.
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Fia. 1,651.—Load diagram, showing kind of service to which the shunt booster is adapted.

Shunt Boosters.—This type of machine is simply a shunt
dynamo, having its armature circuit in series with the line from
the main dynamo to the battery.

A rheostat controls the field excitation. Its function is to send charge
into the battery. It is used in plants where the battery is not designed
to take up load fluctuations, but is in service only to carry the peak of
the load, being charged during periods of light loads and discharged in
parallel .with the dynamo.

The shunt booster acts o increase the roltage applied to the ballery so that
the charging current will flow tnlo the lalter.
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Ques. How is the battery used with a shunt booster pro-
portioned?

Ans. Usually sufficient battery is provided to carry the en-
tire load during the light load period.

Ques. Explain the use of the rheostat controlling the field

excitation.
E
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STORAGE  BATTERY
F1a. 1,652.—Diagram showing usual connections of a non-reversible shunt booster and battery
system. In charging, the switches A and B. are closed, and C, put on contact m; the end
cell switch D, is put on the last contact. Part of the dynamo current will go into the line
and part through the booster into the battery. The charging current is adjusted by the
field rheostat E. To discharge, throw the end cell switch 1D, to first contact; next turn
switch C, to contact s. The battery is then in parallel with the dynamo with all end cells
cut out. As the voltage of the battery falls, end cells are cut in by the end cell switch D.

3

Ans. It is used to vary the booster voltage so as to hasten
the charging of the battery if desired.

Ques. For what service is the shunt booster not suited?

Ans. It is not adapted to circuits where there are sudden
fluctuations that are great compared with the capacity of the
dynamo.
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Ques. What is its action in changing from charge to dis-
charge?

Ans. [t is not automatic, the switching must be done by
hand. ’

Ques. How may it be
used reversibly?

Ans. It will give a
pressure to assist the bat-
tery to discharge when
excited from the bus bars
and provided with a re-
versing rheostat.

In this case it will assist
the battery to discharge
when the direction of the
field magnetization is
changed. When so used, no
end cells are necessary, but
the booster must be run con-

< )\ € il tinuously during the entire
= . period of discharge.

Ques. What should be
the battery capacity on
a 110 volt circuit with a
reversible booster?

Ans. 56 cells will be
= = sufficient.

F1a. 1,653, —Shunt booster charge, and cell discharge. 1, volt meter; 2, ammeter; 3, under
load circuit breaker; 4, booster motor circuit breaker; 5, battery circuit breaker, 6, volt meter
switch: 7, booster switch; 8, booster motor switch; 9, booster field switch; 10, batiery switch;
11, end cell switch; 12, booster field rheostat; 13, motor starter: 14, motor; 15, dynamo
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The voltage to fully charge is 56X 2.6 =146, or 36 volts above dynamo
voltage. Minimum voltage of discharge = 1.8 X56 = 100 volts, or 10 volts
less than that of the line. Hence, the booster need give only 36 volts
maximum, and is required to add 10 volts to the battery voltage toward
the end of battery discharge. In this case, the booster voltage is only 3—3
or about 31 of that required in the preceding case; five cells less of battery
dre necessary and the end cell switches and leads are eliminated.

The machine will be larger, however, than it would be if used only for
charging, because the discharge is unusually greater than that of charge,
and the current carrying of the armature must be great enough to take
care of the heaviest currents,
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Fia. 1,654.—Diagram of cumpound kooster connections.

Compound Boosters.—These machines are used on railway
and power circuits where there are great fluctuations in load,
the battery acting to prevent excessive drop and to assist the
generating machinery in carrying the load, relieving it from the
strain of sudden rushes of current.

The connections are shown in the diagram fig. 1,654. Under ordinary

working conditions, the shunt field of the booster creates an electric press-
ure in the same direction as that of the battery, tending to discharge it.
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When no current is flowing into or out of the battery, the following
relation exists:

dynamo voltage =booster voltage+battery voltage.

In this case the dynamo carries the whole external load. If the load
increase, the dynamo voltage decreases, so that the booster voltage +
battery voltage is greater than the dynamo voltage, and the battery
begins to discharge.

In discharging, the current passes through the series field of the booster
and produces a proportional pressure acting with the shunt field to raise
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F16. 1,655.—Diagram illustrating storage battery system, as applied to an automobile for
lighting.

the voltage of the booster, thus increasing the battery discharge and
shifting more of the load from the dynamo, until the system becomes bal-
anced.

If the load on the external circuit be small, the dynamo voltage rises
and current flows into the battery. In this case the series field acts against
the shunt field and decreases the booster voltage so that the pressure at
the dynamo is greater than booster and battery voltage combined, thus
increasing the rate of charge of the battery until the load causes the dy-
namo voltage to drop to normal and the system is again balanced.

The battery and booster can be placed at the power house or where
the greatest drop is likely to occur. As this system, like the series booster,
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depends for its action upon the drop of voltage with increase of load, it is
only adapted to shunt wound dynamos.

From the foregoing description it will be seen that the compound booster
is automatic within certain limits of battery charge. Any marked change
of battery voltage will be followed by a corresponding change in dynamo
current, unless the rheostat be manipulated to bring battery voltage+
booster voltage back to normal. '

While the theoretical dynamo current variation is small for a given
change of load, there is always a sudden, momentary current rush from
the dynamo on increase of load, the duration of which is equal to the time
lag of magnetization of the booster field.
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Fia. 1,656.—Diagram of connection of one form of differential booster. In operation, the
dynamo current passes through the series winding of the booster, and the current in this
winding is to remain practically constant. The shunt coil produces a field which opposes
the field produced by the series coil, the resulting magnetization being, in direction and
amount, the resultant of the two field strengths, The adjustments are so made that when
the normal dynamo current is passing through the series coil, the shunt field just neutralizes
its effect, and the resultant magnetization is zero. Since the open current voltage of the
battery is equal to that of the system, neither charge noi discharge takes place. With
increased demand on the line, the slight increase in dynamo current in the series coil over-
powers the shunt field, and causes a pressure in the booster armature in such direction as to
assist discharge. If the external load fall below the average demand the current in the
series coil decreases slightly so that the shunt field predominates, producing a booster
armature pressure in a direction to assist charge. Although the voltage of the battery falls
while discharging by an amount proportional to the outflowing current the increased excita-
tion due to this current through the series coil is also proportional to it, and the booster
voltage rises as that of the battery falls, their sum being always equal to that of the system.
In other words, the booster serves to compound the battery for constant pressure.
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Lights on a circuit with variable load will “wink" on sudden changes
of load. In this respect the compound booster is not so satisfactory as
the constant current booster, as in the latter a/l dynamo current passes
through the series fields, which, by reason of their self-induction, oppose
and check any sudden current rush, giving the booster field time to change
its magnetization to the proper degree.

Differential Boosters.—In this type of booster, a series coil
energized from the main current, tends to discharge the bat-
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F16.1,657.—Diagram of differential booster system with compensatingcoil. In operation, the
compensating field coil of the booster opposes the shunt coil and prevents the variation of
the battery voltage disturbing the equilibrium of the system. If the battery pressure be
Jower than normal, it will not discharge rapidly enough to relieve the dynamo from over-
load fluctuations, unless the booster voltage be increased, and the dynamo will therefore
have to supply a current greater than normal. If a current greater than normal flow through
the compensating coil, the effect of the shunt coil opposed by the series coil is decreased, and
the compensating coil, acting in the same direction as the series coil, causes a higher booster
pressure tending to discharge the battery, and thus brings down the dynamo load to normal.
Should the hattery voitage be above its normal value, the battery would discharge too
rapidly and carry more than its share of the load. In operating this system, the varying
load must be beyond the booster equipment. The series and compensating coils may be
temporarily short circuited so that the battery may be charged more rapidly.

tery, and a shunt coil, excited from the battery, tends to
charge the cells.

These two coils are opposed to one another, and the difference in their
respective strengths represents the net strength available for boosting.
In order to produce quicker reversal, additional compound coils are some-
times added.
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Ques. For what service is the differential booster adapted ?

Ans. It is suited to power and railway circuits where the
loads fluctuate widely and suddenly.
There are several varieties of this type of booster, and many patents

have been issued covering the different methods of varying the voltage of
the machine.

Constant Current Boosters.—In installations where it is
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FiaG. 1,658.—Diagram of non-reversible or constant current booster system. The hooster arma-
ture and field are in scries between one side of the lighting and power bus bars. A shunt
field is also provided, which acts in opposition to the series field. This booster carries a
practically unvarying current from the lighting to the power bus bars, regardless of the
fluctuations of the external load, which current is equal to the average required by the
fluctuating load. Except under abnormal conditions the shunt field always predominates
giving a voltage which is added to that of the lighting bus bars, so that the voltage across the
power buses is always higher than that across the lighting by an amount equal to the
hooster voltage. If an excessive load come on the power circuits, the increased excitation
of the series coil, due to a slight increase in current from the lighting to the power bus bars,
lowers the booster voltage and consequently reduces the voltage across the power bus bars.
The battery discharges, furnishing an amount of current equal to the difference between
that required by the load and the constant current through the booster. If, the power load
decrease below normal, the slight decrease in current in the booster series field increases the
booster armature voltage and the excess current goes into the battery. The booster, there-
fore, does not in reality give a constant current, but by proper design the variation may be
kept within a few per cent.
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desired lo supply both an approximately constant load and a JSluc-
tuating loed from the same dynamos (as for instance, in office
buildings or hotels, where it is necessary to supply lights and
elevators from the same source), the fluctuations in the power
circuils must nol inlerfere with the lighting circuits and lo prevent
this, two sels of bus bars are provided.
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Fra. 1,659.—Battery system with regulation for long feeders, for installation where it is desir-
able to locate the battery at a point remote from the station and avoid any equipment
requiring constant attention at the battery end. The compound wound motor. constant
current booster is used and keeps constant the current flowing through the feeder, the battery
taking up all load fluctuations.

The dynamos are connected in the usual manner to one set of bus bars,
and the lighting circuits’are connected across these. Across the other set
of bars are connected the circuits supplying the fluctuating load, and the
battery is also connected directly across these power bars.

The power bars are supplied with current from the lighting bass, a
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non-reversible or so called constant current booster being interposed be-
tween the two as shown in fig. 1,658. Since this permits only a constant
current to pass from the lighting bus bars, the lcad on the dynamo does
not vary, although the load on the power buses may vary widely.

Separately Excited Boosters.—In some forms of booster the
field excitation is secured by a small exciting dynamo. An
example of this class is shown in fig. 1,669.
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F1a. 1,660.—Hubbard’s separately excited booster system (Gould Storage Battery Co.); diagram
showing general arrangement.

The exciter is provided with a single series coil, through which the sta-
tion output or a proportional part thereof passes. The armature of the
exciter is connected to the exciting coil on the booster, and thence across
the mains as shown.

With the average current passing through the field coil or the exciter,
its armature generates a voltage which is equal to that of the system,

NOTE.—Reversible boosters should be used where the average total current to the
fluctuating load is greater than the battery discharge current, and when the pressure of the
power bus bars must not fall off with increase in load. Electric railway and lighting plan
having long feeders are examples of the systems to which reversible boosters are suited. Non-
reversible hoosters should be used where the average total load is less than the battery dis-
charge current, and where a drop in the voltage of the power bus bara ia of advantage. Exam-
ples of such plants are hotels or apartment houses where electric elevators are operated from
the lighting dynamos. Boosters are usually driven by electric motors directly connected to
them, though any form of driving power may be used.
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and in opposition to it. These two opposing pressures balance, ard no
current flows in the booster field coils.

With an increase in external load above the average, the tendency is
for an increase to take place through the exciter series coil, augmenting
its field strength and consequently the exciter armature voltage. This
latter now being higher than that of the line, causes current to flow in the
booster field coil in such a direction as to produce a pressure in the booster
armature which assists the battery to discharge, and is of a magnitude to
compensate for the battery drop occasioned thereby.

When the load decreases below the normal, the current in the exciter
field is decreased. and its armature voltage fails below that of the system.
Current will now flow in an opposite direction in the booster field coil,
generating a voltage in the booster armature to assist charge. Since the
exciter always generates a voltage in opposition to that of the line, this
system is known commercially as the counter pressure system.

TEST QUESTIONS

1. What provision must be made in power plants when
storage batteries are not used?

2. What is the effect of a battery connected in parallel
with a dynamo?

3. What is understood by the expression ﬂoatmg the
battery on the line?”

Describe the connections and circuit control apparatius.
Name four methods of control for storage balteries.
Describe the regulation by variable resistance.

For what service is variable resistance suitable?
Describe an end cell switch.

How should the conductors joining the end cells to
the end cell switch contacts be proportioned?

10. Describe some of the features of end cell switch con-
struction.
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11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

Where are end cell switches of large capacity
located?

What are reverse pressure cells used for?

Describe regulation with reverse pressure cells.

What is a “"booster?”

Name six kinds of boosters.

How does a series booster act?

Describe the operation of shunt boosters.

For what service is the shunt booster not suited?

What is a reversible booster?

Describe the operation of compound boosters.

Describe the differential booster system.

For what service is the differential booster adapted?

What is a constant current booster?

How do separately excited boosters operate and for
what service are they adapted?
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CHAPTER 42

Storage Battery Management

The Battery Room.—Precautions should be taken to prevent
any direct sunlight falling on the battery cells in glass jars, as
the breakage of such jars due to unequal expansion of the dif-
ferent portions of the glass, is a source of constant trouble and
danger. '

The exclusion of direct sunlight also tends to keep the evap-
oration of the electrolyte at a minimum.

Every battery room should be provided with a water tap and sink. The
floor should be paved with vitrified brick, preferably blue or yellow in
color, of diamond pattern and sloping in all directions toward suitable
drains. A floor of this type can be easily washed by flooding with water,
and its patterns tend to keep it dry under foot at all times. Wooden floors
are rotted very quickly by acid spillings and by the spray.

The room should be kept absolutely clear of everything which may be
injured by the sulphuric acid fumes and it should be well ventilated to
insure the safety and good health of the attendants.

A battery, even at rest, gives off hydrogen which when diiuted with air
forms a mixture which is very liable to explode if brought in contact with
any kind of lame. Unless proper ventilation be provided, the breaking of
the connection when a current is flowing, or the lighting ot a bare flame
lamp in the battery room would be dangerous.

Battery Attendants and Workmen.—Those employed in
setting up batteries are liable to suffer from soreness of hands
and the destruction of clothing unless proper precautions be
taken to prevent the same. In order to avoid these trcubles,
the boots should be painted with paraffine mixed with an equal
quantity of beeswax.
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The clothing should be of woolen material, which, unlike cotton, is prac-
tically unatfected by the acid. If cotton shirts be worn, they should be
dipped in a strong solution of washing soda and then rough dried.

An apron of sacking, backed with flannel should ke worn over all the
other clothes. A hottle of strong ammonia should te kept in the battery
room at all times, and in case of an accidental splash ol acid on the clothes,
the immediate application of a smal! quantity of the ammonia, by means of
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1F1a. 1,66]1.—Interior of storage battery room showing arrangement of cells. A, are the cull
instilators; 13, wooden stringers; C, supporting picces.

the stopper, will at once neutralize the acid and prevent it burning a hole in
the material.

A pail containing water made strongly alkaline with washing soda should
also be kept conveniently at hand during all operations in the battery room.
The hands should be dipped occasionally in this water in order to prevent
the skin smarting and becoming sore under the action of the acid.

If a splash of acid should happen to enter the eye, it should be washed
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at once with clean water, warm water preferably, and then put one cr two
drops of olive oil into the eye. If olive oil be not immediately available, any
kind of engine oil is better than none at all.

F1a. 1,662 —Portion of a battery room showing Exide battery installed on two tier racks. On
account of the increased, weight of the elements and the higher discharge rates required of
the type cells shown, the plates are shipped loose and the cells assembled on the ground; the
plates are first placed in the jars and then lead burned to lead bus bars. Bus bars used at the
ends of rows are remforced by copper bars embedded in (hé'lead in.order to provide amiple
conductivity to the terminal connectors.

Points on Care and Management.—In setting up. stdrage
cells, they should be placed in as few tiers as possible, and in
such a manner that the direct rays of the sun are not allowed to
fall upon the eells.
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The rays of the sun are likely to crack the glass. This is probably due
to the unequal expansion of the glass, for it has been found that jars which
are carefully annealed never crack in this manner. Of course, the latter
precaution does not apply to large batteries, where lead lined wooden tanks
or solid lead boxes are used.

In installing plants where expert attendance is not to be had, it is well to
place in the circuit two magnetic cut outs, one set for maximum current,
and the other for minimum voltage, so that the battery cannot be dis-
charged too low.

Ques. How should the cells be placed?

Fias. 1,663 and 1,664.—Exide bars used with type cells shown in fig. 1,662.

Ans. They should be placed as shown in fig. 1,669, on insu-
lators A, resting on wooden stringers B, and supporting pieces
C, placed on the floor.

The insulators are usually of glass or porcelain, which in certain patterns
may be filled with oil, to insure better insulation as shown in figs. 1,169
and 1,670.

In setting up a battery, it should be remembered that plates deteriorate
on standing exposed to the air. They should, therefore, be unpacked
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and set up immediately on arrival. When they are entirely connected
up, they are ready for the addition of the electrolyte, and for the forming
charge, which they should receive immediately.

Ques. How should the wooden stringers, shelves, cell
boards, and trays be treated?

Ans. They should be thoroughly varnished to insure clean-
liness as well as good insulation,

F1g. 1,665..—Two complete Exide glass jar cells at end of a row. The illustration is intended
to show the application of the two type bus bars, illustrated in figs. 1,663 and 1,664. In
assembling, the elements (positive and negative groups and separators) are assembled
in glass jars and supported by lugs resting on the top of the jar. The jars are set in sand,
contained in glass sand trays, in order to distribute the weight, and the cells thus assembled
are set on wood racks Connections between cells are made by bolting together the tails
provided for that purpose on the group straps.

Outside of each cell and close to the mouth, melted paraffine should
be applied by means of a brush, so as to form a band about an inch wide,
for the purpose of preventing the electrolyte creeping over the top of
the jar, wetting the outside, and thereby impairing the insulation.

Ques. What should be done to avoid waste of current by
leakage?
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Ans. Each cell of the battery must be thoroughly insulated.

Ques. What is the effect of verdigris which forms on the
terminals?
Ans. It is a poor conductor and should therefore be removed

and the terminals kept bright and clean to insure the proper
flow of the current.

Ques. What precautions should he taken in unpacking
cells?

ES5BLa1287

Fia. 1,666.—Interior battery house Boston, Cape Cod and New York Canal Co., Buzzards
Bay, Mass.

Ans. The plates shculd be handled carefully.

When they are sent out from the factory already built into sections, they
should be unpacked without disturbing a single plate. In all cases, every
particle of packing, straw, hay and any chips and bits of parts should be
carefully removed, and all the dust should be blown out of the spaces
between the plates by means of a bellows or other similar device.

Although such particles are good insulators, the action of the
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sulphuric acid electrolyte carbonizes them, reducing their resistance
which tends to produce ieakage.

Ques. How should the cells be assembled?

Ans. In placing the plates or plate sections in the containing
jars or tanks, care should bz taken to see that the supporting
frame of paraffined wood bears evenly on the bottom of the jar.

1f not, wedges of parallined wood shouid be placed under the

|-- 4-6" - -—
Fias. 1,667 and 1,668.—Views cf battery cells and stand. A, cable lugs: 13, bus bars; C, glass
tanks; D, plates; E, glass insulators; Q, vitrified brick; O, 1:ad wasners. PPattery cells ar : set up
on stands: the one shown being built for a 100 ampere battery. lLarge: sizes would, of course
require heavier stands, and if space be limited, the cells may be set in rows, one above the
other. llowever, it is evidently much better to place the cells in single rows, where they
will be convenient for inspection and repairs or any work thet has to he done on them. There
are several other ways of setting a battery, one of which is to place the stringers on the
floor, on vitrified brick or some other insulator, and then place trays filled with sand on the
stringers, setting the cells in the trays on glass insulators.

frame. so as to distribute the weight of the section equally. Each section

should be lowered gently into the jar until it rests fairly upon the frame.

and care should be taken to see that none of the plates have shifted. anc

that the section is situated centrally in the jar, with a small clear space al!
*

around.

Ques. How should the cells be arranged?
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Ans. They should be so placed that the battery attendant
can see the edges of the plates and consequently the spaces
between them at the same time.

Ques. Describe the method of connecting the cells.

Ans. This is accomplished by means of solder, bolts and
nuts, or clamps, according to circumstances.

The use of solder is not essential if there be a good surface of the lead

F1as. 1,669 and 1,670.—Oil insulator; fig. 1,669, general view; fig. 1,670, sectional view. When-
ever a number of open cells are in use, unless precautions be taken, electrical leakage between
the cells invariably occurs. This leakage is due chicfly 10 ihe semi-conducting nature of
the thin layer of moisture which frequently covers not only the glass containing cells, but
the unimmersed parts of the clements, and even the shelves on which the cells rest. To
prevent this waste of energy, the outside of the cells should occasionally be well cleaned
and thoroughly dried. A little vaseline or tallow may then be rubbed over'them to ad-
vantage. The shelves of supports for the cells, should either be well varnished or coated
with paraffin wax. Electrical leakage is greatly reduced if each cell be mounted on a glass
or earthenware insulator, as shown in the illustrations. The insulator here shown is in
two parts and of a mushroom shape. The lower cup contains a small quantity of some
non-evaporating oil, and as the conducted moisture cannot bridge across this, a nearly
perfect insulating medium is obtained. These insulators are made in various sizes and may
be obtained in earthenware or glass. Those made of glass are found to give the best results.

strip of one cell in contact with that of the next, and provided these contact
surfaces have been well cleaned. Usually, the ends of the lead strips are
turned up so that the junction of two cells takes the form of aninverted T.

Ques. What precaution should be taken in joining the ter-
minals of th‘e cells?

Ans. The contact at the junctions should be very thorough,
otherwise they will become heated when a current is flowing,
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and it is desirable that the connections should inglude as little
lead strip in the circuit as possible, thereby reducing the
amount of useless resistance.

Brass or gun metal clamps may be kept clean by brushing them over
with melted paraffin after they have been screwed up tightly. When
thus treated they serve to indicate points of bad contact by heat, gen-
erated at such points, when the current is flowing, softening the paraffin
and changing its normal color.

F1a. 1,671 . —Illustrating method of placing plates in glass jars.

NOTE.—The battery room should be dry, clean, well ventilated and free from metal
work, also neither too hot nor too coid. Too high a temperature in the battery will shorten the
life of the plates, and although there is no danger of the battery freezing, a low temperature,
while it is maintained, reduces the capacity; otherwise cold has no ill effect on the battery. A
good temperature for the battery room is about 60° F. A damp, dirty room is conducive
to grounds and surface leakage, and there is danger of impuritics getting into the cells. 1f the
room be very damp the clectrolyte may absorb enough moisture to cause the cells to overflow.
Strong floors are necessary to support a battery, as one of a 100 ampere, 125 volt capacity
weighs from 12 to 13 tons. A wood floor may be used, but a cement foor is better, and a glazed
vitrified brick floor is better still. Wooden floors will rot quickly from the acid, which is sure
to get on it more or less; a cement floor will he disintegrated if too much acid get onit. This
kind of floor forms a first class ground if there be any chance for one; the glazed brick floor is
not affected hy the acid and is an insulator.
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Vaseline and different kinds of anti-sulphuric acid varnishes, or prepara-
tions that ate not attacked by the electrolyte, may also be used for this
purpose. It is a good plan to color the varnish with vermilion or lamp
black and paint the positive connections red and the negative connections
black, and also other parts of the installation for distinguishing the polari-
ties.

Condensed Rules for the Proper Care of Batteries.—The
following general instructions should be followed in the care
and maintenance of batteries:

F16. 1,672.—Michigan Central Railway, Welland draw battery. View of the battéry room
showing automatic pilot cell filler,

NOTE.—Peroxide of lead, pure oxide or plumbic dioxide is the true active material in
all forms of lead storage cell.  This lead salt is found native as the mineral plattnerite, It is
a heavy lcad ore, forming black. lustrous, six sided prisms. 1t may be prepared from the red
oxide by boiling it in fine powder, with nitric acid diluted with five parts of water, or by treating
the carbonate when suspended in water with a stream of chlorine gas, and then thoroughly
washing and drying it. It is reduced to a lower oxide on heating or by exposure to bright
sunlight. This salt readily imparts oxygen to other substances; it becomes heated to redness
when thrown into sulphuric dioxide, and takes fire when triturated with sulphur—hence this
oxide is a common ingredient in lucifer match composition.  When used in primary or secundary
batteries it readily imparts its oxygen to nascent hydrogen, forming water, and thus it acts
as a powerful depolarizer. When robbed of its oxygen, it readily b comes reoxidized, if sab-
jected to the action of nascent oxygen liberated by the electrolytic decomposition of water.
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1. A battery must always be charged with “direct” current and in
the right direction.

2. Be careful to charge at the proper rates and to give the right amount
of charge; do not undercharge or overcharge to an excessive degree.

3. Do nol bring a naked flame near the batlery while charging or tmme-
dialely afterwards.

4. Do not overdischarge.
5. Do not allow the battery to stand completely discharged.

6. Voltage readings should be taken only when the battery is charging
or discharging; if taken when the battery is standing idle they are of
little or no value.

7. Do not allow the battery temperature to exceed 110° Fahr.

8. Keep the electrolyte at the proper height above the top of the plates
and at the proper specific gravity. Use only pure water to replace loss by
evaporation.

9. In preparing the electrolyte never pour water into the acid.

10. Keep the cells free from dirt and all foreign substances, both solid
and liquid.

11. Keep the battery and all connectiohs clean; keep all bolted con-
nections tight.

12. If there be lack of capacity in a battery, due to low cells, do not
delay in locating and bringing them back to condition.

13. Do not allow sediment to get up to the plates.
14. Keep the tops of closed batteries clean.

*NOTE..—The roltage increase or decréase with change in current is practically con-
stant in a given type of cell for any size of cell when the current is referred to a given time rate of
charge or discharge; that is, the drop in a large cell or in a small cell, when cach is discharged
at 18 four, six or eight hour rate, will be the same. The drop varies somewhat for the con-
dition of the battery charge.

NOTE.——How to prevent lead poisoning. Workmen employed in the manufacture of
lead or lead salts are always liable to lead poisoning, both by inhaling the dust and by contact
of the matenals with the hands. Various preventives for this have been employed, and of
these, the most simple seems to be a careful washing of the hands in petroleum. It is said
that three washings a day are sufficient to prevent all serious danger of poisoning. The hen-
zole in the petroleum appears to scour the skin and remove the loose lead dust, and the fatty
substance in the oil fills up the pores of the skin and prevents the absorption of the deleterious
salts. The employment of petroleum has given such good results that it has been proposed
{0 use this material as a guard against poisoning in other industries where the salts of copper
or mercury aie employed.
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TEST QUESTIONS

How should cells be placed in a battery room?

How should the wooden stringers, shelves, cell boards
and trays be treated?

What should be done to avoid waste of current by
leakage?

What is the effect of verdigris which forms on the
terminals?

What precaution should be taken in unpacking cells?
How should the cells be assembled?

How should the cells be arranged?

Describe the method of connecting the cells.

What precaution should be taken in joining the
terminals of the cells?

What should be the condition of the battery room?

. What kind of preparations are not attacked by the

electrolyte?

. Give fourteen rules for proper care of battery.

How may lead poisoning be prevented?
What is the nature of peroxide of lead, pure oxide or
plumbic dioxide?
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CHAPTER 43

Storage Battery Troubles

To successfully cope with faults in storage batteries, there
are two requisites:

1. A thorough knowledge of the construction and principle
of operation of the battery, and

2. A well ordered procedure in looking for the source of
trouble.

The faults which are usually encountered by those who operate storage
batteries are here given.

Short Circuits.—A short circuit may arise through any of
the following causes:

1. Through direct contact between adjacent plates.

2. Through some conducting material such as a piece of lead, solder,
spongy lead, or oxide of lead sticking between the plates.

3. Through direct or indirect contact with the lining of the tank, if lead
lined tank be used.

4. Through foreign particles such as wood, straw, fibre, plaster, etc.,
getting into the cells.

5. Through unintentional touching of lugs on adjacent plates.

6. Through the accumulation of sediment in the bottom of the jar or
tank. a

7. Occasionally fine particles which are not noticeable at first may bridge
across, grow larger, and become short circuits.
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It is of importance for the satisfactory working of the cells
that positive and negative plates, and all parts of the same,
should be completely insulated from one another.

When a short circuit is suficiently large to allow the dis-
charge of the cell to pass through it, the elements will get into
an unhealthy condition.

The indications of a short circuit are low voltage, low specific
gravity, and the failure of the cell to gas at the end of the charge.

As soon as the condition of the cell indicates a short circuit,
it should be given attention immediately, and the trouble rem-
edied by removing the short, after which the cell should be fully
charged before again being put into service.

Should the operator suspect trouble with his battery he may discover
a short circuited cell by the marked difference in color of the plates or
in the specific gravity of the electrolyte, as compared with the other
cells. No particular damage will be done, if the trouble be discovered
and removed before these symptoms become too marked.

If a foreign substance has become lodged between the plates, it may
be removed by a wooden or glass instrument.

If some of the active material has scaled off, it may be forced down
to the bottom of the jar. If excessive sediment be found, the jar and
plates should be washed carefully, and reassembled.

