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Foreword

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

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

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

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

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

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

The Publishers.
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IMPORTANT

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

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

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

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

The facts that you learned al enormous expense,
Were all on a library shelf to commence.”
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1 Signs and Symbols

SIGNS AND SYMBOLS

The following signs,

bols and abbreviations are almost universally

employed in descriptive and technical works on electrical subjects.

Although, in the arrangement of the Guides, the direct current and
alternating current matter has been kept separate, it is perhaps advisable
in the case of signs and symbols, to combine those relating to the alternating
current with the direct current and other symbols, making a single table,
rather than have them scattered throughout the work.

1. Fundamental.

1, Length. cm. = centimeter;
in., or “=inch, ft. or ’'=
n Mfoot. . 5
. ass.’ gr.=mass of 1 gramme;
kg.=1 kilogramme,

T,t, Time. s=second.
2. Derived Geometric.
S, s, Surface.
E, Volume.
a, B, Angle.
3. Derived Mechanical.
v, Velocity.
w, Angular velocity.
m, Momentum.
a, Acceleration.
H Acceleration due to gravity =
32.2 feet per second.
F,f, Force.
W, Work.
P, Power.
3, Dyne.
e, Ergs.

ft. 1b., Foot pound.

H.P., h.?.; horse power.
I.H.P., Indicated horse power.
B.H.P., Brake horse power.
E.H.P., Electrical horse power.

I {)oule's equivalent,
f(. ressure.
,  Moment of inertia.

4. Derived Electrostatic. .

e, Pressure difference.
1, Current.
7, Resistance,

'8 Quantity.
¢ Capacity.
se, Specific inductive capacity.

5. Derived Magnetic.

m., Strength of pole.
s Intensity of magnetization.
, Magnetic moment.
, Horizontal intensity of carth’s

magnetism.

&6, Field intensity.

<, Magnetic flux.

&8, Magnetic flux density or mag-
netic induction.

?, Magnetizing force.

s Magnetomotive force.

&>y Reluctance, magnetic resist-
ance.

s Magnetic permeability.

x, _ Magnetic susceptibility.

v, Reluctivity (specific magnetic
resistance).
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6. Derived Electromagnetic.

Resistance, ohm.
do, megohm.

Volt, pressure.
E¢n Impressed pressure.
Eg; Ep Active pressiie; ohmic drop.
By Virtual pressure.
Emax Maximum pressure.

Eav  Average pressure.
Eot Effective pressure.
Eg Inductance pressure,
Ee Capacity pressure.

Difference of pressure, volt.
Intensity of current, ampere.

Tim Impressed current.
1 Active current.

Iy Virtual current.
Imay Mazximum current.
Iav Average current.
Tet Effective current.

Quantity of electricity, am-
pere hour; coulomb.

Capacity, farad.

Electric’ energy, watt hour;
Joule.

Electric power, watt; kilo-

watt,
Resistivity (specific resistance)
ohm centimeter.

Conductance, mho.
Conductivity (specific con-
ductivity).

Admittance, mho.

Impedance, ohm.

Reactance, ohm.

Inductance reactance.
Capacity reactance.

Susceptance, mho.

Inductance (coefficient of In-
duction), henry.

Ratio of electro-magnetic to
electrostatic unit of quan-
tity =3 X 10 centimeters
per sccond approximately.

X

7. Symbols in general use.

Diameter.
dius.

[ 2, Temperature.
8, Deflection of galvanometer
needle.

N, n, Number of anything.
x, Circumference + diameter =
3.141592. ‘
27 f=6.2831 X frequency, in
alternating current.
~ f, Frequency, J)eriodicit.y. cycles

@,

per secon:
¢ Phasc angle.
G, Galvanometer.
S, Shunt.
N, n, North pole of a magnet.
S,s, South pole of a magnet.
A.C. Alternating current.
D.C. Direct current.
P.D. Pressurc difference.
P.F. Power factor.
C.G.S. Centimeter, gramme, Second

system.
B.&Ss Brown & Sharpe wire gauge.
B.W.G.Birmingham wire gauge.
R.p.m. Revolutions per minute.
C.P. Candle power.
—o— Incandescent lamp.
—X—.Arc lamp.

—' '-—OR_E:,_ Condenser.
—'l l l I—— Battery of cells.

‘Alternator, or alternat-

@ ing current motor.
@/ Converter.

“YYTTT Inductive resistance.

_vavw..Non-inductive resist-)

Dynamo, or direct cur
rent motor.

Static transformer.

ance.
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CHAPTER 1

Electricity

Nature and Source of Electricity.—What is electricity?
This is a question that is frequently asked, but has not yet been
satisfactorily answered. It may be defined a force, subject to
control under well known laws.

The true nature of electricity has not yet been discovered. Many think
it a quality inherent in nearly all the substances, and accompanied by
a peculiar movement or arrangement of the molecules. Scme assume that
the phenomena of electricity are due to a peculiar state of strain or tension
in the ether which is present everywhere, even in and between the atoms
of the most solid bodies. If the latter theory be the true one, and if the
atmosphere of the earth be surrounded by the same ether, it may be
possible to establish these assumptions as facts.

The most modern supposition regarding this matter, by Maxwell, is
that light itself is founded on electricity, and that light waves are merely
electro-magnetic waves.

Electricity is sometimes classified according to its motion, as:

1. Static electricity, or electricity af rest,

2. Current electricity, or electricity in motion;

3. Magnetism, or electricity in rolation;

4. Radio electricity, or electricity in vibration (radiation).

Other useful divisions are:

1. Positive;




2 Electricity

2. Negative electricity;
3. Dynamic electricity.

Static Electricity.—This is a term employed to define elec-
Iricity produced by friction. It is properly employed in the
sense of a static charge which shows itself by the attraction or
repulsion between charged bodies.

