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PREFACE,

In presenting to the public the volume entitled
‘“Electrical Measurements and Other Advanced
Primers of Electricity,” the author again ecalls
attention to the fact that these primers are in
no sense to be regarded as revisions of the ‘¢ Primers
of Electricity,” published in Philadelphia in 1884,
during the International Electrical Exhibition.

The International Electrical Exhibition Primers,
written during the early days of the Exhibition, were
intended to explain merely the elementary principles
of electricity to a public, that was then almost

ntirely ignorant of even the rudiments of the science.

since 1884. Multitudinous commercial applications

e
%\ As is well known, the times have greatly changed

3

of electricity have rendered it no longer optional
whether or no the general public shall be acquainted
with the principles of electrical science. Such
knowledge has become a necessary part of everyday
business life. .
Primers, therefore, based on the simple lines of

those of 1884, would now occupy but a compara-
®
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4 PREFACE.

tively limited field, and the anthor has therefore en-
tirely rewritten his earlier primers and greatly en-
larged their scope.

In these days of voluminous electrical literature
the student is often in doubt as to the best books
with which to begin his studies. As an aid in this
direction, and as a species of University Extension
work, there has been placed at the end of each
primer extracts from one or more standard electrical
books, so as to give the student some idea of their
character, and thus enable him to intelligently select
the works best suited to his needs.

The author desires to acknowledge his indebted-
ness to Mr. T. C. Martin and Mr. Joseph Wetzler
for critical revision of some of the chapters.

Epwix J. HousTox.
CeExTRAL HIiGH ScHOOL,
Philadelphia, Pa.,
January, 1893,









I.—THE MEASUREMENT OF ELECTRIC
CURRENTS.

There are various methods for measuring the
current that passes in any circuit. These methods
are based on the electrolytic, the heating, or the mag-
netic power of the current. They may, therefore,
be arranged under the following heads ; namely:

(1.) The voltametric method, or by the use of volt-
ameters, based on the electrolytic power of the cur-
rent. .

(2.) The calorimetric method, or by the use of
apparatus called calorimeters, based on the heat pro-
duced by the current.

(3.) The magnetic method, or by the use of
various apparatus called galvanometers, etc., based
on the deflections of a readily movable magnetic
needle, core, or movable circuit by the magnetic field
produced by the current.

(4.) The indirect method, or that in which the
values of the electromotive force and the resistance
are obtained, and that of the current strength cal-

culated therefrom by the well known formula :
(7)
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E
0=

In the voltametrie method an instrument called a
voltameter is employed, the operation of which is
dependent on the fact that the strength of current
flowing in any eireuit, or more correctly the quantity
of electricity or the number of coulombs that
pass per seeond through such eirenit, can be de-
termined from the amount of chemical decomposi-
tion effected.

Various chemicals are employed for such purposes ;
the prineipal of these are dilute sulphurie acid or
solutions of copper sulphate or of silver nitrate.

It can be shown that an eleetric current equal
to one ecoulomb per second, or one ampére, will
deposit .00111815 gramme, or .01725 grain of silver
per second, or will decompose .00009326 gramme,
or .001439 grain of dilute sulphuric acid of a specific
gravity of about 1.1 per second.

Voltameters may be divided into two- general
classes; namely, volume voltameters and weight
voltameters. In the first the quantity of electricity'
passing is determined by the volume of gas evolved ;
in the second by the weight of material decomposed
after the enrrent has passed for a given time.

In the sulphuric acid voltameter shown in Fig. 1,
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electrodes of platinum are immersed in sulphuric
acid of the specific gravity of 1.1. On the passage of
the current hydrogen appears at the negative terminal
and oxygen at the positive terminal, in the propor-
tion of about two volumes to one. The electro-
motive force of the battery must not be less than
1.44 volts, or electrolysis will not occur.

F16. 1.—~A SULPHURIC ACID VOLTAMETER.

The sulphuric acid voltameter may be arranged
either as a volume or as a weight voltameter. In
the form shown in Fig. 1, it is arranged as a
volume voltameter. When arranged as a weight volt-
ameter, the evolved gas escapes through a drying
tube containing calcium chloride. This tube is
provided to stop the acid liquor that may be me-
chanically carried over with the disengaged gases.

The weight of sulphuric acid decomposed is de-
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termined from the decrease in weight of the instru-
ment after the current has been passed for a given
time.

The form generally given to the weight voltameter
is that in which the current is passed between
plates of copper immersed in an electrolyte of cop-
per sulphate, or of silver immersed in silver nitrate.
In either case the amount of current passing is de-
termined by the increased weight of one of the
plates. .

If several voltameters of different sizes and shapes
are placed in a circuit in series, and the same kind
of liquid is placed in each instrument, such, for ex-
ample, as copper sulphate, and a current is passed
suceessively through them, it will be found that the
amount of deposition as determined by the increase
of copper on one of the plates is the same in each case.
In other words, the amount of chemical decomposi-
tion effected is independent of the size, shape or con--
. struction of the voltameter, and depends only on the
strength of the current that passes. This fact ren-
ders the voltameter a ready, though not very reliable,
means for determining the strength of a current.

To determine aceurately, however, the current
strength passing by such means, a fairly consider-
able time is necessary, and during this time the cur-
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rent strength is exceedingly apt to vary. For this
reason other methods are generally adopted in prac-
tice for the measurement of currert strength.

The calorimetric method is based on the fact that
the strength of current passing in any ecireuit
may be determined from the energy liberated
in such circuit as indicated by means of the
increase in temperature produced in the ecir-

F16. 2—ELECTRIC CALORIMETER.

cuit. This increase in temperature is deter-
mined by means of an instrument called an electric
calorimeter. It consiats, as shown in Fig. 2, of a
vessel provided with a liquid which surrounds a por-
tion of the circuit & 3f, immersed therein. A ther-
mometer, 7, is provided for measuring the increase
in temperature.



12 ELECTRICAL MEASUREMENTS.

The indications of the calorimeter are based on
the inerease in temperature in a given time of a
weighed quantity of water or other liquid in the
calorimeter. This inerease is proportional :

(1.) To the resistance of the eonductor.

(2.) To the square of the strength of the eurrent
passing.

(3.) To the time the current is passing.

In the galvanometric method the strength of the
current passing is determined by the use of certain
instruments called galvanometers. This. method is
generally employed in commercial determinations
of current strength, because such strength ean be
thus determined by a single observation.

A galvanometer is an instrument for measuring
the strength of an electrie current by means of the
deflection of a magnetic needle. The galvanometer
was invented by Schweigger, and is based on the dis-
covery by Oersted of the power which an eleetrie
current possesses of defleeting a magnetic needle
placed near it. .

This deflection, as we have already seen, is due to
the mutual action which exists between the field of
the magnet and the field of the eurrent.

The following principles should be borne in mind
in the study of the galvanometer :
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which a conductor, D # G E, bent in the form of
a hollow rectangle, is provided with a readily mova-
ble magnetic needle M, snpported at its centre.
Mercury cups <1, 2 and €, serve to pass the current
in different directions through the :tppur:ﬁ;ns. In
experimenting with this apparatus it will be found
that the direction in which the needle is deflected:
will depend on the direction in which the current
flows. )

Various methods have been suggested for readily
remembering the direction of deflection of a mag-
netic needle nnder various cirenmstances ; for exam-
ple: .
(1.) The north pole of a magnetic needle is de-
flected to the left hand of an observer who is sup-
posed to be swimming in the current and facing the
needle.

(2.) If an ordinary corkscrew, placed along a
conductor through which a current is passing, be
twisted so as to advance or move in the same direc-
tion as the current, the direction in which its
handle must be turned in order to produce such
motion is the same as the direction in which the
needle will be deflected.

Since in all cases the needle comes to rest with the
lines of force of the deflecting field passing in at
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its south -pole and coming out at its north pole, and
since the lines of magnetic force of an electric cir-
cuit form concentric circular lines around the cir-
cuit, the needle, as can readily be seen, must come
to rest with its north pole pointing in diametri-
cally opposite directions on opposite sides of the con-
ductor. .

By referring again to Fig. 3, and remembering either
of the above rules as to the direction of the deflec-
tion of the needle, it will be seen that when the
current passes through the rectangular circuit D &
@ F, each branch D E, ¥ G, @ F, and F D, will
deflect the north pole of the magnetic needle J7, in
the same direction ; for, if the current passes above
the needle through the branch D X, from left to
right, it will pass through the lower branch, G 7,
from right to left, and will, therefore, deflect the
needle in the same direction. So also the current
passes through the vertical branch Z (,in the op-
posite direction to that in which it passes through
F D, and these two will also tend to deflect the
needle in the same direction. Moreover, all the
separate branches tend to deflect the needle in the
same direction.

Based on this principle, Schweigger constructed
a piece of apparatns called the multiplier, in which
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the deflecting current is caused to pass a number of
times around a coil of insulated wire, C' ¢, Fig. 4,
wrapped around a hollow rectangular frame as
shown, When a current is passed through the voil
by connecting its terminals, NV, P, to an electric
source, the needle will be deflected to an extent that
will increase with the number of turns of wire that
are placed in the eoil (! €, provided, of course, the
current strength remains constant.

FIG. 4.—SCHWEIGGER'S MULTIPLIER.

The galvanometer is based on Schweigger’s multi-
plier. It consists of coils of various shapes and sizes
so placed, as regards a readily movable magnetic
needle, as to cause its deflection on the passage of the
current. The current strength is determined by the
value of such deflections, and this value will vary
according to the size and number of the deflecting
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coils, the relative size of the needle, and its position
as regards the deflecting coils.

In all cases, when no current is passing, the
needle, when at rest, should occupy a position
parallel to the plane of the coil. On the passage
of the current the needle tends to place itself at
right angles to the direction of the current, or to
the plane of the conducting wire in the coil. The

F1G. 5.—~ASTATIC GALVANOMETER.

needle is deflected by the current from its position
of rest either in the earth’s field or in the field
obtained from permanent or electro-magnets. In
the first case, when in use to measure a current, the
plane of the galvanometer coils must coincide with
the plane of the magnetic meridian of the place.
In the other case, the needle may be used in any
position in which it is free to move.
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Galvanometers are constructed in a variety of
forms, either according to the purpose for which
they are employed, or the manner in which their
deflections are valued. A very common form given
to the galvanometer is shown in Fig. 5. This
form is called the astatic galvanometer because it
employs an astatic needle.

The astatic needle consists, as shown in Fig. 6, of
two magnetic needles, V.S and 8" N, placed verti-

Fia. 6.—ASTATIC NEEDLE.

cally one above the other and rigidly connected to
the vertical axis a @, with their opposite poles, N §
and §" V', opposed to each other.