Short circuits usually occur through the giving way of the
wood separators between the positive and negative plates.
The causes of this may be:

1. Age of the battery;

2. The solution allowed to fall below the top of the plates,
in which case the separators will dry and crumble.

It is of vital importance in a battery to have the separators in good
condition, and unlessa battery be new it will be found advisable to install
new wood separators whenever a cell is dismantled for repairs.
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A short circuit in a cell is indicated when it becomes dead and the solu-
tion cannot be brought up to its proper density by charging. or when the
cell will not hold its charge. Sometimes, if the separators be renewed,
the cell will continue to give service. This can be generally determined by
an examination of the plates. If the plates be hard and solid they can
probably be used again. If they be soft, pitted and crumbly, new plates
should be installed or 2 new battery furnished.

FiG. 1.673.—Damaged e.ement. from a “slopper”” battery. If elements be loose in the jars or
case be not held down firmly, the jolting of the car will cause the plates to jump around,
breaking the sealing compound and causing the paste to fall out.
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Willard Trouble Chart
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Leaky Jars.—If the solution be found to be markedly lower
in one cell than in the other cells, it indicates that the solution
has spilled due to failure to tightly replace the vent plug after
filling, or that the jar has developed a leak.

When this condition obtains, the cell should be filled to the proper
height with pure water and the battery should be watched carefully to
determine the cause. If the questionable cell continue to lose solutionto a
greater extent than do the other cells, it is sure evidence of a leaky jar.
This jar should be replaced at once to prevent damage to the case.

Ques. What causes low specific gravity when there are no
short circuits?

Ans. 1, sloppage or a leaky jar (the loss having been re-
placed with water alone), 2, insufficient charge, 3, over dis-
charge, or 4, a combination of these abuses. Any of these mean
that there is acid in combination with the plates.

In this case the acid should be brought out into the electrolyte by a
long charge at a quarter of the normal discharge rate.

REMEDY’

A.  Needs charging. L Clean and grease terminals with
8. Needs reinsulation. vaseline.
C. Replace jar. ). Tighten terminals and all connec-
0. Have work done by Witlard Service tions

Station or a good battcry man. K Burn all lights.
£ Fill only to 14 inch above plates. L Give long charge at low rate.
F  Let expericnced battery man replacé

the electrolyte. M. Add water.
6. Go over the wiring system to findthe ), If in service for four years replace

leak. with new battery.

H. Clean battery and the inside of bat- 4 7 pe car to motor car dealor for re-

tery compartment with cloth moist- adjustment and for testing.
ened in ammonia; this will neutralize

acid.

NOTE.—Remedy.—To accompany Williard Trouble Chart.
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Worn Out Plates.—If the solution in the cells can quickly
be brought up under charge to the proper density and only a
small capacity can be obtained on discharge, the battery is
worn out, due to age or indifferent material in the plates.

The above applies to a battery under test and not on the car, as in the
latter case there may be faults in the lighting and starting system, causing a
leak from the battery or causing the battery to receive insufficient charge.

A cell that has been short circuited may be disconnected
from the battery and charged and discharged several times
separately which may remedy the trouble.

Plates that are fully charged are in the best condition for examination
and repairing. If some of the plates are to be discarded, eliminate any
short circuits and give the battery a preliminary charge before working on
the plates.

Ques. How are internal short circuits indicated?

Ans. Short circuits in a cell are indicated by short capacity,
low voltage and low specific gravity, excessive heating and
evaporation of the electrolyte.

Ques. How are internal short circuits located?

Ans. If the trouble cannot be located by the eye, the bat-
tery should be connected in series and discharged at the normal
rate through suitable resistance. If a suitable rheostat be not
available, a water resistance may be used.

This consists of a receptacle (which must not be of metal) filled with
very weak acid solution, or with salt water in which are suspended two
metal plates, which are connected by wires through an ammeter. The
current may be regulated by altering the distance between the plates,
or by varying the strength of the solution. As the discharge progresses
the voltage will gradually decrease, and it should be frequently read at
the battery terminals; as soon as it shows a sudden drop, the voltage of
each cell should be read with a low reading volt meter
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While the readings are being taken, the discharge rate should be kept
constant and the discharge continued until the majority of the cells read
1.70 volts; those reading less should be noted. The discharge should be
followed by a charge unti! the cells which read 1.70 volts are up, then the
low cells should be cut out, examined, and the trouble remedied.

Over Discharge; Buckling.—On account of unequal expan-
sion of the two sides of a plate, or certain portions thereof, the
strains thus set up may distort it and cause it to buckle or
warp.

Fia. 1.67.4 .—Method of straightening a buckled plate. Buckling is caused by the unequal
expansion of the plates which is due to the sulphate lodging on the plates, thus preventing
action taking place at that point; and by excessive charging. If the plates be not badly

buckled, they can be placed between 2 boards and with a little pressure can be straightened
out.

Buckling is always due to over discharge on either the whole, or some
portion of the plate. Occasionally buckling may occur with two rapid
charge and discharge.

Sulphation of Plates.—During discharge a storage cell de-
teriorates on account of the formation of lead sulphate over the
surface of the plates. '
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This lead sulphate is the product of the chemical combination of active
material with the electrolyte. It is an insulator, white in color and of
greater volume, in proportion than the active material.

When the discharge is over prolonged, sulphation is evidenced by the
electrodes becoming lighter in color, because of the sulphate which lessens
the active surface. *

Ques. Name some causes of su'phation.

Ans. It is sometimes caused by a too weak or too strong
acid solution, but more generally by continued over discharg-
ing, or too rapid discharging of the batteries, or by allowing
them to remain uncharged for long periods of time.

Ques. What is the effect of sulphation?

Ans. It tends to cause shedding of the active material,
buckling of plates, loss of capacity, increase of resistance and
consequent reduction of efficiency, and increase of temperature
with flow of current. A sufficient amount of lead peroxide and
sponge lead must be retained on the plates to reduce this re-
sistance, otherwise the charging current cannot flow through
the active material and regenerate the battery.

Ques. What should be done in case of sulphation?

Ans. Charge the battery below the maximum rate, neces-
sarily prolonging the charge, until the plates assume the proper
color. This is a tedious task, but it must not be hastened, as
rapid charging will cause serious buckling.

NOTE.—Houw to destroy acid rapor in storage battery rooma. The best remedy is a
good system of thorough and rapid ventilation; failing this the evil effect of the acid may be
minimized by the fumes of a powerful alkali such as ammonia, which will readily combine with
the sulphuric acid to form sulphate of ammonia, an inert and harmless salt. If the use of
liquid ammonia be objectionable, the granulated carbonate of ammonia will do equally well.
The ammonia fumes are best obtained by placing dilute ammonia in shallow dishes, so that an
extensive evaporating surface is obtained. In the same way the corroding dew which is so
frequently deposited on the lugs and connectors of storage battery clements may readily be
neutralized by the application of a solution of ammonia, or even common washing soda. A
good method of protecting metal work in battery rooms is to smear it over evenly with vaseline.
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The charging should be done at low rates. Discharge should not be
carried below 1.8 volts per cell, and the charging current should be stopped
when each cell shows 2.4 volts.

If the plates be in a very bad condition, a little of the white sulphate
deposit on each of the positive plates may be removed with a stick, thus
exposing a part of the good surface to the action of the electrolyte.

; ¥
Fii. 1,676.—Effect of over discharge in bulging out the active material.

If the positive plates cannot be restored to their proper color as di-
rected, it is cheaper to replace them by a new set, rather than to atiempt
their recovery by means of reversals.

Lack of Capacity.—This is usually due to the clogging of
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the pores in the plate with sulphate which is invisible because
the surface of the plate is maintained in proper condition but
the interior portions of the active material have not been thor-
oughly reduced. To correct this condition, the battery should
be given a prolonged overcharge at low current rates, say about
one fourth the normal 8 hour charging rate.

Positive cells are sometimes considered defective if the cells will not
take a charge or they show lack of capacity, especially if they seem to be
hard. This condition is sometimes due to new separators which have not
been allowed to become saturated with electrolyte before starting the first
charge.

Ques. What action takes place when a battery stands idle
for some time?

Ans. It loses part of its charge, due to local losses in the
cells.

Ques. How should batteries be treated, when used but
occasionally?

Ans. If a battery is not to be used for several days, it should
first be fully charged before standing; if it continue idle, a
freshening charge should be given every two weeks, discon-
tinuing the charge when the cells begin to gas freely.

NOTE.—Oxlide of lead, litharge, or plumbic oxide is sometimes found native as lead
ochre, and may be artificially made by heating the carbonate or nitrate. It is usually prepared
on a larger scale by heating the lead in air. When the metal is only moderately heated, the
oxide forms a yellow powder which is known as massicot, but at a higher temperature the oxide
melts, and on cooling, it forms a brownish scaly mass, which is called flake litharge. The scaly
pieces are afterwards ground between stones under water, forming buff or levegated litharge.
The litharge of commerce often has a reddish yellow color, due to the presence of some of the
red oxide of lead, and frequently from one to three per cent. of finely divided metallic lead is
found mixed with it. When heated to dull redness litharge assumes a dark brown color, and
becomes yellow again on cooling. At a bright red heat it fuses and readily attacks clay cruci-
bles, forming silicate of lead. Litharge is a most powerful base, and has a strong tendency to
form basic salts. Hot solution of alkalies, as potash or soda, readily dissolve it, and on cooling
crystalizes out in the form of beautitul pink crystals.
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Ques. What should be done in case of lack of capacity?

Ans. If the current consumption be normal, there may be
poor connections or trouble in the battery; there may be a dry
cell, due to a leaking jar; some or all of the cells may be in a
state of incomplete charge, due to the battery having been run
too low and not sufficiently charged, or the plates may be short
circuited, either by the sediment (deposit in the bottom of the

ER RHEOSTAT

Fia. 1,677.—Home made water resistance or rheostat for discharging battery.

jar) getting up to the bottom of the plates or by something
that has fallen into the cell.

Positive plates should be examined for buckling (warping) and washing
out of the material. If the plates be buckled so much that the element
will not go back into the jar they must be discarded. Negative plates
are not aTected by abuse as readily as the positives. In the last stage
of extreme sulphation of negatives in which the material deteriorates into
what may be described as a mushy condition, usually resulting from
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adding acid to the cells, there is no treatment known that will restore
celis which have been abused in this manner.

Manifestations of Proper and Improper Battery Operation.
—It is easy to determine the condition of the battery by looking
at it, assuming the observer know what to look for. In ex-
amining a new battery fully charged, the following will be
noted: ’

1. There will be a little sediment in the bottom of the jars, but not
much more than the thickness of a piece of paper. This may be white,

Fia. 1,678.—Undercharged battery. During the process of recharging a battery which had
been in an under charged condition long enough for the plates to wurn highter in color, there
will be deposited in the bottom of the jar a thin layer of fine white powder as shown.

gray, light brown or dark brown, but in any case it is of no consequence.
The electrolyte should be at the proper height (n all of the cells, that is
about half way between the tops of the wood separatars and the bottoms of
the covers.

2. The negative plates should be dark gray and the suriace of the outside
negative plates should be a uniform color.



Fics. 1,679 to 1,682 —Battery manifestations. If a battery be recharged very slowly so that
there is no gassing to cause the electrolyte to circulate, the white deposit (showvn in fig. 1,678
will settle down in little ridges as shown in figs. 1,679 ard 1,680. This depos:t of fine white
powder is the indication that the hattery had been allowed to stand for some time int an under
charged condition before heing recharged. If the battery had been allowed ta stand in an
under charged condition once and then recharged there would be one layer of fine white pow
der in the bottom of the jar. If the treatment were repeated there wouls be an additional
layer of fine white powder far each recharge which followed a prolonged period of under
charging. This is illustrated by the different layers shown in figs. 1.681 and 1,682, When this
battery was pxat into service it was discharged and overdischarged. It was then given a par-
tial charge and discharged again antil it would not produce any more current. Th:s was re-
peated time after time as shown by the number of layers of fine white sediment. The battery
had, a short like and the service was not satisfactory even while it did last. An undercharged

battery cannat give satisfactory service.
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3. The edges of the positive plates should be very dark brown and
should have a fine smooth soft looking texture. Remember that it should
be a very dark brown. Some would call it a chocolate color.

Charging and Discharging.—Some of the different ways a
battery may be charged and discharged and the effects of each
may now be considered. A battery may be: '

1. Undercharged;

2. Overcharged too much;
3. Charged properly;

4. Discharged too low.

g

Undercharged.—If a battery be discharged a normal amount
there is no very perceptible change in the color of the plates.
If the battery be allowed to stand in a discharged condition or if it be
only partially recharged and allowed to stand in this condition a short
time, both the negative and the positive plates will turn slightly lighter

in color although the texture of the plates will remain the same for some
time.

If the undercharging be continued, that is, if the battery be not given
an overcharge, the negative and positive plates will both turn considerably
lighter in color in a few months. Carefully noting the colors, a slight
change in even a few weeks will be seen. Any tendency of the plates to
turn lighter in color is an indication that the battery is being undercharged.

Ques. How should weak cells be treated?

Ans. They should be grouped by themselves and charged
as a separate battery, care being taken that the positive strap
of one cell, is connected to the negative strap of the adjoining
cell and that the charging connections are properly made. If
there be not sufficient resistance in the charging rheostat to
reduce the current to the proper point, a water resistance
should be used. ’

Overcharged Too Much.—If a battery be not allowed to
stand in a discharged or partially discharged condition for more
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than a week before being recharged and each recharge is
carried to completion, there will be no fine white sediment in
the bottom of the jar. ’

The negative plates will always be a dark gray and the positive plates a
dark brown. When a battery is being overcharged the sediment thrown
down is from the positive plates, and is dark brown and very fine. As it is
always necessary to overcharge a battery to some extent, the throwing
down of this fine dark brown material from the positive plates is unavoid-
able. Therefore, a space is provided in the bottom of the jar for this sedi-
ment to accumulate. The rate at which it accumulates depends on the
amount the cells are gassed.

If a battery be overcharged at a low rate and the overcharge be not
continued too long each time, the sediment will accumulate very slowly.
When the overcharging is well regulated, the sediment space will hold the
accumulation during a perfod of 5 to 8 years.  The sediment space is
about 131 inches deep and if the overcharging were regulated so that the
sediment would be thrown down at the rate of }{ of an inch a year, the
space would hold the accumulation of seven years. It is therefore well to
watch the rate at which the sediment accumulates.

1f there be no fine positive sediment at all, it is probable that the battery
is not being overcharged sufficiently. If the accumulation of fine positive
sediment be greater than1{ inch per year, it indicates that the overcharges
are given at a rate which causes too much gassing.

A moderate amount of gassing is hard to describe, but is about the same
as that given off from a freshly poured glass of soda water.

Charged Properly.—It may be possible to charge a battery
exactly the right amount, but any attempts to do so would
require very careful measurements and very close watching,
and even then it would be difficult to determine the exact in-
stant the charge was completed. From this it seems necessary
to either undercharge or overcharge.

If a battery be undercharged, little or much, the service will be unsatis-
factory and the life short. If a battery be overcharged, little or much, the
service will in either case be highly satisfactory as long as the battery lasts
and the wear on the plates will be in proportion to the amount of over-
charging. Therefore, to make it give satisfactory service, a battery must
be given the regular overcharge, and to make it give a long life, it must be
overcharged as little as possible so long as it is overcharged.
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Discharged Too Low.—There is no perceptible wear on a bat-
tery during charge as long as the charging current is kept
below the gassing point. The wear begins with the overcharge,
that is, with the gassing, and the amount of wear is determined
by the excessiveness of the gassing.

Likewise there is no perceptible wear during the normal discharge of a

battery but if it be overcharged, the life of the battery will be affected.
When a battery is discharging, the chemical action which produces the

Fio. 1,683.—Battery discharge too low. If the battery had been fully charged just previous
to the over discharge, the additional lead sulphate would make room for itself by causing the
active material of the negative plates to swell out beyond the surface of the grid as shown in
fig. 1,683. A swollen negative plate always indicates that the battery has been over dis-
charged, and also that it was fully charged just previous to the over discharge.

current causes at the same time the formation of lead sulphate in the
pores of the plates.

This lead sulphate occupies considerable room, and as the discharge
continues the accumulation of lead sulphate fills the pores throughout the
plates. At this point the discharge should be stopped as the battery has
delivered its normal capacity. which is indicated (when the discharge is at
the normal or higher rates) by a tendency of the battery to slow up a little
in the production of electricity.
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Under average conditions the battery is discharged at less than the
normal rate, and there will be no perceptible slowing up in the production
of electricity, and it will therefore be necessary to determine the end of the
discharge by taking the gravity of the solution as prescribed by the manu-
facturer.

If a battery be allowed to discharge more than its normal or rated capacity
the over discharging wiil form more lead sulphate in the pores of the plates
than they will hold and this additional lead sulphate will make room for
itself as explained in fig. 1,683.

Diagnosis of Battery Conditions.—It is not always convenient
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Fia. 1,681.—Battery under charged for long interval. If the battery had been under charged for
some time (sufficiently long to allow tha plates to become hard) and then over discharged,
the additional lead sulphate formed during the over discharge would make room for itself
hy blowing out the little granular chips of active material, leaving the plate in 2 pitted condi-
tion as shown in fig. 1,683. Again, the additional .ead sulphate from over discharging may
make room for itself by buckling the plates or cracking the grids. Therefore, a pitted plate,
a buckled plate or a cracked grid always indicate prolonged under charging followed by
over discharging.

to watch a battery long enough to see the development of dif-
ferent conditions, but it is often desirable to take a battery
after it has been in service for some time and from what is left
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find out the treatment it has received. To do this systematically
look for the conditions which will enable you to answer the
following questions:

1. Is the electrolyte at the proper height in all of the cells?

2. Are all of the plates and separators in proper position?

3. Are the negative plates light gray, dark gray or dark gray with white
powder on the surface?

4. Are the negative plates cracked, buckled, or is the active material
falling out in lumps?

5. Are the negative plates blistered?

6. Is the active material of the negative plates swollen out beyond the
surface of the grids?

7. 1s there a mossy deposit on the tops of the negative plates?

8. How much sediment is there in the bottoms of the jars?

9. Is the sediment dark brown, light brown, gray or white? (If the
sediment be deposited in layers of different color, note the amount and color
of each, beginning at the bottom. Note also whether the layers be com-
posed of fine or lumpy material.

10. Are the positive plates dark brown or light brown?

11. Are the positive plates cracked, buckled, or is the active material
falling out in lumps?

To make application of some of the foregoing, note the con-
dition of the cell shown in fig. 1,685.

Sometimes a single observation will tell a story by itself but more often
it is necessary to combine several observations.

Combining the answers to questions 3 and 4 (in fig. 1,685) it
will be noted that 3, the negative plates are of a light gray
color, that 4, the negative grids are cracked, buckled and the
active material is falling out in lumps.

The light color indicates prolonged under charging. That is, some of
the sulphate had been allowed to remain in the plates until they became
lighter in color and at the same time they became hard. If the plates were
accessible while in this light gray condition and the surface scratched with the
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point of a knife, it would sound like
scratching hard cement. While in this
undercharged and hardened condition,
the battery was over discharged. The
over discharging, that is, the forming of
more than a normal amount of sulphate,
tended to make the active material ex-
pand but as the material was too hard to
expand by stretching, it expanded by
buckling and cracking the grid.

Further over discharging formed still
more sulphate which made room for itself
by pushing the material out in small
granular lumps as shown sticking out
from the surfzce of the negative plates
Also, some of the lumps have fallen to the
bottom of the jar as shown in answer
to questions 8 and 9.

To continue operating in the same way,
the active material of the negative plates
will continue to disintegrate into light
gray granular lumps until the entire mass
is in the bottom of the jar or lodged in
the meshes of the grids. The proper
operation of the cell will restore it to
practically full capacity and greatly pro-
long its life. To do this, the battery
should be given a full charge at-a rate
low enough to avoid hard gassing. This
may require 75 to 100 hours. Thereafter,
charges may be given at the normal rates
although the charges should be continued
a little longer each time than in the past.

F1a. 1,685.—Storage cell with edge of jar broken away so that condition of interior can be noted.
Observe: 1, all of the plates and separators are in proper position; 2, the negative plates are
light gray; 3, the negative plates are cracked, buckled and the active material is falling out in
lumps; 4, the negative plates are not blistered; 5, the active material of the negative plates
is not swollen out beyond the surface of the grids; 6, there is no mossy deposit on the tops
of the negative plates; 7, there is about 1§ of an inch of sediment in the bottom of the jar; 8,
the sediment is light gray and lumpy; 9, the positive plates are light brown; 10, one positive
plate is slightly cracked, none are buckled and the activa material is not falling out in lumps.
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When the charge is com-
pleted the active material of
the negative plates will be
restored to a soft spongy lead
which will have a dark gray
color, Of course the charging
will not straighten the buck
led plates nor heal the cracks
in the grids, but there is
enough conductivity left in
the grids to carry the current
for normal discharge rates.

Referring to questions
8 and 9, the sediment in
the bottom of the jar is
not great, but there
should never be any gray
lumpy sediment at all. It
indicates prolonged un-
der charging followed by
over discharging and al-
| though the amount of
sediment in the cell is not
great, vet the plates are
in a condition to throw
down more gray lumpy
sediment very rapidly
under the past method
of operation.

F16. 1,686.—Second specimen cell for study. Observe: the electrolyte is at the proper height;
2, the plates and separators are all in proper position; 3, the negative plates are light gray; 4.
the n~gative plates are not cracked or buckled but the active material is beginning to fall
out a= shown at the bottom of the plate; 5, the negative plates are not blistered; 6, the active
material of the negative plates is swollen out beyond the surface of the grid; 7, there is a mossy
deposit on the tops of the negntive plates; 8, there is about 114 in. of sediment in the bottom
of the jar; 9, in the bottom, just on top of the sealing compound, is about 34 in. of fine white
sediment.  On top of this is about 1 in. of fine brown sediment, and on the top about 34 in
of light gray lumps; 10, the positive plates are light brown; 11, the positive plates are neither
cracked nor buckled but the positive material has begun to fall out in lumps.
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In questions 10 and 11 it was noted that the positive plates
are of a light brown color and that one positive plate is slightly
cracked.

The light brown color indicates undercharging and the cracked grid also
indicates under charging followed by over discharging. To continue under
charging and over discharging would cause the positive plates fo turn a little
lighter in color. The grids would crack more, probably buckle and the
active material would crack and fall out in lumps. Proper operation as
already outlined will restore the positive plates to a dark brown color and
the cracks in the grids will not interfere with discharging the battery at
normal rates.

To make further application of the same questions, note the
condition of the cell shown in fig. 1,686.

In reviewing the condition of this cell shown in fig. 1,686, note that it
left the factory fully charged, the negative active material being in a soft
tough, spongy condition. When in this condition the cell was over dis-
charged, that is, it was fully discharged and after standing a short time was
discharged some more and the process repeated until more lead sulphate
was formed in the plate than it would hold, thus the extra sulphate made
room for itself by swelling out the active material as shown.

Swollen negative plates always show that just previous to the over
discharge the negatives had been fully charged, otherwise the over discharge
would not have made them swell but buckle and crack.

The cell was later allowed to stand for some time in a fully or partially
discharged condition during which time the sulphate inside and on the sur-
face of the plates turned white. This was followed by a recharge which
broke up the white sulphate within the plates, but the sulphate on the
outside of the plates was thrown off and settled to the bottom of the jar
making the thin layer of white sulphate shown just on top of the sealing
compound.

The above recharge and subsequent recharges were given at a high rate
especially at the finish when the rate should be low. This high rate at the
end of charge caused the cells to gas hard over a long period thereby throw-
ing down the deep layer of brown positive sediment. This hard gassing is
further shown 7, by the mossy deposit on the tops of the negative plates.
This excessive amount ef gas coming up through the separators in the
grooves next to the positive plates washed some of the active material




1,206 Storage Battery Troubles

from the positive plates. This upward circulation carried some of the loose
positive material up above the plates. It could not settle on the tops of
the positive plates because of the upward circulation at that point, but the
material went over the tops of the wood separators and settled on the tops
of the negative plates where there was no circulation, and as soon as this
loose positive material touched the tops of the negative plates, it was con-
verted into spongy negative material as shown. Whenever there is a mossy
deposit on the tops of the. negative plates, it indicates that at some time
the battery.had been made to gas hard.

-rRAN.:,Fonmen VOLTAGE

A mﬁ BATTERY VOLTAGE

CHARGING
CURRENT

o

FiG. 1,687.—Diagram illustrating principle on which a storage battery is charged on a Tungar.
In operation, one cycle of half wave rectification is shown. On the upper half of the cycle
when the transformer voltage exceeds the battery voltage as at A, the bulb anode becomes
positive making the bulb conductive, and the charging current flows through the battery.
When the transformer voltage falls below the battery voltage as at B, the bulb is no longer
conductive and the charging current ceases on the lower half of the cycle the transformer
voltage adds to the battery voltage and since the anode does not become positive, the bulb
cannot conduct the current.

In question 11 it was noted that the positive active material
has begun to fall out in lumps.

This indicates that the battery was again allowed to stand in an under
charged condition which allowed the sulphate to harden and further dis-
charging caused the active material to begin to fall out in lumps. To con-
tinue operating the cell as before, that is, to allow it to be under charged,
over discharged and recharged at excessive rates, the active material
would, in a short time, accumulate in the bottom of the cell. If the cell
were given a long charge at a low rate, the negative plates would be restored
to a dark gray spongy lead and the positive plates to a dark brown. The
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cell could afterward be charged at normal rates. Two or three years more
service could be expected. With proper care from now on, the cell can be
made to give ten times the service it would have given under the previous
method of operation.

Capacity.—The capacity of a storage battery is the product
of the current drawn from the battery, mulliplied by the number
of hours the current flows. The unit in which it is measured is
the ampere hour.

’ Numerous factors enter into the determination of capacity, principal
among which are area of plate surface; quantity, arrangement and porosity
of the active material used in the manufacture of the plates; quantity and
density (specific gravity) of the electrolyte used; and the peorosity of the

separators. Temperature also plays an important part, and its effect on
capacity is shown by the curve in fig. 1,728.

Charging Characteristics.—The charging characteristics of a
battery have very little effect on the ability of a battery to
perform a given day’s work, provided only that the battery is
given enough charge. Violent abuse of a battery by improper
charging may at first in no way affect the daily operation; in
fact, the necessity for doing a day’s work usually results in the
battery receiving enough or more than enough, charge to
enable it to do the required work, if that be within its capacity;
but the charge may be given in such a way as to materially
reduce the life of the battery and yet this abuse be entirely
unnoticed until after the damage has been done.

NOTE.—-The S.A.E. standard hand book provides two methods of rating the capacit s «f
farm lighting batteries; the continuous rating and the intermittent rating. The continuous
rating is the capacity in ampere hours of the battery when it is discharged continuously at ti -
eight hour rate. For instance, a battery having a capacity of 10J ampzre hours at the eight
hour rate will produce a current of 12.5 amperes for a period of eigat hours continuously, when
discharged to afinal voltageof 1.75 volts per cell. The intermittent rating is the capacity in
ampere hours when the battery is discharged intermittently over a period of seventy-two hours
to a final voltage of 1.75 volts per cell. Using the intermittent rate of discharge, the capacity
is approximately 40 per cent greater than that shown under the eight hour rate.

NOTE.—Lighted cigars, cigarettes, matches, candles or a flame or spark of any kind
must never be allowed near the battery while it is charging.,
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TEST QUESTIONS

Describe a storage cell.

Name the different types of storage cell, and de-
scribe each.

What is the comparison between the different types?

How is the electrolyte compared?

How should the acid and water be mixed?

What is the density of a fully charged cell?

How are connections made in charging?

Describe in great detail the method of charging.

What are the charge indications?

What indicates the completion of a charge?

What voltage should be used in charging?

What is "boiling” and what causes it?

How are cells charged from 110 or 220 volt circuits?

Describe the method of charging a new battery.

What may be said with respect to high charging
rates? ;

Define ampere hour.

How may the capacity of a battery be increasea?

How should a battery room be arranged?

Give numerous points on care and management.

How is the positive terminal determined?

What is buckling?

Give some causes of sulphation.

What should be done in case of sulphation?

What is the cause of lack of capacity?

How are batteries iaken out of commission?

Give twelve rules for the proper care of batteries.

What are the indications of proper and improper
battery operation?

Give seven causes of short circuits.
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CHAPTER 44

Battery Charging

Charging.—Before beginning to charge a storage battery, it
should be gone over carefully, and any cell that is not up to the
standard should be disconnected and put in working order
before being replaced.

In general, if the current used in charging be too large, it will waste
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AMMETER

F1G. 1.688.—Method of rcading ammeter when the current is unsteady. Owing to the irreg-
ularity of the explosion in a hit-and-miss engine, it is almost impossible tc maintain a steady
reading of the ammeter, as the ammeter hand will swing forward at each impulse of the
engine and drop back until the next explosion. In this case, adjust the rheostat so that the
ampere reading will be equal to the designated charging rate. If the hand oscillate for in-
stance, between 5 to 15, the current value is 14 (54 15) =10 amperes.

energy by evolving an excess of heat and gas; if too small, an insulating
deposit of white lead sulphate will be formed on the positive plate, thereby
preventing the formation of the proper amount of lead peroxide.

Object of Charging.— The acid absorbed by the plates during
discharge is, during charge, driven from the plates by the charging
current and restored to the electrolyte. This is the whole object of
charging. ‘ .
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Dynamo Connections for Charging.—The dynamo cable con-
nections may be made either before or after filling the cells. In
making these connections great care should be taken to be sure
that the positive terminal of the battery is connecled to the posi-
tive lead of the dynamo, and that the negative terminal of the
battery is comnected io the negative lead of the dynamo.