2

)
.| |IpYNAMIC
i q i SE32) IN MOTION
el e ——

STATIC RADIATION :
AT REST IN VIBRATION m
WA
Fics. 1 to 4.—The four kinds of electricity. 1, static electricity; 2, dynamic clectricity in

lineal motion; 3, magnetism electricity in rotation; 4, radio electricity in vibration.

When static electricity is discharged, it causes more or less of a current
which shows itself by the passage of sparks or a brush discharge; by a
peculiar prickling sensation; by a peculiar smell due to its chemical ef-
fects; by heating the air or other substances in its path; and sometimes in
other ways.

Current Electricity.—This may be defined as the quantity
of electricity which passes through a conductor in a given time—
or, electricity in the act of being discharged, or electricity in motion.
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T
POSITIVE it
CHARGE TH

NEGATIVE 1
CHARGE ~—»yilk!

Fic. 5.—Charged Leyden jar illustrating static electricity.

+

—
= /
DISCRIMINATING CUT OUT'
+ (R.C. CIRCUIT BREAKER)
T .

F16. 6.—Dynamo charging battery illustrating current electricity. A discriminating cut out
or reverse current circuil breaker is placed in the circuit to prevent battery discharging through
dynamo if the voltage of the latter drop below that of the battery.
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An electric current manifests itself by heating the wire or conductor;
by causing a magnetic field around the conductor and by causing chem-
ical changes in a liquid through which it may pass.

Dynamic Electricity.—This term is used tc define current
electricity to distinguish it from static electricity.

Magnetic Electricity.—The latest theory of magnetism, well
supported by facts, assumes that the molecules of a magnetic
substance are minute magnels by nature, each having two poles.

IRON FILINGS

2| maeNETIC
A

Fia. 7.—Ordinary horse shoe magnet with iron filings showing magnetic field.

Fi1a. 8.—Electromagnetic field surrounding a conductor with current flowing.

! In a bar magnet, each molecule at the two ends may be supposed to
have the attraction of its inward pointing pole neutralized more strongly
than that of the outward pointing pole, which, therefore, is free to attract
other bodies.

Radio Electricity.—In radio work the electric waves represent-
ing the messages are transmitled, or propagated, from the sending
station to the receiving station through the ether, the latter per-
forming the same functions as the wire does in ordinary teleg-
raphy and telephony.
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In radio communication it is first necessary to create waves in the ether
or radio waves in varying groups and of varying strength, and second to
intercept them with apparatus capable of changing them to sounc waves,

The wave theory of radio is illustrated by the synchronous vibrations
of a piano string and tuning fork as shown in fig. 9.

Atmospheric Electricity.— T'he free electricity of the air which
is almost always present in the atmosphere. Its exact cause is
unknown,

{256 WAVES PER SEC.

Phoda

|
i ka'se WAVES PER SEC.
I
h

1
i
1
1

I(T"“‘*—-PIANO STRING VIBRATES '

SYMPATHETIC VIBRATION OF
TUNING FORK (IN UNISON)
-_-,‘(_--A

D —;

Fia. 9.—Sympathetic vibration of tuning fork with struck piano string when tuned to same
pitch, illustrating the wave theory of radio.

NOTE.—In 1749, Benjamin Franklin, observing lightning to possess almost all the prop-
erties observable in electric sparks, suggested that the electric action of points, which was dis-
covered by him, might be tried on thunder clouds, and so draw from them a charge of electricity.
He proposed, therefore, to fix a pointed iron rod to a high tower, but shortly after succeeded in
another way. le sent up a kite during the passing of a storm, and found the wetted string
to conduct the electricity to the earth, and to yield abundance of sparks. These he drew
from a key ticd to the string, a silk ribbon being interposed between his hand and the key
for safety. leyden jars could be charged, and all other electrical effects produced, by the
sparks furnished from the clouds. The proof of the identity was complete. The kite experi-
ment was repeated by Romas, who drew from a metallic string sparks 9 feet long. In 1753,
Richmann, of St. Petersburg, who was experimenting with a similar apparatus, was struck
by a sudden discharge and killed.
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The phenomena of atmospheric electricity are of two kinds:
there are the well known manifestations of thunder storms; and
there are the phenomena of continual slight electrification in
the air best observed when the weather is fine; the Aurora
constitutes a third branch of the subject.

Positive Electricity.—This term expresses the condition of
the point of an electrified body having the higher energy from

FiG. 10.—Thunder storm illustrating atmospheric electricity.

which it flows lo a lower level. The sign which denotes this
phase of elecfric excitement is +; all electricity is either posi-
tive or negative.

Negative Electricity.—This is the reverse condition lo the
above and is expressed by the sign or symbol —. These two
terms are used in the same sense as hof and cold.
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Fia. 11.—Electrostatic field ahout aerial.

Fra. 12.—Strains in the ether,

FI16. 13.—Franklin's kite experiment. He sent up a kite during a thunder storm and found
the wetted string to conduct electricity to the earth and to yield an abundance of sparks.
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Frictional Electricity.— That kind of electricity produced by
the friction of one substance against another.

Resinous Electricity.~—The kind of electricily produced upon
a resinous subslance such as sealing wax, resin, shellac, rubber
or amber when rubbed with wool or fur. Resinous electricity is
negative electricity.

Fics. 14 and 15.—Water fall and pumping station with tank overflowing illustrating + and —
electricity.

Vitreous Electricity.—A term applied to the positive elec-
tricity developed in a glass rod by rubbing it with silk. This
electric charge will attract to itself bits of pith or paper which
have been repelled from a rod of sealing wax or other resinous
substance which had been rubbed with wool or fur.
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TEST QUESTIONS

What is electricity?
What is Maxwell's-idea of electricity?
How is electricity classified?

= D N -

What is the difference between static and current
electricity?