The idea of employing an astatic needle in this
form of galvanometer is to increase the sensitiveness
of the instrument, and thus obtain a greater deflec-
tion by the use of a smaller current.

When an astatic needle is employed, the upper
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needle is placed outside the deflecting coil, and the
lower needle inside the coil, as shown in Fig. 7.
Since the current passes under the needle § N,
in the opposite direction to that in which it passes
over it, both of these portions of the circuit deflect the
needle in the same direction. The upper needle,
S' N', is deflected by the portion of the current
flowing below it in the same direction as the lower
needle, NV S, because its poles are oppositely directed.

F1a. 7.—ASTATIC NEEDLE AND DEFLECTING CIRCUIT.

In very sensitive galvanometers two coils are em-
ployed, the one surrounding the lower needle and the
other surrounding the upper needle. These coils are
so wound that their deflecting action on both needles
is in the same direction. In some forms of galva-
nometers the sensitiveness of the instrument is varied
by means of a magnet called a compensating magnet,
placed on an axis above the magnetic needle. As
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the compensating magnet is moved toward or from
the needle, the effects of the earth’s field, and, con-
sequently, the sensitiveness of the galvanometer, are
varied.

Galvanometers for commercial use assume a vari-
ety of forms. Their scales are generally so divided
as to enable the ampcres, volts, ohms, or watts, etc.,
to be read off directly. Such instruments are ealled
ampére-meters or ammeters, voltmeters, ohm-meters,
watt-meters, ete. _

By the sensibility of a galvanometer is meant the
readiness with which its needle is deflected by the
passage of a current, as well as the extent of snch
deflection. The reciprocal of the current required
to produce a deflection of one degree is called the
figure of merit of the galvanometer. The smaller
the current required to produce this deflection the
greater is the figure of merit, and, consequently,
the greater is the sensitiveness of the galvanometer.

In order to increase the effective length of the
needle without increasing its actual length, the ex-
pedient is sometimes adopted of reading the deflections
of the needle, not by the motion of the needle itself,
but by the motion of a spot of light reflected from a
mirror attached to the suspension system of the needle,
80 as to move the spot of light over a distant scale.
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A well known form of mirror galvanometer, de-
vised by Sir William Thomson, is shown in Fig. 8.
The needle is attached to the back of a light silvered
concave mirror, suspended by means of a single silk
fibre, and is placed inside a coil of insulated wire.
In some mirror galvanometers the mirror is attached
directly to the suspension fibre. i

F16. 8 —MIRROR GALVANOMETER.

The compensating magnet N S, is used to vary
the sensitiveness of the instrument.

The lamp L, is placed at the back of a slot in a white
screen, on the other face of which is placed a gradu-
ated scale K. The light which passes through this
slot is reflected from the mirror as a bright spot of
light which is caused to fall on the graduated scale.

In Fig. 9 the details of the slot and back of
screen are shown.
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A form of galvanometer called the sine galvanom-
eter is shown in Fig..10. :

This galvanometer differs from other galva-
nometers in the fact that its vertical coil, 2/, is mov-
able about a vertical axis, so that the coil can readily
be made to follow the needle in its deflections, and
s0 be kept parallel to it. The needle is placed in-
side the coil, and can be of any length smaller than

F16. 9 —DETAILS OF GALVANOMETER LAMP AND SCALE.

the diameter of thecoil. Its deflections are marked
on the horizontal graduated scale at V.

When used to measure a current, the vertical coil
M, ismoved on a vertical axis over the horizontal
graduated circle H, 50 as to keep the coil parallel
with the needle. This vertical coil M, is moved until
the needle shows no further deflection, thongh the
coil is parallel with the axis of the needle. The
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strength of the current is then inferred from the
amount of movement which has been given to the
vertical coil over the horizontal circle A ; or, what
is the same thing, by the distance the needle has

F16. 10,.—SINE GALVANOMETER.

been deflected from its original position of rest in
the earth’s field.

In thesine galvanometer the current strength is pro-
portional to the sine of the angle through which the
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magneti.c needle is deflected. This angle is most
conveniently measured on the horizontal gradnated
circle I, as the angle through which it is necessary
to move the coil J, from its position when the needle
1s at rest in the plane of the earth’s meridian, to the
position in which the ncedle is no longer deflected
by the current passing through its coils, although
they are still parallel to the ncedle.

F16. 11.—TANGENT GALVANOMETER.

In the tangent galvanometer the strength of cur-
rent passing through the galvanometer coils is pro-
portional to the tangent of the angle through which
the needle is deflected. In this form of galva-
nometer the coil is fixed and- the strength of the
current passing is proportional to the tangent of
the angle of deflection, provided the length of the
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magnetic needle is less than one-twelfth the diameter
of the coil.

A form of tangent galvanometer is shown in Fig.
11. Tangent galvanometers, when used to measure
large currents, consist often of but a single turn of
wire. They are, however, frequently formed of a
number of turns like other galvanometers. Great
care must be taken to suspend the needle at the ex-
act centre of the deflecting coil, and not to permit
its length to exceed the above mentioned propor-
tions.

It is often necessary to make galvanometric
measurements on shipboard. Instruments for such
purposes are generally termed marine galvanometers.
In order to avoid the disturbing action caused by the
rolling of the ship, the magnetic needle is suspended
by a silk fibre attached above and below in a

_ vertical line with the centre of gravity of the needle.
It is also necessary to protect the needle from the in-
fluence of magnetized masses of iron in motion. To
effect this the needle of such galvanometer is shiclded
from extraneous magnetic fields by means of a
magnetic screen, which consists essentially of an iron
box within which the whole galvanometer is placed.

In the differential galvanometer the needle is de-
flected by two coils of wire that are so wound and
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placed as to produce deflections in opposite direc-
tions. The needle is, therefore, deflected to an
amount equal to the difference of the deflecting
forces.

0y

F16. 12.- DIFFERENTIAL GALVANOMETER.

When currents of equal strength flow through
each of the coils no deflection of the needle takes
place, since each coil neutralizes the other’s effects,
so far as its action on the needle is concerned.

One form of differential galvanometer is shown in



THE MEASUREMENT OF ELECTRIC CURRENTS. 27

Fig. 13. In some cases the separate coils may be
so connected that each tends to deflect the needle
in the same direction. In such cases, of course, the
galvanometer ceases to be differential in action.

The form of galvanomcter shown in Fig. 13 is
called, after its inventors, the Deprez-D’Arsonval
galvanometer. This form of galvanometer is also

F1a. 13.—DEPREZ-D’ ARSONVAL GALVANOMETER.

called a dead-beat galvanometer, from the fact that
its needle moves rapidly over the seale to its position,
and comes to rest without moving alternately on
either side of its position of rest for a number of
times, as is common in most forms of instruments.
The movable part of the Deprez-D’Arsonval gal-
vanometer consists of a light rectangular coil C,
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formed of many turns of wire supported by two
single wires, Z[J and D F, between the poles of a
strong, permanent horseshoc magnet 4 4. The
dead-beat action is due to the fact that the motions
of the coil under the action of the deflecting current

u ‘ f 1l
—
ul llmm||nu|mmmn||;|wﬁvl-"

F16. 14.—TORSION GALVANOMETER.
produce a current that tends to oppose such motion.
The movements of the coil are observed by means of

a spot of light reflected from the mirror J, fixed to
the wire HJ.
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In the torsion galvanometer the strength of the
deflecting current is measured by the torsion it ex-
erts on the suspension system.

In one form of torsion galvanometer the magnetic
needle consists of a bell-shaped magnet, suspended
by a thread and spiral spring between two deflect-
ing coils of insulated wire, placed on either side of
a magnet, as shown in Fig. 14

FIG. 15.—VERTICAL GALVANOMETER.

The strength of the current to be measured is de-
termined by the amount of torsion required to bring
the magnetic needle back to its zero position, while
under the deflecting power of the current. A
horizontal scale is placed on the top of the instru-
ment for accurately measuring the angle of torsion.

In the case of currents which continue for but a
moment in one direction, for example, as that pro-
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duced by the discharge of a condenser, a form of
galvanometer known as the ballistic galvanometer is
employed.

Galvanometers are sometimes divided into horizon-
tal and vertical galvanometers, according to the po-
sition in which their needles are free to move. A
vertical galvanometer is shown in Fig. 15. In such

F16. 16.—DETECTOR GALVANOMETER,

an instrument the north pole of the needle is weight-
ed, so that when no current is passing through the
coils the needle points vertically downward to the
zero on the scale. '

Most galvanometers are provided with horizontal
needles. In the form shown in Fig. 16, which is
called a detector galvanometer, the needle is hori-
zontal. Such an instrument is suitable for readily
detecting the presence of a current in any circuit.
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The form of galvanometer shown in Fig. 17 is
known as Siemens’ electro-dynamometer, and is
suitable for the measurement of commercial cur-
rents.

F16.17.—SIEMENS’ ELECTRO-DYNAMOMETER.

The electro-dynamometer contains two coils, the
fixed coil (), secured asshown to the upright support,
and the movable coil Z, consisting of but a single
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turn of wire. The movable coil is suspended by
means of a thread and a delicate spring S, capable
of being twisted through an angle of torsion that is
measured on the horizontal scale shown at the top of
the figure.

The ends of the movable coil dip into mercury
cups, so placed in the circuit that the cnrrent to be
measured passes in series through the fixed and
the movable coils.

When ready for use the movable coil is placed at
right angles to the fixed eoil. On the passage of the
current to be measured, the mutual aetion which
these coils exert on each other tends to place the
movable coil parallel to the fixed coil, against the
torsion of the spring . The amount of the deflect-
ing foree is determined by the amount of torsion
required to bring the movable coil back to its zero
position.

In Siemens’ electro-dynamometer, unlike the tor-
sion galvanometer already deseribed, since the action
of the fixed and movable coils is mutual, the cur-
rent is proportional to the square root of the
angle of torsion, and not, as in the torsion galva-
nometer, to the angle of torsion. Or, in other words,
in the electro-dynamometer the deflecting force is
proportional to the square of the deflecting current
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strength, while in the torsion galvanometer it is
merely proportional to the eurrent strength.

In the commercial distribution of electricity for
the various purposes of light and power some form
of instrument is required for measuring and record-
ing the current which is supplied to each consumer ;
or, more correctly, the quantity of electricity that
passes iu a given time through any consumption cir-
cuit. The purpose of such apparatus is the same as
that of the meters employed to determine the quan-
tity of illuminating gas consumed. They are for
this reason generally called electric meters.

Electric meters are constrncted in a great variety
of forms; these, however, may be divided as follows,
namely :

(1.) Electro-magnetic meters, or those in which
the current passing is measured by the magnetic
effects it produces.

In electro-magnetic meters the entire current may
be passed through the meter.

(2.) Electro-chemical meters, or those in which the
current passing is measured by the electrolytic de-
composition which it effects.