In order to insure that the wrong connections are not made accidentally,

Fia. 1,689.—Dynamo connections for charging. Connect + to 4+ and — to — as shown. This
diagram shows only the order in which dynamo is wired to battery, and not the protective
devices, such as switches, fuses, rheostats, etc. which should be included in the circuit.

the dynamo leads should be tested by a pole tester, and the positive and
negative. poles marked red and black respectively.

NOTE.—To determine the positive wire. Without a volt meter, the positive terminal
of the tharging circuit can be determined by attaching a piece of clean lead to each wire which
is to be connected to the battery, and immersing them, without touching each other, in a
glass or other insulating vessel containing water to which is added a drop or two of sulphuric
acid. After the current has passed through the circuit for a short time, the positive lead will
commence to discolor, and, if left long enough, will turn brown. Bubbles will arise from the
two terminals immersed, the larger and more frequent ones being from the negative, the
smaller ones from the positive.
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The polarity of the dynamo wires being determined, they may be joined
to the proper terminals by means of suitable clamps or by sclder.

Wherever possible the dynamo should be of the direct current, shunt
wound, or special compound type, but in cases where only alternating
current can be obtained, suitable rectifiers or converters should be used
for changing it to direct current.

Cell Connections.—The cells may be connected together
either in series or parallel, or in parallel-series or series-paral-
lel combinations, according to the requirements, but in all cases
it is best to use the simplest arrangement practicable.

Fia. 1,690.—Diagram illustrating method of charging with lamps in parallel on direct current
circuit.

Fia. 1,691.—Diagram illustrating method of charging with rheoetat on direct current circuit.

For instance: if the cells employed in an installation requiring 11C
volts, have only half the capacity required, and 55 cells give the desired
voltage, then the number of cells must be increased to 110, and theo-
retically the required number of ampere hours at 110 volts may be obtained
in one of two ways: 1, by connecting the cells in pairs in parallel and
then coupling the pairs together in series, and 2, by arranging the 110
cells in two complete batteries of 55 cells each connected in series, then
coupling the two batteries in parallel.

The first method is quite impracticable, however, as the slightest differ-
ence between the voltages of the two cells of any pair will result in the one
having the greater pressure discharging into the other, thereby causing the
entire battery to quickly deteriorate.
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Ques.

Ans. It is essential that the current be allowed to enter at
the positive pole at about one-half the usual charging rate pre-
scribed, but after making sure that all necessary conditions

have been fulfilled, it is possible to raise the rate to that pre-
scribed by the manufacturers of the battery.

How should a battery be charged for the first time?

B — 10 AMP.

—

o \
QO |O]|:

—a |0 AMP, 20AMP. — 3

20AMP
20 AMP

Fia. 1,692.—Connections and current required for charging two batteries in series.
Fia. 1,693.—Connections and current required for charging two batteries in parallel.
The current conditions indicated in the illustration obtain only when the batteries are in the

same condition as to charge. Of course the actual current passing through each battery will
depend upon the respective battery voltage and charging voltage.
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Fia. 1,694.—Charging several batteries, rheostatic control. The trays are first connected in
series. The current flows from the positive wite of the current supply, inlo the positive terminal
of the first tray (in this case on the vight); through the positice and out the negative of each cell
and each tray in turn and returns lo the current supply from the negative of the lastcell. The volt

meler 15 connecled betwees the resistance and the baltery in order to show
battery roltage.

Fia. 1,675.—Discharging several batteries; water rheostat control.
The flow of the current is regulated by moving the lead plates back
and forth in the water. Moving the ples apart will decrease the
current, while moving them together, or adding a little more elec-
trolyte, will increase the current. At all times during the discharge
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great care must be taken not to allow the plates to get near cnough
together 10 touch. The trays are connected in series. Upon closing
the switch. current flows from the positive of the first tray, through
the switch toone side of the water resistance; throug' the ac'dulated
water to the other resistance plate and back through the ammeter
and switch to the negative of the last tray.

S WATER RHEOST
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Ques. What is the usual period for charging a new battery?

Ans. With several of the best known makes of storage bat-
tery the prescribed period for the first charge varies between
twenty and thirty hours.

Ques. How is the electrolyte affected by the first charge?

Ans. A change of specific gravity occurs. The specific grav-
ity should be about 1.150 when the solution is poured into the
cells. '

Fie. 1,696.—Diagram illustrating method of charging storage battery of stationary gas engine
ignition system; the system is simple to install and will give satisfactory results. Two
storage batteries are used, one being charged while the other is operating the sparking coit.
Where charging current is available at the point where the batteries are used, the
diagram shows the system of connections, which can be easily followed. A, represents the
source of charging current and B, the bank of lamps (or other resistance, such as an ordinary
rheostat) sufficient to cut down the charging voltage to that required by the battery. C
and D, are two double pole double throw knife switches connected at their hinges to two
batteries E, each consisting of a group of cells. G, represents the leads to the sparking
ing coil terminals. From the diagram, it wilt readily be seen that by throwing theswitches
in opposite directions one battery will be charging while the other battery is discharging to
the engine, thus giving a constant source of supply, and insuring that the spare battery will
be full and ready for service by the time the other is discharged.

At the completion of the first charge, it should, on the same scale be
about 1,225. If it be higher than this, water should be added to the
solution until the proper figure is reached, if it be lower, dilute sulphuric
acid should be added until the hydrometer registers 1.225.
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At the first charging of a cell, when the pressure has reached the re-
quired limit, the cell should be discharged until the voltage has fallen to
about two-thirds normal pressure, when the cell should again be recharged
to the normal voltage (2.5 or 2.6 volts).

F1c. 1,699.—Alien Bradley battery charging panel, designed for controlling the charging cur-
rent of starting, lighting and ignition batteries when charged from d.c. circuits. In operation
the d.c. feeder is connected to the line switch of the panel. Fifteen ampere fuses are furnished
in the fuse block, and the batteries to be charged are connected in series with each other. One
end of the battery line is connected to the fuse block and the other to the graphite disc rheo-
stat. The line switch of the panel is then closed, and the hand wheel of the rheostat is slow ly
turned in a clockwise direction. This causes a drop in resistance and the charging current,
as indicated by the ammeter on the panel incresses. The charging current is stepiessly
advanced to the desired value, and the batteries are then left undisturbed until charged.
If additional batteries be added to the circuit, or batteries be removed from the circuit, the
charging current can be reset to the desired value by turning the hand wheel.

NOTE.—Charging rates. In selecting the size of battery to give a certain discharge
rate, care should be taken that the dynamo is large enough to charge the battery at a rate
not lower than the normal eight hour rate. In the case when two halves of a battery are
charged in parallel each half taking the normal rate, the dynamo must have a current capac-
ity double that at which each half is to be charged: Moreover the dynamo should have cap-
acity to charge the battery occasionally at a higher rate, as this not only improves the con-
dition of the cells, but permits a shorter -charging period:
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The manufacturers of a well known cell of the Plante genus prescribe
for the first charge, half rate for four hours, after which the current may
be increased to the normal power and continued for twenty hours suc-
cessively.

Ques. What strength of current should be used in charging
a cell?

Ans. It should be in proportion to the ampere hour capacity
of the cell.

Thus, as given by several manufacturers, tke normal charging rate for
a cell of 40 ampere hours should be five amperes, or one-eighth of its
ampere hour rating in amperes of charging current.

|

L. T

Fra. 1,700.-—Allen Bradley unit charging panel for starting, lighting and ignition batteries.
In operation the charging circuit is closed by throwing the charging swilch on the left side
of the panel, upward. At the same time the underload circuit breaker, on the right side of the
panel, must be closed. The circuit is then complete, and the charging current to the bat-
teries lows through both the fuses and the rheostat whichis mounted in the ¢enter of the panel.
‘T'o determiine the charging current, the switch handle on the left side of the panel. is move:l
upward about an inch. This action automatically connects the ammeter, at the top of the
switch hoard into the charging circuit. While holding the switch in this position, the battery
man can adjust the charging current with the rheostat hand wheel, to any desired value. As
soon as the correct value of charging current is obtained, the battery mman takes his hand
from the charging switch, and it automatically drops back to the normal position which
removes the ammeter from the circuit. In other words, the ammeter is not connected into
the charging circuit unless the battery man purposely lifts the charging switch handle up-
ward, and holds it there. With this arrangement one ammeter will serve a number of unit
charging panels, since it can be connected into any circuit by simply lifting the handle of
the proper charging switch.
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Ques. What should be the voltage of the charging current
before closing the charging circuit?

Ans. The voltage should be at least ten per cent. higher
than the normal voltage of the battery when charged.

Ques. What indicates the completion of a charge?

Ans. When a cell is fully charged the electrolyte apparently
boils and gives off gas freely. The completion of a charge may
be determined by the volt meter, which will show whether the
normal pressure has been attained.

Ques. How should the voltage be regulated during the
first charge?

Ans. It should be allowed to rise somewhat above the point
of normal pressure.

Ques. How often should a battery be charged?

Ans. At least once in two weeks, even if the use be only
slight in proportion to the output capacity.
In charging a storage battery, it is essential to remember the fact that
the normal charging rate is in proportion to the voltage of the battery.

Thus, a 100 ampere hour battery, charged from a 110 volt circuit at
the rate of ten amperes per hour, would require ten hours to charge, and
would consume in that time an amount of electrical energy represented
by the product of 110 (voltage) by 10 (amperes) which would give 1,100
watts, or 1.1 kw.

Ques. If in charging a battery, one or more of the cells
do not boil at the completion of the charge, or fail to show the
proper voltage, what should be done?

Ans. The charging must be continued until the cadmium
test shows the required voltage, but if the prolonging of the
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charge be liable to damage the plates in the other cells, the de-
fective cell or cells should be cut out of circuit when the battery
discharges and then placed in circuit again when the battery is
recharged. If the desired result cannot be attained by this
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CADMIUM STICK

COMBINATION VOLTMETER
PROD AND CADMIUM
STCK

STABBER

STABBER
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Fi1as. 1,701 and 1,702.—Method of making a cadmium test.Fig. 1,701, testof positive plates; fig.
1,702 test of negative plates. When a stripor rod of cadmium is placed across the topof the plates
in a cell and properly insulated from them, there will be a difference in pressure between
the positive plates and the cadmium and between the negative plates and the cadmium, the
difference between these two readings being equal to the voltage of the cell. In a normal
cell there is a well defined relation between these readings, both on charge and discharge, and
any appreciable variation is an indication of irregularity of action of either the positive or
negative plates, according to which reading shows the variation. The positive cadmium
reading will normally range from about 2.15 volts down to 1.95 volts during a discharge at
the eight hour rate, and from about 2.20 volts up to about 2.50 volts during a charge. The
range for the negative cadmium reading is from about .15 volt at the beginning of the dis-
charge to about .30 volt at the end. During charge the range is from about .15 volt to —.20
volt (.20 volt reversed polarity) with new or nearly new plates; as the plates age, the reading
at the end of charge diminishes until it falls to about zero volts.
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\

method, the plates which require additional charging may be
charged in a separate cell.

Ques. How is the cadmium test made?

Ans. A plate of cadmium is mounted in a hard rubber frame
and immersed in the electrolyte.

The test consists in taking voltage readings between the cadmium plate
and the positive or negative plates of the cell. During charge the cadmium
plate reads negative to the negative plate, until the cell is about full, when
the reading should be zero; the charge should be continued until the cad-
mium reads .2 volt positive to the negative while charging at the normal
-rate.

Fic. 1,703.—Weidenhoff cadmium test meter. Designed to give the open voltage of a cell and
the reading positive and negative plates to cadmium. ,
Ques. Name some portable instruments that should be
provided for testing batteries.

Ans. 1, a hydrometer syringe (specific gravity tester); 2, an
acid testing set (can be used instead of the syringe); 3, a low
reading volt meter; 4, suitable prods, and 5, a thermometer.

NOTE.—To make a ““cadmium atick.”” Take a cadmium rod about 6 ins. long and
about 34 in. in diameter. Insulate rod with rubber tube perforated with a number of holes
L4 in. in diameter. Solder to end of cadmium rod a copper wire long enough to reach all
cells and attach handle.
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Ques. What precaution should be taken in charging a
battery?

Ans. Care should be taken not to have a naked flame any-
where in its vicinity.

To either charge or discharge a battery at too rapid a rate involves

the generation of heat. Thus, while this is not liable to result in a flame

under usual conditions, the battery may take fire, if it be improperly
connected or improperly used.

Ques. What is the effect of varying the charging current?

Ans. In charging a storage cell, particularly for the first

F1c. 1,704.—Weidenhoff cell tester; view showing operator taking open voltage cell reading.
1t is useful in checking the voltage of batteries while on the charging line.

time, a weaker current than that specified may be used with
the same result, provided the prescribed duration of the charge
be proportionally lengthened. The battery may also be occa-
sionally charged beyond the prescribed voltage, ten or twenty
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per cent. overcharge causing no injury, although if frequently
repeated, it shortens the life of the battery.

Charge Indications.—The state of the charge is not only
indicated by the density of the electrolyte and the voltage of the
cell, but also by the color of the plates, which is considered by
many authorities as one of the best tests for ascertaining the
condition of a battery.

Ques. What are the colors of the plates?

Ans. In the case of formed plates, and before the first
charging, the positives are of a dark brown color with whitish
or reddish gray spots, and the negatives are of a yellowish gray.

The whitish or reddish gray spots on the positive plates are small particles
of lead sulphate which have not been reduced to lead peroxide during the
process of forming, and represent smperfect sulphation.

As a general rule, the first charging should be carried on until these
spots completely disappear. After this the positive plates should be of
a dark brown or chocolate color at the end of the discharge, and of a wet
slate or nearly black color when fully charged. A very small discharge
is sufficient, however, to change them from black to the dark brown or choc-
olate color.

If the battery has been discharged to a pressure lower than 1.8 volts,
the white sulphate deposits will reappear, turning the dark red color to a
grayish tint in patches or all over the face of the plate, or in the form of
scales of a venetian red color.

The formation of these scales while charging indicates that the maximum
charging current is too large and should be reduced until the scales or
white deposits fall off or disappear, after which the current can be in-
creased again.

During charging, the yellowish gray color of the negatives changes to
a pale slate color which grows slightly darker at the completion of the
charge. The color of the negatives always remains, however, much
lighter than that of the positives.

Ques. How are the best results obtained in charging?
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Ans. The rate of charge should be normal, except in cases
of emergency.

At such a rate, unless the constant voltage method be employed, the
cell may be considered full when the volt meter reads 2.5 volts during
charge. The electrolyte should be kept at uniform density throughout the
cell; when water is added, because of evaporation, it should be added by
means of a funnel reaching to the bottom of the cell. Care should be
taken never to add acid after evaporation; otherwise the electrolyte will
be too heavy. Hydrometer readings should be taken regularly; the reading
is an excellent indication of the amount of charge in the battery. Hy-
drometer readings are useless, however, unless the precaution be taken to
keep the electrolyte of uniform density.
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F16. 1,705.—Circuit for conatant current method of charging as suggested by the Burcau of
Standards.

Ques. What voltage should be used in charging?

Ans. At the beginning of the charge the voltage should be
about 5 per cent. higher than the normal voltage of the battery,
unless the latter has been over discharged, in which case the
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difference of pressure should not exceed 2 per cent., otherwise
the current might be too large.

Ques. In what two ways may batteries be charged?

Ans. They may be charged either at constant current or at
constant voltage.

Although the latter method is considered the better one by many au-
thorities, it is a fact, nevertheless, that if the charging current be normal
at the beginning of the charge, and no means be provided for keeping it
constant, it will diminish as the charging progresses, thereby greatly in-
creasing the length of the time required for charging, and resulting in
serious injury to the plates.

Ques. How may the charging current be kept constant?

Ans. Its voltage should be gradually increased, first to
about 10 or 15 per cent. above the voltage of the battery, and
kept at that point nearly to the end of the charge, where in
consequence of the rapid rise of pressure in the battery it might
become necessary to increase the voltage of the current to 30
or-40 per cent. above the normal of the battery.

Ques. What tests should be made while charging?

Ans. Occasional voltage and cadmium readings of each cell
should be taken for the purpose of ascertaining their condition
and the behavior of the separate plates.

Ques. What tests should be made after charging?

NOTE.—Constant voltage method of charging. In this method the voltage is main-
tained at a constant fixed value per ceil. The value of the initial, or starting current, of a com-
pletely discharged battery, when first put on charge, is much in excess of that of the normal
rate. During the charge, as the voltage of the battery gradually rises, the back pressure or
battery voliage causes the current to drop to a value much below that of the normal rate and
at the end of the charge is usually below that of the finishing rate of the constant current
system. TlLe average value of the current is adjusted so as to be about equal to that of the
normal rate. In practice the pressure at the bus bars may range from 2.5 to 2.75 volts per cell.
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Ans. Each cell should be tested with a low reading volt
meter and hydrometer about once a week. If any cell read low,
it should be cut out and examined to see if any material has
been introduced which would cause a short circuit. If this
trouble do not exist, the cell should be given an independent
charge.

The formation of these scales during charging indicates that

200 AMP 200 AMP

SOURCE~ 3 WIRE et
DYNAMO OR R=0.05 OHM.
SYNCHRONOUS 2 (34 80 AMP
CONVERTER. 4+ BATTERY
VOLTAGE ‘AS = TIRMINALS
SPECIFIED -

CIROUITH

C.8. 120 AMP.

3 c—— DYNAMO PANEL———»{=— CHARGING PANEL

Fra. 1,706.—Circuit for modified constant pressure method of chargmg as suggested by the
Bureau of Standards

the max:mum charging current is too large and should be re-
duced until the scales or white deposits diminish or disappear,
after which the current can be increased again.
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Ques. Describe the behavior of the electrolyte during dis-
charge. '

Ans. There is a definite change in the density of the electro-
lyte for a given amount of discharge. o

The density of the electrolyte is, therefore, one of the best indications
of the state of charge, provided, of course, no internal discharge due to
local action take place. If, when the cell is charged, it show a density

VARY RATE CONNECTOR

SLOW RATE
cLIpP

REGULAR
LEAD

Fras. 1,707 to 1,709.—H. B. battery charging connections. Fig. 1,707, regular lead; fig. 1,708,
vary rate connector; fig. 1,709, slow rate clip.

of 1.200, and when discharged 1.130, the difference .07 represents the
total charge. If at any time the density be 1.165, then just one half the
amount of capacity has been taken from the cell.

It is necessary to stir the electrolyte well, in order for these observations
to be reliable.

If the discharge has taken place at a high rate, the cell must stand for
an hour or more before the electrolyte will completely diffuse so that the
density readings are correct.
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Ques. Define the term ‘‘boiling.”

Ans. Boiling means the rapid evolution of gas when a cell
is nearly charged.

Ques. What causes boiling?

[+ _L¥5)
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F1a. 1,710.—Battery charging bench with bus bars and connections to motor dynamo charg-
ing unit. The charging unit consists of a combination d.c. or a.c. motor and dynamo working
on the same shaft. The dynamo is wound to supply current at a suitable voltage for the
service required and the d.c. or a.c. motor for the voitage of the supply current. This avoids
the considerable loss due to placing resistance in the form of rheostat or lamp bank in the
circuit to obtain the considerable reduction of pressure required when charging for lighting
circuita

Ans. The amount of sulphate to be converted into peroxide
becomes less and less as the charge progresses and the plates
therefore become virtually smaller, so that the current becomes
too large for the work demanded of it. The result is, that
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part of the current not actually used in the formation of peroxide
decomposes the electrolyte into its constituent elements.

Ques. What may be said of charging a battery as quickly
as possible?
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Fra. 1,711.—Hobart motor dynamo charging unit for three wire circuit with attached instru-

ment panel. The double throw volt meter switch in position shown connects volt meter

with neutral and positive bus bars; when thrown to left, it connects with neutral and negative
bars,

Ans. As a general rule, such a procedure should not be
adopted unless the battery be thoroughly discharged.

Ques.

Ans. The danger to be avoided in rapidly charging a cell is
its. tendency to heat.

What precaution should be taken?
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Ques. What apparatus is necessary in charging a battery?

Ans. The battery may be charged from direct current mains
having the proper voltage. A current as near uniform as pos-
sible is required, and existing conditions must be met in each
separate case. Sometimes a motor dynamo set with a regulat-

Spring Clip Slips over
thus Wire.

Graphite Anode,

Cathode of
Tungsten Wira,

F16. 1,712.—General Electric half wave Tungar hulb of Tungar battery charger. The name
Tungar applics to a hot cathode gas filled rectifier and has no particular significance. Prin-
ciple: a racunm tube containing a hot and cold electrode acts as a rectifier, that is, it changes
alternating current into direct current. In the Tungar bulb there is argon, an inert gas, at
low pressure, which is ionized by the electrons emitted from the incandescent filament. This
ionized gas acts as the principal current carrier, with the resuit that the bulb operates with
a very low voltage drop (of 3-8 volts) and is capable of passing a current of several am-
peres, the current limit depending on the design and size of the .tube. In construction,
the cathode (lower cathode) consists of a lilament of small tungsten wire coiled into a closely
wound spiral, and a graphite anode (upper electrode) of relatively large cross section.

ing switch board is used. Such an apparatus consists of a
dynamo, driven direct from the shaft of a motor, which, in
turn, is energized by current from the line circuit.
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With a direct current on the line, a dynamo may be used; but with an
alternating current, an induction motor is required. The speed of the
motor is governed by a rheostat, and the output of the dynamo is
thus regulated as desired.

Charging Through the Night.—If an automobile, after a
late evening run, is to be used in the morning, the battery
may be charged during the night without an attendant being
present; but
in doing this.
great care
must be
taken not to
excessively
over charge.

F16. 1,713.—General Electric ten battery Tungar charger. The parts are: A. triple pole
snap switch which controls both a.c. lines and one d.c. line; B, d.c. ammeter; C, fifteen point
dial switch giving charging current adjustment in small steps; D, steel casing; E, reactance
coil, or electrical governor of the charging circuit; F, Tungar bulb which changes the alter-
nating current into direct current; G, auto transformer.

A careful estimate of the amount of current required should
be made and the rate of charge based on this estimate.

If, say, 72 ampere hours be required to recharge, and the time available
be nine hours, the average rate of charge must be 8 amperes.
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1f charging from a 110-volt circuit, the rate at the start should be about
10 amperes; if from a 500-volt circuit, about 9 amperes; as, in charging
from a source with constant voltage, such as a lighting or trolley circuit,
the rate into the battery will fall as the charge progresses. This also

F1g. 1,714.—Diagram showing connections of General Electric Tungar half wave rectifier in
its simplest form. The parta shown are: A, anode; B, Tungar bulb; CD, secondary of
transformer;.F, filament cathode: R, rheostat. Assuming an instant when the side C, of the
alternating current supply is positive, the current follows the direction of the arrows through
the load, rheostat, bulb and back to the opposite side of the a.c, line, A certain amount of
the g.c. of course goes 10 excite the filament, the amount depending on the capacity of the
tube. In actually designing the rectifier outfits the rheostat is omitted and the regulation
entirely obtained by of a comy . with which is combined the filament trans-
former, and a reactance. When the a.c. supply reverses and the side D, becomes positive
the current is prevented flowing for the reason before mentioned. In other words, the current
is permitted to flow from the anode to the cathode or agamst the flow of emitted electrons
from the cathode, but it cannot flow from the cathode to the anode with the flow of electrons.

NOTE.—Tungar operation, This rectifier is operated by means of a snap switch in the
upper left-hand corner (see A, fig. 1,713) and a regulating switch in the center (C, fig. 1,713).
Before starting the apparatus, the regulating switch should be in the "low’ position. The
Tungar is now ready to operate. Turn the snap switch to the right to the “on" position, and
the bulb will light. Then turn the regulating switch slowly to the right; as soon as the batterics
commence to charge, the needle on the ammeter will indicate the charging current. This cur-
rent may be adjusted to whatever value is desired within the limits of the Tungar. The normal
charging rate is six amperes, but a current of as high as seven amperes may be obtained without
greatly reducing the life of the bulb. Higher charging rates reduce its life to a considerable ex-
tent. Lower rates than normal (six amperes) will increase the life of the bulb. Turn the snap
switch to the “off’’ position when the charging of one battery or of all the batteries is com-
pleted, or when it is desired to add more batteries to the charge. The Tungar should be operated
only by the snap switch and not by any other external switch in either line or battery circuits.
When the snap switch is turned, the batteries will be disconnected from the supply line, and
then they may be handled without danger of shock. Immediately after turning the snap switch
move the regulating handle back to the *'low” position. This prevents any damage to the bulb
from the dial switch being in an improper position for the namber of batteries next charged.
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applies if the charging be done from a mercury arc rectifier without at-

tendance.
A.(\‘:ISUFFIQ A.t‘SuFrlg A.(LlSuFrly
Q0 09

C
Two Circuits One Circuit Series Multlple
30Cells per Clrcult BOCeILs Capacity 15Celis- ZAmp-in center circuit.
6 Amps. . 12 Armp. .~ 30Cells- 6Ampbln outside,
circui

Fias. 1,715 to 1,717.—Connections for batteries and Tungar charger. Fig. 1,715, two circuits
30 cells per circuit 6 amperes; fig. 1,716, one circuit, 30 cells capacity, 12 amperes; fig. 1,717,
series parallel, 15 cells at 12 amperes in center circuit, 30 cells at 6 amperes in outside circuit.

NOTE.—A Tungar charger will operate successfully at as low as one or two amperes,
and up to seven amperes on either circuit, and up to 12 or 14 amperes on both circuits. If
only one battery be operated at one time, on one circuit, it may be necessary to use an external
resistance Lo obtain as low as one or two amperes.

NOTE.—A Tungar will stop charging if there be an interruption of the supply voltage,
but damage cannot result as the battery will not discharge through the outfit, charging will
immediately commence upon resumption of the supply voltage.
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Ques. What precautions should be taken in charging a
battery out of an automobile?

Ans. When a battery 1s being overhauled, the cells must be
connected together in series and to the charging source in rela-
tively the same manner as il they were in the vehicle; that is,
the positive (+) terminal of one group of cells must be con-
nected to the negative (—
terminal of the next group,
and the two free terminals,
one positive and the other
negative, must be connected
repectively to the positive
and negative terminals of the
charging circuit, but not
until all of the groups have
been connected in series.

If the cells be provided with
formed plates and not charged,
the jars should be filled with the
proper electrolyte, and then
charged for at least 10 hours

steady, or until they boil, then
they may be discharged.
In the case of unformed plates,
| the chiarging should be from 30
to 40 hours, until the cells boil,
511 1 and the plates assume their pro-
per color.

FiG. 1.718.—General Electric single phase mercury arc tube. Tt consists of an exhausted
glass vessel containing two anodes AA, one cathode B, a starting anode C, and a small
quantity of mercury.

Ques. THow are small cells easily charged from 110 or 220
volt circuits?

Ans. This may be conveniently done by inserting in one of



1,234 Battery Charging

— A ——

TRANSFORMER

Fn(VJiWM b

Fia. 1,719.—Conncctions of General Electric mercury arc rectifier. At the instant the terminal
H, of the supply transformer is positive, the anode A, is then positive, and the current can
flow between A and B. Following the direction of the arrow still further, the current passes
through the battery J, through one-half of the main reactance coil E, and back to the nega-
tive terminal G, of the transformer. When the impressed voltage falls below a value sufficient
to maintain the arc against the reverse voltage of the arc and load, the reactance E, which
heretofore has been charging, now discharges, the discharge current being in the same direc-
tion as formerly. This serves to maintain the arc in the rectifier tube until the voltage of the
supply has passed through zero, reversed, and built up such a value as to cause the anode A,
to have a sufficiently positive value to start the arc between it and the cathode B. The dis-
charge circuit of the reactance coil E, is now through the arc A’B, instead of through its
former circuit. Consequently the arc A’B, is now supplied with current, partly from the
transformer, and partly from the reactance coil E, The new circuit from the transformer is
indicated by the arrows enclosed in circles.
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the charging leads an incandescent lamp or lamp tank which
will pass the required quantity of current.
If the current required be as large as 10 amperes, a suitable resistance

or 10 lamps in parallel, each passing one ampere, may be used. Great
care should be taken to see that the battery is connected properly.

25 AMP. COMBINED SWITCH AND

+ £ BLUG CUT OUT (20 AMP. FUSES)
2 4 8 )
= o4 LAMPS | LAMPS | LAMPS LAMPS-[
'_O—' p
—(O—
': n —O—
2 (:J —O—
&’ o n.‘&) —O— 3
J I g —O—
a8
BENE e
0 S
3 < = 20 Ak
¢>> 20 (o o o
.P.CUT QUT (20 AMPR FUSES)

NG POS. _ CONNECTIONS FOR
= CHARGING BATTERIES

Fia. 1.720.—Wiring diagram for charging one to twelve 6-volt batteries from 110 volt bus.
With this equipment regulation of the current through various numbers of batteries is ob-
tained by means of the switches. Instead of lamps, resistance units, of approximately 35
ohms resistance and 3.3 amperes capacity each may be used. This equipment will occupy
less space than the lamps and serve the same purpose, each resistance unit replacing two
lamps. Instead of either a lamp resistance or unit resistance panel, a special form of 7heostat
may be used. However lamps are advisable where the light for some may serve :or illumi-
nation, otherwise the energy spent in heating the resistance is a total loss. Accordingly,
where lighting is not required, avoid resistance as much as possible by connecting the bat-
teries so that their combined voliage will almost equal that of the source.