T o ‘j\
"””’“’mwnmmﬁ'vm"m

F1G. 16.—The electric eel. There are several species of 8o called electrical fishes. The Gym-
notus or electric eel is common in all streams which flow into the Orinoco and is generally
procured from Surinam. In the Surinam eel the electric apparatus extends the whole length
of the body. It consists of four batteries, two on each side. These batteries consist of
laminz, composcd of polygonal cells to the number of 800 or 1000, or more, suppiied with
four large bundles of nerve fibres; the under surface of the fish is —, the upper 4. It is
able to give a very severe shock, and is a formidable antagonist when it has attained its
full length of 5 or 6 feet.

How does an electric current manifest itself?
What is the latest theory of magnetism?
How are the molecules arranged in a bar magnet?

. Explain radio communication.

What is the difference between positive and nega-
tive electricity?

10. Describe Benjamin Franklin's kite experiment.

©® N o ;
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11.
12.
13.

14.

Give some hydraulic analogies illustrating posi-
tive or negative electricity.

What length sparks were obtained by Romas in
making Franklin's kite experiment?

How did Franklin protect himself in making
the kite experiment?

What results were obtained by Richman of St.
Petersburg?
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CHAPTER 2

Static Electricity

Static electricity may be defined simply as electricity at rest;
the term properly applies to an isolated charge of electricity
produced by friction. The presence of static electricity mani-
fests itself by

1. Attraction, or
2. Repulsion.

Electrical Attraction and Repulsion.—When a glass rod, or
a stick of sealing wax or shellac is held in the hand and rubbed
with a piece of flannel or cat skin, the parts will be found to |
have the property of attracting bodies, such as pieces of silk,
wool, feathers, gold leaf, etc.; they are then said to be electrified.
In order to ascertain whether bodies are electrified or not, in-
struments called electroscopes are used.

There are two opposite kinds of electrification:

1. Positive;
2. Negative.

» Positive and Negative Electricity.—These terms signify that
one body is charged to a higher pressure than the other, that is,
® by rubbing some of the charge is taken from one body and
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transferred to the other as in figs. 19 to 22, the higher charge
is arbitrarily called positive (+) and the lower negative (—)
as in simile, kot and cold.

Franklin called the electricity excited upon the glass
by rubbing it with silk positive electricity, and that

F1as. 17 and 18.—Pith ball pendulum or electroscope; the figures illustrate also electrical at-
traction and repulsion.

produced on resinous bodies by friction with wool or
fur, negative electricity.

The electricity developed on a body by friction depends on the rubber
as well as the body rubbed. Thus glass becomes negatively electrified
wlf(en rubbed with catskin, but positively electrified when rubbed with
silk.

The nature of the electricity set free by friction depends on the degree
of polish, the direction of the friction, and the temperature. If two glass
discs of different degrees .of polish be rubbed against each other, that
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which is most polished is positively electrified, and that which is least
polished is negatively electrified.

If two silk ribbons of the same kind be rubbed across each other, that
which is transversely rubbed is negatively and the other positively elec-
trified. If two bodies of the same substance, of the same polish, but of
different temperatures, be rubbed together, that which is most heated is
negatively electrified. Generally speaking, the particles which are most
readily displaced are negatively electrified.

In the following list, which is mainly due to Faraday, the
substances are arranged in such order that each becomes posi-
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Fias. 19 to 22.—Positive and negative electricity. The rubbing process removes electricity
from one body transferring it to the other.
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Fics. 23 to 25.—Equilization of oppositely changed bodics by contact.

tively electrified when rubbed with any of the bodies following
but negatively when rubbed with any of those which precede it:

1. Catskin. 5. Glass. 9. Wood. 13. Resin.

2. Flannel. 6. Cotton. 10. Metals. 14. Sulphur.

3. Ivory. -~ 7. Silk. 11. Caoutchouc. 15. Guttapercha.
4. Rock crystal. 8. The hand. 12. Sealing wax. 16. Gun cotton.

Rule 1.—If oppositely charged bodies be brought into contact
with each other, the pressure will be equalized by the passing of
the charge from the higher to the lower one.
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j

Fias. 26 to 28.—Electrostatic apparatus. Fig. 26, Faraday’s bag. When the bag is charged
and pulled inside out, the static charge always remains on the outside. Fig. 27, hollow cyl-
inder with pith balls, showing that
electricity resides only on the outer
surfaces of bodies. Fig. 28, induction
cylinder with removable pith ball
holders.

-

Fias. 29 to 32.—Electrostatic apparatus. Fig. 29 and 30, induction spheres so mounted on insula-
ting support that they can be brought into contact. Useful in connection with fig. 28 for show-
ing the separation of positive and negative electricity by induction. Fig. 31, ellipsoidal
conductor for showing unequal distribution. Fig. 32, Biot’s hemispheres with pair of thin
nickel plated brass hemispheres with rubber handles. Charge on outside of globe may be
removed by placing hemispheres in position shown.
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When the pressures are thus equalized the bodies are said to be dis-
charged. Where the pressure difference is small, contact is necessary
(figs. 23 to 25), but where it is great, it is only necessary to bring the
bodies close together as in figs. 21 and 22. .

Rule 2.—A body charged with one kind of electricity repels one
charged with the same kind, and atiracls one charged wilh the
opposite kind. :

Whenever two bodies are rubbed together the body rubbed receives a
charge unlike that of the rubbing body, as stated.

Fies. 33 to 35.—Electrical attraction and repulsion.

Rule 3.—Whenever a positive charge is developed an equal
negalive charge is developed, and vice-versa.