In electro-chemical meters a known fractional or
shunted portion of the current is passed through a
solution of a metallic salt, and the current strength
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EXTRACTS FROM STANDARD WORKS.

Concerning the relative advantages of voltameters
and galvanometers in the measurement of electrical
currents, Ayrton, in his ¢ Practical Electricity,”*
speaks thus on page 20 :

The disadvantage of employing a voltameter for the prac-
tical measurement of currents is that it requires a strong
current to produce any visible decomposition in a reasona-
ble time. Even the current of one ampére, which is about
that used in an ordinary Swan incandescent lamp, would
require two hours fifty-eight minutes and forty five sec-
onds to decompose one gramme of dilute sulphuric acid,
whereas the weak currents used in telegraphy, and, still
more, the far weaker currents used in testing the insulating
character of specimens of gutta-percha, india-rubber, etc.,
might pass for many days through a sulphuric acid volta-
meter before their presence could be detected, much less
their strength measured. Indeed, not to mention the
enormous waste of time, and the difficulty of keeping the
current strength which it was desired to measure constant
all this time, the leakage of gas which would take place at
all parts of the apparatus that were not hermetically sealed

*“Practical Electricity : A Laboratory and Lecture Course for
First Year Students of Electrical Engineering, by W. E. Ayrton,
F.R.S. London: Cassell & Co., Ld. 1888, 516 pages, 173 illustra-
tions. Price $2.50.
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would render such a mode of testing quite futile. Hence,
although the voltametric method is the most direct way of
measuring a current strength, and although it is constantly
made use of for measuring the large currents now used in-
dustrially, still the very fact that the amount of chemical
decomposition produced ina given time by a certain current
is independent of the shape or size of the instrument makes
it impossible to increase its sensibility. Consequently some
other apparatus must be employed for practically measuring
small currents, and the law of the apparatus, that is, the
connection between the real strength of the current and
the effect produced in the apparatus, must be experiment-
ally ascertained by direct comparison with a voltameter.
But if we are going to compare together the indications
of the two instruments produced by various currents, the
second instrument cannot be much more sensitive than the
voltameter, and what advantage can arise from employing
such an instrument? This leads us to the fact that, whereas
in a voltameter there is only one way by which the produc-
tion of the gas can be more easily measured, namely, by di-
minishing the bore of the graduated tube ¢ (Fig. 5), up which
the liquid is forced by the prodnction of the gas, there are
two quite distinct ways in which the magnitude of the de-
flection of a “‘galvanometer” needle can be more easily read.
The first consists in using a microscope or some magnifying
arrangement, or in simply lengthening the pointer, both of
which methods correspond with using a tube of smaller bore
in a voltameter; the second consists in winding a long fine
wire, instead of a shorter thicker wire, on the bobbin of
the galvanometer, and which causes the deflection of the

as
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magnet to be greater with the same current. This second
mode has no analogy with any possible change in a single
voltameter.

Now experiment shows that a galvanometer of a par-
ticular shape and size, and with a definite magnetic needle,
acted on by a definite controlling foree, produced, say, by the
earth’smagnetism, or by some fixed permanent magnet, has
a perfectly definite law connecting the magnitude of the de-
flection with the strength of the current producing f, al-
though the absolute value of the current in ampéres neces-
sary to produce any particular deflection can be increased
or diminished by using fewer turns of thick wire or more
turns of fine wire to make a coil of the same dimension.

Bottone, in his book, ¢ Electrical Instrument
Making for Amateurs,”* thus describes, on page 134,
the making and mounting of a ncedle for a tangent
galvanometer:

The tangent galvanometer presents no difficulty in con-
struction, A small lozenge-shaped ‘‘ needle” is made from
a thin piece of watch spring, about 1 in. long and } in.
wide. This is ** let down,” or softened, by being held over
the flame of a spirit lamp until of a dull red, and allowed
to eool gradually., 'When quite cold a small hole % in. in
diameter is drilled through the centre. The ¢ needle” is
then straightened out, and tested for centrality ; and, if

* Wlectrical Instrument Making for Amateurs : A Practical
Handbook,” by S. R. Bottone. Fourth edition. l.ondon: Whittaker
& Co. 1889. 202 pages, 59 illustrations. Price 50 cents.

370427
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defective, filed until the hole corresponds with the centre
of gravity. It is then hardened by being made red hot
over the flam» of a spirit lamp, and being dropped
into cold water., It must then be carefully
magnetized by being rubbed at each extremity
with the opposite poles of a good horseshoe magnet.
When fully magnetized it mast be fitted with a small
glass pivot, mile as described at paragraph six, small
ensugh to enter the % in. hole in the needle, and about }
in in length. Great care must be 'exercised in the choice
of a pivot, which must bz very perfectly shaped, so as to
allow great freedom of motion in the poised needle.
This point being settled, the pivot is attached to the
needle by means of a mors trace of good glue, applied
to the hole in the needle orly. The needle must now be
poised by its pivot on a fiie steel sewing needle (No. 10
will do), and any want of perfect horizontality must be
remedied while the glue is still moist. When the above
is quite dry, a very fine straw, about 2} in. long, has
asmall hole made in its centre (half way between its two
extremities) with a rather coarse pin; then the head of
the pivot is pushed through this hole in the straw, so
a3 to cause the straw to lie exactly at right anéles over the
needle. The merest trace of glue will now cause the straw
to adhere to and retain its position on the glass pivot. This
can now be set aside to dry.



II.—THE MEASUREMENT OF ELECTRO-
MOTIVE FORCE.

I'he electromotive force of a source, or the differ-
ence of potential between any two points in a cir-
cuit, can be measured in various ways by the use of
instruments called “voltmeters. Among the most
important of these methods are the following :

(1.) By the use of galvanometers, or by galva-
nometer voltmeters.

(2.) By the use of electrometers, or by electrom-
eter voltmeters.

(3.) By the method of weighing, or by balance-
voltmeters.

In the galvanometric method, differences of po-
tential are determined by the quantity of electricity
that flows per second through a given resistance, just
as the pressure of water at any opening in a vessel
can be determined by the quantity of water that
flows out from such opening per second. Differences
of potential, therefore, may be measured by means
of any galvanometer which measures the current in
ampéres, provided the resistance of the circnit is

known. Galvanometers constrncted so as to meas-
(39)
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ure differences of potential are called voltmeters, or,
more correctly, galvanometer-voltmeters.

In the electrometer-voltmeter the difference of
potential may be employed to charge insulated
conductors, and the value of such differences of po-
tential determined from the electrostatic attractions
and repulsions acting on a readily movable needle
suitably suspended mnear such charged conductors.
This latter form of voltmeter is generally termed an
electrometer, or an clectrometer-voltmeter.

This method consists in ascertaining the force or
weight required to overcome the attraction between
two oppositely charged plates, or two oppositely ener-
gized coils, or by measuring the repulsion between
two similarly energized coils.

When a galvanometer is nsed as an ampére-meter,
for determining the strength of the current passing,
it is placed directly in the main circuit. When
used as a voltmeter, for determining the difference
of potential between any points in the eircuit, it is
placed in a shunt cireuit to these points. The coils
of voltmeters are gencrally made of much higher
resistance than those of ampére-meters.

According to Ohm’s law :

0=—
a B
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Therefore : E=CR;
or, in other words, the electromotive force, or differ-
ence of potential in volts, is equal to the current in
ampéres multiplied by the resistance of the circunit
in ohms.

Gralvanometer-voltmeters may be constructed in a
great variety of forms. In all such forms the differ-
ence of potential is determined from the deflection
of a magnetic needle by the magnetic field produced
by a eurrent which flows throngh a coil of insulated
wire. Since the resistance of the voltmeter is con-
stant, the eurrent passing, and hence the deflection
of the needle, will vary only with the electromotive
force.

In galvanometer-voltmeters the magnetic field
produced by the current may deflect the needle of
the galvanometer—

(1.) Against the earth’s field.

(.) Against the field of a permanent magnet or
an electro-magnet.

(3.) Against the action of a spring.

(4.) Against the force of gravity acting on a weight.

Instead of determining the difference of potential
by varying the magnetic field of the enrrent pro-
duced, such current may be used to heat a wire, and
the value of the current strength, and, consequently,
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the difference of potential, determined by the move-
ment of a needle caused by the expansion of a wire.

There are, therefore, various forms which may be
given to voltmeters, and varions principles by which
they operate.

A form of galvanometer-voltmeter devised by Sir
William Thomson is shown in Fig. 17. A coil of
insulated wire A4, whose resistance is over 5,000
ohms, acts on a needle formed of a number of short

Fi16. 18.—~GALVANOMETER-VOLTMETER.

parallel needles placed one above the other. The
compound needle so formed has attached to it a
light aluminium index moving over a graduated
scale.

A small circular magnet B, called the restoring
magnet, placed over the needle, isused to vary the
strength of the earth’s field at any place, either
by moving the magnet itself, or by moving
the box containing the compound magnetic
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needle toward or from the deflecting coil. The
indications of this instrument are based on the fact
that when a galvanometer of sufficiently high resist-
ance is connected with any two points in a circuit,
the current which passes through it, and, conse-
quently, the deflection of its needle, is directly pro-
portional to the difference of potential between two
such points.

It is not necessary, in measuring the difference of
potential between any two points in a eirenit or con-
ductor, that such differences of potential be utilized
to cause an electric current ; they may, instead, be
used to produce charges in an insulated conductor,
and the differences of potential can then be inferred
from the movements of a needle as the result of
electrostatic attractions and repulsions produced by
such charges; or they may be determined from the
weight required to balance such movements so as to
prevent them from oceurring.

Some forms of commereial galvanometers are so
arranged as to measure directly the product of the
current and the difference of potential. Such
instruments give the watts in the ecircuit and are,
therefore, called wattmeters.

A form of wattmeter consists essentially of a thick
wire coil placed in series in the circuit whose elec-
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tric power is to be measured and a thin wire coil
placed as a shunt around the circuit. These two
coils, instead of acting on aneedle, act on each other,
and the amount of their deflection will be propor-
tional to the number of watts in the circuit.

Fi6. 19.—QUADRANT ELECTROMETER.

In the electrometer-voltmeter the difference of
potential is measured by electrostatic attractions and
repulsions. A well-known form of such instrument
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is seen in the quadrant electrometer. In the quad-
rant electrometer the differences of potential are
measured by the attractive and repulsive forces ex-
erted by four plates or quadrants on a light, charged,
needle of aluminium suspended within them.