Trickle Charge Method.—When a number of batteries are
to be held in wet storage, the most satisfactory results can be
obtained by charging continuously at a very low rate, which
is so low that gassing is avoided and yet gives enough charge
to maintain the batteries in good condition. This charge is
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termed a trickle charge, and in many cases will be found more
convenient to arrange for than the periodic charge. It has the
added advantage of keeping the batteries in condition for put-
ting into use at any time on short notice.

In giving batteries a trickle charge:

1. Give a charge until @/l the cells are gassing.

HO voLTS 1315 voLTS
CARBON LAMPS
O_
BATTERY
A Rl
+ MMETER FUSES

220 VOLTS eveLrs
CARBON LAMPS
o- 5 -

BATTERY
o—oq—
O—

AMMETER FUSES.

550 VOLTS fe Votrs
O LAAP?PS

SWITCH

SWITC

: —
[
BATTERY E
e
AMMETER FUSES

Fia . 1,721 to 1,723.—Charging through bank of lamps on 110, 220, and 550 voit circuit.

2. See that the vent plugs are in place.

3. Connect an approximate resistance, such as a proper size lamp, in
series with the cells, across a charging system adapted for continuous
charging. Fig. 1,724 gives an example of connections for trickle charge. The
charging should be checked periodically and lamps changed if required until
it is certain that the system gives neither too much nor too little charge.
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110 VvDLY
DIRECT CURRENT CIRCUIT

D.P COMBINED SWITCH
AND PLUG CUT OUT
(1 AMP. FUSES)

/ 80g)
25 WATT
110 VOLT LAMP

Fia. 1,724 —Trickle charge. When a number of batteries are to be held in wet storage, the most
satisfactory results can be ohtained by charging continuously at a'very low rate, which is so
low that gassing isavoided and yet gives enough charge, to maintairt the batteries in good con-
dition. This chargeiscalled atrickie charge and in many cases will be found more convenient
to arrange for than the perodic charge. It has the added advantage of keeping the batteries
in condition for putting into use at any time on short notice. To apply trickle charge:
1, give bench charge; 2, Connect a tungsten lamp or lamps of appropriate resistance, in series
with the cells, across a charging system adapted for continuous charging. 3, Every two
months interrupt the trickle charge, remove filling plug, add water to bottom of filling tubes,

replace and tighten filling

plug and continue trickle
charge.

Fia. 1,725.—General Elec-
tric Tungar trickle charg-
er for charging radio A
battery., Capacity suf-
ficient for 6 or 8 tube set.
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With proper resistance, the specific gravity will remain practically constant
(within 10 to 15 points if level of electrolyte be kept the same height) and
the cells will not be gassing. 1f the cells gas continually, the battery is
receiving too much charge. 1f the gravity continue to drop, the battery is
not receiving enough charge.

4. Every two months add water to the proper level and replace the vent
plugs.

Periodic Charge Method.—This is a method of wet storage
in which the batteries are given charges periodically, and is
used where it is not practicable to arrange for the trickle
charge method.

1. Give a charge until all the cells are gassing.

2. Store in a dry, clean location and keep the temperature above {reezing
and below 110 degrees Fahr.

3. Once every two months remove filling plugs, add distilled or other
approved water to the proper level, replace and tighten vent plugs and
charge until all the cells are gassing.

4. Before putting battery into service, add approved water and charge
until all/ the cells are gassing.

Lamp Calculations for Charging.—To determine the proper
size of lamps:

1. Find'out the voltage of the charging circuit and the number of cells
to be charged in series; for example, 100 volt circuit and 24 cells in series.
If a rectifier be used for charging, the voltage should be that obtained with
a d.c. volt meter, and while the battery is connected in circuit. It should
be measured at the d.c. terminals of the rectifier.

2. Refer to one of the accompanying tables, the first one for 115 volt
lamps and the other for 32 volt lamps. For example, in the first table the
100 volt column meets the 24 cell cross column at 215 watts. This means a
215 watt, 115 volt tungsten lamp 1n series with 24 cells across 100 volts
would allow approximately 1 ampere charging rate at end of. charge.
The rate at the beginning of charge would be somewhat higher. Combina-
tions of voltage and cells not shown 1n the tables can be approximated by
proportion.
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3. In the accompanying rating table (for Exide batteries) find the charge
rate for the type and size of cell to be charged. For example, 6 amperes
if the 24 cells be type XC-13. If cells with different charge rates are to be
charged in series, use the charge rate of the cell having the lowest.

Multiply the watts, obtained in item 2 by the charge rate obtained in
3. For example. 215 watts multiplied by 6 equals 1,290 watts.
The size of 115 volt tungsten lamp to use then is the nearest available
commercial size to 1,290 watts. A larger size will allow a higher charge
rate, and a smaller size a lower charge rate. Where the calculated watts
and the wattage of the available lamps are considerably different, sufficient
lower wattage lamps in parallel can be used, the sum of the watts of the
different lamps being approximately equal to the calculated watts. For
example, to obtain 1,290 watts, five 250 watt and one 40 watt lamps, all in
parallel, may be used. The voltage rating of the lamps must be the same
however; 115 volts in this example.

RATED WATTS OF 115-VOLT TUNGSTEN LAMPS
(To Give 1 Ampere)

Charging Circuit Voltage

7.35114.7) 30 | 40 | s0 | 75 | 100 | 115 | 125

11830 (440| 270 | 225 | 195 | 150 | 125 | 115 | 110

v |2 1510 285 | 235 | 200 | 155 | 130 | 120 | 110
23 620 300 | 245 | 205 | 160 | 130 | 120 | 115
té 6 |...|...| 385°| 285 | 230 | 170 | 135 125 | 120
e |22 .. [ 500 | 325 | 195 | 155 | 135 | 130
S8 d .. | ... | 800 | 260 | 175 | 155 | 140
24 | 380 | 215 | 175 | 160

A2 N eeidliomed] e . s s ... | 485 | 320

a. If a rectifier be used for charging, the wattage obtained 1n item 4 will have to be
increased 25 to 50%,. Thisis because the current obtained from a rectifier is pul-
sating and not steady as from a dynamo.

b. 1f the lamp resistance is to be used for trickle charging, divide the wattage obtained
initem 4 by 50. For the example shown, this would be 1,290 +50 =25 watts
approximately. If the calculated size be not available, use a lower voltage wattage
lamp and not a higher.

Period of Charging a New Battery.—In the case of batteries
provided with formed plates, the first charge should extend over
a period of not less than 30 consecutive hours, without
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stopping, if possible, or for periods of not less than 10 hours
a day for three consecutive days.

The electrolyte will then commence to “boil” or *“‘gas,” assuming a
milky appearance due to the ascending bubbles of gas. At this stage the
density of the electrolyte as shown by the hydrometer placed in each cell
should be at least 1.200; it is essential that the charging should be con-
tinued until every cell boils equally. From this point the charging should
be prolonged until the pressure, as determined by a volt meter or a cad-
mium tester, rises to about 2.55 volts.

‘RATED WATTS OF 32-VOLT TUNGSTEN LAMPS
(To Give 1 Ampere)

Charging Circuit Voltage
7.35 | 14.7 30 | 40 50 60 | 75
1| 100 55 35 | 30 B
8|2 65 35 | 30 25
5‘; 3l ... 80 40 30 25 .
el 6] ... 50 35 1 30 25
=1 .. 75 | .45 35 30 .
Ol12] ... .. .. 65 45 35 25
18| ... .. o 95 50 35

The charging of unformed plates is similar in all respects to that of
formed plates, except that the first charging should extend over a period
of at least 70 consecutive hours without stopping, at the end of which
time the plates should have the characteristic colors of those of a fully
charged battery. If they do not, the charging should be prolonged and
the cell tested for density of electrolyte, and voltage, as already described
until the desired conditions are attained. Then the battery may be dis-
charged and recharged.

It is probable that a total of 300 to 400 hours of charging with inter-
vening discharges will be required to form the plates until they acquire
a good color, and the density of the electrolyte becomes stable.

In regular charging, the rate should be rapid when the bat-
tery is nearly exhausted, but it should be greatly reduced at
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the end of the charge after passing the point of boiling. Charg-
ing at too low a rate is always injurious.

Ques. What may be said with respect to the capacity of
a new battery? .

Ans. A new battery will never give its full capacity till after
about twenty discharges.

During this time it should be given about 259, overcharge. After that,
109%, overcharge, that is, 109, more charge than was taken out, will be
sufficient for ordinary work.

High Charging Rates.—Occasionally it is desirable to charge
a battery as quickly as possible. As a general rule, such a
procedure should not be adopted unless the battery be

NOTE.—Example. If a battery require about 3 amperes for charging, how is this cur-
rent obtained from a 110 volt circuit? Each 16 candle power carbon filament lamp in the lamp
bank would give approximately ¥ ampere with the cells in series in the lamp circuit. There-
fore, 3 X3 or 9 lamps should be used in parallel to give 3 amperes. The amperes obtained will
be slightly due to the opposition offered by the internal resistance of the battery.

NOTE .—Selection of proper battery. The number of cells is determined by the voltage
of the system. Thus, according to Gould:

Voltage of System Number of Cells Voltage of System Number of Cells
110 60 220 120
115 61 230 126
125 70 250 138

NOTE.—The size of a 110 volt battery can be determined thus, assuming that the bat-
tery will be charged at any time during the day convenient to operate the dynamo and thal
the battery will be able to furnish current for lamps as follows:

Number ‘ 1
of 3 Number Ampere Hours
Time Lamps | Amperes | of hours col. 3 Xcol. 4
5. p.m. to 10 p.m, - Twenty 16c. p 10 s 50
1D p.m.to 6a.m. Two 8c. p. 14 8 4
6a.m.to 8a.m. Six 16 ¢. p. 3 o 6
60

' f Total
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thoroughly discharged, and not then, unless done by a person
who thoroughly understands what he is about; battery makers
will always furnish data and directions to meet emergencies.
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Fia. 1,728 . —Eficct of temperatu-e on capzcity. From an inspection o the curve, it is.evident
that the user who desires to ob-ain the full capacity of the battery must k2ep it at a tzmpera-
ture of not less than B0 degrees. It is also evident that very little capacity is to be gzined by
allowing the temperature of the batiery to rise above 80 degrees Fzho. In fact, the gain
is only about S per cent, and whatever is gained in this way iz at the expease of the lixe of the
plates and separators. Temperature also affects the specific gravity ¢f the electrolyte solue
tion in batteries. The specific gravity of the solution is with reference =0 a temperature of
80 degrees Fahrenheit, and comparative gravity readings ar2 of litt € va ue inless tae read-
ing be corrected to a temperature of 80 degrees Fahrenheit. As the temperature rises the
acid solution in the battery expands in volume so that there is a smaller amount of sulphuric
acid in each unit volume of the solution. Since each unit volume contains less acid, each
unit will weigh less or have a lower specific gravity. Because of thie, the gravity reading
must be decreased one point far cach three degrees rise in temperature. For example, if the
gravity at 80 degrees be 1.280 and the temperature rise to 98 degrees, the gravity of the
solution will have decreased te 1.274. Low temperatures do no actual harm to a battery
in a fully charged condition, eccept to lower its capacity. A discharged battery will, how-
ever, freeze at points above zero and freezing ususlly results in a ruined battery.  The tem-
peratures at which different gravities of electrolyte freeze are shown in the curve in fig- 1,723.

In charging a battery at a high rate, the danger to be avoided is the
tendency of the cells to heat. The troubles that might arise from this
cause may be prevented by immediately reducing the current strength.
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The proper rate of charge for a given battery of cells may be thus dis-
covered by experiment. A battery should never be charged at a high
rate unless it be completely exhausted, since it is a fact that the rate of
charge that it will absorb is dependent upor the amount of energy already
absorbed.

For rapid charging, when a battery has to be charged in four
hours, the current should vary about as follows: .
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Fra. 1,729.—Freezing points of electrolyte of different specific gravities,

40 per cent. of total 1st hour

25 (13 [ 1 (13 2nd (13

20 13 13 (X3 ‘4 3rd (13 vl
15 ({3 [ 13 (13 4th 6

For quick charging in three hours the rates should be: 50 per cent. 1st
hour; 33}4 per cent. 2nd hour; 162§ per cent. 3rd hour.
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Ques. Why do the gases evolved produce a less milky ap-
pearance of the electrolyte when a battery has been in use
for a considerable time?

Ans. The plates are better formed; consequently a larger
charging current can be used without producing ‘boiling.”

Capacity.—The unit of capacity of a storage cell is the
ampere hour, that is, the ability to discharge one ampere conlinu-.

ously for one hour.
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Fia. 1,730.—Available capacity of Exide-Ironclad battery.

For instance, a 100 ampere hour battery will give a continuous discharge
of 1214 amperes for eight hours. It should theoretically give a discharge
of 25 amperes continuously for four hours, or 50 amperes for two hours,
but in reality, the ampere hour capacity decreases with an increase of
discharge rate.

It requires, theoretically, .135 oz. of metallic lead ‘on either element
reduced to sponge lead or to lead pefoxide to produce one ampere hour;
in practice, from four to six times this amount is required.

The reason for this is because it is impossible to reduce all the active
material, to bring every particle in contact with the electrolyte, or to
cause every part to be penetrated by the current.
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Experiments show that from .5 to .8 oz. of sponge lead, and from .53
to .86 oz. of metallic lead converted into peroxide, are required on their
respective elements to produce a discharge of one ampere hour at ordi-
nary commercial rates.

The capacity increases with the temperature, being about one per cent.
for each degree Fahr. increase in temperature.

Battery capacity depends on the size and number of plates; the quan-
tity of active material present, and the quantity of electrolyte,

For an eight hour rate of discharge and 60 degrees temperature, the
capacity of American batteries varies from 40 to 60 ampere hours per
square foot of positive plate surface (=2Xnumber of positive plates in
parallel X length X breadth).

The following table gives the variation of capacity for dif-
ferent rates of discharge:

Capacity Variation ‘for Different Discharge Rates

Discharge rate [l Per ceg;ggfigfg ity at
Plante Faure

8hours.......... 1009, 1009,
6hour........... 969, 969,
4hour........... 809, 88%
2hour..... 00000 619, 709,
lhour........... 56 % 489,

Ques. How may the capacity of a battery be increased?

Ans. By mixing organic materials with the lead oxide, but
any such mixture is always accompanied by a rapid deterioration
of the plales.

Discharging.—In discharging a battery its voltage should
never be allowed to fall below 1.8 volts, under load, thus leaving
about 30 per cent. of the total capacity unused.
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The normal discharging current may be equal to the normal charging
current, but a discharge equal to 3 or 4 times the normal may be given
without injury to the plates.

Some types may be discharged at even six or seven times the normal rate.
In such cases, however, the capacity will be reduced in the same propor-
tion, as before explained in the paragraph dealing with battery capacities.

Ques. What is the effect of discharging too rapidly?

Ans. It tends to break the plates, and in the case of pasted
plates, a very sudden discharge will dislodge the paste.
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Fra. 1,731 and 1,732.—Home made discharge rheostat. The terminal on the end of tte cable
attached to the right hand terminal of the battery as shown, is movable, and it may be
clamped at any point along the coils of wire so as to give various currents. The wire should
be greased lightly to prevent rusting.

Ques. How is the discharge capacity of a storage battery

stated?

Ans. In ampere hours.
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This, unless otherwise specified, refers to its output of current at the eight
hour rate. Most manufacturers of automobile batteries specify only the
amperage of the discharge at three and four hours. Thus, at the eight hour
rate, a cell which will discharge at ten amperes for eight hours is said to
have a capacity of eighty ampere hours.

It does not follow that eighty amperes would be secured if the cell were
discharged in one hour. It is safe to say that not more than forty amperes
would be the result with this rapid discharge.

As a general rule, the one hour discharge rate is four times that of the
normal, or eight hour discharge, and considerations of economy and

OOUBLE CONTACT
AUTO LAMP

F1a. 1,733.—Another home made discharge apparatus. In construction six double contact
automobile lamp sockets are mounted on a board and all connected in parallel; a pair of leads
having test clips attached is brought out from the sockets for fastening to the battery ter-
minals. Lampe of various candle power may be turned into the sockets to obtain different
currents.

prudence suggest that it should never be exceeded, if, indeed, it ever be
employed. The three hour discharge, which is normally twice that of
the eight hour, is usually the highest that is prudent, while the four hour
discharge is the one most often employed in automobiles for high speed
driving.

Ques. What should be the maximum rate of discharge?

Ans. The one-hour rate; this when used, should not extend
over fifteen or twenty minutes.
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In the case of regulating batteries a forty-five minute rate of discharge
may be allowed for one or two minutes during great fluctuations of load.

Ques. How does the capacity decrease?
Ans. It decreases with the increase in current output.

An 80 ampere hour cell, capable of delivering 10 amperes for 8 hours,
would, when discharged at 14 amperes, have a capacity of 70 ampere

hours; when discharged at 20, its capacity would be 60: and when dis-
charged at 40, its capacity will have decreased from 80 to 40 ampere hours.

Ques. What, in general, are the indications of the quan-
tity of electricity remaining within a cell?

Ans. The voltage, and the density of the electrolyte.

Ques. What should be done aiter discharging?

Ans. Whenever possible the battery should be immediately
charged.

TEST QUESTIONS

How should a battery be charged for the first time?

What is the usual period for charging a new battery?

How is the electrolyte affected by the first charge?

W hat lsltrength of current should be used in charging
a cell?

5. On what kind of a battery charging circuit should a
discriminaing cut out be used?

What indicates the completion of a charge?

How should the cadmium test be made?

8. What. instrument is used to determine the state of
charge?

LRI S

~ >
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9.

10.
I1.

12.
13.

14.
15.

16.

17.

18.
19.

20.
21.
22.
23.

24.
25.

_,\thqt is the effect of varying the charging current?

How'is the state of the charge indicated by the colors
of the plate?

What should be the density of electrolyte of a fully
charged battery?

Name two ways of charging batteries.

Describe the behavior of the electrolyte during dis-
charge. '

Define the term “boiling”; what causes it?

‘Explain how batteries should be charged during the

night.

‘What precautions should be taken in charging a

battery out of a vehicle?

How are small cells easily charged from 110 or 220
volt circuit? '

Describe the triple charge method.

What may be said with respect to the capacity of a
new battery?

How may a battery be charged at a high charging
rate?

How may the capacity of a battery be increased?

What is.the effect of discharging a battery too rapidly?

How is the discharge capacity of a storage battery
stated?

Describe the term “ampere hours.”

What should be done after discharging a battery?

e
[
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CHAPTER 45

Storage Battery Repairs

Tools, Equipment and Spare Parts.—Anyone undertaking
to care for or repair batteries will in time gather together the
equipment he considers necessary or desirable for the work.
Many of the tools are questions of personal taste or present
equipment, but there are four things absolutely necessary:

1. Suitable charging equipment,.

2. Hydrometer syringe.

3. Battery thermometer. .

4. Lead burning outfit. e

In addition, tools and eql;ipment must be available for the following
purposes, and suggestions are here given along with the list of purposes:

1. To read battery or cell voltage: portable volt meter, such as Weston
model No. 279. .

2. To remove connectors: a brace with 84, 3§ and 5 in. wood bit.

3. To tighten or loosen seal nuts: A special wrench. There are three
sizes.

4. To tighten or loosen tie bolts: a screw driver or else sﬁecial spanner bit.
-+ 5. -To unseal covers: a putty knife.

6. To remove element from jar: two pairs of 6 in. or 8 in. gas pliers.

7. To prepare surfices for lead burning: knife, scraper, shoemaker’s rasp,
wire brush, file or end cutting pliers.

8. To handle sealing compound: receptacles in which to heat and from
which to pour.

9. To handle electrolyte: non-metallic or lead vessels for storing, mixing
and pouring: rubber gloves or fingers for protection; soda or ammonia solu-
tion for neutralizing effects of spillage or sloppage.

10. To make moulds for lead burning; pieces of iron, tin or powdered
asbestos and a pair of tin snips.
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ot To provide for the actual work: a strong wooden work bench painted
with acid resisting paint, strong racks for holding cells and a lead lined sink
for washing jars.

A stock of spare battery parts should of course, be kept on
hand, and with these should be included:

Fra. 1,734 —Typical work room showing bench about 34 ins. high, lead burning outfit, hot
plates for melting sealing compound and hand drill press for drilling off inter-cell connectors.

1. Sealing compound for resealing cells.

2. Burning strip for lead burning.

3. Electrolyte for replacing actual spillage or loss and never for normal
operation.

4. Acid resisting paint for painting cases, racks, etc.

5. Pure petroleum grease for terminals to prevent corrosion.

6. New packing material to replace acid-soaked packing.
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GLOSSARY

Acid: Term frequently used to describe the liquid in cells, in place of the approved one:
electrolyte.

Active Material: The “formed’ paste which (ills the grid,
Ampere: The unit of measure of quantity of clectric current,
Ampere Hours: Product of amperes and hours,

Battery: Any number of cells when connected and used together.

Bridge (or rit): Wedge shaped vertical projection from bottom of rubler jar on which plates
rest and hy which they are supported.

Burning: A term used to describe the operation of joining two pieces of ead by melting
them at practically the same instant so they may run together as one continuous picce.

WORK BENCH

PARTS OF BATTERIES
BEING REPAIRED
4 STOCK

STOCK

NEW
BATTERIES

RENTERS

Fia. 1,735.—Plan of a small battery repair shop.

Usually dene with mixture of oxygen and hydrogen gases, hydrogen and compressed air,
or oxygen and illuminating gas.

Cadmium: A metal used in about the shape of a pencil for obtaining voltage of positive or
negative Hates. It is dipped in the clectrolyte but not allowed to come in contact with
plates. |

Capacity: The rating of cell or battery in ampere-hours, qualified by the rate or time of
discharge.
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Case: The box which holds the cells of a battery.

Cell: Unit of storage battery practice; consists of elements, electrolyte and jar.

Charge: Passing direct current through a battery in order to replace cnergy used on dis-
charge.

Charging Rate: The proper rate of current, expressed in amperes to use in charging a battery.

Connector: Solid or flexible part for connecting positive pole of one cell to negative pole of
another, or to terminal.

Caover: Cover for cell to retain clectrolyte and exclude forcign material.
Cycle: One charge and discharge.

.

S TTTTRRITRTTTY VR

Fia. 1,736.—Electrically heated oven used for opening storage batterics. Itis large enough to
accommodate any 8ize starting or lighting battery. In operation, place the battery on the
work bench, lower the heater over it, turn on the switch, and in five minutes the scaling com-
pound is softened so that the elements and jars can be easily removed.

Density: Specific gravity.

Derveloping: The first cycle or cycles of a new or rebuilt battery to bring about proper electro-
chemical conditions to give rated capacity.

Diffusion: Pertaining to movement of acid within the pores of plates. (Sce Kqualization.)

Discharge: The flow of current from a battery through a circuit, opposite of “‘charge.”

Dry: Term frequently applied to cell containing insufficient electrolyte.

Electrolyte: The conducting fluid of electro-chemical devices; for lead-acid storage batterics
consists of about two parts of water to one of chemically pure sulphuric acid, by weight.

Element: Positive group, negative group and separators.
Lqualization: The result of circulation and diffusion within the cell which accompanies
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charge and discharge. Dilfcrence in capacity at various rates is caused by the time re-
quired for this feature.

Equalizing: Term uscd to describe the making uniform of varying specific gravities in dif-
ferent cells of the same battery, by adding or removing watcr or dectrolyte.

Evaporation: Loss of water from cleetrolyte from heat or charging. .

Forming: Electro-chemical process of making pasted gricdl or other plate types into storage
battery plates. (Often confused with Derdloping)

Foreign Material: Object’onable substances.

Freshening Charge: A charge given 10 a battery which has been standing idle, to keep it
fully charged.

Fii. 1,737.—Combination cell tester for open voltage and cadmium tests. It does away with
separate meter and prods. Cadmium extension removable for immersion when not in use.

Gassing: The giving off of oxygen gas at positive plates and hydrogen at negatives, which
begins when charge is something more than half completed, depending on the rate.
Gravity: Common term for specific gravity. "

Grid: Cast or stamped frame-work in which active material is retained.
Group: Any number of positive or negative plates properly joined together.
Hold-down: Device for keeping separators from floating or working up.
Jar: Container for clement and clectiolyte.  Usually of hard rubber.

Lug: Vertical projection from grid for connecting with and burning to sirap.
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Mud: (Sce Sediment.)

Nipple: A sleeve or distdnce piece placed over terminals to separate covers of a double cover
cell

Over Charge: Continuance of charge beyond that apparently or supposedly necessary to
improve condition of cells.

Over Discharge: The carrying of discharg: beyond proper cell voltage; shortens life if carried
far enough and done frequently.

Fias. 1,738 and 1,739.—Besco post drill. Fig. 1,738, operation of drill; fig. 1,739 view of drill.
In operation, it drills down a battery post through the cell connector, leaving the con-
nector anJd the post intact and usable. The post drill is useful in tearing down batteries,
saving the material for rebuilding the battery again.

F1a. 1,740.—Post reducers. Used to trim battery posts to proper size for terminal connectors
or point them for burning. The cutters have 10° taper and range in size from 11/16 to
74 in. opening.

Fia. 1,741 .—Post builders. When a battery is opened the posts of the plate straps must be
drilled down and again built up on assemblage. There are seven necessary sizes, ranging
from 14 to 74§ in.
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. 0

Paste: The mixture of lead oxide or spongy lead and other substances which is put into grids.

Plate: The combination of grid and paste properly “formed.” Positives are reddish brown
and negatives slate gray.

Polarity: An electrical condition. The positive terminal (or pole) of a cell or battery or
electrical circuit is said to have positive polarity; the negative, negative polarity.

Post: The vertical cylindrical part of strap which receives connector.

F1as. 1,742 and 1,743.—Besco terminal extractor. Fig. 1,742, extractor: fig. 1,743, application.
It is used for removing hrass terminal connectors that are badly corroded and stick tight
to the post. Because of the great force necessary to pull stubborn connectors, 1t is necessary
to make this tool out of the very best drop forged stock. Contans sufhicient leverage to
exert great pressure.

F1a. 1,741.—HBesco group puller. Plates, separators and groups of a battery expand in service
and with age, making it difficult to extract them when disassembhing a battery. Pulhing
groupe with phers is unsatisfactory; jars are broken, posts are chewed off, hands are bruised
and great effort is expended without results. This puller has a vise-like grip and the
harder the pull, the more it grips. An even pull is distributed to both posts, making easy
extraction without wedging the group which ordinarily breaks the rubber jar.

Potentia! Difference: Abbreviated P.D. Synonymous with voitage.

Rate: Number ol amperes for charge or discharge. Also used to express (ime for either.
Rib: \See Bridge.)

Ribbed: (See Separator.) B ~

Recersal: That which occurs to voltage readings when cells are discharged below a certain
critical point or charged in the wrong direction.
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. .

Sealing: Making tight joints between jar and cover; usually with a black, thick, acid proof
compound.

Sediment: Looscned or worn out particles of active material fallen to the bottom of cells;
frequently called “mud.”

Sediment Space: That part of jar between bottom and top of bridge.

Neparator: An insulator between plates of opposite polarity; usually of wood, rubber or
combination of hoth. Separators are gencrally corrugated or ribbed to insure proper
distance between plates and to avoid too great displacement of electrolyte.

Spray: Fine particles of electrolyte carricd up from the surface by gas bubbles. (See Gassing.)

Fics. 1,745 to 1,750.—Universal lead burning rack. This rack will handle all types of starting
and lighting plates. The base is heavy cast iron with the grooves for holding plates cut in
a separate piece, one side of which is grooved for 14" spacing and the other for 34". It is
ejuipped with pins fitting into three holes in the base, which will space it correctly for
plates with lugs at the corner or with lugs offset. Two combs or spacing bars are provided,
one is made for twenty-seven }4” plates and the other for thirty-one 34" plates. These combs
are adjusted to the proper height with thumb screws as shown.

Strap: That part to which all plates of one group are burned.
Sulphate: Common term for lead sulphate. (PbSO.)

Sulphated: Term used to describe cells in an under charged condition, from either over-
discharging without corresponding long charges or from standing idle some time and
being self-discharged.

Sulphate Reading: A peculiarity of cell voltage when plates are considerably sulphated,
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where charging voltage shows abnormally high ligures before dropping gradually to normal
charging voltage.

Terminal: Part to which outside wires are connected.

Vent or Vent Cap: Hard or roft rubber part inserted in cover to retain atmospheric press-
ure within the cell, while preventing loss of electrolyte from spray

Voltage: Electrical pressure or potental difference, expressed in volts.

Wall: Jar sides and ends.

Washing: Removal of sediment from cells after taking out clements: usually accompanied
by rinsing of groups, replacement of wood separators and renewal of clectrolyte.

Watts: Product of amperes and volts.

Watt-Hours: Product of amperes, volts and time in hours.

Fras. 1,751 and 1,752.—Besco gang connector mould. Where only three of the popular sizes
(7-11-13) cell connectors are desired, this gang connector mould will fill that requirement.
The construction is rugged for moulding double taper castings. A suffxient gquantity of iron
is used to retain the heat for continuous operation.

Fras. 1,753 and 1,754.—Besco radio terminal mould. It is so made that different lengths of
5, 16 in. screws may be used.
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Inspecting a New Battery.—On receipt of the battery it
should be wiped clean of dust and particles of packing, and the
nipples should be discarded. The case should be carefully ex-
amined and if there be evidence of damage in transit, claim
should immediately be made against the carrier.