The Charge.—The quantity of electrification of either kind
broduced by friction or other means upon the surface of a body
is called a charge, and a body when electrified is said to be
charged.
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F1as. 3b to 40.—Electrostatic apparatus. Fig. 35, electrical chimes to illustrate attraction and
repulsion of charge. ~ Fig. 37, electrical chime arranged to be suspended from static machine.
Fig. 38, Volta’s hail storm or dancing balls. The charge from static machine causes balls
todance rapidly. Fig. 39, smoke condenser. The glass shade is filled with smoke from a
punk candle, which is condensed upon the glass, when a charge from a static machine is

applied. Fig. 40, electrical circus or racing ball.
When connected with a static machine the glass
races around the plate.

vt RS N L SRS

Fias. 41 to 43.—Electrostatic apparatus. Fig. 41, spiral tube. A charge sent through the tube
will show a series of sparks where it crosses the gaps. Fig. 42, rotating disc. It will rotate
rapidly when connected to a static machine. Fig. 43, electrostatic motor. It will rotate
at high speed when connected to static machine.
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It is clear that there may be charges of different values as well as of
either kind. When the charge of electricity is removed from a charged
body it is said to be discharged.

Good conductors of electricity are quickly discharged if touched by the
hand or by any conductor in contact with the ground, the charge thus
finding a means of escaping to earth.

A body that is not a good conductor may be readily discharged by
passing it rapidly through the flame of a lamp or candle; for the flame
carries off the electricity and dissipates it in the air.

F1a. 44.—Boits experiment which proved that the charge resides on the surface.

Distribution of the Charge.—When ‘an insulated sphere of
conducting material is charged with electricity, the latter
passes to the surface of the sphere, and forms there an ex-
tremely thin layer. The distribution of the charge then, de-
pends on the extent of the surface and not on the mass.

Boit proved that the charge resides on the surface by the
following experiment:

A copper ball was electrified and insulated. Two hollow hemispheres
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of copper of a larger size, provided with glass handles, were then
placed near the sphere, as in fig. 44. So long as they did not touch the
sphere, the charge remained on the latter, but if the hemipsheres touched
the inner sphere, the whole of the electricity passed to the exterior, and
when the hemispheres were separated and removed the inner globe was
found to be completely discharged.

The distribution of a charge over an insulated sphere of
conducting material is uniform, provided the sphere is remote
from all other conductors and electrified bodies.

R

Fias. 45 to 48.—Illustrating the distribution,of the charge on conducters of various shapes.

Figs. 45 to 48 show, by the dotted lines, the distribution of a charge
for bodies of various shapes. Fig. 46 shows that for elongated bodies,
the charge collects at the ends.

The effects of points is illustrated in fig. 50; when a charged body is
provided with a point as here shown, the current accumulates at the
point to such a high degree of density that it passes off into the air, and
if a lighted candle be held in front of the point, the flame will be visibly
blown aside.

Fig. 51 shows an electric wind mill or experimental device for illustrating
the escape of electricity from points. It consists of a vane of several
pointed wires bent at the tips in the same direction, radiating from a
center which rests upon a pivot. When mounted upon the conductor of
an electrostatic machine, the vane rotates in a direction opposite that of
the points. The movement of the vane is due to the repulsion of the
electrified air particles near the points and the electricity on the points
themselves. The motion of the air is called electric wind. This device
is also called electric flyer, and electric whirl.
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“Free” and ‘‘Bound” Electricity.—These terms may be
defined as follows:

The expression free electricity relates to the ordinary state of
electricity upon a charged conductor, not in the presence of a

F1a. 49.—Distribution of electrification on a charged hollow sphere. If an insulated con-
ductor C, be inserted through the opening in the sphere and brought into contact with the
interior surface and afterwards carefully removed, it will be found, by testing with the
gold leaf electroscope, that it has received no charge. If touched to the outside, however,
the conductor will receive part of the charge.

charge of the opposite kind. A free charge will flow away to
the earth if a conducting path be provided.

A charge of electricity upon a conductor is said to be bound,
when it is attracted by the presence of a neighboring charge of
the opposite kind.
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Conductors and Insulators.—The term conduclors is ap-
plied to those bodies which readily allow electricily to flow
through them, in distinction from insulators or so called non-
conductors, which practically allow no flow of electricily.

Strictly speaking, there is no substance which will prevent
the passage of electricity, hence, the term non-conductors,
though extensively used, is not correct.

Electroscopes.—These are instruments for delecting whether
a body be electrified or not, and indicating also whether the elec-

Fia. 50.—Experiment to illustrate the effect of pointed conductors.

Fia. 51.—Electric wind mill which operates by the reaction due to the escape of the electric
charge fram the points.

trification be positive or negative. The earliest electroscope
devised consisted of a stiff straw balanced lightly upon a
sharp point; a thin strip of brass or wood, or even a goose quill,
balanced upon a sewing needle will serve equally well. Another
form of electroscope is the pith ball pendulum, shown in figs.
17 and"18.

When an electrified body is held near the electroscope il is
attracted or repelled thus indicating the presence and nature
of the charge.

N
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Gold Leaf Electroscope.—This form of electroscope, which
is very sensitive, was invented by Bennet. Its operation de-
pends on the fact that like charges repel each other.

The gold leaf electroscope as shown in fig. 52, is conveniently
made by suspending the two narrow strips of gold leaf within
a wide mouthed glass jar, which both serves to protect them
from draughts of air and to support them from contact with the
ground. A piece of varnished glass tube is pushed through the

——BRASS KNOB
Ml «———VARNISHED GLASS TUBE

CORK— -2

otass uan— =l /

60L0 LEAF— b 1}

Fia. 52.—Gold leaf electroscope. It consiats of two strips of gold foil suspended from a brass
rod within a glass jar. Used to detect the presence and sign of an electric charge.

cork, which should be varnished with shellac or with paraffin
wax. Through this passes a stiff brass wire, the lower end of
which is bent at a right angle to receive the two strips of gold
leaf, while the upper end is attached to a flat plate of metal,
or may be furnished with a brass knob.