A form of quadrant electrometer is shown in Fig.
19. The sectors of the quadrant are made of brass
or other conducting metal shaped so as to form a
hollow box. When placed together the four

F16. 20.—QUADRANT ELECTROMETER.

sectors are insulated from one another, but the
opposite pairs are connected by a conducting
wire, as shown in Fig. 20. A light alumininm
needle %, is maintained at a constant electric
charge by being connected with one of the coat-
ings of a Leyden jar, or with one of the terminals of a
sufficiently powerful voltaic battery., The electrom-
eter needle is generally suspended by two parallel
silk fibres so as to swing freely inside the hollow box
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quadrant. When at rest the ncedle has its greatest
length exactly in the direction of the slot or space
between the two opposite pairs of sectors, as shown
in Fig. 20 by the dotted lines.

When, now, the two points of any circuit whose
difference of potential is to be measured are con-

FIG. 21.—~QUADRANT ELECTROMETER, SHOWING SUSPENDED
NEEDLE.
nected to opposite pairs of quadrants, the charge so
produced deflects the needle, and from the amount
of this deflection the difference of potential between
these points can be calculated. In the forms of
clectrometers shown in Figs. 19 and 21 the
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amount of this motion is determined by means of a
spot of light reflected from a mirror Z, supported by
the suspension fibre, and generally observed through
a telescope.

Electrometer-voltmeters are better adapted than
galvanometer-voltmeters for determining differences
of potential in certain cases because they do not
require the passage of a current.

F1a. 22.—ATTRACTED D1sc ELECTROMETER.

In the form of electrometer-voltmeter shown in
Fig. 22, the difference of potential is measured by
the weight required to balance the attraction which
exists between two oppositely charged metallie discs.
In the form here shown, the plate C,is suspended
from the longer end of the lever /, within the fixed
guard-plate or ring B, immediately above a second
plate A, supported on an insulated stand. The plate
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A, can he moved from or toward the plate B, through
a measurable distance.

The electrostatic attraction is measured by the
attraction of the fixed disc .4, onthe movable disc
(. 'These two bodies are connected respectively to
the two points whose difference of potential is to be
dctermined. One of these may be the earth.

Instead of measuring the difference of potential
directly by balancing the tendency to motion pro-

F16. 23.—POTENTIOMETER.

duced by the attraction or repulsion by means of
a weight, such differences niay be determined by bal-
ancing or opposing an unknown difference of poten-
tial by a known difference of potential.

The apparatus shown in Fig. 23, called the poten-
tiometer, is an apparatus of this character. The
unknown difference of potential to be measured is
balanced or opposed by a known difference of poten-
tial, the equality of the balancing being determined
by the failure of one or more galvénometers, placed
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in the shunt ecircuits, to show any movements of
their needles.

A secondary battery S, or a standard voltaic cell,
has its terminals connected to the ends 4 and B, of
a wire of uniform diameter and of high resistance
called the potentiometer wire. There will, therefore,
occur along the wire a fall or drop of potential
which will be equal per unit of length. Thisdrop ean
be shown by eonnecting the terminals of a delicate
galvanometer, generally of high resistance, to the
different parts of the wire. The deflection of the
needle will, of course, be greater the greater the
length of wire between the two points touched.

If, now, the terminals of a standard voltaic cell,
whose difference of potential is known, be connected
0 as to oppose the current taken from the potentiom-
eter wire, and the contacts be slid along the po-
tentiometer wire until no deflection of the needle is
observed, the drop of potential between these points
on the potentiometer wire will be equal to the differ-
ence of potential of the standard eell. In this way
the wire is calibrated.

Suppose, now, it is desired to measure the dif-
ference of potential between two points ¢ and 5,
on the wire €, through which a current is passing
in the direction of the arrow. Connect the points &
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and d, with a galvanometer (7, of high resistance,
and the points @ and ¢, with a conductor; now slide
¢, toward or from d, until the galvanometer shows
no deflection. The difference of potential between
a and & is then equal to that between ¢ and d.

The form of clectrometer shown in Fig. 24 is
called a capillary electrometer. In this instrument
a horizontal glass tube, which is filled with mercury
and has a drop of dilute sulphuric acid at B, has
its ends connected with two vessels M and %, also

F16. 24,—CAPILLARY ELECTROMETER.

filled with mercury. If the points whose difference
of potential are to be determined are connected by
means of conductors with the vessels M and N, a
current passes through the capillary tube and a
movement of the drop of acid takes place toward the
negative pole. Provided the difference of potential
does not exceed two volts, the amount of this move-
ment is directly proportional to the difference of po-
tential.

A ready means for obtaining a known difference of
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potential, either for measuring an unknown differ-
ence of potential by opposing such known difference
of potential, or for the purpose of calibrating an in-
strument, and thus determining the value of its de-
flections, is found in various standard voltaic cells.
Ordinarily constructed voltaic cells would be im-
practicable for such purposes. With standard cells,
if especial care is taken to avoid polarization, and

F16. 25.—CLARK'S STANDARD CELL.

the circuit of the cell is closed but for a short time,
the electromotive force it produces is practically
constant. Standard voltaic cells are made in a great
variety of forms.

In Fig. 23 is shown a well-known form of stand-
ard voltaic cell devised by Latimer Clark, known as
the H-form of cell, from the shape of a vessel C €
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connected by the cross tube. The left-hand vessel
contains at 4, an amalgam of pure zine; the right-
hand vessel contains at J/, a mass of mercury
covered with pure mercurous sulphate. DBoth vessels
are then filled up to the level of the cross tube with
a saturated solution of zine sulphate to which a few

Fi16. 26.—RAYLEIGH'S FORM OF CLARK’S STANDARD CELL.

crystals of the salt are generally added. Tightly
fitting corks prevent loss by evaporation. Wires
W, W, fused into the bottom of the vessels, serve
ag the terminals of the cell.

In Fig. 26 is shown Rayleigh’s form of Clark’s stand-
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at 15° C., and zinc sulphate of the specific gravity
of 1.4 at 15° C.

To use the cell, the zine rod Zn, connected with
the wire passing through the rubber stopper, isplaced
in the left-hand braneh. The tap at -1, is opened and
the entire U-tube is filled with the denser zinc sul-
phate solution. The tap at ¢, is then opened, and the
liquid in the right-hand branch, above the tap, dis-

F16. 28.—LoDgE’S FORM OF DANIELL'S CELL.

charged into the lower vessel, but from this point
only.

The tap C, is then closed and B, is opened, and
the lighter copper sulphate is allowed to fill the
right-hand branch above the tap .  The copper rod
Cu, fitted to a rubber stopper and connected to a
conducting wire, is then placéd in the copper solu-
tion. Tubes at Land M, are provided for the recep-
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tion of the zinc and copper rods when not in use.
The copper rod is prepared for useby freshly electro-
plating it with copper. The electromotive force of
this cell, when in proper action, is 1.074 volts.
If the line of demarkation between the two liquids
is not sharp, the arms of the vessel are emptied, and
fresh liquid is run in.

Lodge’s form of Daniell’s standard cell is shown
in Fig. 28,

Through a tube 7, in a wide-mouthed bottle, is
passed the glass tube, in the mouth of which is
placed a zine rod. A small test tube ¢, containing
crystals of copper sulphate, is fastened to the bottom
of the tube 7}, by means of a string or rubber band.
The uncovered end of a gutta-percha insulated wire
projects at the bottom ¢, through a tube in a tightly
fitting cork, and forms the copper clectrode. The
bottle is filled with a solution of zinc sulphate.

The internal resistance of this form of standard
cell is so high that it is only employed for use with
measurements employing zero methods or with a
condenser. ,

In any form of standard voltaic cell great care
must be taken or otherwise appreciable differences in
the electromotive force will result. When sulphate
of copper is used care must be taken to prevent the



56 ELECTRICAL MEASUREMENTS.

copper from being deposited on the zinc. The tem-
perature should be kept as nearly constant as pos-
sible. The electrolytes should be pure and kept at
the same density. Where saturated solutions are
employed, as in the case of the zine snlphate em-
ployed in Clarke’s H-form of cell, eare should be
taken to prevent the solution from becoming super-
saturated.

A solution is saturated with a soluble salt when it
contains as much as it can hold. When a saturated
solution is cooled it deposits some of the salt, the
liquid still remaining saturated. If, however, the
liquid be closed from the air and cooled without
shaking, the deposit of crystals may not occur, and
the solution then becomes super-saturated.
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EXTRACTS FROM STANDARD WORKS.

Gray, in his work entitled ¢The Theory and
Practice of Absolute Measurements in Electricity
and Magnetism,”* in describing electrometers, says
on page 252 :

An electrometer has been defined as an instrument for
measuring differences of electric potential by means of the
effects of electrostatic force. It consists essentially of two
conductors, between which is established the difference of
potential which it is desired to measure. The electrostatic
force set up produces motion of the parts of one of these
conductors relatively to one another, or motion of the con-
ductor as a whole relatively to the other conductor ; and
from this motion, or from the mechanical force which
must be applied to restore and maintain equilibrium in the
configuration of zero electrification, the difference of po-
tentials isinferred. 'We shall call this condnctor the Indi-
cator of the instrument.

‘When the instrument contains within itself a means of
comparing the electric force called into play with other
forces known in amount, as, for example, the force of
gravity on a given mass, or the elastic reaction of a
stretched spring, it gives directly by its indications the

*“The Theory and Practice of Absolute Measurements in Elec-
tricity and Magnetism,” by Andrew Gray, M.A., F.R.S, London:
Macmillan & Co. 1888, 518 pages, 105 illustrations. Price $3.75.
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value in absolute electrostatic units of the difference of
potential measured, and is called an absolute electrometer.

When the instrument gives only comparisons of the elec-
trostatic forces with other forces, the amount of which it
does not itself contain any means of determining, its indi-
cations can only be obtained in absolute units by a compar-
ison with those of an absolute electrometer.

When the mode of variation of these undetermined
forces is known and remains constant, one such accurate
comparison is sufficient to allow a coefficient to be deter-
mined by which results proportional to measured differ-
ence of potential must be multiplied for reduction to ab-
solute measure, The coefficient is called the constant of
the instrument.

In a volume on ‘ Primary Batteries,” * on page
90, Carhart thus refers to the objections that exist as
regards Lord Rayleigh’s formof Clark’s Standard
cell :

The objections to Lord Rayleigh’s form of the Clark nor-
mal element are: (1) the temperature coefficient is high and
apparently variable ; (2) it is not constructed in such manner

. as to keep the zinc and metallic mercury out of contact;
(8) the contact of the zinc and mercurial salt permits of
local action whereby zinc replaces mercury.