Remove the vent caps from the cells and determine the height of the

o

PR
F1G. 1,755.—Plates of Edison storage battery. The
positive or nickel plate consists of one or more per
forated steel tubes, heavily nickel plated, filled with
alternate layers of. nickel hydroxide and pure metallic -
nickel in excessively thin flakes. The tube is drawn - B
from a perforated ribbon of steel, nickel plated, and .l 4 2
reinforced with eight steel bands, equidistant apart, Hgialgiasnss
which prevent the tube expanding away from and B ¢« B iyl i':_
breaking contact with its contents. The tubes are o oy hoa
flanged at both ends and held in perfect contact o P e A gﬁ
=
o

-5 3]

with a steel supporting frame or grid made of cold B Br
rolled steel, nickel plated. The negative or iron B EEET L
plate consists of a grid of cold rolled steel, nickel Holaxtinlas
plated. holding a number of rectangular pockets . o i-s?
filled with powdered iron oxide. These pockets are
made up of very finely perforated steel, nickel
plated. After the pockets are filled they are inserted in the grid and subjected to great
pressure between dies which corrugate the surface of pockets and force them into good
contact with the grid.

el

solution in each cell. If the height of the solution in all the cells be uniform,
there is no indication of a leaky jar.

In a new battery, the density of the solution in the cells should read
1.275 to 1.285 or somewhat less, depending on the elapsed time since the
battery left the factory, temperature conditions, etc. If the density of the
solution read below 1.250 the battery should be given a freshening charge
until the hydrometer shows a density of 1.280 to 1.290. Care should be
taken to charge in the proper direction; the positive terminal of the battery
should be connected to the positive side of the charging system. Replace
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the vent caps, screwing them in tightly, and place the battery on a clean,
dry spot for 24 hours as an extra test for a leaky jar, and note whether there

be any dampness in the battery.

Preparing New Batteries for Service.—Upon receipt of a

2
|

I

I

Fig. 1,756.—Complete element of Edison storage battery with insulators. After the plates are
asscmbled into a complete element, narrow strips of treated hard rubber are inserted be-
tween the plates, thercby separating and insulating them from each other. The side in-
sulator is provided with grooves that take the edges of the plates, thercby perform:ng the
dual function of separating the plates and insulating the complete elements from the steel
container. At the ends of the clement, that is between the outside negative plates and
container, are inserted smooth sheets of hard rubber. At the bottom, the elemert rests
upon a hard rubber rack or bridge, insulating the pates from the bottom of container.
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F1u. 1,757.—Four Edison cells (type A-4) in wooden tray.

NOTE.—If two pieces of very thin bright steel be placed out of doors for a few weeks,
they become rusted, The action of the oxygen on the outer layer of the metal has formed it
into an oxide commonly known as “rust.” Now place these two pieces of steel in a solution
composed of potash and water, and connect them by wires to a small dynamo. The electricity.
in flowing from the dynamo through the solution, from one of the plates to the other and back
to the dynamo, changes the rust to metallic iron on one of the plates, but causes the other plate
to become *‘rusted”’ twice as much as before.
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new battery, after making an inspection as directed in the
previous paragraphs, proceed as follows:

1. Determine whether the battery has been shipped
. Charged.

b. Unfilled.

c. Dry.

d. Dry charged.

D

A charged battery is one in which the electrolyte has been added and

Fi1i. 1,758.—Top of Edison cell showing check valve and filling aperture for.adding distilled
water.

NOTE.—Chemistry of the Edison Storage Battery., The fundamental principle of
the Edison storage battery is the oxidation and reduction of metals in an electrolyte which neither
combines with nor dissolves either the metals or their oxides. An electrolyte also. notwith-
standing its decomposition by the action of the battery, is immediately reformed in equal
quantity, and is, therefore, a practically constant clement without change of density or con-
ductivity over long periods of time. Therefore, only a small quantity of such electrolyte is
necessary, permitting a very close proximity of the plates. Furthermore, it is unnecessary to
take hydrometer readings until about 300 cycles of charge and discharge have been made;.
this is simply to determine when it is necessary to empty out the old solution and put in new.
The active materials of the electrodes being insoluble in the electrolyte, no chemical deteriora-
tion takes place therefrom. The chemical reactions in charging the Edison storage battery
are, the oxidation from a lower to a higher oxide of nickel in the positive plate, and the reduc-
tion from ferrous oxide to metallic iron in the negative plate. The oxidation and reduction
are performed by the oxygen and hydrogen set free at the respective poles by the electrolytic
decomposition of water during the charge. The charging of the positive plate is a process of
increasing the proportion of oxygen to nickel.
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given an initial charge. It is shipped in a fully charged condition and
with the proper amount of electrolyte in the cells.

An unfilled batlery is one which has been assembled with damp, treated
separators, without electrolyte ever having been added and with plates
which require an initial charge.

A dry ballery is one which has been assembled with dry separators, with-
out electrolyte ever having been added but with the plates in a charged
condition.

00000

Figs. 1.759 to 1.766.—Edison storage battery construction. The arrangement here shown makes
a gas tight and liquid tight packing between the top of the container and the poles The
steel lugs of the standard connector shown at the top are exactly tapered to it the tapered
steel poles.  When forced into position by the pole nuts, the contact is made perfect.

2. To each unfilled, dry or dry charged battery there is at-
tached an identifying tag or label before the battery is shipped.

1f battery has been shipped charged:

1. Remove vent plugs and examine height of electrolyte; if it be at or
below the top of the separators, add suitable water until level of the solation
is just below the bottom of the filling tubes. If there be evidence that




1,264 Storage Battery Repairs

electrolyte has been lost from any cells in transit, use electrolyte instead of
water to make up the loss on these cells. The specific gravity of this
electrolyte should be the same as that in the surrounding cells. After
adding water, replace and tighten plugs and give the battery a charge. 1f
for any reason, the battery stand idle for a considerable period, make sure
it receives the attention required by a battery in wet storage.

2. Shortly before the battery goes into service give a freshening charge,
continuing charge as long as the specific gravity of the lowest gravity cell
shows any increase and then for at least 5 hours after the last increase is
shown, so that the charge is continued until the specific gravity has stood
still for 5 hours.

17
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Fia. 1,767.—Battery repairs 1. A Gould 6 volt 81 ampere hour storage battery used for
starting and lighting. This battery was returned for repairs.

If wood insulated battery has been shipped uncharged:

1. Remove the vent plugs and fill each cell with 1.335 (36.4 Baume)
specific gravity electrolyte, which consists of one part (by volume) of pure

NOTE.—A storage battery is commonly looked upon as a receptacle in which to store
electricity. Electricity is not concrete matter. In fact, nobody knows just what it is. There-
fore, in the general apprehension of the term, it is not stored. Electricity simply causes a
chemical change to be effected in certain substances, when it is caused to flow through them.
These substances, in endeavoring to return to their original state, produce clectricity.
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sulphuric acid suitable for batteries, to two parts of distilled water, to 34
in. above tops of the separators.*

2. Wait 5 minutes and then fill each cell again with 1.335 (36.4 Baume)
specific gravity electrolyte to 34 in. above the tops of the separators.

3. The battery must then stand from 10 to 15 hours before it can be
placed on charge.

4. After standing for this length
of time, fill each cell again, if neces-
sary, with 1,335 (36.4 Baume) spe-
cific gravity electrolyte to bring the
level of the electrolyte %4 in. above
the top of the separators before
charging.

5. Place the battery on charge at
the finish rate marked on the name
plate (or as shown on the chart sup-
plied) until the gravity and cell
voltage stop rising. This charging
will require at least 84 hours.

6. The gravity of a fully charged
g battery varies between 1.280 and
DRILL POST /- 1.300 (31.8 and 33.5 Baume). If,
OUT OF after a charge of 84 hours or longer,
TERMINAL the specific gravity does not rise for
two consecutive hours, the gravity
should be between 1.280 and 1.300
(31.8 and 33.5 Baume). Ifit be not
between these limits, the specific
gravity should be adjusted to these
values at the end of the charge.

*NOTE.—Never fill with reshly mized
clectrolyte that is over 90° F. (52°C)in
temperature,

F1a.1.768.—Battery repairs 2. To remove terminal or connecting link, drill down to a depth
of 3;in. usinga '4in.drill. Then follow up with a 34 or 11/16 in. drill. Do not drill deeper
than necessary so as to minimize the labor of building up the post. Where a torch is available
il}:stcad of driiling, play flame on the center of the post and melt a hole in it. Drilling destroys
the post.
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7. If, during the charge, the temperature exceed 110° Fahr. (43° C.)
the charge rate should be reduced so as to keep the temperature below 110°
Fahr. (43° C.) and the time of charging lengthened proportionately.

NOTE.—Special reference to the Willard wood insulated battery.

If rubber insulated battery has been shipped uncharged:

1. Remove the vent plugs and fill the battery to the top of the vent
opening with 1.275 specific gravity electrolyte (31.3 Baume).

2. Wait 5 minutes and fill again to the same point with the same gravity
electrolyte.

3. The battery must now be left standing at least 12 hours and not
more than 24 hours before charging. This is done to permit the acid

Fia. 1.769.—Method of drawing acid from a carboy. The combination of a large glass bottle
encased in a wooden box is called a carboy. Attach to box two rockers and fit a piece of
inner tube to neck of bottle as shown. This will permit pouring the liquid without spilling
even when the bottle is full.

to penetrate the active material, which is a necessary step in the prepara-
tion of the battery. While thus standing the level of the electrolyte will
drop, due to the absorption of electrolyte in the pores of the plates and
insulation.

4. Just before charging, fill the battery again with the same gravity
electrolyte as mentioned above, up to the under part of the vent holes.
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After this do not fill the batlery with anything but distilled water.

5. The battery should then be on charge at finish rate shown on name
plate, or as shown on the chart supplied. This should be prolonged until
the specific gravity stops rising. At tne end of the charge the specific
gravity should be between 1.280 and 1.300 or 31.7 to 33.5 Baume, which
may take 36 to 72 hours.

6. Due to the charging process it is very likely that the water will
evaporate in which case the level of the electrolyte will go down. Distilled
water should then be added so that the plates are entirely covered with
electrolyte, which should be about 33z in. above them. The important
matter to observe is the temperature of the electrolyte. which should not
exceed 110° Fahr. (43° C.). Should the temperature rise above this point,

PRY OFF WITH SCREW DFIVER

FiG. 1.770.—Battery repairs 3. Inremoving the top connectors. place a file or a flat pece of
steel along the edge of the case. Place an ordinary screw driver undemeath the connector
and pry it off. The object of the file or piece of steel is to protect the case from breakage.

battery cnarging should be discontinued for a while or the rate of current
decreased. If the gravity stop rising for two consecutive hours, it is a sign
that the battery is fully charged, and the only thing necessary is to equalize
the specific gravity in the cells so that they shall be about the same. For
instance, if the specific gravity of electrolyte in one cell be over 1.300,
remove a certain amount of electrolyte replacing it with distilled water.
Similarly if the specific gravity be below 1.275 remove a certain amount of
electrolyte and add the same amount of 1.400 sulphuric acid. The charging
should then be continued for another hour so as to get the solution mixed
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properly. Care should be taken not to prolong the charging unduly, for
that would be bound to injure the plates, causing the material to fall from
the grids. On finishing the charging of battery the vent plugs should be
replaced. :

Preparing the Electrolyte.—The electrolyte is the solution

BRUSH OFF
LEAD AND
DIRTY
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AR T NIRRT
PR S gl
’-V"T,(::?‘

F1c. 1.771.—Battery repairs 4. Brush off the accumulation of lead and dirt from the top of
the battery. Care should be exercised to keep foreign substances from the inside of the bat-
tery. especially metal which may become lodged between the plates and separators and even-
tually cause short circuiting.

in the battery and consists of a definite mixture of pure sul-
phuric acid and distilled or other suitable water. The sul-
phuric acid must be chemically pure.
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I16. 1,772.—Battery repairs 5. Remove
vent plug. This should be done before
using a flame around the battery, because
hydrogen gas is generated in a oattery
and its presence may cause an explosion.
‘This gas can be quickly expeiled by blow-
ing into the cells with a bellows. As the
vent plugs are made of hard rubber, which
is easily broken, do not attempt to remove
them with a pair of pliers.
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SPECIFIC GRAVITY DESIRED

Fie. 1,773.—Curves for mixing full strength acid and water. Full strength or concentrated
sulphuric acid is a heavy, oily liquid, having a strength (specific gravity) of about. 1.835.
If put into the battery, it would quickly ruin it, and must therefore first be diluted with pure
(distilled) water to the proper strength for the particular type of battery, to which it is to
be added. In mixing, take the foliowing precautions: 1, Use a glass, china, earthenware,
rubber or lead vessel; never metallic other than lead. 2, Carefully pour the acid into the water;
not the water into the acid. 3, Stir thoroughly with a wooden paddle and allow to cool
before taking a hydrometer reading. The electrolyte like most substances expands with
rise in temperature; this affects the hydrometer reading. Correction for hydrometer
reading; Add one point to hydrometer reading for every 3° Fahr. increase tn temperalure above
70°.
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The use of low standard or impure electrolyte is a sure cause of battery
trouble.

Do not confuse chemically pure sulphuric acid with sulphuric acid of full
strength. For example, if a small quantity of some impurity be introduced
into acid which is both chemically pure and of full strength, it would not
materially reduce the strength, but would make it impure. On the other
hand, if such acid be diluted by mixing with pure water it would still be
pure, but its strength (specific gravity) would be reduced.

PLAY FLAME
BACK AND
FORTH

COMPOUND '\
SOFTENED

Fi6. 1,774 . —Battery repairs 6. Soften the sealing compound around the edges of the covers
by playing a gas or torch flame over the compound. It is best to play the flame back and
forth and not steadily in one place.

Full strength or concentrated sulphuric acid is a heavy, oily liquid
having a strength (specific gravity) of about 1.835. If put into the battery,
it would quickly ruin it, and must therefore, first be diluted with suitable
water to the proper strength for the particular type of battery to which it
is to be added.

If electrolyte of the proper strength be not on hand, it may be prepared
from chemically pure sulphuric acid by mixing the acid with pure water
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The acid may be of any strength, provided it be s:ronger than the electrolyte
desired, but it should be borne in mind that especial care must be taken in
handling it when stronger than 1.400 and extreme care when it is sfronger
than 1.600. The proportiors of acid and water depend upon the strength
of the acid. Fig. 1,773 gives the proportions when the acid used is full
strength or concentrated, which means a strength of 1.835.

Fi1. 1,775.—13esco end cutter for cutting off pillar posts to proper heights and trimming lead
parts.

0IG ouT
COMPOUND

Fi6. 1,776 .~Battery repairs 7. Dig out the compound around the edges of the covers by using
a heated screw driver, chisel or plumber’s lead scraper.




Fi6. 1,777 —Battery repairs 8. Heat top of the covers to soften the underlying compound
Insert a screw driver under the covers an: pry them off gently. Do not attempt to force them
off but use more heat until they lift easily
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Fia. 1,778.—Battery repairs 9. Soften remaining compound with torch. Do not allow the
flanme te play in one place long as this would cause the compound to melt and run. A small
flame used for several minutes will bring better results than a strong flame. After softening
the compound it may be removed by using a heated screw driver
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rlﬂﬂl_ 420 When mixing, take the following precautions3
#3 1. Use a glass, china, earthenware or lead veseel;‘
20—+ never metallic other than lead. Rubber may be |
= —%i: except when mixing acid of 1.600 gravity or stronger.
— TI . . N
=gl 2. Carefully pour the acid into the water; not the
S | water into the acid, as this might cause sputtering and
— _—;‘ﬁ therefore personal injury.
—1+10 3. Stir thoroughly with a wooden paddle, and allow
=19 to cool before taking a hydrometer reading of the
— B4 strength. If acid of 1.835 gravity be used, the wooden
= .,_'" paddle should be coated with sheet lead.
| + Electrolyte, like most substances expands on heating,
34 affecting the hydrometer reading. To compare different
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Fia. 1,779.—Fahrenheit scale. To correct specific gravity for temperature read thermorneter
to nearest -+ or — division. If 4add to hydrometer reading. If — subtract. Example:
thermometer 79 (correction + 3), hydrometer 1.209. Corrected gravity 1,209 + 3 = 1,212.

¥Fig. 1,780.—Battery repairs 10. Apply the gas flame to the inside of the jar for an instant,
then run a hot putty knife around the edges between jar and cover. Now place the battery
on the floor and holding it firmly between the feet, grasp the terminal posts with two pairs of
pliers an:l lift the element and cover out together.
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hydrometer readings, therefore, the temperatures should be about the
same. [t is not necessary, however, to actually bring the temperatures to
- the samie value, because it is a known fact that every 3 degrees increase
in temperature decreases the hydrometer reading 1 point, and this fact
can be used in estimating what the hydrometer reading would be at an-
. other temperature. For example, if the hydrometer reading at 95° be
1.275 it would be 15 points more, or 1.290 at 50°. Therefore, although

F1G.1,781.—Batlery repairs 11. Drain elements by resting them at an angle on top of jars.
While the elements are draining apply a flame around the terminal posts and remove covers.
The covers may have warped from the heat. 1f so, they should be placed in boiting water
and flattened out on a smooth surface to cool.

the two actual readings differ by 15 points, the differeuce is all due to
temperature, and if the temperature were the same the readings would be
the same.” When the temperature is much above or below normal, the
hydrometer readings should be corrected for *‘temperature.”

In ordering sulphuric acid specify that it shall be chemically
pure 1.835.
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WORK GROUPS GENTLY
< BACK AND FORTH \

Fia. 1,782.—Battery repairs 12. 1f separators be in good condition, and a jar replacement
only is to be made, set the element, with bottom cover, in electrolyte or water till ready to
replace. If separation is to be renewed and plates examined, separate the positive and nega-
tive groups. Grasp the elements firmly and work the groups gently back and forth.

RUN PUTTY KNIFE BETWEEN PLATE
AND SEPARATOR

Fia. 1,783.—Battery repairs 13. Method of removing separators. Take a putty knife and
run it between the plate and the separator. It is always best to renew the separators. When
a new battery is received for replacement of a leaky jar the separators -will generally be
found in good condition so as not to require renewal. Used separators should never be allowed
to dry out but should be kept immersed in water.
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The readings should be taken at from 70° to 90° F. So called ‘‘commercial
acid” is not satisfactory for use in storage batteries, and therefore, acid or
electrolyte should be purchased from a storage battery company or a dis-
tributor. Inasmuch as the greatest density of electrolyte that should be
put in the cells is 1.400, distributors carry electrolyte of this density.

When the battery is fully charged the electrolyte should show a specific
gravity of 1.280 to 1.290.

For developing repaired cells with new positive and negative plates the
initial electrolyte density should be 1.200.

HATE
SULR BUCKLED

F1a. 1,784.—Battery repairs 14. Inspection of plates to determine whether or not they
require replacement. If battery has been overbeated through overcharging or short circuiting
this will be indicated by brittle and buckled plates with active material granular and falling
away from the grid. Plates in this condition will have to be replaced. If electrolyte has not

been kept above the plates the tops of the plates will show a white substance known as
sulphate.

Fi1a. 1,785.—Battery repairs 15.—Positive group showing buckled plates. A group of buckled

plates which, when reassembled, will not go into the jar readily, should be replaced with a
new group.

NOTE.—If the battery has been allowed to remain in a discharged condition for any
length of time it will be indicated by sulphated plates. This sulphation is susceptible to removal
by charging at a low rate for a long period. This rate should be about one half the nérmal
charging rate continued until the specific gravity and voltage reaches a maximum value.
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For developing repaired cells with new positive and old negative plates
that are in a charged, wet condition, the initial electrolyte density should
be 1.250.

When wood separators only are replaced in a charged cell the initial
electrolyte density should be 1.280°.

For developing batteries shipped “bone dry” special instructions are
given on tag accompanying each battery.

:
!
/

Fia. 1,786.—Battery repaira 16. Method of straightening buckled plates: Insert boards of
suitable thickness between the plates and over each outside plate; place the pile in a vise,
apply a gradual pressure, exercising care that the plates are not subjected to a severe strain.

To bring up the density of the electrolyte in a low cell the strength of
the electrolyte added should not be greater than 1.400 or it may damage
the plates and separators.

*NOTE.—The condition of the negative plates is sometimes such that they may be
used again with new positives. In this case the negative group should be immersed in water
to prevent the plates drying out through heating or exposure to the air. If the positive
plate be fairly hard, and has not lost much of its sur{ace, it may be used again. Occasionally
it happens that one or two plates in a group require replacement while the balance of the plates
are in good condition. In this case new plates may be used in replacement.
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Never add pure sulphuric acid to a cell, as il will gas and heat violently
and will damage the plates and separators.

Table showing approximate number of parts of pure water to 10 parts

of sulphuric acid (specific gravity 1.835) to prepare electrolyte of different
densities.

READINGS AT 70° F. J
Density Parts by weight Paris by volume
1.260 17. i1 .30.
1.275 ’ JO.. e b s 2 .28
1.280 B £ TS .27,
1.300.... ... ....... D & P e s 25
) iArr iy PP Y AT PTT T T e ...15.8

OLD ELECTROLYTE
Sy

Fi16. 1,787 —Battery repairs 17.—Pour ol
electrolyte in a glass jar. A glass jar is

I i ‘_ best adapted to the purpose so as to disclose

I i the sediment which will settle at the bottom.

i B, Sometimes impurities get into the electro-

hl«‘{” bl b i |{H lyte and as a precautionary 'measure it is

not advisable to use the old solution.
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SEDIMENT

Fia. 1,788 —Rattery repairs 18.—Note the sediment which has settled at the bottom of the
jar containing electrolyte. Under normal usage this sediment will not be considerable. A
large amount of it indicates that the cell has been overheated). and that the solution has not
been kept above the plates by adding distilled water at regular intervals.

POUR SLOWLY SO THAT
THE SEDIMENT WILL
REMAIN AT THE BOTTOM

Fra. 1.789.—Rattery repairs 19.—Pour off clear electrolyte, Never allow the sediment to get
into the battery as it would impair the eficiency of the separators,
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Ques. What may be said with respect to impurities in the
electrolyte?

Ans. The electrolyte should be free from chlorine, nitrates,
acetates, iron, copper, arsenic, mercury, and the slightest trace
of platinum. .

Mercury alone has no injurious effect unless it be present in sufficient

quantity to amalgamate the plates, but in combination with any other
metal, may cause local action.

Fig. 1,790.—Battery 1epairs 20. Wash out jars with a water hose. The case is placed on its
side over a sink as shown and thoroughly washed out. Be sure that all sediment and foreign
matter is removed {rom the cells before installing the plates.

Fra. 1.791.—Besco battery vise and plate press. Serves a double purpose. As a battery vise
it clamps the battery firinly without injury, making it easy to extract groups, cells or rubber
jars. As a plate press it assures a steady graduated pressure so essential in straightening
buckled plates or pressing groups back into shape to fit jars. Can be bolted to floor or bench.
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The following tests should be made for impurities before the
electrolyte is poured into the cells:
Chlorine.—To a small sample of the electrolyte add a few drops of

silver solution (20 grains of silver dissolved in 1,000 cu. cm. of water).
A white precipitate indicates chlorine.

DEFECTS
\
I

Fia. 1,792.—Battery repairs 21. Clean case ready for assembling of elements. Trmpect the
jars carefully for cracks or other imperfections. Jars exhibiting such defects should be re-
placed with new ones.

FiG. 1,793.—Battery plate press. I is made for
straightening and forcing of active materials back
into the grids. This plate press is made ot cast iron
and reinforced to withstand the necessary pressure,
A great amount ot force can be applied easily and
quickly.
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Nitrates.—Place some of the electrolyte in a test tube, and add 10
grains of strong ferrous sulphate solution. Carefully pour down the side
of the test tube a small amount of chemically pure concentrated sulphuric
acid. A brown stratum between the electrolyte and the concentrated
acid indicates the presence of nitric acid.

Acetic Acid.—Neutralize the electrolyte with ammonia, then add ferric
chloride. If the solution turn red, and is afterwards bleached by the ad-
dition of hydrochloric acid, acetic acid is present.

FiG. 1,794, —Battery repairs 22. To remove a jar fill it with boiling water and allow it to
stand for at least five minutes. This will loosen the sealing compound surrounding the jar.

Iron.—Neutralize a sample of the electrolyte with ammonia; boil a small
portion of hydrogen peroxide, and add ammonia or caustic potash solution
until the mixture becomes alkaline. If a brownish red precipitate form,
it indicates iron.

Copper.—If copper be present, a bluish white precipitate will be formed
when ammonia solution is added to the electrolyte.

Mercury.—This is indicated by an olive green precipitate when a
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colution of potassium iodide is added to the electrolyte, cr by a black
precipitate when lime water is added.

Platinum.—A rough test for traces of platinum is made by pouring
the electrolyte into a cell in which the battery plates are immersed. If
gassing take place for some time on open circuit, it is an indication of the
presence of platinum.

Fia. 1,795.—Battery repaira 23. Grasp the edges of the jar to he removed with two pairs of
pliers as illustrated and pull it straight up. Care should be exercised so as not to damage
adjacent jars.

Table showing approximate number of parts of pure water to 10 parts
electrolyte (1.400 spec. gravity), to prepare electrolyte of different densities.

READINGS AT 70° F.

Density Parts by weight Parts by volume
N80z 000000000000000 20004 Yo7l oo oacacaaca0caanaacas 615
1.275. i e &0 aoacabaco0cca0aaaaa0as 6.

1230, ... &l coaococacoooca000aan6ac 51
1300, o oo 90000000000000G00G0 00 3 7%
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Specific Gravity of Electrolyte in Tropical Countries.—
The electrolyte used in automobile batteries in tropical climates
is purposely made weaker because such batteries operated in
tropical climates give better results if the solution be weaker
than that used in batteries for cooler climates.

Fi1a. 1,796.—Battery repairs 24. Inspection of case before putting in new jars. Remove
the shims and sealing compound so as not to hinder the jars from being placed properly.

Places where freezing of water seldom or never occurs are regarded as
having tropical climates. In countries where the average temperature is
around 100° or more throughout the year, it is recommended that the
specific gravity of a fully charged battery be kept at about 1.280 ordinarily
used. This is due to the fact that with the increase of temperature, the
specific gravity of electrolyte decreases, the ratio being that for each 3°
increase of temperature, there is a decrease of one point in specific gravity.
This means that when the temperature has been increased 30° the gravity
actually reading on the hydrometer would be 10 points less than it would
be if the temperature were normal.

In this way, if the standard specific gravity (1 .280) were used, the actual
specific gravity of a battery in hot climates would be from 10 to 25 points
too high, with the result that the battery would be wearing out faster.
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Installation of Batteries.—When installing a new battery the
following precautions should be taken:

1. Battery compartments must be well ventilated, but in such a way as
to keep out water, oil, dirt, etc. Install battery so that all celis are
easily accessible for adding the water necessary to replace loss from
evaporation.

BOILING
WATER

Fia. 1,797.—Battery repaira 25. Heat jar before placing it in the case. This may be accom-
plished by pouring boiling water in the jar. 1f hot water be not available play a light flame
around the outside of the jar.

2. Arrange connections so that positive of charging source will connect
with positive of battery, and negative of charging source with negative
of battery. Test charging wires for positive and negative with a volt
meter, or dip the ends of the wires in a glass of salt water, but do not
allow ends of wires to touch. In the water, fine coloriess bubbles will be
given off from the negative wire.

.
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3. Before making connections all surfaces which are to be bolted together
should be wiped with a cloth wet with ammonia, thoroughly scraped and
then coated with pure vaseline. The metal is apt to be covered with a
very thin film of acid and unless this be neutralized and removed before
making connections, there may be trouble from corrosion later.

1. Batteries in service on vehicles of any sort should have the trays
seated firmly and evenly without any undue-twisting or straining and

Fi6. 1,798.—Battery repairs 26. Push jar into place, taking care to sce that the top of the
jar is level with the others. If the tops be not lined up, the top connectors will be uneven,
and as a result present a very poor lvoking job.

should be securely fastened down by suitable holding devices, so de-
signed that they will not shake loose in service. Connecting cables must
be flexible and sufficiently long to prevent a pull on the battery terminals.

5. It is absolutely essential that the battery be securely held in position
on the car, and for this purpose ‘*hold downs” have been developed. The
simplest form of hold down consists of a bolt fastened to the car and which
grips the case by means of a clip fitting the case handle, .
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6. If a battery be allowed to jump around in its compartment, the
result is unnecessary wear or breakage or both. The ribs in the battom
of the jars may wear grooves into the plates and separators or the plates
may wear grooves into the ribs. Battery terminal posts are sometimes
broken as the result of a loose battery straining on a connecting cable
which has become taut as a result of the battery moving.

7. Always see that the battery is fastened securely in place by means of
holding devices.

__SHIMS ———

Fr:. 1.799.—Battery repairs 27. Place a paraffined wood veneer shim between the jars to
secure a proper spacing and a tight fit.

To Install New Battery on Car.—See that the positive and
negative terminals of the new battery are in the same position
as those on the one it is to replace. This is of importance,
especially when the car is equipped with an electric starting
and lighting system.

Six volt batteries have one positive and one negative ter-
minal.

Batteries used on 12, 16, 18 and 24 volt systems often have
a greater number; and different systems have these terminals
located in different positions.
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If the connections be not made correctly the starting and lighting system
will not operate properly, and if the terminals of the new battery be not
in the same position as those on the battery to be replaced, the wiring
must te changed to fit the new battery. Usually the polarity of each
terminal is stamped thereon, but as an extra precaution this should be
checked with the volt meter.