When kept dry and free from dust it will indicate excessively
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small quantities of electricity. A rubbed glass rod, even while
two or three feet from the instrument, will cause the leaves to
repel one another.

CIf the knob be brushed with only a small camel’s hair brush,
the slight friction produces a perceptible
effect.

With this instrument all kinds of fric-
tion can be shown to produce electrific-
ation.

The gold leaf electroscope can be further
used to indicate the kind of electricity on
an excited body. Thus, if a piece of brown
paper be rubbed with a piece of india rub-
ber, the nature of the charge is determined

- as follows:

First charge the gold leaves of the electroscope
by touching the knob with a glass rod rubbed on
silk. The leaves diverge. being electrified with
positive electrification. When they are thus
charged the approach of a body which is positive-
ly electrified will cause them to diverge still

F1a. 53.—Henley's quadrant electroscope used to indicate large
charges o1 electricity. In construction, pith ball placed on
a light arm L, of straw or other similar material is pivoted at
the center of a graduated circle B.  The arm F, is attached
by means of the screw to the prime conductor of an electric
machine. The similar charge imparted to L, by contact with
F, causes a repulsion which may be measured on the graduated
arc. This instrument approaches the electrometer in the char-
acter of its operation, since by its means, approximately cor-
rect measurements may be made of the value of the repulsion.
It should not, however, be confounded with the quadrant
electrometet.
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more widely; while, on the approach of one negatively slectrified, they
will tend to close together, If now the brown paper be brought near

" the electroscope, the leaves will be seen to diverge more, proving the
electrification of the paper to be of the same kind as taiat with which
the electroscope is charged.

The gold leaf electroscope will also indicate roughly the amount of
electricity on a body placed in contact with it, for the gold leaves open
out more widely when the quantity of electricity thus imparted to them
is greater.

Fi1a. 54.—Faraday's nct. It consists of, a bag N, of cotton gauze, or mosquito nett'ng
supported on an insulating stand 1. When tested by a proof plane, no free electric charge
is found on the inside, though such a charge is readily detected by the same mecans on the
outside. By the aid of the silk strings $.5, the bag can be turned inside out, when tha
charge will then all be found on the then inside, or the now outside.

Ques. Why are gold leaves used rather than thinnest tissue
paper?

Ans.—The gold leaves, being excessively thin, are much
lighter than the thinnest paper and therefore more sensitive.

Electric Screens.—That the charge on the outside of a
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.conductor always distributes itself in such a way that there is
no electric force within the conductor was first proved experi-
mentally by Faraday. He covered a large box with tin foil
and went inside with the most delicate electroscope obtainable.
Faraday found that the outside of the box could be charged so
strongly that long sparks would fly from i without any electrical
effects being observable anywhere inside the box.

Fia. 55.—The clectric screen. A screen of wire gauze surrounding a delicate electrical in-
strument will protect it from external electrostatic induction.

To repeat the experiment in modified form, let an electroscope be placed
beneath a bird cage or wire netting, as in fig. 55. Let charged rods or
other powerfully charged bodies be brought near the electroscope outside
the cage. The leaves will be found to remain undisturbed.

Electrification by Induction.—An insulated conductor,
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charged with either kind of electricity, acts on bodies in a
neutral state placed near it in a manner analogous lo that of
the action of @ magnel on soft iron; that is, it decomposes the
neutral electricity, attracting the opposite and repelling the
like kind of electricity. The action thus exerted is said to take
place by influence or induction.

The phenomenon of electrification by induction may be
demonstrated by the following experiment:

LEAVES
DIVERGING

Fia. 56.—Experiment to illustrate electrostatic induction. The leares will diverge, even
though the charged ebonite rod does not approach to within a foot of the electroscope.
Thus as the rod approaches the electroscope, positions L,A,R,F, the leaves will diverge as
indicated by positions I, aa’, rv’, ff'.

In fig. 56, let the ebonite rod be electrified by friction and slowly brought
toward the knob of the gold leaf electroscope. The leaves will be seen
to diverge, even though the rod does not approach to within a foot of

the electroscope.

This experiment shows that the mere influence which an
electric charge exerts upon a conductor placed in its vicinity

J
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is able to produce electrification in that conductor. This
method of producing electrification is called electrostatic induc-
tion.

As soon as the charged rod is removed the leaves will col-
lapse, indicating that this form of electrification is only a tem-
porary phenomenon which is due simply to the presence of the
charged body in the neighborhood.

Fia. 57.—Experiment illustrating the nature of an induced charge. The apparatus consists
of a metal ball and cylinder, both mounted on insulated stands, pith balls being placed
on the cylinder at points C, D, and E.

Nature of the Induced Charge.—This is shown by the ex-
periment illustrated in fig. 57.

Let a metal ball A, be charged by rubbing it with a charged rod, and
let it then be brought near an insulated metal cylinder B, which is pro-
vided with pith balls or strips of paper C,D,E, as shown.

The divergence of C and E, will show that the ends of B, have received
electrical charges because of the presence of A, while the failure of D,
to diverge will show that the middle of B, is uncharged. Further, the
rod which charged A, will be found to repel C, but to attract E.
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From these experiments, the conclusion is that when a con-
ductor is brought near a charged body, the end away from the
inducing charge is electrified with the same kind of electricity
as that on the inducing body, while the end toward the inducing
body receives electricity of opposite sign.

The Electrophorus.—This is a simple and ingenious instru-
ment, invented by Volta in 1775 for the purpose of procuring,
by the principle of induction, an unlimiled number of charges
of electricity from one single charge.

Figs. 58 and 59.—The electrophorus and method of using. Charge B; ptace A, in contact
with B, and touch A, (fig. 58). The disc is now charged by fnduction and will yield a
spark when touched by the hand, as in fig. 59.