Respecting the first objection, the method to be pursued
in reducing the temperature coefficient is suggested by the

* “Primary Batteries,” by Henry S. Carhart, A.M. Boston:
Allyn & Bacon. 1891, 193 pages, 67 illustrations, Price $1.50.
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fact, now well known, that the E. M. F. decreases with an
increase in the density of the zinc sulphate solution.
Hence, if the solution is saturated at 30° or 40°, upon a
lowering of temperature the excess crystallizes out with a
decrease of density. The reverse process takes place with
rise of temperature, with the additional disadvantage that
time is required for the diffusion of the redissolved salt.
The temperature coefficient in such a cell is therefore made
up of two parts ; one a real temperature effect, the other
a secondary change resulting from a variability in the
density of the zinc sulphate solution. A rise of tempera-
ture lowers the E. M. F. by increasing the density of the
solution in addition to the direct primary effect of the tem-
perature change.

The slowness of diffusion when the temperature rises
makes the coefficient for a rapid change of temperature
smaller than for a slow onme. Thus Prof. Threlfall, in-
vestigating Clark cells made in accordance with Lord
Rayleigh’s directions, found the coefficient to be .000402
for a rapid rise of temperature from 21° to 34° C. Thisis
less t"an half the value found by Lord Rayleigh between
the same temperatures.

The magnitude of the temperature coefficient depends,
then, upon the temperature at which the zinc salt is satu-
rated, and, because of diffusion, upon the rapidity of the
temperature change. To obviate these difficulties the zinc
sulphate should be saturated at some definite temperature
lower than any at which the cell is to be used. The tem-
perature selected by the writer is that of melting ice. * * *

The other two objections urged against the usual form of






III.—THE MEASUREMENT OF ELECTRIC
RESISTANCES.

In accordance with Ohm’s law, when the differ-
ence of potential and the resistance of any circnit
are known, the current strength in such cireuit, or
’Lh(; number of coulombs per second, can be readily
calenlated. It is for this, and for many other rea-
sons, a matter of great importance to be able to
readily determine the resistance of any cirenit, or
part of a circuit.

Varions methods can be employed for measuring
electric resistances ; among the most important of
these are the following:

(1.) By the method of substitution.

(2.) By a comparison of the deflections of a gal-
vanometer.

(3.) By means of differential galvanometers.

(4.) By means of a resistance bridge in connec-
tion with a box of resistance coils.

(5.) By the indirect method of measuring the cur-
rent and the electromotive force, and then calcu-

lating the resistance from the formula R = %

61)
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In the method of substitution, the resistance to
be measured @, Fig. 29, a box of resistance coils B
and a galvanometer (¢, are placed in series in a cir-
cuit with a voltaic battery 73, by means of con-
ductors that are sufficiently thick to permit their
resistance to be neglected. The deflection of the
galvanometer is first obtained with the known re-
sistance 2, only in the circuit ; that is, with no re-
sistance in the box B, which is effected by iusegting
all its plug keys.

FIG, 20.—SUBSTITUTION METHOD.

The resistance z, is then cut out of the ecircuit by
placing a thick copper wiremm/, across z, so as to
short-circuit it. Resistances are then unplugged in
the box 2, until the same deflection is obtained in
the galvanometer, when, provided the difference of
potential of the battery has remained constant, the
resistance unplugged will equal the unknown resist-
ance. )

The resistance box employed in the above method
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consists generally of a number of coils of wire, the
electric resistance of which is accurately known. In
order to prevent the magnetic field produced by such
coils, when traversed by an electric current, from
affecting the needle of a galvanometer placed near
them, they are wound after the wire which forms
them has been doubled or bent on itself in two equal
lengths so that the two halves extend parallel with
each other.

F16. 30.—RESISTANCE CoOILS.

The arrangement of the coils which form the re-
sistance, as well as this method of winding, are
shown in Fig. 30. The coils C' (', are connected to
each other by means of thick pieces of brass %, E, Z,
to which their ends are soldered. When the plng
keys are placed in the holes or spaces left at S, S, be-
tween the contignous brass pieces %, £, F, the coils
are cut out of the cirenit by.short-cireuiting. When,
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however, the keys are removed, the coils are placed
in the circuit by what is technically called unplug-
ging.

In order to avoid changes in the electric resistance
of the coils, on changes in temperature, the coils are
generally made of German silver wire, or, preferably,
of platinoid, or an alloy of platinum and silver, the
resistanee of which is not sensibly affected like that
of most other metals by changes in temperature.
Even, however, in such cases it is necessary not to
permit the current to flow through the coils for
longer than a few minutes at a time.

The method of determining the value of a resist-
ance by a comparison of the deflection of galva-

nometers is based on the fact that such deflections
are proportional to the current passing, and, if the
electromotive force of the electric source employed
is constant, that the current which passes will de-
crease as the resistance increases.

The method of determining resistances by the use
of differential galvanometers is based on balancing
the deflection of the necdle of a galvanometer placed
in the circuit of one of the coils in which the un-
known resistance is placed, by the opposing magnetic
effects of the other coil in which a known resistance
is placed.
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By far the preferable method of determining re-
sistances is by means of a deviceinvented by Wheat-
stone, called the electric bridge; or, as it was orig-
inally ealled, the electrie balance, because in it a
known resistance is balanced against an unknown
resistance.

The operation of the electric bridge or balance is
based on the fact that no current will flow throngha
conductor the terminals of which are connected to
points that are of the same difference of potential.

F16. 31.—ELECTRIC BRIDGE,

A simple form of electric bridge is shown in Fig.
31. 4, B, C, D, are electric resistances called the
arms of the bridge. Any of these resistances can be
determined, provided the absolute value of one and
the relative values of the other two are known.

These resistances are arranged in the manner
shown, and the terminals Z» and C, of the voltaie
battery, are connected to the points @ and . The
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current of the battery then flows through the cir-
cuit, branches at P, part flowing through the
arms D and C, and the remainder flowing throngh
the arms B and 4. These two branches unite at @,
and return to the battery. A sensitive galvanome-
ter, @, is placed in the cirenit connecting the points
Mand N. The name bridge was derived from the
fact that this wire or conductor bridges or connects
the points A and .

When a current passes through any conductor, a
drop or fall of potential occurs that is proportional
to the resistance. When, therefore, the current from
the voltaic battery, Zn (', branches at 7, and passes
through the resistances D and €, and B and 4, a
drop or fall of potential occurs along the paths D
and €, and Band -1, proportional to their resistances.
If the points M and ¥, that are connected by the
bridge wire, are at the same difference of potential, no
current will pass ; if, however, they are at a differ-
ent potential, a current will pass from 37, to N, if M,
is at the higher potential, and in the opposite direc-
tion, from N, to M, if M, is at the lower potential,
and the needle of the galvanometer will be deflected
according to the direction in which the current flows.
If, therefore, the known resistances 4, ¢ and B, are
go proportioned to the value of the unknown resist-
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ance D, that no current passes through the galvan-
ometer @, between the points M and N, then such
points are at the same difference of potential, and
since the fall of potential is proportional to the re-
sistance, it follows that

A:B: C:D,

AxD=DBxC,
orD = (g) C.
1If, then, the values A, B and C, are known, the

value of D, can be readily calenlated.

! B . .
By making the value - some simple ratio, the

value of D), is easily obtained in terms of C.

The resistances .4, B and C, may consist of coils
of wire whose resistances are unknown.

There are two formsof Wheatstone bridge ; name-
ly, the box form and the sliding form. In the box
form, the arms of known resistance of the bridge
consist of resistance coils. Inthe sliding form one
of the known resistances consists of a resistance
coil, and the other two of a uniform wire or con-
ductor over which a sliding contact moves so as to
place different lengths of the conductor on different
sides of the slide, and, therefore, in different arms
of the bridge.



68 ELECTRICAL MEASUREMENTS.

The box form of bridge is shown in perspective in
Fig. 32 and in plan in Fig. 33.

It will be noticed that the bridge arm correspond-
ing to the resistances .4 and B, of Fig. 31, consists

F16. 32.—~Box BRIDGE.

of resistance coils of 10, 100, 1,000 ohms each, called
the proportionate coils. The arm. corresponding to
the resistance C, of the same figure, is composed of
separate resistances 1, 2, 2, 5, 10, 10, 20, 50, 100,
100, 200, 500, 1,000, 1,000, 2,000, and 5,000 ohms

C Tz 00 w0 10 g 10100 1000
T K

e\

Fi1e. 33.—BoX BRIDGE.
The following are the conncctions: the galvanom-

eter is inserted between ¢ and 7, Fig. 34; the un-
known resistance between the z and r, and the battery
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be connected tog and », and the galvanometer ter-
minals to z and 2, without disturbing the above pro-
portions.

In the slide form of bridge, as shown in Fig. 36,
the proportionate arms are formed of a single thin
wire of high resistance and uniform diameter,
formed of German silver or platinoid.

The slide contact key moves over the wire, one
terminal of the key being connected with the gal-
vanometer and the other, when the key is depressed,
with the wire. From the uniform diameter of the

Fia. 35.—SLIDK BRIDGE.

wire, the resistance on either side of the key will be
directly proportional to the length of the wire. A
graduated scale placed under the wire serves to
measure its length. A thick metal strip connected
with the slide wire has four gaps at P, @, R and &S.
When in ordinary use the gaps at P and S, are
cither connected by stout strips of conducting mate-
rial, or by known resistances; in the latter case they
act as ungraduated extensions of the slide wire, and,
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F1a. 38.~SLIDE BRIDGE.

like lengthening the slide wire, increase the sensibil-
ity of the bridge.
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The unknown resistance is then inserted in the
gap at @, and the known resistance, generally a
resistance box, in the gap at R. The galvanometer
has one of its terminals connected to the metal strips
between ¢ and R, and its other terminal to the
sliding key. The battery terminals are connected
to the metal strips between 7 and @, and R and S,
respectively. .

These connections are more clearly seen in the
form of bridge shown in Fig. 36. The slide wire
w w, consists of three separate wires each a meter in
length, and so arranged that either only one wire
or two in series can be used. The circuit being now
arranged as shown, the sliding key is moved until
no current flows through the galvanometer when the
key is depressed.

The slide form of bridge is not entirely satisfac-

tory, since the ‘uncertainty of the spring contact
causes a lack of correspondence between the con-
tact and the points of the scale on which the index
rests. . '
The loss of uniformity in the diameter of the
wire, due to constant use, also causes a lack of cor-
respondence between the resistance of the wire and
its length. With care, however, very accurate re-
sults can be obtained by the slide bridge.
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For the purpose of standardizing resistance coils,
a standard coil of some known value is necessary. A
form of standard ohm, issued by the Committee of
Electrical Standards in England, is shown in Fig.
37. A coil of platinum silver wire, insulated by
silk covering and melted paraffine, is placed at B,
and the space above it at 4, is filled with paraffine
except at £, where an opening is left for the insertion

F16. 37.—STANDARD OHM.

of a thermometer. 'T'he ends of the resistance coil
are soldered to thick copper rods r 77, as shown.