Rub connections and terminals with sand paper until they are clean and
bright. Go over them with a rag dampened with ammoniated water (one
part ammonia, ten parts water) and screw connectors tight to the ter-
minals. Coat the terminals and connectors with vaseline or heavy grease.

CLEAN FLAT TABLE
FREE FROM FOREIGN
MATTER

“-.\"“\..J

Fia. 1,800.—Battery repairs 28. First step in replacing elements. Take the positive and
negative groups to a clean, flat table. Always make sure that the work table is free from lead
scrapings or foreign substances of any kind as these substances will adhere to wet separators,
and if not removed will cause short circuiting of the plates.

Be careful that the battery hold downs or other devices for keeping the
battery in place are suitable for the new battery.

If the car be equipped with a starting and lighting system have the
owner operate the engine; first, to see that the battery revolves the starting
motor, and second, to see that the battery receives the proper charge when
engine is running.

Battery Storage.—Batteries which have electrolyte in the
cells, must during the idle period, be kept charged, have water
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added as necessary, and not allowed to become extremely hot
or extremely cold. The question usually arises whether it is
better to dismantle the battery and store it dry or put it into
storage as it is, this being termed wel storage.

Any battery which is to be out of commission should, if possible, be put
into wet storage, provided it will not soon require dismantling, in which
case it should be put into dry storage. Dry storage requires no attention
during the storage period. The battery must, however, be dismantled
and reassembled, and if its condition be such that this will soon be re-
quired anyway, dry storage is obviously the better method.
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Fic. 1,801 .—Battery repairs 29.. Second step in teplacing elements. Intermesh the positive
and negative group. As the negative group contains one more plate than does the positive,
both outside plates will be negative.
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Dry Storage.

1. Provide a dry place for storage, free from dust.

2. Have on hand enough approved water to fill all the cells.

3. Empty the battery solution by tilting and turning over the battery
and immediately replace the solution with the water.

4. Allow the battery to stand filled with water for approximately 10 to
15 hours.

5. Give the battery a charge, continuing until all cells gas freely and
until half hourly readings of the specific gravity of any certain cell and

of the voltage of the battery as a whole both show no further increase
over a period of 1 hour.
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Fra. 1,802.—Battery repairs 30, Complete element ready to receive separators.

6. Unseal the cells and pull out of the jars the elements complete with
covers; that is, without removing sealing nuts.

7. Remove the separators.

8. Wash the plates by dipping them several times in water.

9. Replace the separators, using .new ones for the wood separators.
Be sure these are thoroughly saturated. Where there are rubber sep-
arators, they may be used again, if they are not broken or cracked.

10. Pour the water out of the jars.
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11. Put the elements back into the jars and reseal before the negatives
dry out. .

12. Put a tag on each battery, giving the date put into storage.

13. Replace and tighten vent plugs.

14. Within 12 months put the battery into service. It is preferable to
do this immediately and then keep in wet storage on {rickle charge.

15. If it be impossible to reseal the cells, as covered in item 11, pro-
ceed as in items No. 1 to No. 6, inclusive. Then remove the wood separa-
tors and throw them away. Where there are rubber separators, replace
them between the plates. Allow the plates to drain and thoroughly dry.
Pour the water out of the jars. Put the elements back into the jars, but

do not seal.

Fic. 1.803.—Battery repairs 31. Method of inserting separator. Lay the element on its
side and put the separator retainers in position. Insert a separator between each pair of
plates. 1f wood separators only be used, the grooved side of the separator should be next to
the positive side. If wood separators and rubber sheets be used, they should be inserted
together, the rubber sheet between the positive plate and the grooved side of the wood
separator. See that the separators are against the retainers and that they extend cqually
on either side of the element. Carefully check up separators after assembling as to omit a
separator would cause considerable trouble possibly spoiling the cell.

Wet Storage.

1. Provide a bench or shelf in a convenient location and of sufficient
size to allow a little air space all around each battery.

2. Place the batteries upon wood strips, in order to keep the bottom
of the batteries clear of the bench.
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3. Install the necessary wiring, switches and charging resistance, so that
batteries can be easily connected up and charged where they stand on
the bench.

4. Apply vaseline freely to all exposed metal other than lead.

Fia. 1,804.—Battery repairs 32. Complete element. The clement should be grasped by
pillar post an- lowered gently into the jar. This should be done very carefully to avoid
breaking the jur.

Fras. 1,805 and 1,806.—Willard positive and negative groups of plates. Fig. 1,805 negative
group; fig. 1,806, positive group.
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5. Batteries may be kept in wet storage by means of either the trickle
charge or periodic charge method.

Battery Testing in the Car.—If the battery be in a car it

Fig. 1.807.—Battery repairs 33. Method of Feating putty kni‘e with torch preparatory to
cleaning the cover

Fra. 1.808,—Willard positive and negative groups being assembled.

Fia. 1,809.—Willard element or assembly of positive and negative plate groups with separators.
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FiG. 1,810.—Battery repairs 3f. Clean covers with heated putty knife.
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Fra. 1.811.—Adaptation of auto tire pump as an acid pump. The lead pipe can be adjusted
to reach bottom of decpest carboy.  Any auto or bicycle air pump can be used with it.
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should be tested with the hydrometer to determine the state
of the charge of the cells, and to determine if the density of
the solution in the cells be uniform.

The height of the solution should also be determined, and if not at the
proper height, the cell should be replenished with pure water. If no trouble
be indicated, see that the case is clean, wiping with ammonia solution, one
part ammonia and ten parts water. See that the terminals are tight and
that the battery is held rigidly in the battery bex.

If the test show the level in one cell lower than in the others, it is indica-
tive of a leak or that acid has been spilled from this cell.

1{ one cell be markedly low in gravity, or if owner complain that he has
to fill one cell more frequently than the others a leak or spilling as just
mentioned, is also indicated. A leaky cell should be repaired at once.
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FiG. 1,812.—Baltery repairs 35. Sometimes the hottom cover will not fit properly over the
element. By using a pair of pliers in the manner illustrated, it will be an casy matter to
locate the centers.
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If on the other hand, low acid level or low gravity be due to spilling, the
battery should be charged and acid density adjusted.

If, however, the test show that all of the cells are in com-
pletely discharged condition, or the owner complain that he
is unable to keep the battery charged, the wiring and starting
system should be checked as follows:

CAULKING
TWINE

1. Point of dynamo cut in,
also the speed of the <car at
which the dynamo commences
to give the battery its normal
charge. Dynamo systems are
designed to give this charge at
about 12 miles per hour, and
if the dynamo do not, it is prob-
able that the battery is not
receiving suflicient charge.

It may be that the commuta-
tor is dirty or is covered with
oil from the dynamo bearings.
In this case the resistance be-
tween the commutator and
brushes may prevent the
dynamo charging the bat-
tery at the proper rate. The
commutator should be carefully
examined and if found to be
dirty should be cleaned with
sand paper.

2. If the cut out switch be
not working properly the bat-
tery will discharge, back into
the dynamo, thus losing power.

Fic. 1,813.—Battery repairs 36. 1f the cover do not fit closely to the terminal posts, or
the wall of the jar, the openings should be calked with hemp twine or tow to prevent the

melted sealing compound flowing into the jar.



Fia. 1.814.—Battery repairs 37. Small gas stove and ordinary colfce pot used for melting
and pouring sealing compound.

Fia. 1,815.—Battery repairs 38. Application of compound. Always pour the compound so
that it will fill all spaces and reach to a height level with the top of the case. Also see that
it flows evenly over the whole surface
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3. The wiring may be accidentally grounded to the metal frame work of
the car, in which case there will be a continual leak from the battery. If
the car be wired on a single wire system, in which one side of the battery is
intentionally grounded, break this grounded connection and shut off the
lights and the ignition. Then test with the volt meter, connecting one post
to a battery terminal, the other to the metal frame work of the car. This
test should be made with all terminals. If the volt meter show a reading it
indicates a ground in the wiring. When the wiring is on the double wire
system it is not necessary to break any connections.

SLIGHTLY HEAT COVER

R
HEAT SURFACE OF \ i /ﬂ’ s
compouno—\ Y M

)

1. 1,816.—Battery repairs 39. Before putting on the cover slightly heat it with a gas
{lame. Also heat the surface of the compound.

If a ground exist it should be cleared up before the battery is put back
in service.

4. The user may operate a great deal at night and little in the day time,
or he may drive in a congested district at slow speed, or he may make fre-
quent stops. Any of these may prevent the battery receiving sufficient
charge, and under these circumstances the user should be instructed to use
his lights as sparingly as possible and only to use the headlights when abso-
lutely necessary. In some cases side and tail lights of lower candle power
than used on the car may remedy the condition.

If none of these precautions will allow the battery to receive sufficient
-charge, it should be given a recharge periodically at a service station.



Storage Battery Repairs 1,299

Fia. 1,81 RBattery repairs 40. Wooden form used for properly holding the covers down

while the compound is cooling

HEAVY WEIGHT—

Fia. 1,818.—Buttery repairs 41. Place the wooden form over the covers and place a heavy
weight on top of the form. The battery should stand for ten or fifteen minutes until the

ealing compound has set.
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For the foregoing tests on the starting system, a small ammeter and volt
meter may be used; it is advisable, however, to have a combination instru-
ment especially designed for automobile testing work, of which a number
are on the market.

As various starting systems differ materially in operation, it will be well
to apply to the manufacturers of these systems for diagrams and instruc-
tions.

5. A frequent source of battery trouble is loose or corroded connections
at the battery or at the dynamo. In either case the battery will not

EXCESS OF SEALING
COMPO

Fic. 1,819.—Battery repairs 42. After the form is removed there is always an excess of seal-
ing compound. This can be scraped off with a hot putty knife.

receive the proper current on charge or give it out on discharge. All con-
nections should, therefore, be examined carefully to see that they are clean
and tight.

Testing Battery Removed from Car.—If trouble exist that is
clearly due to the battery or if test on the starting system fail
to clear the difficulty, the battery should be removed from the
car for repair or replacement.
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Battery Troubles.—In order to locate the faults in battery
troubles:

1. Go over all connections in the system. A loose or dirty connection is
often the cause of trouble. If the connections between battery and cable
terminals be not kept clean, they may corrode, causing a poor connection,
or else opening the circuit altogether. If the connector be causing the

Fia. 1.820.—Battery repairs 43. Terminals should he thoroughly scraped clean of all com-
pound and dirt. 1t is practically impossible to do a good jo» of burning if all parts ke not
properly cleaned.

trouble, remove it and clean the parts thoroughly with weak ammonia.
Then remove all dirt, apply vaseline, tighten the connections perfectly and
give the whole connection a heavy coating of vaseline.

There may be a leak or ground in the wiring. Test for this by turning
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on all lamp switches and then removing the bulbs from the sockets. Dis-
connect one of the cables at the battery and in its place tightly hold a file
against the battery post, making sure there is good electrical contact
between the file and post. Then rub the cable terminal along the file; if
sparks be noticed, there is a ground in the wiring, which must be looked
for and removed.

3. For an automobile battery:

a. If engine will not crank, turn on lights and attempt to start in the usual manner.
Jf lights become dim, battery is in poor condition and should be given a charge
off the car and the cause of trouble investigated and removed. If lights continue
to burn brightly, the trouble is elsewhere than in the battery.

b. 1f the dynamo of the starting system be not in proper adjustment, the battery will
not be kept supplied with the proper amount of current.

Fia. 1,821.—Battery repairs 44. Method of cleaning the inside of connectors with ordinary
pocket knife.

If the supply be insufficient, the battery will become discharged; if it be
too much, the battery will require an excessive amount of water and the
solution will become hot (110° Fahr.). The dynamo should be readjusted
to deliver more or less current, as the case may require. On all cars, the
dynamo 1s originally adjusted to supply an amount of current which
experience has shown to be the most satisfactory for average running condi-
tions. If the car be run only at night, more current 1s naturally required
because the lights use a large part of the current which would otherwise go
to the battery. If long daylight runs be the rule, the opposite is true
because then almost all the current goes into the battery.

4. If the trouble seem to be in the battery, proceed as directed in the
next section.



Storage Battery Repairs 1,303

How to Determine the Necessity for Opening Cells.—If a
battery seem to be in trouble and the cause be not apparent,
it may require nothing more than prolonged charging to restore
it to normal condition.

To determine what is necessary to restore it, first take a gravity reading
of each cell and if practicable, make either the high rate discharge test, or,

if the modified constant voltage system or charging be used, the high
rate charge test.

If there be not enough electrolyte to float the hydrometer, add water and

HN

Fia. 1,822.—Battery repairs 5. Clean the tops of the connectors with a rasp file to remove
dirt and oxide.

put the battery on charge, continuing until the water is thoroughly mixed
by gassing, then take hydrometer readings.
If the gravity readings of all cells be within 50 points of each other, most
likely all the battery needs is a charge with a possible gravity adjustment.
If the gravity reading of one cell differ from the others by 50 points or
more:

NOTE.—Before applying the terminal connectors, test all cells with a volt meter to
see if they be set up properly. 1f a volt meter is not handy scrape the rubber bushings on each
post. The red bushing is positive and the black is negative. The connectors should be applied
s0 that the positive of one cell is connected to the negative of the next cell.
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a. Make the high rate discharge test and be guided by its indications; or

b. If the constant voltage system of charging be used, make the high
rate charge test and be guided by its indications; or

¢. Put the battery on charge.

If all the cells gas evenly on the charge and the gravity of all of them
reach and remain between reasonable limits, the trouble is elsewhere

cr'//?\..\
" o Jﬂ-‘”

Fia. 1.823. - Battery repairs 46. Joining connectors and terminals to the posts. Melt the
top of the post, then the edges of the hole in the connector. Melt strips of antimonious lead
and allow the molten metal to run into the hole in the connector. Care must be taken to
see that the top of post and inside edges of the connector are melted together hefore applying
additional lead. 1f this be not done the connection will surely pull loose. Care should also
be taken not to melt the outer edges of the connector. Practice will be found necessary.

than in the battery. Locate the cause of trouble and remove it. Other-
wise, record all gravities outside of these limits, resume charge and continue
until three consecutive half-hourly readings of the gravity of all these cells
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show no increase for any of them. Then make a gravity adjustment on
those which are more than 10 points low or which are more than 10 points

high and which are gassing. Before making
an adjustment for low gravity, determine
whether the jar be cracked by adding water ﬁ \

to the proper height and allowing cell or jar

to stand several hours, noting whether level
falls. If a jar be cracked, change it. Never \J
make a gravity adjustment on a cell which does

no! gas. 1f a cell will not gas on above
charging, investigate for impurities, or in-
cpect it for short circuits.

= P
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Fia. 1,824.—Battery repairs 47. Testing electrolyte to note condition of charge

NOTE.—How to adjust the gravity. First make sure charging will not raise the gravity

To do this, continue a chargs until the specific gravity shows no rise, and then for 5 more hours
Never make a gravity adjustment on a celt which does not gas on charge. Make an internal mspec-
tion to locate the trouble. 7o adjist low gravity, first have ready sufficient electrolyte ot not over
1.345 specific gravity. Empty the solution out of the cell or celts and at once fill with the pre-
pared electrolyte. Do not allow the battery to remain empty Charge until all cells have been
gassing for an hour. Then, if the gravity be not within proper limits for the type ot battery
being treated, repeat adjustment until desired gravity is obtained. To adyust high gramty,
remov 2 some of the electrolyte and replace with water. Charge until all cells have been gassing
for an hour. Then, if the gravity be not within proper limits, repeat adjustment until desired
gravity isobtained
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Lead Burning.—Lead joints in a battery are made by melting
the parts to be joined and forming a solid weld. The process
is called lead burning, and is carried out by means of a burning
outfit. For a repair station, the use of gas is recommended.
Where burning must be done on a job away from the station,
the carbon burning outfit is recommended because it is easy
to carry.

Various Gas Combinations.—There are various good com-
binations, and the deciding factor is usually the relative

b

e

1S

Fra. 1,825.—Electric Storage Battery Co. ,arc lead burning outfit. In assembling a storage
battery clement, a negative plate is laid down with a separator on it, then a positive plate,
separator, negative plate, etc. The plates are so placed that all the lugs of the positive
plates are on one side and all the lugs of the negative plates are on the other side. A strip,
consisting of fiat strips of lead or lcad alloy, having rectangular openings in it of the same
<hmensions as the cross section of the lug of the plates, these openings being spaced to register
with the lugs, is then placed over the plate lugs of the positive plates, and a similar strap
is placed over the lugs of the negative plates.  The lugs ate then burned into integral union
with the straps.

cost and availability of the different gases in the particular
location in question. Good combinations are:

1. Air and artificial illuminating gas.
2. Air and hydrogen.
3. Oxygen and artificial illuminating gas;
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4. Oxygen and natural illuminating gas.
5. Oxygen and acetylene.
6. Oxygen and hydrogen.

Both gases must be under some pressure, the amount depending on the
combination used and the distance of the source of supply from the work.

Fie. 1,826.—llydrogen gas generator for lead burning. A complete lead burning ortfit con-
sists of the following parts: 1, hydrogen gas generator; 2, trap for cleaning the gas and for
preventing the flame getting back in the generator; 3, air pump; 4, air tank; 5, blow pipe;
6 lead burrer's mixing tee; 7, suitable length of &4 inch soft rubber tubing When the gen-
erator is to be used for lead burning, connect up the different parts of the apparatus as
shown. Fill the trap 2¢§ full with water and be sure to connect the gas generator to the
nipple on the bottle marked B. The stop cocks N and C, must be closed. See that the rub-
ber plug at D, is sccured in place. Put the required amount of zinc in the opening at H.
(No. 1 generator requires: 15 lbs. zinc, 9 gals.water, 3 gals. vitrol. No. 2 generator re-
quires: 20 lbs. zinc, 15 gals. water, 5 gals. vitrol). After putting in the zinc, add the water
and then the sulphuric acid, and nete that the water must be always be put in before the acid.

NOTE.—When making the connection for the hydrogen gas generator shown in fig.
1.826, be surc that there are no low points in the hose between E and N, as water is liable to ac-
cumulate at these low places, which will make the gas damp which is detrimental to the burn-
ing. 1f water get into the line, kink the hose between F and B, detach the hose at E, and blow
out the water with air by opening the cocks, N, C and V. The length of the hose between T
and X, must not be longer than five feet as the cocks N and C, must always be within the reach
of the man who is using the flame. When ready to use the flame, open N, which allows the
hydrogen gas to escape. Light the same with a match and adjust the air cock C, until the
desired flame is obtained Different classes of work require different flames, which can be
obtained by changing the tips and by varying the amount of gas and air with the cocks N and
C. When the generaator is laid up for the night, or when the charge is exhausted, pull the
hose off at F, and draw off the solution by removing the phlug at D. ‘The genetator should
tuien be thoroughly washed by pouring water in A.
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Air, oxygen, acetylene and hydrogen may be supplied in separate tanks
under pressure.

In all cases, a mixing Y or chamber of some sort must be used, together
with a burning tip and sufficient hose to connect the various parts. Where
oxygen is employed, the mixing should be done right at the burning

F1a. 1,827.—Oxygen illuminating gas lead burning outfit. Lead burning consists of fusing
component parts of the battery together by the use of a hot tlame or a white hot carbon
pencil. The most widely used outfits using a flame are as follows: 1, illuminating gas and
compressed air. This flame is synonymous with that given by the well known Bunsen burner.
It is not a satisfactory flame for lead burning; 2, hydrogen gas and compressed air. Where
hydrogen can be procured in tanks this is found to be a very satisfactory outfit, as it pro-
duces a hotter flame than that of the illuminating gas with compressed air, and where a great
amount of work is to be done it saves considerable time; 3, oxygen gas and illuminating gas.
This is the most satisfactory outlit, inasmuch as no compressed air is required, and commer-
cial oxygen can be obtained practically throughout the United States. It is also much more
economical than hydrogen and air. The oxygen can also be used for removing carbon from
Kas engine cylinders. The method of this carbon removal is to blow the gas on the carbon
and touch it off with a match. The carbon and oxygen will form into an inflammable carbon
oxide gas, thus removing the carbon from the cylinder; 4, oxygen gas and hydrogen gas.
This combination is not as economical as oxygen and illuminating gas, and the flame pro-
duced is much hotter and not as suitable for lead burning.
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tip, in which case the mixing chamber and burning tip are combined into
one piece. The use of oxygen also requires a special valve.

The Electric Storage Battery Company has developed outfits for using
the first two combinations. The illuminating gas outfit is designed for
use with the ordinary city gas supply; natural gas cannot be used. Com-
pressed air is necessary, the pressure ranging from 5 to 10 lbs.

The carbon burning outfit as shown in fig. 1,831 consists of the following

I
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Fios. 1,828 to 1,830.—Gould burning rack for burning plates into group. The rack is adjust-
able for height, and can be supplied with guides having proper spacing for all batteries
manufactured.

parts: Carbon holder with cable, clamp and carbon rods. It is not meant

to be used where considerable lead burning is done. The method of using
it for reburning connectors is as follows:
One terminal of a spare 6 volt battery is connected by a piece of cable

with the connector to be burned. The cable can be made fast to the latter
by means of a clamp and care should be used that the surfaces are clean
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and a good contact secured. The cable attached to the carbon holder is
then clamped to the spare battery at the other terminal. Touch the carbon
to the joint and hold there; due to the flow of the current, it rapidly be-
comes red and then white hot. By moving it around, always keeping it
in contact with the lead, the joint can be puddled.

To supply lead to fill the joint, a lead strip or extra connector can be
used, simply introducing the end into the puddle of lead, touching the
hot carbon. The carbon projecting past the holder should be slightly
tapered or sharpened and should project past the holder about 1in. After

F1a. 1,831 —Method of Icad burning with Exide carbon burning outfit.

the joint is made, the top can be smoothed off by running the carbon
over it a second time. The carbon (holder and all) should be occasionally
dipped into a pail of water to keep it cool, as otherwise the holder and
insulation may be damaged and it will become so hot as to make it un-
comfortable to hold. Wetting the carbon does not affect the operation
in any way, as it rapidly heats up again.

After being used for a short time, it may be found that the carbon will not
heat properly, due to a film of scale formed on the surface. This should
be cleaned off with a knife or file, as occasion requires. Smoked or dark
glasses should be used to protect the eyes from the intensity of the light,
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In order to avoid the possibility of an explosion of the gaseous
mixture contained in the upper part of a cell, when doing repair
work with a gas flame or carbon burning outfit, the following
precautions should be taken:

1. The filling plugs should be in place, and the entire battery, with the
exception of the part on which the burning operation is to be performed,
should be covered by a cloth wet with water.

2. The cloth should be pressed down upon the vents of the cells or
wet waste may be packed around and over the vents.

3. A large piece of burlap or a towel thoroughly soaked in water is suit-
able. The wet cloth is recommended for two reasons: g, it prevents the
burning flame or arc communicating to the interior of the cell, and
b, if an explosion should occur, the cloth will prevent the solution and small
parts being thrown about.

Disconnecting Cells.—The best method of disconnecting
cells assembled with pillar straps, for the purpose of replacing
broken jars, cleaning or taking out of commission, is to use a
five-eighth inch twist drill, in a carpenter’s brace, boring down
into the top of the pillar about one-quarter inch; then pull off
the connector sleeve from the pillar. By following this method,
all parts may be used again.

Taking Batteries out of Commission.—Where a battery is

NOTE.—The characteristic properties of concentrated sulphuric acid are very
marked. Its freedom from odor, oily appearance, and its great weight. distinguish it from other
liquids. The pure concentrated commercial acid has a density which usually reaches 1.842,
and ius boiling point is about 640° F. Tne absoiutely pure acid is perfectly colorless, but usually,
even that used in laboratories, has a peculiar grayish color, due to slight traces ot organic mat-
ter. Sulphuric acid is exceedingly hydroscopic, and when exposed to the air it rapidly increases
in bulk, owing to absorption of atmospheric moisture. .

NOTE .—Clamps not made of metal similar to that of the connecting strips, frequently
give trouble from the galvanic action due to the contact of dissimilar metals in the presence of
moisture which causes the destruction of either the connecting strip or the clamp. Such
troubles can be avoided by placing a thin strip of sheet zinc between the lead strip and the
clamp. Under these circumstances the zinc will crumble away, and can be replaced without
much inconvenience and very little expense, while the clamps and connecting strips will remain
uninjured.



1,312 Storage Battery Repairs

to be out of service for several months, and it is not convenient
to give it the freshening charge every two weeks, it should be
taken out of commission.

Fias. 1,832 to 1.835.—Rochlitz automatic water still. A still removes iron, chlorine, nitrates
and other impurities from raw water. Iron causes self discharge of batteries; chlorine and
nitrate causes disintegration of the positive plates. The various arrangements shown are:
1. for artificial or natural gas; 2, for attaching to boiler; 3, for oil burner; 4, for electric
heater.
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COMPARISON OF THE BAUME AND SPECIFIC GRAVITY
SCALES AT 60° FAHRENHEIT -

Degrees|Specific| Deg rees\Specific| Degrees|Specific|Degrees |Specific
Baume |Gravity| Baume |Gravily| Baume |Gravily| Raume Gravity
0 1.000 17 1.133 34 1.306 51 1.542
1 1.007 18 1142 35 1.318 52 1.559
2 1.0i4 1$ 1.151 36 1,330 53 1.576
3 1.021 A 1.160 37 1.342 h4 1.593
4 1.028 21 1.169 38 1.355 55 1.611
5 1.036 22 1.179 39 1.368 56 1.629
6 i.043 23 1.188 40 1.381 57 1.648
7 1.051 24 1.198 41 1.394 58 1.666
8 1.058 25 1.208 42 1.408 69 1.686
9 1.066 26 1.218 43 1.421 60 1.707
10 1.074 27 1.229 44 1.436 61 1.726
11 1.082 28 1.239 45 1.450 62 1.747
12 1.090 29 1.250 46 1.465 63 1.768
13 1.098 30 1.261 47 1.479 64 1.790
14 1.107 31 1.272 48 1.495 65 1.812
15 1.115 32 1.283 49 1.510 66 1.835
16 1.124 33 1.295 50 1.526
Strength of Dilute Sulphuric Acid
of
Different Densities at 59° Fahr.
Per cent. Specific Per cfent. Specific
o o
Sulphuiic Acid Gravity Sulphuric Acid Gravity
100 1.842 23 1.167
40 1.306 22 1.159
31 1.231 21 1.151
a0 1.223 20 1.144
23 1.215 19 1.136
23 1.206 13 1.129
27 1.108 17 1.121
26 1.190 16 1.116
25 1.172 15 1.106
24 1.174 14 1.098




1,314 Storage Battery Repairs

Ques. Describe the method of taking a battery out of
commission.

Ans. The battery is charged in the usual manner, until the
specific gravity of the electrolyte of every cell has stopped
rising over a period of one hour (if there be any low cells, due
to short circuits or other cause, they should be put in condition
before the charge is started, so that they will receive the full
benefit of it).

The cells may now be disconnected and covers and elements removed
from the jars (if sealed, the compound is loosened with a hot putty knife).
The elements are placed on their sides with the plates slightly spread apart
at the bottom, the separators withdrawn, and the positive and negative
groups pulled apart. The electrolyte is washed off with a gentle stream of
water and the plates allowed to drain and dry. The positive plates are
ready to be put away. When dry, the negatives are completely immersed
in electrolyte (of about 1.275 specific gravity), and allowed to soak for
three or four hours. The jars may be used for this purpose. After rinsing
and drying, they are ready to be put away; wash also the rubber separators.

Wood separators, after having been in service, will not stand much
handling and had better be thrown away. If it be thought worth while
to keep them, they must be immersed in water or weak electrolyte, and
in re-assembling, the electrolyte must be put into the cells immediately,
as wet wood separators must not stand exposed to the air.

Ques. What precaution should be taken with the jars?

Ans. They should be thoroughly cleaned with fresh water,
no sediment being allowed to remain.

Putting Batteries into Commission.—When re-assembling a
battery, it should be treated in the same manner as if it were
new and the regular instructions for assembling and putting a
new battery into commission followed.

Cleaning Jars.—The jars should be thoroughly cleaned with
fresh water, no sediment being allowed to remain.
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1. Double Cover Batteries

The type battery considered in this chapter to illustrate
battery repair methods is a Gould 6 volt 81 ampere hour size
of the double cover sealed type.

Before starting to dismantle a battery a sketch should be
made showing the inter-cell connections and position of ter-
minals for guidance in reassembling.

TEREE 4@

Fia. 1836,.~‘Exide’ connector puller for removing connectors.

SEALING
NUT
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EADED POST
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RUBBER
JAR

¥16. 1,837.—Battery repairs 47. The battery post of single cover battery is threaded and
provided with a flange on which the cover rests, with a sott rubber sealing gasket between.
A lead or hard rubber nut secures the cover to the post. To remove cover simply unscrew
the nuts on positive and negative post. In replacing a cover of this type the nut should be
prevented backing off by breaking the thread in the post, just above the nut, by means of a
prick punck..

2. Single Cover Batteries

Batteries are now constructed with single moulded covers
with a depression around the edge into which the sealing
compound is poured.
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POST FLANGE AND LINK BURNED HERE

LUK

__LEAD FLANGE

SEALING COMPOUND

A
..... i\ RUSBER

il i JAR

Fia. 1.838. —Battery repairs 48. Sealing around posts of single cover battery is made by
means of sealing compound. There are several designs of this kind but it is in any case
necessary to remove the compound or to soften it by heating before cover can be removed.