It consists of two parts, as shown in fig. 59, a round cake of resinous
material B, cast in a metal dish or *“sole” about one foot in diameter, and
a round disc A, of slightly smaller diameter made of metal or of wood cov-
ered with tinfoil, and provided with a glass handle. Shellac, or sealing
wax, or a mixture of resin shellac and Venice turpentine, may be used to
make the cake,

To use the electrophorus, the resinous cake B, must be first
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bealen or rubbed with fur or a woolen cloth, the disc A, is then
Dlaced on the cake, touched with the Sfinger and then lifted by
the handle. The disc will now be found to be charged and will
yield a spark when touched with the hand, as in fig. 59.

The *“cover” may be replaced, touched, and once more removed, and
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Figs. 60 to 63.—IlNustrating “how the clectrophorus works,”

will thus yield any number of sparks, the original charge on the resinous
plate meanwhile remaining practically as strong as before.

The theory of the electrophorus is very simple, provided the
student has clearly grasped the principle of induction.
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When the resinous ‘cake is first beaten with the cat’s skin its surface is
negatively electrified, as indicated in fig. 60. Again, when the metal disc
is placed down upon it, it rests really only on three or foar points of the
surface, and may be regarded as an insulated conductor in the presence
of an electrified body. The negative electrification of the cake therefore
acts inductively on the metallic disc or ‘“cover,” attracting a positive

Fias. 64 and 65.—Electrification produced by rubbing dissimilar bodies together and then
separating them. If the insulated glass and leather discs A and B, be rubbed together,
but not separated, no signs of electrification can be detectad:; but if the discs be drawn apart
a little distance the space between them is found to be an electric field, and as they sep-
arate farther and farther, electric forces will be found to exist in more and more of the sur-
rounding space, the electrification being indicated by “lines of force.” It should be noted
that work has to be done in separating the charged discs to overcome the attraction which
tends to hold them together. The stress indicated by the lines of force consists of a tension
or pull in the directionof their length and a pressure or thrust at right angles to that direction.
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charge to its under side, and repelling a negative charge to its upper sur-
face, as shown in fig. 61.

If, now, the cover be touched for an instant with the finger, the nega-
tive charge of the upper surface (which is upon the upper surface being
repelled by the negative charge on the cake) will be neutralized by elec-
tricity flowing in from the earth through the hand and body of the experi-
menter. The attracted positive charge will, however remain, being bound
as it were by its attraction toward the negative charge on the cake.

F16. 66.—Lines of force of a charged sphere and a conductor under induction. The negative
electritication on the end g, of the cylinder indicates that a certain number of lines end
there, while the positive electrification on the end b, similarly indicates that an egral num-
ber of lines set out from that end. It is one of the fundamental pronerties of a conductor
that it yields instantly to the smallest electric force, and that no electric force can be per-
manently maintained within the substance of a conductor in which no current is passing.
There can, therefore, be no electrostatic strain and no lines of force within the material
of a conductor where the electric field has become steady. lHence the lines starting from b,
are entirely distinct from those ending at a. The two sets are equal in number because
no charge has been given to the cylinder, either positive or negative, and therefore the sum
of all the positive clectrifications (or lines starting from b) must be equal to the sum of
all the negative clectrifications (or the lines ending at @). In all nine lines have been drawn
at each end of the cylinder, leaving the thirteen lines emanating from the sphere which
do not run on to the cylinder. If the cylinder be withdrawn to a distance from K, it (the
cylinder) will be found to show no signs of electrification.

Fig. 62 shows the result after the cover has been touched. If, finally,
the cover be lifted by its handle, the remaining positive charge will no
longer be “bound” on the lower surface by attraction, but will distribute
itself on both sides of the cover, and may be used to give a spark. It is
clear that no part of the original charge has been consumed in the process,
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which may be repeated as oiten as desired. As a matter of fact, the charge
on the cake slowly dissipates, especially if the air be damp. Hence it is
needful sometimes to renew the original charge by again beating the cake
with the cat’s skin.

The labor of touching the cover with the finger at each operation may
be saved by having a pin of brass or a strip of tinfoil projecting from the

F1i. 67.—Faraday’s ice pail experiment. An ice pail P, connected with the gold leaves of
an electroscope C, is placed on an insulating stand S. A, chaiged oonductor K, carried
by a silk thread, is lowered into the pail, and finally touches it at the hottom. While it
is heing lowered the leaves of the electroscope diverge farther and farther, until K, is well
within the pail, after which they diverge no more, even when K, touches the pail or is after-
wards withdrawn by the insulating thread. After withdrawal, K, i3 found to be com-
pletely discharged.

metallic “sole” on to the top of the cake, so that it touches the plate eack

time, and thus neutralizes the negative charge by allowing electricity to
flow in from the earth.

Since the electricity thus yielded by the electrophorus is not




32 Static Electricity

obtained at the expense of any part of the original charge, it is
a matter of some interest to inquire whence is the source from

E E

Figs. 68 to 71.—Explanation of Faraday's ice pail experiment. For simplicity the electro-
scope, insulating stand and silk thread have been omitted. Only the three principal con-
ductors K, P, and the earth E, are shown. In fig. 68 the ball K, is sufficiently close to P,
to act inductively on it; six lines are shown as falling on P, and the other six as passing
to E, by different paths. Corresponding to the six lines falling on I', from K, six others
pass to E, from the lower surfaces. In fig. 69 where K, is just entering the pail, two lines
only pass from K to E, through the dielectric; the remaining ten fall on P, and ten others
starting from the distant parts of P, pass to E. In fig. 70, K, is o far within P, that
none of its lines can reach E, through the diclectric; they all fall on P, and from the out-
side of I>, an equal number start and pass through the dielectric to E. It is evident that
in this position K, can be moved about within P, without affecting the outside distribu-
tion in the slightest, and that even when K, touches P, as shown in fig. 71, and when, there-
fore, all lines between them disappear, the lines in the dielectric outside remain just as
they are in fig. 70. K, is now completely discharged, since lines no longer emanate from
it, hence it can be removed by the silk cord without disturbing the electrification of P.
If K, be again charged and introduced into P, it will be again discharged, for the fact that
P, is already charged will have no effect on the final result, provided when K, touches I,
it is well under cover.
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which the energy of this apparently unlimited supply is drawn;
for it cannot be called. into existence without the expenditure
of some other form of energy. The fact is, more work is done
in lifting the cover when it is charged with the positive electricily