In the resistance box already described the ad-
justability of the resistance is obtained by means of
unplugging coils of various values until the required
resistance isintroduced into the circuit. Wheatstone
devised an apparatus in the shape of an adjustable
resistance or rheostat of the form shown in Fig. 38.
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This instrument is suitable for rongh work, but is
not very satisfactory where great accuracy is re-
quired. It consists, us shown, of two parallel cylin-
ders A and B, formed respectively of conducting and
non-conducting material.  The resistance wire,
which is a bare wire, can be wound from the surface
of the non-conducting cylinder Z, to the conducting
cylinder 4. Only the wire on 2, is introduced into

Fra. 33.—WHEATSTONE'S RHEOSTAT.

the circuit, since the bare wire on the conducting
cylinder .4, is short circuited by the metallic cylinder.

As a ready means for measuring the rvesistance of
a cirenit through which a current of electricity is
passing Ayrton has devised an instrnment called an
ohmmeter, which shows directly, by the deflection of
a magnetic needle, the resistance in any part of a
circuit.

The construction of the apparatus will be under-
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stood from an inspection of Fig. 39. Two coils of
wire, C C'and ¢ ¢, formed respectively of short thick
wire and long thin wire, are placed at right angles
to each other, and act on a soft iron ncedle placed
as shown. The short thick coil €' (", is connected in
series to the eonductor O, whose resistance is to be
measured. Thelong thin coil ¢ ¢, of known high
resistance, is placed as a shunt to O.

Under these circumstances the action of the needle
is due to the ratio of the difference of potential at

{ o 7 r
.
F106. 33.—AYRTON'S OHMMETIER.

the terminals of the nnknown resistance and the
current strength in the thick coil, or 22 €' = £, as
may be deduced from Ohm’s law.

The coils areso proportioned that when the current
flows through the short thiek wire it moves the
needle to the zero of the scale, while the long thin
wire produces a deflection directly proportional to
the resistance.

When a conductor is in the form of a bare wire of
uniform area of cross section, the resistance of a
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given length of such conductor can be readily cal-
culated from a knowledge of its diameter, provided,
of course, the specific resistance of such material—
that is, the resistance of a unit length of unit arca
of cross section—is known.

In order to readily determine the diameter of a
wire so as to calenlate the resistance of a given
length of such wire, various instruments called wire
gauges are employed.

STANDARD
25 WIRE GAuGE
27 28 59 308}

Fi16. 40.—ROUND WIRE GAUGE.

Fig. 40 shows a form of wire gauge called the
round-wire gauge. In this gauge notches of varying
width, cut in the edges of a circular plate of steel,
serve to approximately measure the diameter of a
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wire which is passed lengthwise through the open-
ings. Numbers indicating the different sizes of the
wire are affixed to each of the openings.

Another form of wire gauge, called the microm-
eter wire gauge, is shown in Fig. 41.

The wire to be measured is placed between the
fixed support B, and the movable end (, of a long
screw, which accurately fits a threaded tube a. A
thimble 2, provided with a milled head, fits over the

F16. 41.—VERNIER WIRE GAUGE.

serew () and is attached to the upper part. The
lower circumference of D is divided into a scale of
20 equal parts. The tube ¢ is marked in divisions
cqual to the pitch of the screw. Every fifth of these
divisions is marked as a larger division.

The prineiple of operation of the gauge is as fol-
lows: Suppose the screw has 50 threads to the inch;
the pitch of the screw, or the distance between two
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contiguous threads, is, therefore, 45, or .02, of an
inch.

One complete turn of the screw will, therefore,
advance the sleeve D, over the scale @, the .02 of an
inch. If the screw is only moved through one of
the twenty parts marked on the end of the thimble
or sleeve parts, or the 4y of a complete turn, the end
C, advanees toward B, the o of g, that is, to&,
or .001, inch.

Suppose, now, a wire is placed between B and C,
and the screw advanced until the wire fairly fills the
space between B and €, and the reading shows two
of the larger divisions of the scale a, three of the
smaller ones and three on the end of the sleeve D,
then )

Two large divisions of scale @ = .2 inch.

Three smaller divisions of scale « = .06 inch.

Three divisions on circular scale on D = .003
inch.

Diameter of wire = .263 inch.

In the self registering wire gauge the apparatus is
arranged to give directly without calculation the
exact diameter of the wire to be measured.

A form of self-registering wire gange is shown in
Fig. 42. The wire or plate is inserted in the gap
between a fixed and a movable plate. The diam-
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eters of the wire or plate that is being measured are
then read off, shown on one side of the gauge, and
the gauge numbers on the other.

In making caleulations of the resistance of any
circuit it must carefully be remembered that changes
in temperature produce changes in resistance. The
character of such changes can be summarized as fol-
lows:

F16. 42.—WIRE AND PLATE GAUGE.

(1.) The electric resistance of metallic conductors
increases as the temperature rises. The resistance
of the carbon conductor of an incandescent lamp
decreases as the temperature rises. Its resistance
decreases when it is raised to incandesceunce, such
decrease anrounting to about three-eighths of its re-
sistance when cold.
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Roughly speaking the increase in temperature is
proportional to the temperature. In reality, the re-
sistance of all metals except mercury increases more
rapidly than the temperature.

CHEMICALLY PURE SUBSTANCES ARRANGED IN ORDER OF INCREAS-
ING RESISTANCE FOR THE SAME LENGTH AND SECTIONAL AREA,
LEGAL MICROHLI. A

Resistance in
microchms at
0° C.
NAME oF METAL. resist-
Cubic Cubic

centi-
metre, | ineh.

Silver, annealed ..

1.
Copper, annealed .. 1.063
Silver, hard drawn 631 | 0.6433) 1.086
Copper, hard drawn. 1.63¢ | 0.6433) 1.056
Gold, annealed... 2.058 | 0.8102) 1.369
Gold, hard drawn . 2.004 | 0.8247) 1.393
Aluminium, annealed o 2.912 | 1,147 | 1.935
Zine, pressed........ oo .| 5.626 | 2.215( 3.741
Platinum, annealed.. .| 9.057 | 3.565 | 6.022
Irou, annealed .. 5000 . - | 9.716 | 3.825 | 6.460
Gold-silver alloy (3 oz gold, 1 oz. silver).
ard or annealed 4.281 | 7.228

Nickel, annealed 4.907 | 8.285
Tin, pressed 13.21 5.202 | 8.781
Lead, press: 6 19.63 7.728 | 13.06
German silve nan 20.93 8.240 | 13.92
Platinum-silver alloy (1 oz. pla

silver), hard or annealed.... 24.39 9.603 | 16.21
Antimony, presscd... 13.98 | 23.60

.ercurﬁ .......... 37.15 | 62.73
Bismuth, pressed.... . 51.65 | 87.23

Dr. Matthiessen's investigations as to the resist-
ance of various metals, and the effects of temper-
ature thereon, give the resistance of certain cubic
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volumes, such for example, as one cubic centi-
metre, or one cubic inch of such metals in michroms.

In the preceding table, from Ayrton, calculated
from Matthiessen’s results, the resistance in microhms
is given of a cubic centimetre and a cubic inch re-
spectively of the various metals. In the last column
will be found the relative resistance as compared
with silver. The resistance is measured laterally
across the cube from one face to the opposite face.

(2.) The resistance of an electrolyte decreases as
temperature increases.

(8.) The resistance of di-electrics or non-conduct-
ors decreases as the temperature increases.

The resistance of a wire is directly proportional
to its length, inversely proportional to the area of
cross-section, or to the square of the diameter, and
depends on the material of which the wire is formed g
calling R, the resistance, /, the length, d, the diame-
ter, and A7, a constant, varying with the material,
then R = (_2_) K.

d:

In the following table from Jenkin the conduct-
ing power, or resistance in ohms, is given fora num-
ber of metals. The conducting power is compared
with that of pure hard drawn silver wire, which is
taken as one hundred.
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TABLE OF CONDUCTING POWERS AND RESISTANCES IN OHMS.

NAMES OF METALS

Conducting power at 0

degree C.

foot long weighing one
metre long weighing

one gramme,
foot long 1455 inch in

diameter.

Resistance of a wire one
| Resistance of a wire one

Silver, annealed....]..

Silver, hard drawn
Copper, annealed..
Copper, hard drawn

Gold, anpealed...... 000g80

Gold, hard drawn
Aluminjum , an-

nealed...... 0000360
Zine, pressed ......
Platinum, annealed
Iron,annealed......
Nickel, annealed..
Tin, pressed........
Lead, pressed.......
Antimony, pressed.
Bismuth, pressed...

loy, hard or an-
nealed...... o5oo00n i
German silver, hard
or annealed......]..
Gold, silver allay,
hard or annealed..|........| 2.391

|

S>>=2=| Resistance of a wire one

22 |3s8
o, |8320
0By [E85
Eo8 15708
Zol 159
sgc |5280
@ 5 -3
e k3]
5o 2352
go8 |ETgl
200 HIESE
S5E |8593
moe 5 85
$48 |aB88
] <
0.01937) 0 377
0.02103.... .. .
0.02057 0,388
0.02104|... ...
10265 |""0.355
0.02697)........
0.03751]....., ™
0.07244|°0.365
0.1166 |.......
25

0.

0.

0

0.3
127 | 0.072
0.3140 | 0.031
0.2695 | 0.044
0.1399 | 0.065

—Jenkin,




MEASUREMENT OF ELECTRIC RESISTANCES. 83

EXTRACTS FROM STANDARD WORKS.

Kempe in his ¢ Handbook of Electrical Testing,”*
on page 10, speaks of resistance coils as follows :

The essential points of a good set of resistance coils are,
that they should not vary their resistance appreciably
through change of temperature, and that they should be
accurately adjusted to the standard units, which adjust-
ment ought to be such that not only should each individual
coil test according to its marked value, but the total value
of all the coils together should be equal to the numerical
sum of their marked values. It will be frequently found
in imperfectly adjusted coils that although each individual
coil may test, as far as can be seen, correctly, yet when
tested altogether their total value will be one or two units
more or less than the sum of their individual values ; be-
cause, although an error of a fraction of a unit may not be
perceptible in testing each coil individually, yet the ac-
cumulated error may be comparatively large.

The wire of the coils is, as a rule, of German silver, the
specific resistance of which metal is but little affected by
variations of temperature. The wire is usually insulated
by two coverings of silk and is wound double on ebonite
bobbins, the object of the double winding being to elimi-
nate the extra current which would be induced in the coils
if the wire were wound on single. By double winding the

*“A Hand Book of Electrical Testing,”” by H. R. Kempe. Fifth
edition. London: E. & N. Spon. 1892. 576 pages, 200 illustrations.
Price, $7.25.






IV.—VOLTAIC CELLS.