————POST

SEALING COMPOUND

RUBBER
JAR

F1i. 1,839.—Battery repairs 49. A lead flange is screwed into the cover from the lower side.
The inside of this tlange fits the battery post and the outside tapers above the top of the cover
s0 that when the cell connector is placed in position the three parts, namely —post, flange
and connecting link—are burned together at the top. When the connecting links are re-
moved from both posts by drilling, the cover is free and can be lifted off. In replacing the
cover on such a battery great care must be taken that the edge of the lead flange is burned
into the joint; a new flange being used if necessary. Aside from the points described above
repairs to a single cover battery are to be handled as before described.

NOTE.—When cells are equipped with top straps, the straps should be cut with a sharp
knife or chisel midway between the cells.

NOTE.—Pole testing paper. Make a thin solution of white starch and soak strips of
thin white blotting paper in it, and set aside in a clean, dry place to dry. Dissolve 14 oz. of
potassium iodide in one pint of water. Immerse the strips in the solution for a few seconds
and again dry. This paper, when moistened and used in the usual way, turns violet at the
positive pole.

NOTE.—If the active materialin the negative plates cxtend beyond the ribs of the grid
(the supporting frame), it should be at once pressed back into place, care being taken to prevent
the plates drying before this is done. The most suitable and convenient mathod for pressing
is to place between th- plates smooth boards of at thickness equal to the distance between the
plates and then put the groups under pressure.
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In order to remove the elements from such cells it is only
necessary to remove the connecting links as previously described
and remove the compound from the channel around the jar
formed by the depression of the cover. The element can
then be removed with the cover attached to the posts.

£3.8 004723

Fri. 1,830.—Method of locking seal nut on Exide single cover battery.

The method of removal of the cover from the element will
depend upon the means by which it is attached and sealed to
the posts.

The most usual methods are shown in the accompanying cuts.

NOTE.—A very effectire way ol softening the compound for unsealing any type is to
place the cell or battery in a steam box. This consists simply of a box or oven into which live
steam is injected at low pressure. By so doing, the rubber parts are made somewhat pliable
and are much less likely to be cracked in handling, especially in cold weather. Another method
is to stand the cell in very hot watdr, tzking care that the water does not get inside of the cell.
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GRATING STRIPS "% 1%"

GRATING STRIPS SPACED 'ABOUT
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Fics. 1,841 and 1,842.—Wooden grating on floor of shop to give dry walking surface for
repairmen.

Table of Voltage Change as Affected by Discharge Rate*
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10.

11.
12.

13.
14.
15.
16.

17.
18.

19.
20.

TEST QUESTIONS

. Give a list of tools, equipment and spare parts nec-

essary for battery repair. _
What should be done on receipt of a battery?
How should a new battery be prepared for service?
Describe the Edison battery.

What should be done if a wood insulated battery has
been shipped uncharged; what if rubber insulated?

. Describe method of preparing electrolyte.

What precaution should be taken when mixing water
with sulphuric acid?

What kind cf water should be used?

Why should pure sulphuric aad not be added to a
cell?

What may be said with respect lo impurities in the
electrolyte?

Describe several tests for impurities.

What should be the specific gravity of electrolyte in
tropical countries?

Describe how a battery should be installed.
How is a new battery installed in a car?
Name two ways of storing a battery.

When should a battery be put in wet storage and when
in dry storage?

How is a battery tested in the car?

If the gravity of electrolyte be not the same in all
cells, what should be done?

How are faults located in a battery?
How is the necessity for opening cells determined?
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27.
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21. What is the proper method of adjusting the gravity?
22. Describe the process of lead burning.

23. How is a hydrogen gas generator constrycted?

24. How should batteries be taken out of commission?
25. What precaution should be taken with the jars?

26. How are covers removed from single cell batteries?

Describe at very great length how a battery is re-
paired.
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CHAPTER 46

Radio Batteries

There may be confusion in the minds of some as to batteries
so a classification of types and functions will be helpful, par-
ticularly to the novice.

Radio batteries may be classified according to the three ele-
ments of the vacuum tube which they serve, as

*‘A” battery
“B” battery
“C” battery

The three elements of the common vacuum tube, filament,
plate and grid are often designated by the letters A, B and C.

The order in which the letters are assigned corresponds to
the historical development of the tube.

The heated filament is comparatively an old device and the
battery which lights it is known as the filament baltery or ““A”
battery.

The plate was the second element to be invented and any
battery used in the plate circuit is a *‘B” battery.

A later invention is the grid and the battery in the grid cir-
cuit is termed a “C” hattery.

The B battery, connected in the plate circuit, maintains the plate at proper
pressure and supplies the energy which operates the head phones or loud
speaker.
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The length of the period of satisfactory results, however, depends upon
the quality of the battery. No battery can give out more than is put into
it. That is why extreme care should be taken in the selection of B batteries,
in order to secure the best results possible from radio. All B batteries of
standard makes when fresh will measure up to the required voltage and give
equal results at the start, but the initial voltage does not indicate the length
of its useful life, which in a 45 volt battery ends after it drops below 34 volts.

FILAMENT PLATE

GRID

Fia. 1,843.—Hydrostatic analogy illustrating function of the grid. Consider a U tube at the
bottom center of which is placed a pet cock and in one side of which with the pet cock closed
is placed a quantity of mercury. If this pet cock be opened wide, the mercury will immedi-
ately seek its own level, that is, the same amount of mercury by weight will flow up into
the other side of the U tube, and after oscillating for a few moments in an attempt to seek
a level, it will come torest. In the case of the vacuum tube, the flow of this mercury which
is the electron flow from the filament is controlled by means of the grid which is the pet cock at
the bottom of the U tube, to the plate which is the other side of the U tube.

NOTE.—The discriminating radio set purchaser is primarily interested in tone quality
that is, the undistorted reproduction of the voice or instrumental music. Many factors govern
tone quality. The care used in the adjustment of the transmitting apparatus at the broadcast
station and the scientific placement of the pick up microphone, as related to the acoustical
properties in the studio have a direct bearing on the tone quality of the broadcast program.
The engineering design of the receiving set, together with the care used in its construction, are
factors of comsiderable importance. The proper selection of the parts entering into the set;
the scientific balance between the related parts are equally important. Of the many factors
however, controlling tone quality—there is no one factor which is of such prime and vital im-
portance than the quality of the battery voltage—I3 battery voltage.
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The C battery provides what is known as a negative bias on the grid.
It is not always necessary, but its use reduces the drain on the B battery
and in some cases increases the volume and improves the tone quality from
the amplifier.

Radio A Batteries.—The purpose of the A battery in the
radio set is to heat the filament in the tube to the point where it
will expel sufficient electrons to permit the B battery to function.
It has no other purpose. A batteries are of two general types:

R " PUATE Curment W
: MILLI-AMPS v

Ty LOUD ¢,

SPEAKER

T -‘l
A& saTTERY

Fig. 1,844.—Tube diagram illustrating application of A, B and C batteries. In a radio vacum
tube there are three elements, filament, grid and plate, usually enclosed in a glass vessel
from which nearly all air has been removed. This, then allows the filament to be heated
to incandescence without the attending oxidation which might take place in air. The fun-
damental work of the storage A batlery is to heat the filament which gives off electrons. It has
no other function in connection with a receiving set. In addition to the filament there is
a plate upon which fs applied a positive electrical pressute. The source of this positive
pressure is the B battery and its connection to the plate is through the head phones, am-
plifying transformer or loud speaker, depending on the type of amplifying citcuit used. The
third element of the tube is the grid whose function is lo control the flow of electrons from the
filament to tke plate, To accomplish this the C baitery puts a negative charge on the grid of
the tube therehy acting as a governor to retard or accelerate the flow of electrons from the

filament to the plate.
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Radio Batteries

1. Dry

2. Storage

Storage batteries are required for the economical eperation of all radio
tubes which use more than Y4 ampere for lighting filaments, such tubes as

JUNING
INSTRUMENTS

PLATE®

"A" BATTERY

“B" BATTERY

the U'V200,C300, UV201
and C301.

Storage batteries have
the advantage over dry
cells in that they can
withstand heavy current
drains without losing in
voltage efficiency. They
are open to the objection
that they require re-
charging and that their
surface acid electrolyte
is extremely corrosive.
Dry cells have the ad-
vantage of light weight,
low initial cost and low
maintenance  cost, if
properly used, on the
newer types of vacuum
tubes.

The dry cell electro-
lyte remains inside the
cell during its discharge,
and the cell may be used
without any especial at-
tention until its energy
is exhausted.

Fia. 1,1845 and 1,846 .—Diagram showing relation of the A and B batteries to _the vacuum tub-~
in a radio set. The A battery leads connect to the filament of the tube, while the B battery
leads connect to that portion of the tube known as the plate.

the plate or B battery circuit.

Note that the loud speaker is in
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Dry cell A batteries are practically all 214 ins. in diameter
and 6 ins. high, the same dimensions as the well known ignition
cell which was originally used with dry cell vacuum tubes.

Fig. 1,847 shows the cross section of a typical A battery. Before dry
cells were employed for radio they were mostly used in ignition or telephone
systems. These loads had fairly constant resistances, and the minimum
cell operating voltage or “end voltage” was between .5 and .75 volts.
The use was intermittent and seldom called for more than .25 amperes

F1a. 1,847.—Sectional view of a typical dry cell.

initial cell current. Vacuum tube requirements however, changed the
service demands on dry cells to a higher end voltage of over .9 volts and
a continuous current. Cell manufacturers found that they could make
a special cell for radio service which was superior to the ignition cells.
These cells usually called ‘‘dry A batteries” have become very im-
portant in ignition and telephone service. -

The internal resistance is a characteristic which has much bearing on the
cell’s performance in radio A’ battery use. Ordinarily it is small, but
increases as the cell ages or discharges, and it is affected by the current
flow. Absolute resistance measurements are not made easily, as the
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resistance is affected by the current, it is necessary to state at what current
rate the measurement is made.

As dry cells age, changes take place which increase the
internal resistance and sometimes perforate the zinc.

These cause a falling off of capacity—a depreciation which is usually
referred to as ‘“‘shelf depreciation’” or ‘“‘shelf”’ and a satisfactory cell is
spoken of as one having a good “‘shelf.”

M

R
cuiT VOLYAGE -~ BEGINNING OF PERIOD

20 40
PER CENT DISCHARGE TO 0.? VOLT - END OF PERIOD

F1a. 1,848.—Dry A cell discharge characteristics. The curves were piotted between volts and
per cent of hours to .9 volts. The discharge rate was .5 amperes four hours a day. The
volt meter resistance is 385 ohms for a .3 volt scale. It should be noted that open circuit
voltage between 50 per cent and 100 per cent discharge decreases from 1.34 to 1.27 volts,
only a small amount and difficult to measure with any but good meters. From these tests
it may be determined that when an A dry cell has an open circuit voltage of only .25 volts, it
will not much longer be serviceable for use on vacuum tubes.

Even though a cell be covered with asphaltum, the seal is not
absolutely gas tight. There are microscopic channels between
the pitch and zinc can which allows some flow of gas.

1f the cell be stored at a high temperature some of the water vapor may
be driven out. If the cell be subjected to repeated heating and cooling in a
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dry atmosphere it will exhale moist air and inhale dry air. This “breath-
ing effect” explains why dry cells do not show their maximum capacity
after they have been stored in the tropics. High temperatures furthermore
accelerate the chemical effects in a cell and this includes the slow dissolving
of the zinc in the electrolyte. The voltage increases slightly with tempera-
ture.

Low temperatures increase the internal resistance of a dry cell but do
not affect the capacity if the cell be warmed to room temperature. The
voltage drops only a few hundredths of a volt so long as the temperature
is above 21 degrees Cent. Dry cell A batteries then may be expected to
give better service in cool regions than in the tropics.
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Fic. 1,849.—Shelf characteristics of radio A dry cell. The curves show that the voltage is
least atfected by age. There is a dropping off of current with age, but this decrease i not in
the same proportion as the decrease in short circuit flash.

All manufacturers and large purchasers of dry cells, test
and record the characteristics of individual cells of various ages.

From the results of many such observations the shelf characteristics as
shown in fig. 1,849, are obtained. The deferred values are usually expressed
as a percentage of the initial values.



1,328 Radio Batteries .

The recuperation or depolarization which takes place dur-
ing intervals of non-service has an effect on the current volume
obtainable from a cell.

The length of each recuperation period and their frequencies are critical.
In general, the longer the recuperation the greater the depolarization and
hence the greater the service. However, the recuperation periods may
total into months of time, when the shelf deterioration of the cell itself
begins to have more effect to lower the capacity than the recuperation has
to maintain it.

Number of A Dry. Cells Required.—Perhaps the most im-
portant consideration for securing best results is to use the
right number of cells and to connect them properly. The com-
bination differs with each type of tube. For WD11, WD12,
C12 and any 114 volt tube not less than one and preferably
two dry cells should be used for each tube in the set. The cells
should be wired in parallel when more than one cell is used.

For UV199, C299, DV3 tubes and any 3 volt tube, three dry cells should
be used connected in series for one to three tubes; for four to six tubes,
three banks of two dry cells each in parallel; the three banks connected in
series. :

For UV201-A, C301-A tubes, four dry cells in series should be used for a
single tube. For two tubes, use four banks of two in parallel, the four banks
connected in series. For three tubes, four banks of three n parallel. the
four banks connected in series; however, ‘a storage battery is recommended
for three or more tubes.

Storage A Battery. — The first cost of storage batteries or
power units is naturally greater than the cost of dry batteries,
but dry batteries must be replaced irequently. and the greater
the number of tubes, and the more frequently the set used,
the more often the set owner must discard worn out dry bat-
teries and purchase new ones. In many cases within the first
year the original cost of a storage battery will be less than the
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cost of replacing dry cells over a like period of time. This is
often true for both A and B batteries.

A mistake which the set owner is very liable to make after
deciding to use storage batteries is in choosing one of too low
capacity. The capacity or amount of energy which is contained
in a storage battery is designated in ampere hours. There are

BATTERY T

-ESTINGHOUSE |

i N{, HOU SE

BATTERT [

Fias. 1.850 to 1.852.—Westinghouse storage A batteries. Fig. 1,850 is a 7 plate battery of 60
ampere hour capacity and is used on the smaller radio sets where the filament requirements
are not so heavy as in the multiple tube sets. Fig. 1,851 is a nine plate 80 ampere hour bat-
tery equipped with terminal and thumb nuts. It is adapted for sets of any size where con-
venient arrangements have been made for recharging. Fig. 1,852 is an eleven plate battery
having a capacity of 100 ampere hours at a 3 ampere intermittent discharge rate. Burned on
terminals with thumb nuts, the positive and negative on the same side make 1t easy to attach
toset.

A batteries on the market running all the way from 20 to 120
ampere hours capacity. It is better to choose an A battery
that has enough capacity to run the set for some time before
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requiring a recharge. Thus it would be foolish to select a bat-
tery of low capacity for a multi-tube set, unless a good trickle
charger were also used. If a set owner be looking toward
economical upkeep of his set, it is wise to select an A battery
with due consideration of the number of tubes* and their draw
of current and the number of hours a day or week the set is
used.

F16s.1,853 and 1,854.—Willard 4 volt and 6 volt storage A batteries designed for use in radio
cabinets.

*NOTE.—Number of tubes determines expense.—The radio sets which are finding
most popular favor to-day are the larger and higher powered sets. More and more the radio
public leans toward sets having not only the power and efficiency. to bring in distant stations,
but the power to bring them in clearly on loud speakers. The set that can do this is a multi-
tube set, using from four to ten vacuum tubes. Naturally, such sets draw heavily both on A
and B batteries. Batteries, despite improvements in construction, are more quickly run down
than in the early days when the single tube, two tube and three tube sets were in vogue. Dry
batteries now require more frequent replacement. Storage batteries must be more frequently
recharged. Thus the increasing number of tubes on sets means not only greater first cost of
sets but also a greater upkeep cost.

*NOTE.—The same principle holds true in selecting B batteries. While the draw of
current from a B battery is very low as compared to that of the A battery, its capacity is also
low as compared to an A battery. Nevertheless frequent recharging of a storage B battery
means inconvenience and expense.
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Battery Rating.—The need of adopting standards for rating
radio storage batteries has been urgent, due to the sharp prac-
tice of some unscrupulous manufacturers. There are two ap-
proved methods of rating:

1. Continuous discharge method
2. Time method

The continuous discharge method is based on a continuous
discharge of 1 ampere until battery is exhausted, or until
voltage reaches 1.75 volts per cell.

Tested under this method, for example, a battery rated at 100 ampere
hours capacity should on the third repeated cycle of charge and discharge
furnish current at a discharge rate of 1 ampere for 100 hours continuously.

The time method is as follows: Filament heating A batteries
shall be rated for capacity in ampere hours based upon a con- .
tinuous discharge at the 100 hour rate at 80° Fahr., cell tem-
perature, to a cut off voltage of 1.75 volts per cell. The ampere
discharge rate for testing purposes, shall be determined by
dividing the manufacturer’s ampere hour capacity rating of the
battery by 100. )

A filament heating battery which fails to deliver its catalog rated capacity
on the third repeated cycle of charge and discharge under the conditions
specified above, shall be considered to be improperly rated. The only
difference between this method of testing and the one ampere continuous
discharge method, generally used throughout the trade, is that with the
latter the discharge rate is always one ampere; the cut-off voltage point of
1.75 per cell, and the cell temperature of 80° F., are identical.

Results obtained by the two methods vary slightly in favor of the manu-
facturer using the time method, on small batteries, and in favar of his
competitor who uses the one ampere continuous discharge method on
larger batteries, but the difference is not appreciable and any battery used
for equipping radio sets which is correctly rated by either one or the other
will not mislead a radio buyer.
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A third or intermittent method is based on a discharge of 14
ampere per positive plate for 4 hours each day with a rest
period of 20 hours and so on each day, until battery is ex-
hausted.

The intermittent discharge resembles closely the current consumption of
a radio battery under actual operating conditions. The objection to this
method of rating is the variance in results or capacity obtained under
slightly different testing conditions of the same size battery.

This switch
controls
Lﬂgr:ythin\g

~yourgpower

~your ower

-'t)z'voen th(? radio

set itself

F1a. 1,855.—Philco AB socket power. It eliminates both A and B batteries. Filament current
is supplied at 4 volts, thus protecting the delicate filaments of the dry cell tubes from over
voltage. Plate current is supplied at either 90 or 130 volts or both as required by the new
Radiola and other sets using UX-120 tubes in the last audio stage. The 130 volts are fixed.
The 90 volts are adjustable, by means of a single knob, through a range of 60 to 100 volts.

Size of Storage A Battery required.—The proper size battery
for use with a radio set depends upon

1. Type of tube used
2. Number of tubes



R

Radio Batteries 1,333

3. Average number of hours used each night
4. Facilities for recharging together with the convenience
desired.

Method.—Determine the number of amperes per tube from the table
giving properties of tubes. Multiply the number of amperes by the number
of tubes. Divide the ampere hour capacity of the proposed battery by the

c‘LD Qﬂf

Q Q TERMINALS
70, RADIO SET
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PLUG TO

L A.C. SUPPLY

F16Gs. 1,856 and 1,857.—Exide radio power unit. Fig. 1,856, front view; fig. 1,857, top view.
The unit is provided with a cord and plug for permanent insertion in any socket or outlet
of a 100 to 120 volt, 60 cycle a.c. house lighting circuit. The unit consists of a case in which
is permanently located a rectifier and an Exide battery and on the front of which is located
a tumbler switch. When the set is in use, the switch is in the up position and the a.c. house
circuit is entirely disconnected, thus eliminating hum in the reception. When the switch
is in the down position the set is disconnected and the battery is charging at trickle rate.

SWITCH

POSITIVE
TERMINAL @

NEGATIVE
TERMINAL @

NOTE.—In the dry cells of the trade the zinc electrode serves also as mechanical container
to hold the active materials. It is usually in the form of an open cylinder or can, sometimes N
of one piece metal and sometimes soldered up of sheet. In the center of this zinc can is the
cathode, a carbon rod surrounded hy ground manganese dioxide and carbon or graphite. The
latter materials are necessary as conductors for the currents to flow between and around the
manganese dioxide. The cathode, of considerable volume, almost fills the zinc can, but it does
not come in contact with it at any place. Between them is the ammonium-chloride electrolyte
in a non-spillable form; either impregnated in a paper or solidified as a gel. The electrolyte
also contains some zinc chloride which prevents a too rapid corrosion of the zinc when the cell
is not in use. The entire contents of the cell, except for a connection to the carbon, is sealed
shut with wax or asphaltum.
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total amperes just obtained. This division gives the number of hours use.
Divide the number of hours use by the average number of hours use each
night. This gives the number of nights service that can be obtained from a
single charge.

Properties of Tubes

(According to Westinghouse Union Battery Co.)

Filament | Plate Voltage Neg. | Plate
Type of Tube | “C" | Milha.
| Bat'ry | Norm.
Volts | Amp. | Detector | Ampl. | Valts |Opatn.§
UV-199, UX-199, C-299
- 3.Q .06 45 90 4.5 2.5
UV-200, UX-200, C-300
CX-300 * 5.0 |1, 16-22.8 | wewee §omnsn |innmen
UV-201-A, UX-201-A, .
C-301-A, CX-301-A 5.0 [0.25 45 90 4, 3.0
135 9, 4.0
UX-112, CX-112 5.0 | 0.5 22.5-45 157.5 10.¢ 7.9
1 ¢ 5.8
I 2.5
6. 2.4
UX-120, CX-120 3.0 |0.125 b & 6.5
UX-210. CX-210 7.5 1.25 35 22.0
7.6 1.25 27 18.0
7.5 1 1.25 18 12,0
6.0 |1.10 10.5 6.0
6.0 |1.10 8.0 4.5
.0 1,10 7.5 3.0
6.0 | 1.10 4.5 1.0
C-11, C-12, WD-11
WD-12 1.1 25 oD ey = cavisi Diaemas Y e
DV.2 4.5 26 45 90 4.5 3.0
DV-3 3.0 07 45 90 4.5 ] 2.5

Example.—A given set uses 5 UV201-A tubes. Each tube requires ¥4
ampere, 5 tubes require 11{ amperes and a 6 volt battery is needed. The
6BRO-7 battery has a capacity of 60 ampere hours. 60 divided by 114
gives 48 hours. 48 divided by 3 equals 16. If used 3 hours a night, the bat-
tery would give 16 nights of service per charge. The 6BRO-11 would give
about 27 nights service or about twice as much service per charge.

*NOTE.—Plate voltage for average use is 90 to 135. $At normal operating grid voltage
(not at zero grid). The plate current values given are less than those cbtained with zero grid,
but are the currents actually obtained when the tube is operated at indicated values of plate
voltage and grid bias voltage? Mukes of tubes: C, CX, UV, UX and WD, Radio Corporation;
DV, DeForest.
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The facilities for recharging should largely determine the
size of the battery purchased.

If charging current be available, a smaller size battery will suffice, but
will require more frequent charging attention. Where the battery cannot
be charged at home and must be charged at a battery service station, a
larger battery will be more satisfactory as it will require less frequent
charging and this will mean fewer idle periods for the radio set.

Figs. 1,858 and 1,859.—Universal 2 volt cell and 24 volt radio battery.

In general, a large capacity battery will give more satisfaction than a
small capacity battery; the larger the capacity of the battery in proportion
to the number of amperes being taken from it, the less will be the change
or drop in voltage over a period of time. If the voltage remain steady no
adjustments of the rheostat will have to be made over a several hour period.

Radio B Batteries.—The B battery furnishes the electrical
energy which actuates the loud speaker or phones of the radio
set. Without the B battery the radio set would be dumb.
Through the delicate control of the grid element of the tube
on the electron flow from filament to plate, the B battery energy
is released in modulated strains corresponding exactly to the

sounds introduced into the transmitter at the broadcasting
station.
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With the exception of the UV200, or C300 soft detector tube,
the amount of B battery voltage applied to the detector tube
may be either 22.5 or 45 volts. For the soft detector tube there
should be taps from 1614 to 2214 volts. Radio-frequency and
audio-frequency amplifier tubes require high B battery voltages,
varying from 45 to 135 volts, depending on the tubes, radio
sets used and the amount of volume desired from the set. In

Fi1a. 1,860.—Universal 48 volt B radio battery. In construction, the glass jars are sealed with
moulded hard rubber covers, making an air-tight and acid proof seai. The ccll containers are
glass jars, so that all elements are visible and the height of the solution is easily seen. Grav-
ity indicator balls are provided which indicate the state of charge. There are two balls: red
and white. The gravity of the red bzll is 1.150 and the white 1.250, which are the maximum
charge and discharge points. When both balls sink, charge the battery. When both balls
float, stop the charge.

general, high B battery voltages applied to audio-frequency
tubes will give greater volume. The 45 volt B battery
is the highest voltage unit now being made by battery com-
panies. Where higher B battery voltages are desired for ame
plifier tubes either 22.5 volt or 45 volt blocks are connected in
series.

For instance four 22.5 volt B batteries with three of the 4 22.5 volt
terminals connected to three of the — B terminals will give 90 volts at
the last oropen + 22.5 volt terminal. Similarly two 45 volt batteries with
one + 45 volt terminal connected to one — B terminal will give 90 volts
at the free or open + 45 volt terminal.
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B batteries are made in both horizontal and vertical types,
present popular taste preferring the vertical types because the
battery in this position does not occupy as much table space.
Horizontal and vertical types are equally efficient. B battery
energy, like many other commodities, becomes much cheaper
when bought in quantity. For this reason the extra large bat-
teries are always advisable in radio sets using four or more tubes.

90 B

4+ ass AMPLIFIER + 358
= DETECTOR uv-199 AMPLIFIER
OR UV-201 A UX-120 ONLY
OR UX-112 ONLY

—_—— -
e
H 0 B “l H 0O E}r’
NO 770 OR 486 NO 770 OR 486 Ne 772

Fic. 1.861.—Diagram showing drv B battery connections for power tubes. Connect battery
in series so that the smaller battery will have the lighter drain.

The usual B batterv is an assembly of fifteen small dry cells soldered
together in series and sealed in a convenient non-conductive box with
terminals at end cells, furnishing a voltage of about 2214 volts. Sore units
have thirty cells or 45 volts, but fifteen cells is usually considered the
standard for a B battery.

B batteries have heretofore been designated by “large” “medium” and
“small,” and it has been generally understood that the largest battery
would last longer than the smallest. A simpler classification groups the

NOTE.—B batteries are blamed for much extraneous noise which oceurs in radio sets.
Most often the noise is not in the set at all. A simple test to determine this is to cisconnect
the aerial and ground wires of the set, leaving the batteries connected. If the extraneous noise
disappear, it is not in the set at all, but comes from some interference which reacts on the aerial
or ground. It is probably true that an exhausted B battery may cause noise 1n a set; however,
most set manufacturers now use large bypass condensers across the 13 battery so that even the
noise which a high resistance 13 battery might cause is avoided.
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batteries according to the approximate weight of a 2214 volt unitas 1, 2, 5
or 7 pound class.

Size of Storage B Batteries.—The question is often asked:
How many B batteries should be used? The answer is, in
general, that the more B batteries used the greater will be the
amplification obtained. There is, however, a certain limit to the
voltage that should be applied to a tube and the manufacturers’
recommendations for any tube should be consulted as given in
the table of Properties of Tubes on page 1,334.

Fic. 1,869.—Willard 48 volt radio B3 battery, Type WTAMI127—6,000 m.q.4. capacity.
Fic. 1,870.—Willard 80 volt radio I3 battery, Type HR155—3,000 m.a.k. capacity.

The relative amplification merits of tubes were formerly judged by the
amplification constant of the tube. It is characteristic of vacuum tubes
that a slight change in grid voltage makes a considerable change in plate
current. In popular tubes a change of 1 volt on the grid will produce about
the same change in plate current as will a change of 6 or 8 volts on the B
battery. Such a tube is said to have a voltage amplification factor of
6 to 8. It was soon recognized that the amplification obtainable from a
tube was due not only to the voltage amplification factor of the tube but
also to the internal resistance of the tube.

Higher B battery voltages were found to reduce this internal resistance
with a corresponding increase in amplification. The increase in amplifica-
tion was due to the fact that as the internal resistance was decreased, the
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grid voltage exerted an even greater control over the plate current, that is,
was able to vary the plate current more than it had before. This was evi-
dently due to an increase of mutual conductance between the elements of
the tube, that is, there was an increase in the ability of the grid to affect
the plate circuit.

Mutual conductance is the ratio of amplification factor to internal
impedance. Impedance is the total resistance of an alternating current
circuit. The lower the internal impedance is made by increasing the B
battery voltage the greater will be the mutual conductance of the tube
up to certain limits, and the greater the mutual conductance of the tube

Fia. 1,871.—Westinghouse 11 cell glass case storage B battery, 22 volts; capacity 6,000 milli-
ampere hours when discharged at a 40 milliampere rate. On account of its large capacity and
the necessity of less frequent recharging it is sp.cially desirable where the user has no means
of recharging at home,

the less grid voltage will be necessary to produce any certain amplification, )
That is to say, the greater the mutual conductance the weaker the signal
that may be heard.

Radio C Batteries.—A later development in radio is the in-
troduction of a third or C battery. The function of this bat-
tery is to control the plate current, that is, the current supplied
by the B battery, flowing in the plate circuit of the tube, and
to control the quality of the output.

In othér words the C battery puts a negative charge on the grid of the
tube, thereby forcing it to operate with more clarity and less distortion at
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high B battery voltages. The negative voltage imposed on the grid also
reduces the amount of current taken from the B battery to approximately
one half the amount which would otherwise be taken out. For this reason
a C battery which costs only a fraction of the price of a single 22.5 volt B
battery may save an entire replacement in a set of B batteries, totaling
90 volts. The C battery therefore pays for itself.