F16. 72 —Volta's condensing electroscope. It consists of two metallic plates placed at the
top of the instrument, and separated by a suitable dielectric. The upper plate P, is re-
movable by means of the insulated handle G. To employ the electroscope, as for example,
to detect the free charge in an unequally heated crystal of tourmaline, the crystal is touched
to the lower plate, while the upper plate is connected to the ground by the finger. On
the subsequent removal of the upper plate an enormous decrease ensues in the capacity
of the condenser, and the charge now raises the pressure of the lower plate, and causes a
marked divergence of the leaves L,L’. Two parts S,5’ connected with the earth increases
the amount of divergence by induction.

than when it is not charged; for when charged, there is the
force of the electric attraction to be overcome as well as the
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force of gravity; this excess force is the real origin of the energy
stored up in the separate charges.

Condensers; Leyden Jar.—A condenser is an apparatus for
condensing a large quantity of electricity on a comparatively
small surface. The form may vary considerably, but in ali
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Fias. 73 and 74.—The Leyden jar and discharger. Its discovery is attfibuted to the attempt
of Musschenbrock and his pupil Cuneus tc collect the supposed electric “fluid” in a bottle
half filled with water. The bottle was held in the hand and was provided with a nail to
lead the “fluid” down through the cork to the water from the electric machine. The in-
vention of the Leyden jar is also claimed by Kleist, Bishop of Pomerania.

cases it consists esseniially of two insulated conductors, separaled by

an insulator and the working depends on the action of induction.

A form of condenser generally used in making experiments
on static electricity is the Leyden jar, so named from the town

of Leyden where it was invented.
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It consists of a glass jar coated inside and out to a certain height with
tinfoil, having a brass rod terminating in a knob passed through a woodep
stopper, and connected to the inner coat by a loose chain, as shown in
fig. 73.

Fi6s. 75 to 77.—Knott demonstration Leyden jars for demoenstrating that an electric charge
resides as potential energy in the glass of a Leyden jar and not in the metallic coatings.
This is a dissectible Leyden Jar, the outer metallic covering being removable as well as the
inner. The inner is provided with a rod with ball terminal for charging.

F16. 78.—Knott four jar Leyden battery for demonstrating optically the distribution of static
electricity over the surface of a condenser being charged and discharged.
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The jar may be charged by repeatedly touching the knob
with the charged plate of the electrophorus or bv connecling lhe
inner coaling to one knob of an electrical machine and the ouler
coating to the other knob.

The discharge of a condenser is effected bv connecting the
Dblates having an opposile charge.

This may be done by use of a wire or a discharger, as shown in figs. 73
and 74; the connection is made between the outer coat and the knob.

When the knob of the discharger is sufficiently close to the knob of the
jar, a bright spark will be observed between the knobs. Tnis discharge

PARAFFINED PAPER INSULATOR

Fia. 79.—Condenser for induction coil. In construction, numerous sheets of tin foil are
prepared and placed on top of each other with a thin layer of insulating material between
as shown,

occurs whenever the difference of pressure between the coats is great
enough to overcome the resistance of the air between the knobs.

Let a charged jar be placed on a glass plate so as to insulate the outer
coat. Let the knob be touched with the finger. No appreciable discharge
will be noticed. Let the outer coat be in turn touched with the finger.
Again no appreciable discharge will appear. However if the inner and outer
coatings be connected with the discharger, a powerful spark will pass.

Electric Machines.—Various machines have been devised
for producing electric charges such as have been described.
The ordinary ‘‘static”’ or electric machine, is nothing but a
continuously acling eleclrophorus.
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Fig. 80 represents the so called Toepler-Holtz machine. Upon
the back of the stationary plate E, are pasted paper sectors,
beneath which are strips of tinfoil AB and CD, called snduciors.

In front of E, is a revolving glass plate carrying discs Lmmn,,p,
and ¢, called carriers.

To the inductors ABand CD, are fastened metal arms { and u,
which bring B and C, into electrical contact with the discs I,m,
n,0,p, and ¢, when these discs pass beneath the tinsel brushes
carried by { and .

A stationary metallic rod 7s, carries at its ends stationary
brushes as well as sharp pointed metallic combs.

The two knobs R and S, have their capacity increased by
the Leyden jars L and L’.

Fia. 80.—The Tocepler-Holtz electric machine. Fia. 81.—Principlz of Toepler-lioltz electric
machine.

Action of the Toepler-Holtz Machine.—The action cf the
machine described above is best understood from the diagram
of fig. 81.

Suppose that a small + charge is originally placed on the inducter CD.
Induction takes place in the metallic system consisting of the discs / and o,
and therod rs, ! becoming negatively charged and o, positively charged.

As the plate carrying I,m,n,0,p,q, rotates in the direction of the arrow
the negative charge on /, is carried over to the position m, where a part
of it passes over to the inductor AB, thus charging it negatively.
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When [, reaches the position #n, the remainder of its charge, being re-
pelled by the negative electricity which is now on AB, passes over into
the Leyden jar L.