When Luigi Galvani, in 1786, first announced his
classic experiment with the frog’s legs, it was
generally believed that he had discovered the canse
of vitality. Alexander Volta, like most of the scien-
tific men of his time, adopted this view, until a
more careful study led him to see that what actu-
ally caused the convulsive movements of the frog’s
legs was electricity, and that Galvani had discovered,
not the cause of vitality, but a new method of pro-
ducing electricity.

Volta, repeating the experiments of Galvani,
found that the movements of the frog’s legs were
more pronounced when the muscles were brought
into contact with the nerves by means of two dis-
similar metals, such as zinc and copper connected at
one pair of ends and brought into contact with the
nerves and muscles at the other pair of ends, as
shown in Fig. 43.

As the result of extended experiments in 1800,

Volta conceived of an apparatus for the production of
®5)
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electricity, which, in honor of its inventor, was
named the voltaic pile.

Volta ascribed the origin of the electricity in the
pile, as well as in the experiment with the frog’s
legs, to the contact of dissimilar metals; and,
although this view is still held by some, it is now
generally believed that while the mere contact of

F1e 43.—@ALvaNoscoric FROG.

dissimilar metals will produce differences of
potential, it is to the gradual oxidization of one
of the metals, in this case the zinc, that that energy
is liberated which maintains an electric current as
long as any chemical action continues.

A form of voltaic pile, similar to Volta’s original
pile, is shown in Fig. 44, It consists of alternate
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action is called a voltaic cell. The voltaic cell is by
some called the galvanic ccll.  When, however, it is
remembered that Galvani originally claimed the dis-
covery of a vital flnid, or principle of life, and that
it was Volta who first pointed out the true cause of
the electricity produced, it will be seen that the term
galvanic cell is a misnomer.

A voltaic cell consists of two parts; namely,

(1.) Of avoltaic pair or couple.

(2.) Of aliquid called the electrolyte, in which the
voltaic couple is immersed.

The voltaic couple or pair generally consists of two
dissimilar metals. It may, however, consist of
couples or pairs formed of a great variety of different
substances; such, for example, as metals and metal-
loids, different gases, different liquids, or of differ-
ent liquids and gases.

The clectrolyte is generally, but not always, an
acid solution. It must be capable of acting on one
of the metals of the voltaic couple, arid of conducting
and of being decomposed by electricity.

If a plate of zinc and a plate of copper be placed
in a dilute solution of snlphuric acid and water, and
left unconnected outside of the liquid, then the fol-
lowing phenomena take place :

(1.) The sulphuric acid is decomposed, a salt of
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zine called zinc sulphate is formed, and hydrogen
gas is liberated.

(2.) The hydrogen is liberated mainly at the sur-
face of the zinc plate.

(3.) The entire mass of the liquid becomes
heated.

If, however, the plates are connected outside of
the battery by a conductor, then the sulphnric acid
is decomposed as before, but the remaining phenom-
ena are changed ; for,

(1.) The hydrogen is now liberated mainly at the
surface of the copper plate.

(2.) The heat does not appear in the liquid only,
but is distributed throughout all parts of the circuit.

(3.) An electric current is now produced which
flows through the entire circuit, and will continue
to so flow as long as any sulphuric acid remains to
be decomposed, and zinc to unite with the acid ;
that is, as long as any chemical action takes place.

Very clearly, then, the energy which formerly ap-
peared as heat in the liquid now appears in all
parts of the electric circuit as electric energy.

We may, therefore, regard the true cause of the
production of electricity in the voltaic cell as due to
the combination of the zinc with the sulphuric acid,
and not to the contact of two dissimilar metals.
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In any voltaic couple consisting of two dissimilar
metals, one of the metals is acted on by the electro-
Iyte while the other is left untouched. In the case
of the zinc.copper couple immersed in sulphurie
acid, the metal which is acted on by the liquid will
be the zine.

When a zinc-copper voltaic couple is immersed in
sulphuric acid, and the circuit is completed outside
the battery by a conductor, the electric current pro-

F16. 45.—VoLraic COUPLE.

duced will flow through the liquid from the zinc
plate to the copper plate, and through the circuit ex-
ternal to the liquid, from the copper plate to the zine
plate, re-entering the cell at the zinc plate.

In accordance with the convention already made,
namely, that an electric current flows out of a source
at its positive pole and re-enters it at its negative pole,
it will be seen that, in such a couple as that shown in
Fig. 45, the part of the copper plate which is out-
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side the liquid will form the positive pole of the cell,
and that the similar part of the zinc plate will form
the negative pole. By the same reasoning, however,
that portion of the zine plate which is covered by the
liquid will have a current of electricity flowing out
of it, and will, therefore, form the positive pole,
while the similar portion of the copper plate will
form the negative pole.

In other words, the parts of the metallic plates
that are covered by the clectrolyte are to be regarded
as of different polarity from the parts which project
from the liquid.

In point of fact the zinc plate is all of the same
polarity, namely, negative, as an electrometer at-
tached to this plate wonld show. The apparent posi-
tive polarity of the plate under the liquid is probably
due to the polarity of that part of the electrolyte
which tonches the zinc plate.

The ease with which different metals form voltaic
conples with zinc renders it necessary to obtain plates
of chemically pure zinc for use in voltaic cells, since
otherwise minute voltaic couples will be formed
by the particles of the impurities present, and the
strength of the cell will be wasted in producing enr-
rents in minnte closed circnits. As it is practically
impossible to obtain plates of chemically pure zinc it
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is necessary to cover the surface of the zinc plates
with an amalgam of zine and mercury. This pro-
cess of covering the zinc plate is called the amalga-
mation of the plate, and is easily obtained by dipping
the plate for a few moments in dilute sulphuric acid
and then rubbing a small quantity of mercury over
the surface. The mercury adheres to the surface of
the zine plate, covering it witha bright coating of
amalgam.

During the action of the electrolyte on the posi-
tive plate of a voltaic couple the hydrogen tends to
be liberated at the surface of the negative plate, and
this plate will finally become coated with a cover-
ing of hydrogen, unless some means are taken to
avoid it.

It is very important to understand the effect
which this film of hydrogen produces on a voltaic
cell. It will be remembered that the current gener-
ated in the voltaic cell flows from the positive plate
through the liquid to the negative plate. But hy-
drogen is more positive than zine, and tends, there-
fore, to produce an electric current in the opposite
direction to that produced by the zinc ; namely, from
the copper plate to the zine. plate.

The hydrogen gas does not actually produce this
current ; it only tends to produce it ; or, in other
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words, the hydrogen produces what is called a coun-
ter-electromotive foree, and the cell undergoes what
is called polarization. The polarization of a voltaic
cell causes a weakening of the eurrent produced, for
the following reasons :

(1.) Onaecountof the counter-clectromotive foree
produced, which causes a deerease in the effective
clectromotive foree of the cell.

(2.) On account of the increased resistanee of the
voltaic cell, due to the collection on the surfaee of
the plate of bubbles of gas, which possess a high re-
sistance. '

There are three ways in which the ill effects of
polarization may be avoided, namely :

(1.) Mechanically. The bubbles of gas are brushed
off the surface of the negative plate by means of a
stream of air or of liquid. Or, they are permitted
to pass off by roughening the surfaee of the plate
and thus covering it with points.

(2.) Chemically. The surface of the mnegative
plate is surrounded by some powerful oxidizing sub-
stance like nitric or chromic aeid, which is capable
of oxidizing the hydrogen and thus removing it from
the plate. .

(3.) Electro-chemieally. The negative plate is im-
mersed in a solution of the same metal as that of
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which it is composed. For example, if copper
forms the negative plate of the cell, it is immersed in
a solution of copper sulphate, so that the hydrogen,
which tends to be liberated at the surface of the cop-
per plate, in passing through the solution of the cop-
per salt surrounding this plate, decomposes the salt
and deposits a film of copper over the plate.
Although there arc a great variety of the voltaic

FIG. 46.—~SMEE CELL.

cells, yet they may readily be divided into two great
classes ; namely,

(1.) Single-fluid cells.

(2.) Double-flnid cells.

In single-fluid cells, as the name implies, the vol-
taic couple or pair is dipped into a single electrolytic
fluid, while in the double-fluid cell each element or
plate of the couple is dipped into a different fluid.
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Another well-known form of single-fluid cell,
shown in Fig. 47, isknown as the bichromate cell.
"The voltaic couple consists of zinc and carbon. The
electrolyte is formed by dissolving one pound of
bichromate of potash in fen pounds of water and
gradually adding to the solution two and one-half

)

7

F16. 48. —-GROVE’S NITRIC ACID CELL.

pounds of ordinary commercial sulphuric acid. The
electromotive force of this cell -is about 1.9 volts.
The cell is capable of giving a strong current ; but,
since it readily polarizes, it only furnishes a constant
current for a comparatively short time.

In double-fluid cells, since there are two separate
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liquids used as electrolytes, some means must be
adopted for kecping these liquids separate. This is
generally accomplished by the use of a jar of unglazed
earthenware, called a porous jar or cell.

Grove’s nitric acid cell, shown in Fig. 48, isa
well-known form of double-fluid cell. The voltaic
couple is formed by plates of zinc and platinum.
The platinum is placed in a porous jar containing

nitric acid, and the zinc in a cell containing dilute
sulphuric acid. The nitrous fumes which this cell
gives off during action render its use unpleasant.
It gives an electromotive force of about 1.93 volts.
The Bunsen cell, shown in Fig. 49, is a modifi-
cation of the Grove cell, in which the platinum is re-
placed by a plate of carbon.  Asin the Grove cell,
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the zinc is dipped into dilute sulphuric acid and the
carbon in strong nitric acid. This cell gives an
electromotive force of about 1.96 volts.

The great objection to all double-fluid cells, thus
far described, is to be found in the fact that the cur-
rent which they supply is far from constant. ~As the
chemical action goes on, the strength of the acid

Fi1G. 50,—DANIELL'S CONSTANT CELL.

electrolytes greatly decreases, and a corresponding
decrease occurs in the current strength. The prob-
lem of obtaining a coustant electric current from a
voltaic cell was solved by Prof. Daniell, who pro-
duced the cell named after him, and shown in
Fig. 50.
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In Daniell’s constant cell the voltaic couple is
formed of zinc and copper dipped respectively into
dilute solutions of sulphuric acid and a saturated
solution of copper sulphate or bluestone.

The sulphuric acid is placed in the outer cell and
the copper sulphate inside the porous cell. A per-
forated cage or vessel, kept filled with crystals of
bluestone, is supported so as to have the lower
portions of the crystals continually in contact with
the liquid.