<+ — a% vours -9 VOLTS
FOR FOR
ISTAUDIO TUBE POWER TUBE ONLY

—_— — ]

I_]—ll_ll_j

¥ia. 1,872.—Diagram showing dry C battery connections for UX-112 tube. Connection for
414 volt bias for UV-201-A at 90 valts, and 9 volt bias for UX-112 at 135 volts.

22% vouTs 4% voLTS +

. ©

I16. 1,873.—Diagram showing dry C battery connections for UX-120 tube. This tube requires
o negative grid bias of 22, volts. Connection for I3 batiery used as a C battery. The tap

.

marked + 18 supplies the negative 477 volt nas for the first audio tube.
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C batteries are used in the grid circuits of audio-frequency
amplifiers and in the first detector, and oscillator tubes of some
super-heterodyne sets.

By referring to the diagram fig. 1,874 it will be seen that

B BATTERY 1S 96 VOLTS
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TFic. 1,874,—Diagram spowing effect of C battery upon the plate current curve.

a portion of the plate current curve is flat. It is on this portion
of the curve that the vacuum tube should be operated to secure
maximum quality.

Up until the time the C battery was introduced, the only
method for controlling the quality was by decreasing or increas-
ing the B battery. This, however, was very crude, and the
introduction of the C battery overcomes any objection to ad-
justing the B battery voltage.
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In some receiving sets of the older type, a C battery may eas-
ily be inserted. By referring to the diagram fig. 1,875 will be
seen the point at which the C battery should be inserted.

Size of C Battery.—The electrical characteristics of CX-371
and UX-171 power tubes are such that unless the correct value
of C battery voltage be used, the B current will be multiplied
manifold. With these tubes, the correct C voltage must always
be used; otherwise the life of the B battery will be only a frac-
tion of what it should be, and the power output of the tube
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Fia. 1,875.-——Diagram showing point of insertion of C battery
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will be materially reduced, thus defeating the purpose of the
tube. The correct C battery voltage is given in the following
table:
Correct C Battery Voltage
(for power tubes)

. When B battery C Battery voltage
Power tube voltage is should be
cx-220 | 135 volts 2gvolts
UX-120
CX-112 90 « 414 «
UX-112 §

CX-112 135 « 9 =
UX-112 |
CX-371 | 90 « 164 «
UX-171
CX-371 | 135 « 27 .
UX-171 |
CX-371 \ 180 « 4015 «
UX-171 §

The C battery delivers but a small current and therefore will ordinarily
outlast the B battery. Nevertheless, because of the important part played
by the C battery in providing high quality reproduction and in reducing
the flow of B battery current, it is desirable that all possible precautions
be taken to maintain practically the full C battery voltage at all times.
With this in view the C battery should be tested with an accurate volt
meter at proper intervals,

NOTE.—The present day dry cells, or dry batteries as units containing more than one
cell, are practically all based on the discoveries of the well-known French investigator Leclanche
whose cell appeared in 1868. His cell was not a dry cell but it remained for others to con-
struct it in an unspillable form in about 1888. Since that time much progress has been made in
dry cell construction, in decreasing the costs, in increasing the efficiencies and enlarging their
fields of use. Radio has opened a new field for dry cell use and it is fortunate that the dry cell
manufacturers’ many years’ experience and knowledge in the manufacture of both large and
small cells, was available when radio demanded their product.
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'

Summary of Radio Batteries.
A Battery.

This battery performs one specific function, that of
heating the filament in the vacuum tube. If, for any
reason this A battery be low in voltage, there will be a
consequent low rate of electron emissions and the re-
ceiving set will not operate satisfactorily.

B Battery.

This battery performs two specific functions in a
receiving set. [t insures a positive pressure on the plate
of the tube to which the negative electrons which are
emitted from the filament may flow and improves the
quality of reception.

C Battery.

This battery functions as a governor on the grid or
control device to retard or accelerate the flow of elec-
trons from the filament to the plate. By so doing, the
C battery permits a correct volume of electrons to flow
from filament to plate thus controlling the plate cur-
rent which flows from plate to filament and allows the
tube to be operated on the straight portion of the curve
which insures quality reception.

Testing Radio Batteries.—Much of the service life of dry cell
B batteries in radio receiving sets depends on the conditions of
use together with the type and number of tubes.

The term service hours is the total time that a battery will
deliver the necessary current before it must be discarded from
the set as being no longer useful. High service hours are,
therefore, necessary for economical operation.

Service hour tests are made by discharging batteries under
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various conditions, usually through a constant resistance or at
a constant current rate. The latter test is made by maintain-
ing a constant current in the battery by means of an adjustable
resistance. This type of test can be either continuous or inter-
mittent with periods of rest between discharges.

The intermittent test.represents the service of a battery under
usual broadcast listening use.
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Fia. 1,876.—Diagram of service hours at various currents from tests made on Burgess dry

batteries. DJischarge based on intermittent service of 2 hours per day to an end voltage of
17 volts for a 2213 volt battery.
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To determine the expected service hours of a B battery, it is only neces-
sary to determine the average current drain on the battery and then pick
off the service hours from curves fig. 1,876. In a receiving set however,
it is almost impossible to estimate the plate current accurately as it is
affected by the various constants of the receiving set itself. The only
correct way to determine this current is by measuring it with a milli-am-
meter, and this method is recommended not only to determine the battery
drain but as a means of checking the installation in the receiving set and
of adjusting the various tube voltages.

The milli-ammeter offers a convenient method of testing the plate and
grid battery conditions as well as checking the current drain of the set.
When strong signals are received with the set, there should not be a fluctua-
tion of the milli-ammeter pointer. A noticeable fluctuation indicates

Fic. 1,877.—Weston plate or grid milli-ammeter for measuring the plate current of vacuumtubes.
It will give a deflection for steady or pulsating direct current and will indicate the average
value of a pulsating current. Superimposed upon the steady plate current is the current due
to the modulation which 18 an alternating current and will cause the total plate current to
be a pulsating current varying at the same frequency as the modulation current. The milhi-
ammeter will again indicate the average value of this current and if the tube be working at a
point where it recufies, this average value will not be the same as the value of the unmodu-
lated steady plate current and therefore fluctuate with the modulation. For perfect repro-
duction, amplifying tubes should not rectify and no variation in the indication of the mill-
ammeter should occur. In practice however, on account of the properties of vacuum tubes,
some rectification will result, but by properly adjusting the grid hias, a minimum fluctua-
tion in the plate current rhay be obtained consistent with gwod quality and volume.
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For example if the initial current be 20 milli-amperes, she average can be
estimated as being 17 milli-amperes. This figure then, is used to determine
the approximate service hours from the curves, fig. 1,876.

Either a hydrometer or a volt meter or both together may be
used to test storage batteries. The hydrometer gives an indica-
tion of the specific gravity or unit weight of the acid solution
in the battery. The specific gravity gives a good indication
of the charge in the battery.

Specific Gravity
(Table refers to Westinghouse Batleries)

Type of Battery At Full Charge At Discharge
All BRO and OB Batteries................. 1.285 1.100
24-RG-2Battery......ooooviiiiiiieenn. 1.225 1.160
UGB 0 a0 0000 000a00000aa00a0800000000 1.240 1.165

The following instructions are given by Westinghouse for
hydrometer and volt meter tests:

A Batteries.—A hydrometer reading of 1.285* indicates a fully charged
battery; 1.100 indicates a discharged battery.

B Batteries.—Small special I3 battery hydrometers are now obtainable
and their use is entirely satisfactory. B batteries are charged and dis-
charged at the gravities given in the accompanying specific gravity table.
Do not take a hydrometer reading immediately after adding distilled water
to the battery. Such a reading would be incorrect as the water wiil float
on the acid solution. No accurate reading can be obtained until charging
has mixed the water with the acid. The hydrometer reading will be a
correct indication of the battery charge so long as none of the acid is spilled
and occasional overcharges are given. Be sure to replace the acid in the
same cell it was taken from for test.

*NOTE.-——Occasionally during the life of a battery, a cell may read as low as 1.260 instead
of 1.285. No harm will be done if the cell do not continue to decrease in gravity. Different
gravities are used to obtain ditferent results. Where a compact battery is desired acid space is
limited and a high gravity solution (that is one having a high percentage of sulphuric acid) must
be used to obtain the required capacity, Where there is plenty of space and the current re-
quirements are moderate a lower gravity acid is used.



1,350 Radio Batteries

The table on page 1,349 gives the specific gravity of different types of
batteries at charge and discharge.

Never add acid or any other substance or solution to the battery, except
distilled water. Recharge batteries as soon as they have reached the dis-
charge points given previously. Do not allow batteries to stand in a
discharged condition. About every fourth charge the batteries should

s/ i

Lk

Fia. 1,879—Kleartone dry battery with top removed showing what the inside of a 45 volt B
battery looks like. The illustration also shows at the right the one piece seamless zinc
cup, and at the left the paper insulator and filter which fits inside it.

be given an overcharge by leaving them on for two or three hours longer
than necessary. This will insure keeping the plates in such condition as
will enable them to give a maximum of capacity.

If only alternating current be available, a rectifier of some kind to change
the alternating current into direct current for chargirg the battery must
be used.
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Volt meter Test.—The individual cells of any radio battery

may be tested by means of a volt meter having a scale reading
from O to 3.

A Batteries.—The cells are discharged wher. the voltage drops to 1.8
while the battery is being used at a normal rate. The cells are fully charged
when the voltage averages from 2.4 to 2.6 fora period of several hours while
the battery is on the charging line at the finish charge rate.

B Batteries.—The B batteries should be immediately recharged when

Fic. 1,880.—Willard A power unit and B battery charger. It is a combined trickle charger
and conventional radio battery charger with a two ampere rate available. This two ampere
rate 18 held in reserve until such time as it is necessary to compensate for any excessive use
of the receiving set. The battery has visible gravity balls and whenever it is found that the
green ball shows a tendency to sink, the high charge rate should be reso ted to until the bat-
tery agun comes back toa normal condition. The balance of the time, of course, the unit will
be used as a straight trickle charger. A double partition is placed between the battery and
charger compartments. The charger is of the bulb type.

any cell in the battery has dropped below 2 volts. The cells should be kept
on the charging line until the voltage of the cells averages from 2.4 to 2.6
for a period of several hours. Note carefully that voltage readings to de-
termine discharge should be taken while the batteries are being used with
the radio set at a normal rate of discharge. Also note that voltage taken to
indicate a charged condition is taken while the battery is on the charging
line either at its normal rate of charge or at the finish rate if such be recom-
mended.
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A 6 volt battery is not charged when it reads 6 volts and a 24 volt battery
is not charged when it reads 21 volts. A cell in good condition will show
2.1 volts in a few minutes after being put on the charging line and some
cells may show an even higher voltage. Thus a 3 cell battery would show
over 6 volts and a 12 cell battery would show over 21 volts within a few
minutes after being placed on charge. A 6 volt battery should not be taken
off the charging line until it shows about 7.5 volts and a 12 cell battery
should be charged until it shows about 30 volts. If a 6 volt battery be taken
off the line at a voltage of 7.5 volts and allowed to stand idle for several

Fia. 1,881 and 1,882.—Willard B power unit . The rectifying units consist of 4 jars containing the
electrodes. The rectifier is not the conventional lea-l aluminum type but has dne aluminum and
one special electrode in each of the four jars. This special clectrode material prevents delay
before going into action that is found where the aluminum lead type of rectifier is used . Var-
iable voltage taps for the detector and aniplifier aliow close regulation and insure maximum
results from the receiving set. There is a fixed resistance inside of the power unit, held in
fuse clips that looks very similar to a cartridge fuse. This, however, is a special resistor and
should not be replaced.

hours it will show a reading of about 6.3 volts, this is not due to any loss of
charge or any trouble in the cell, but to the escape of gas from the cell and
is a normal process. The voltage of the cell will then gradually decrease
from 2.1 to 1.8 as the battery is discharged through use.
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It is necessary to watch the voltage on B batteries more closely than on
the A batteries.

The amount that the voltage of a cell drops depends upon the quantity
of current flowing and the resistance of the circuit through which it flows.
The amount of current drawn from a B battery is small and not enough in
itself to produce much of a voltage drop. The drop in voltage is due rather
to the exhaustion of the plate than to the current flow. The resuilt is that
a cell that reads 2 volts to-day may read only 1 volt to-morrow due to the
absolute exhaustion of the plates.

The voltage of individual cells of the battery should be tested at frequent

TO CHARGE FROM
M TERNATNG. CURRENT -
wiTH CHEMCAL RECTIFIER

Fia. 1,883 .~—Diagram showing method of charging Universal battery from alternating current

with Universal chemical rectifier; connect B battery chemical rectifier and lamp as shown.
The rectitier must be properly prepared for service by being fitled with the chemical solu-
tion before connecting. From 110 volt lines, one or two 24 volt batterics can be charged
from one lamp by connecting the hatteries in series (positive of one to the negative of the
next). Use only a 25 watt lamp. For 24 volts this gives a charging rate of .083 ampere; for
48 volts it gives a charging rate of .05 ampere.

intervals and the battery recharged if one or more cells be much lower than
therest. In using a volt meter care must be taken to procure an accurate
instrument. ’
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Charging Radio Storage Batteries.—A battery is not 1009
efficient, and so in charging it is necessary to put about one
quarter more current into the battery than is taken out. .

TO CHARGE FROM
DIRECT CURRENT LINE

or a 20 watt 32 volt lamp. A 10 watt lamp charges at .1 ampere; 20 watt lamp charges
at .2 ampere. From 110 volt power lines, one, two or three 24 volt batteries can be charged
from one lamp by connecting them in series (positive ot one battery to the negative of the
next). For one battery, 24 volts, use a 25 watt lamp. For two batteries, 48 volts, use a 40
watt lamp. For three batteries, 72 volits, use a 60 wattlamp. The charging rate in each case
will be about .2 ampere. “A” radio or automobile batteries can also be charged from direct
current lines which include many small town and all farm lighting plants of 32, 65 and 110
volts. The same ‘"hook up” is used as on the B battery except more and larger wattage lamps
are used. The number and size of lamps depends on voltage of plant and size of battery.

For instance if 80 ampere hours be taken from an 80 ampere hour battery '
it will require 100 ampere hours to charge it fully. To do this it will take
fifty hours charging, if the charger have a capacity of 2 amperes or 20 hours
charging with a 5 ampere charger.
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If in doubt as to the kind of current furnished, consult the
electric light company. Batteries can be charged only with
direct current. If the supply be direct current, only a rheostat,
resistance, or lamp bank will be needed to limit the charging
current to the rates given herein. Note that a finish charge
rate is shown for some batteries.

TO SET TO WALL PLUG TO SET
At A- OR LAMP SOocKET .B-B+B*
4 } DET. }
A
X BATTERY

A-B-RELAY

1o &

CHARGER “B"ELIMINATOR

Fia. 1,885.—Globe Jewell A-I3- relay. This relay is a magnetically operated switch so arranged
that when the filament switch of the radio receiver is off, the trickle charger or A power is
operating to charge the battery. When filament switch is on, the B eliminator is auto-
matically turned on and the trickle charger or A power is cut off. The use of this relay per-
mits control of A power or charger and battery and eliminator by means of one switch regu-
larly provided on the receiver and commonly known as the filament switch. It can be used
in connection with any receiver having four or more 5 volt tubes. When used in connection
with receivers having ten 201A tubes the total drop through ‘the relay 18 only .3 volts
which is considerably less than the difference between the battery and the tube voltage. If
a standard charger be used, which charges at a relatively high rate, or more than 1 ampere.
it can be left plugged into the relay only until the battery 1s fully charged. It should then
be disconnected from the relay in order not to overcharge the battery. The relay will then
serve to turn the B eliminator on and off.

O

It is necessary to reduce the charging rate in some batteries to avoid
overheating them at the end of the charge. Charging the batteries at higher
rates than given is harmful to the plates and shortens the life of the bat-
tery.
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The temperature of the battery must not be allowed to rise over 100°
F., and if more than the slightest degree of warmth be perceptible to the
hand the charge rate should be reduced or discontinued for a while.

Overcharging has a tendency to dislodge the active material from the
plates. Before charging the battery add sufficient distilled water to cover
the plates and separators but do not fill so that the solution touches the
inside of the cover. .

Vent plugs must be unscrewed if the charging rate beat all high, but may
be allowed to sit loosely in the vent. See that holes in vent plugs are open.

FiG. 1,886.__Vesta dry rectifier socket power “A’ unit trickle charger. This unit is built
in glass for clear visibility of all that is going on inside the unit and with the dry rectitier.
This trickle charger operates through the medium of discs of two dis-similar metals, the
elements being aluminum and copper sulphate. This construction gives contact at three
points maintained under a central spring pressure to obtain efficient contact and eliminate
heat. The low charging rate is .5 and the high rate 14§ amperes. Uses the full wave for
rectification. This unit, which included battery of either 4 or 6 volt sizes, has a built in
visible hydrometer. An automatic reldy is provided. This relay disconnects the charging
current from the battery when set is turned on and if used with a B socket power unit not
equipped with a relay, automatically connects the B when set is turned on.

A and B radio batteries can be charged in the home with any
one of the many chargers on the market as

1, Bulb type rectifiers, such as Silver Beauty. Eagle Unitron,
Tungar, Rectigon;

2. Chemical rectifiers such as Balkite, Universal;
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F1c. 1,887.—Globe Silite trickle charger. This charger uses the new metallic glass element,
silite, adapted to storage batteries preferably not over 60 ampere hour capacity. This com-
bination will meet the requirements up to six or eight tube sets which are not used on an

average of more than four hours a day. Charges at .6 10 .”5 amper. rate and may be used
with either 4 or 6 volt batteries.

110 VOLT ALTERNATING CURRENT LINE

REGULAR LAMP
SOCKET OR
BASE RECEPTACLE

A

CHARGER

=A" STORAGE BATTERY
6 VOLTS

Fia. 1,888.—Diagram showing method of charging A batteries with Willard charger from 110
volt a.c. line. N
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3. Resistance type from direct current only
(theostat or bank of lamps).

The charging equipment as specified in 1 and
2 is to be used where alternating current only
is available. Batteries can be charged only from
direct current, and if only alternating current
be available then a rectifier of some type must
be used to change the alternating current to
direct current. If direct current be available
a resistance type 3, is necessary to reduce the
charging rate to that given on the name plate
of battery. These various methods of charging
are shown in the accompanying illustrations.

Fia. 1,889.—Universal chemical rectifier for charging B batteries ‘rom 110 volt alternating
current line. When attached to any electric light circuit B batterigs may be charged.

g6

Br

B B,AOA.

F1a. 1,830.—Set up of batteries, switches and Westinghouse charging apparatus for charging

A and B batteries.
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Charging A Batteries.—When the gravity of an A battery
is shown to be low it should be placed on charge. There are
many chargers on the market that are suitable for charging the
A battery and the instructions for the use of this charger
should be followed very closely. In every case the leads will
be marked as to their polarity and the greatest care should be
taken to be sure that the positive lead of the charger goes to the
positive pole on the battery and the negative of the charger
to the negative of the battery. Turn on the charger and if it

B

T1 i -
NGHOUSE

Fia. 1,891, —Set up showing connections for charging a 6 volt A battery from 110 volt alternat-
ing current house lighting circuit using Westinghouse Rectigon charger.

have a meter on it showing charge or discharge be sure that
the battery is charging. [f the charger do not have a meter, it
is a good policy to note any change in gravity of the electrolyte
by the use of a hydrometer.

If the gravity start to rise, it indicates that the battery is charging.
Charge until all cells gas freely and until the gravity stops rising. This is
found by taking a hydrometer reading. After two hours take another
reading and if the gravity has risen, keep on charging. Continue to take
readings at intervals until the gravity does not show an increase, then the
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25 WATT
110 VOoLT
LAMP

F1a. 1.892.—Set up showing connections for charging a 6 volt A battery from a 32 or 110 volt
direct current line by means of a lamp bank. Adding lamps to the bank will increase the
charge rate. Using lamps of larger wattage will also increase the charge rate.

WESTING 13
"R} ﬂ‘ll;‘fgzrairnqs!‘

AL

Fig. 1,893.—Set up showing connections for charging 2 B batteries in series from a 110 volt
direct current line. The lamp is shown in the negative lead but may be connected in either
lead. Not over 3 batteries may be charged in series from a 110 volt line.



Radio Batteries 1,361

battery is fully charged. The charging leads should be disconnected im-
mediately after the rectifier is shut off, unless a trickle charger is being used.

Before recharging the A battery, its leads to the receiving set should be
removed, otherwise the vacuum tubes are liable to be damaged.

In case direct current be the source of power, a rectifier is not required
and the battery may be recharged directly from the line by the use of a
lamp bank; that is, a series parallel of lamps in series with the battery as
in fig. 1,894. It is important when charging from direct current that the

POSITIVE 3
110 VOLT 0r 220 VOLT D.C.LINE |
NEGATIVE . 7

0. P SWITCH-"|&

USE 110-VOLT LAMP FOR 110.VOLT LINE
USE 220-VOLT LAMP FOR 220.VOLT LINE

ADDING MORE LAMPS WILL
INCREASE CHARGE RATE
USING LAMPS OF HIGHER
WATTAGE ALSO .NCREASES
CHARGE RATE

IT 1S VERY IMPORTANT THAT NEG.
OF CHARGING LINE CONNECTS
WITH NEG OF BATTERY
AND POS OF CHARGING LINE TO
POS OF BATTERY
YO DETERMINE POLARITY OF LINE PLACE
CHARGING LEADS I A GLASS OF WATER
BUBBLES WILL RISE FROM THE NEQ LEAD

~A" STORAGE BATTERY
& YOLTS

Fic. 1,894 .—Diagram showing method of charging A battery through a lamp bank on 110
or 220 volt d.c. line. :

correct polarity of the line be obtained. This may be secured by placing
the leads in a glass of water. Bubbles will arise from the negative lead.
If bubbles arise from both leads, that having the greater number is the
negative lead. It is well after the polarity is found to use some distinguish-
ing mark for future reference.

If the source of current be 32 volt direct current, the more efficient way
to charge an A battery from the standpoint of current consumption is to
charge it from the lighting plant while the 32 volt battery is being charged
as in fig. 1,895.
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It is possible to charge only 48 volts of B battery with one
rectifier in series at one time from a 110 volt line. The 80 volt
battery must be charged in two sections of 40 volts each. If
it be desired to charge two 48 volt units or one 80 volt battery
at the same time, use the scheme of connection shown in fig.
1,897 or fig. 1,898. If three 48 volt units are to be charged at
the same time use either fig. 1,896 for one of the units and
fig. 1,897 for the other two, or three separate hookups as
shown in fig. 1,896.

(£ POSITIVE

32 VOLT DIRECT |CURRENT LINE

"~ NEGATIVE

’ TO DETERMINE POLARITY OF LINE PLACE
CHARGING LEADS IN A OLASS OF WATER,
BUBBLES WILL RMISE FROM THE NEG. LEAD
1T IS VERY IMPORTANT THAT NEG.
OF CHARGING LINE CONNECTS

32.VOLT LAMP
USE 20.WATT FOR HR {.
USE 25-WATT FOR WTAM

THIS SECTION
OF BATTERY
NOW CHARGING

\ THIS SECTION
[ OF BATTERY
P NOW CHARGING

Fie. 1,899.—Diagram showing method of charging 48 volt B battery from 32 volt d.c. line.

In cases where it is necessary to use two or more colloid rectifiers in series
on a 220 volt a.c. circuit, first place one rectifier on line until lampis dimmed,
then replace this with the other rectifier until lamp is dimmed. Then
put both rectifiers on the line. In using a switch in the circuit to charge
two 48 volt units from 110 volt a.c. line, the detector tap should be changed
to 48 volts for charging as shown in fig. 1,897.

When charging has been completed the detector tap may then be shifted
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back to the voltage demanded by the individual set if it da not happen to
be 48 volts. When 110 volts d.c. is the source of power, the rectifier is not
required and all that is necessary is to use a 40 watt 110 volt lamp in series
with the battery and the line, being sure that the correct polarity is obtained
as previously described.

In case of 32 volt d.c. such as the farm lighting plant, etc. one 20 to 24
volt section of B battery may be recharged at one time. This is accom-
plished by the use of a 32 volt 20 watt lamp in series with each 20 to 24
volts of battery, being sure that the correct polarity of the line is first ob-
tained.

POSITIVE

1N0.VOLT J DIRECT CURRENTLINE

NEGATIVE—

CHARGING 48 VOLTS
SIZE OF LAMP CHARGING CURAENT

D. P. SWITCH 25 WaTT " J5 AMPS
40 WATY 23 AMPS
60 WATT 335 AMPS

75 WATT A4 AMPS
NORMAL CHARGING RATE .25 AMPERES

IT IS VERY IMPORTANT THAT NEG.

OF CHARGING LINE CONNECTS
WITH NEG. OF BATTERY

AND POS. OF CHARGING LINE TO

POS. OF BA"TERY
TO OETERMINE POLARITY OF LINE PLACE
CHARGING LEADS IN A OLASS OF WATER rr_\
BUBBLES WILL RISE FROM THE NEQ. LEAD A R—I
- NEG. POS.
NEGATIVE
48 VOLT -B* +

STORAGE BATTERY  POSITIVE

F1a. 1,900.—Diagram showing method of charging 24 voit B battery from 110 volt d.c. lines.

For charging Willard battery type HR-155 from 110 volt d.c. line con-
nect as in fig. 1,900 inserting a 32 volt 25 watt lamp in place of the 115
volt lamp as indicated. For charging HR-155 from a 110 volt a.c. line,
hook up as shown in fig. 1,898.

Battery Hook Ups.—By using different combinations any
desired voltage may be obtained. It is important to have the
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,

correct polarity of A and B batteries when connecting them to
the radio set. There should be no difficulty as the terminals are
plainly marked.

To obtain different voltages, the following combinations may
be used: Two 48 volt units in series giving 96 volts; one 48 volt
unit and one 80 volt unit in series giving 128 volts; three 48
volt units in series giving 144 volts, or two 80 volt units in
series giving 160 volts. If any voltage between these be desired,

VA Y/

F16. 1,902.—Diagram showing C battery as part of a regular B battery and this is recommended
where a radio set is so wired that the negative A and negative B battery leads are connected
together: 1, negative C tap; 2, positive C tap; 3. negative B tap; 4, positive B tap; 5, detector
tap at 22 volts. For proper operation as a C battery the negative B lead is extended to any
number of cells which are to be used as a C battery. In this particular diagram, 6 volts or
3 cells are utilized. HHowever, this hook up should not be used where the negative B hattery
lead goes to the positive A. Fig. 1,904 should be used for this purpose.
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it may be easily obtained by clipping on to the top connector
engaging the correct number of cells. Two volts should be
calculated for each storage cell.

Detector Voltage.—Almost every set requires a different
voltage for the detector tap and in order to obtain this correct
voltage one must know exactly how to count the cells and from

4+  DETECTOR

F16. 1,904.—Diagram showing connection where the negative B battery lead goes to the posi-
tive A; 1, negative C tap; 2, positive C tap; 3, negative B tap; 4, positive B tap; 5, detector
tap at 22 volts; 6, connector removed.

which end to count. For instance, if 20 volts be desired for the
detector, ten cells should be counted from the negative terminal
cf the storage battery.

Calculating 2 volts per cell this would give 20 volts to this tap as shown
in fig. 1,903. Itis important that detector voltage be calculated from the
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negative terminal of battery and not the positive. The voltage for C bat-
teries varies from 2 to 6 volts on the ordinary receiving set. If 6 volts be
required, it is necessary to use three storage cells; if 4 volts two 2 cells;
2 volts, one cell. .

TEST QUESTIONS -

[um—

What three types of batteries are used on radio sets?

. Explain the use of the letters "A B C" in classifying
batteries.

N

3. Give a hydrostatic analogy illustrating function of
the grid.

4. What is the purpose of the A battery?

5. What is the choice between dry and storage A bat-
teries? '

6. What two kinds of A batteries are used?

7. What are the relative merits of dry storage batteries?
8. What happens when dry cells age?

9. Explain the term ““shelf.”

10. What effect has low temperature on a dry cell?

11. Upon what is the continuous discharge method

based?

12. What may be said regarding the number of A cells
required?

13. What feature of a radio set determines the battery
expense?

14. Give two approved methods of rating batteries.
15. Describe the time method.

— .|



Radio Batteries 1,369

16.

17.

18.
19.
20.
21.
.
258
24.
25.
26.
27.
28.
2,
30.
31.
32.
33.
34.
35.
36.
37.

What item largely determines the use of storage
batteries?

Name a third and objectionable method of rating
batteries.

How is the size of storage A battery determined?
What does a battery eliminator consist of?

What is the purpose of the B battery?

How is the size of storage B battery determined?
How many cells usually contained in a dry battery?
What is a B battery used for?

What is the C battery used for?

How is the size of C battery determined?

In what circuits are C batteries used?

Give a summary of duties of Radio Batteries.
Does the C battery deliver a large current?

How are radio batteries tested?

Explain the service hour test.

What use is made of the milli-ammeter?

Describe the volt meter test.

What kind of current is used to charge batteries?
What is a power unit?

Describe the methods of charging radio batteries.
What two types of chargers are used in a home?

What may be said with respect to charging A batter-
ies?
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38. Describe the various hook ups for charging from 32,
110, and 220 volt circuits

39. In connecting batteries to radio set what important
point should be noted?

40. What may be said in regara to detector voltage?

41. For ordinary receiving sets, what is the range of C
battery voltage?