The action on which the constancy of the Daniell
cell depends is as follows: As the sulphuric acid of
the electrolyte enters into combination with the
zine, the hydrogen, which is thereby set free, passes
through the porons jar, but before it reaches the
surface of the copper plate it meets the solution of
copper sulphate surronfiding this plate, and, decom-
posing it, deposits metallic copper on its surface and
sets free or liberates sulphuric acid, which passes
through the pores of the porous cup into the outer
jar. As the strength of the solution of copper sul-
phate decreases, from its gradual decomposition,
enough crystals of the salt are dissolved from the
cage in the upper part of the liquid to keep the
solution saturated. The invention by Daniell of this
cell rendered telegraphy commercially possible.
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The Daniell cell gives an electromotive force of
about 1.072 volts.

A serious objection to the use of the Daniell cell
is to be found in the deposit of copper which is
formed on the surface of the porous jar. This ob-
jection has been entirely removed by the invention
of a cell known as the gravity cell, in which the two

F16. 51.—THE GRAVITY CELL.

liquids are separated from each other by means of
their difference of density.

The gravity cell is shown in Fig. 51. The copper
is made the lower plate, and is kept covered by a
saturated solution of copper sulphate, to insure
which a large excess of undissolved crystals of copper
sulphate are left in the bottom of the jar covering
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the copper plate. The zine plate is suspended above
the copper plate in the form of an open wheel, by
the means shown. When in action a sharp line of
demarkation appears between the denser blue solu-
tion of copper sulphate and the less dense clear solu-
tion of dilute sulphuric acid, or hydrogen sulphate.

When zine sulphate is employed instead of dilute
sulphuric acid, the electromotive force is somewhat
lower than that of the ordinary Daniell cell, but the
constancy of the cell is greater.

F1a. 52 —THE LECLANCHE CELL.

A form of double-fluid cell of equal importance
to the Daniell cell, called the Leelanchké cell, is
shown in Fig. 52, where three such cells are con-
neeted together to form a series battery. The voltaic
couple is formed of zine and carbon. The zine is
immersed in an electrolyte consisting of a dilute
solution of sal-ammoniac, while the carbon is sur-
rounded by black oxide of manganese in a finely
divided state.
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The carbon element consists of a plate or rod of
carbon placed inside a porous cell, which contains a
mixture of broken gas retort carbon and finely divid-
ed black oxide of manganese. The black oxide of
manganese here takes the place of theother liquid in
the double-fluid cell, since it acts as the oxidizing sub-
stance which covers the negative plate, and prevents
it from becoming coated with hydrogen by.oxidizing
or removing such hydrogen. The Leclanché cell
gives an electromotive force of abont 1.47 volts.
It readily polarizes, and is, therefore, capable of
furnishing a constant current for but a compara-
tively short time. It possesses, however, the power
of depolarizing if left on open circuit, and, for this
reason, is generally called an open-circuited battery.

Of all the voltaic cells that have been devised, two
only, namely, the gravity and the Leclanché, have
gurvived in the struggle for existence, and come ex-
tensively into general use.  The gravity cell is used
on what are called closed-circuited lines, and the
Leclanché cell on what are called open-circuited
lines.

The gravity cell is suitable for all purposes that
require a constant current for an indefinite duration
of time, such, for example, as in most of the systems
of telegraphy operated in the United States, while
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sists of such a combination of a number of separate
cells as will permit them to act as a single cell.

A convenient form of voltaic battery is shown in
Fig. 54. When it is desired to obtain a current, the

Fi6. 54.—PLUNGE BATTERY.

battery plates are lowered into the acid solution in
the cups; when the battery is no longer required for
use, the plates are raised from these liquids.
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EXTRACTS FROM STANDARD WORKS.

Larden, in his ¢ Electricity for Public Schools and
Colleges,” * page 170, gives the following state-
ment as to the views held by the advocates of the
contact and of the chemical theory of the origin of
the difference of potential in the voltaic cell :

Volta fixed his attention mainly on the /\ V(difference of
potential) that, as it seemed, accompanied the contact of
the dissimilar metals zine and copper. His followers ex-
aggerated a certain one-sidedness that existed in his views ;
and the Contact school . as they were called, considered that
the chemical solution of the zinc played a subordinate part
in the action of the cell, serving mainly to keep the sur-
faces clean and so to keep the same series of bodies in
contact. In fact the word contact was the keynote to their
theory of the voltaic cell. They considered the /\V between
the terminals of the ‘‘open” cell (that is, of a cell in which
the terminals were insulated) as the algebraic sum of the
different A\ V’s due to the different contacts; of which, in
the ordinary Volta’s cell, the only one of importance was
that where the copper wire was soldered to the zinc,

The “‘Chemical school” of physicists considered the cell
when the circuit was closed and a current was running.

* ¢ Klectricity for Public Schools and Colleges,” by W. Larden,
M.A, London : Longmans, Green & Co. 1887, 476 pages, 219
illustrations, Price, $1.75.






V.—THERMO-ELECTRIC CELLS AND
OTHER ELECTRIC SOURCES.

In 1821 Seebeck, of Berlin, discovered another
source of electricity in the unequal heating of dis
similar metals. Ile found, when two dissimilar
metals are formed into a circuit by soldering their
junctions together, that when one of the junctions
is heated above the temperature of the other junc-
tion a current of electricity is produced, which
flows through the circuit in a certain direction, and
that, when this junction is cooled below the tempera-
ture of the other junction, the current so produced
flows in the opposite direction.

He called such currents thermo-electric currents
and the electricity produced by them thermo-elec-
tricity.

The two metals or other substances forming a
thermo-electric combination are called a thermo-
electric couple, and each of the substances forming
such a couple, the thermo-electric element.

Thermo-electric phenomena also occur at the
junctions of two dissimilar liquids, or at the junc-
tion of a liquid and a metal, when such junctions are

unequally heated.
107)
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One of the simplest ways in which the production
of thermo-electric currents can be shown is by sol-
dering two different metals together at one end and
connecting their other ends to the terminals of a
galvanometer. When the junetion is cither heated
or cooled a eurrent of cleetricity is produced which
deflects the needle of the galvanometer. This deflec-
tion occurs in one direetion when the junction is
heated, and in the opposite direction when it is cooled.

In the following table the different metals are ar-
ranged in such an order that cach metal acquires
positive electricity when combined with any metal
following it, and negative electricity when combined
with ény metal preceding it.  Or, in other words,
when the junction of two such metals is heated the
current passes across the junction through the solder
from the +, or positive metal, to the —, or negative
metal. Such a series of metals is called a thermo-
electric series. A thermo-electric series is given in

the following table :

-+25 Gas coke...... o ousomsecasi— 101

<+ 9 inc... 0.2

. + 6.5 0.3

] 2.0

+3 3.8

+ 1.03 5.2

.41 gg

}+1 : —179°9

Platinum.. .+ 0.7 | Selenium. —290.0
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For example, in the bismuth-antimony couple,
when the junction is heated, the current passes
from the bismuth, the positive metal, across the junc-
tion to the antimony, the negative metal.

The meaning of the numbers is as follows: calling
the electromotive force of a copper-silver couple
unity, the electromotive force of any other pair
where the signs are the same is equal to the differ-
ence of the numbers, but where the signs are differ-
ent is equal to their sum. For example, the elec-
tromotive force of the bismuth-nickel couple is 25 —
5=20 times that of the silver-copper couple ; thatof
the bismuth-antimony conple, 25 +9.8 = 34.8.

For small differences of temperature the electro-
motive forces produced are proportional to the
temperature.  As the temperature increases the
electromotive force decreases until, at a certain
temperature of the hot junction, called the neutral
temperature, no difference of potential is produced.

A thermo-electric couple joined in a circuit so as
to produce electricity iscalled a thermo-electric cell.
A number of thermo- electric cells, so arranged as to
act as a'single source or cell, is called a thermo-clec-
tric battery.

The difference of potential produced by any ther-
mo-electric couple is approximately proportional to
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the difference of temperature of its junctions, pro-
vided such difference of tempcrature is mnot too
great. The actual difference of potential produced
by the best thermo-electric couples is quite low. In
the case of one of the most powerful of such
couples, namely, that of bismuth-antimony, the
electromotive force or difference of potential for one
degree centigrade difference of temperature is only
117 micro-volts. In order, therefore, to increase

R
F16. 55—SERIES-CONNECTED THERMO-ELECTRIC COUPLES.

the difference of potential, a number of separate
thermo-electric cells are joined fogether so as to
form a thermo-electric battery.

The manncr in which the separate thermo-electrie
cells are connected in series to form a thermo-elec-
tric.battery is shown in Fig. 55, which represents
a thermo-electric battery known as Nobilli’s thermo-
electric pile, or battery, after the name of its in-
ventor.
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Here a number of bismuth-antimony couples are
carefully insulated from one another in all parts of
their circuits except at their junctions, which are
soldered together and are then piled so as to form
the cubical pile, shown in Fig. 56.

The different couples in this pile are connected
throughout in series, so that the difference of poten-
tial produced increases in the direct proportion of
the number of separate cells connected together.

F16. 56,—NoBILLI'S THERMO ELECTRIC PILE.

The battery, or thermo-electric pile, is placed in a
metallic box, and the free terminals of the first and
last couples are connected to the binding posts to
form the terminals of the pile. These binding
posts are seen in the figure at the top of the pile.

If the separate junctions of the thermo-electric
couples be numbered successively from the first to
the last it will be seen that when they are arranged
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as shown in Fig. 56, all the even junctions are
situated at one face of the pile and all the odd
junctions at its opposite face. This is necessary in
order that the separate thermo-electric differences of
potential generated by the separate couples shall be
added together ; for, if a thermo-electric circuit be
formed as shown in Fig. 57 and all its junctions
are equally heated, no thermo-electric currents will
be produced, since the differences of potential there-
by generated neutralize one another. It is not
actually necessary to employ different metals to form

Fi6. 57.—THERMO-ELECTRIC CIRCUIT.

thermo-electric couples, since couples formed of even
the same metals, under different physical conditions,
will produce thermo-electric currents when un-
equally heated. Such couples, however, are gen-
erally very weak. .

For example, if a conductor such as a wire, a
part of whose length is bent on itself, and the re-
mainder of which is straight, as shown in Fig. 38,
be heated at the straight part by the flame 7 of a
lamp, a difference of potential will be produced, as



THERMO-ELECTRIC CELLS—OTHER SOURCES. 113

can be shown by connecting the ends of the wire
with a galvanometer.

Thermo-piles have been constrncted by Clamond
of couples of iron and an alloy of zinc and antimony
of sufficient power to sustain a voltaic arc producing
a light equal to 40 carcel burners.  Many practical
difficulties exist, however, which will have to be
overcome before thermo-piles can be commercially
employed as electric sources.

F16. 58.—THERMO-ELECTRICITY.

It is, however, in the production of electricity
directly from heat produced by burning coal that
the greatest advance in the science of electricity is
to be expected in the near future, and it is possibly
in the direction of thermo electr