When !, reaches the position o, it again becomes charged bv induction,
this time positively, and more strongly than at first, since now the nega-
tive charge on AB, as well as the positive charge on CD, is acting inductively
upon the rod rs.

When /, reaches the position u, a part of its now strong positive charge
passes to CD, thus increasing the positive charge upon this inductor.

F1:. 82.—The Toepler-Holtz Electric Machine.

In the position r, the remainder of the positive charge on /, passes over
to L’. This completes the cycle for /. Thus as the rotation continues AB
and CD, acquire stronger and stronger charges, the inductive action
upon 7s, becomes more and more intense, and positive and negative charges
are continuously imparted to L’ and L, until a discharge takes place be-
tween the knobs R and S.

There is usually sufficient charge on one of the inductors to start the
machine, but in damp weather it will often be found necessary to apply a
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charge to one of the inductors by means of the ebonite or glass rod before
the machine will work.

The Wimshurst Machine.—The essential parts of an or-
dinary Wimshurst machine, as shown in fig. 85, are two in-
sulaling plates or drums.

On each plate are fixed a large number of strips of conducting
material, which are equal in size and are equally spaced; these

COLLECTORS

F1g. 83.—~Static collectors. This consists of a number of sharp tacks driven through a picce of
tin, or some small wires soldered 1o a large one, and the row of points fastened near the pulley
s0 as to be within an inch of the belt.

radially if on a plate, and circumferentially if on a drum. The
plates, or drums, are made to rotate in opposite directions.

The capacity of the inductors therefore varies from a maxi-
mum when each strip on one plate is facing a strip on the other,
to a minimum when the conducting strips on each plate are
facing blank or insulating portions of the other plate.

There are three pairs of contact brushes, the members of two of the
pairs being at opposite ends of diametrical conducting rods placed at
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right angles to one another; the third pair are insulated from one an-
other and form the principal collectors, the one giving positive and the
other negative electricity.

The plates are revolving in opposite directions; thus if there be a charge
on one of the conducting segments of one plate and an opposite charge
on one of the conducting segments on the other plate near it, their pres-
sure will be raised as the rotation of the plates separates them,

F1a. 86.—Electric form of friction machine. In construction and operation, a glass cylinder
revolves around its axis which is turned by means of one or two wooden handles. On one side
there is a leather cushion covered with amalgam of zinc or tin pressing against it, and a
piece of silk cxtending from this cushion covers the upper part of the cylinder. On the
other side there stands a brass cylinder, with a rod extending toward the glass cylinder and
provided with sharp points (like a comb).

NOTE.—\VMascart has shown the interesting fact that the Holtz machine is reversible
in its action; that is to say, that if a continuous supply of the two electricities (furnished by
another machine) be communicated to the armatures, the movable plate will be thereby set in
rotation, and will turn in an opposite sense.

NOTE.—Righi has shown that a Holtz machine can yield a continuous current like a
voltaic battery, the strength of the current being nearly proportional to the velocity of rota-
tion. It was found that the electromotive force of a tnachine was equal to that of 52,000 Dan-
iell’s cells, or nearly 53,000 volts, at all speeds. The resistance, when the machine made 120
revolutions per minute was 2180 million ohms; but only 616 million ohms when making 450
revolutions per minute.

NOTE.—The friction of a jet of steam issuing from a boiler, through a wooden nozzle,
generates electricity. In reality it is the particles of condensed water in the jet which are
directly concerned.




42 Static Electricity
TEST QUESTIONS
1. What is static electricity?
2. How is it produced?
3. Explain electrical attraction and repulsion.
4. When are bodies said to be electrified?
5. What is the difference between positive and nega-
tive electricity?
6. How did Franklin class static electricity?
7. On what does frictional electricity depend?
8. Give Franklin’s classified list.
9. What is understood by the term “‘charge”?
10. What happens when oppositely discharged bedies
are brought into contact with each other?
11. How is a charged body discharged?
12. How is the charge distributed?
13. Describe Boit's experiment.
14. What is the effect of points?
15. Describe the electric wind mill.
16. What is the difference between free and bound
electricity?
17. What is the difference between a conductor and
an insulator?
18. What word is commonly, yet erroneously used for

insulator? Why?
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19.
20.
21.

22.

23.

24.
25.
26.
27.
28.

29.
30.
31.
32.
33.
34.

335.
36.
37.

What is an electroscope? ’
What is an electroscope used for?
What happens when an electrified body is held

near an electroscope?

Describe the gold leaf electroscope, naming its in-
ventor.

Why are gold leaves used in the gold leaf electro-
scope rather than thinnest tissue paper?

Give method of using the gold leaf electroscope.
What is an electric screen?

Describe Faraday's electric screen experiment.
Explain electrification by induction.

Describe an experiment illustrating electrification
by induction.

What is the nature of an induced charge?
What is an electrophorus and who invented it?
Explain how to use an electrophorus.

State the theory of the electrophorus.

What is a condenser?

What form of condenser is generally used for static
electricity experiments?

Describe the Leyden jar.
How is the jar charged? Discharged?

What is an electric machine?
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38. Describe the Toepler- Holtz machine.

39. What is the action of the Toepler- Holtz machine?
)\ 40.v Describe the Wimshurst machine.

41. How does it operate?
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CHAPTER 3

Electric Current

The ordinary statement that an eleciric curren! is flowing
along a wire is only a conventional way of expressing the fact
that the wire and the space around the wire are in a different

DIFFERENCE OF o QUANTITY PUMPED WALL OF PIPE
POTENTIAL (vous} Q<& (AMPERES) (INSULATOR)
/ FORCE /

NEGATIVE 4 VOLTS) /
PP WATRNS  FRICTIN R/
. PUMP RESISTANCE PIPE
® (mgm(mr) (OHMS) / (congucron)

cC_____——

Fi1g. 87.—Hydraulic analogy of electric current.

state from that in which they are when no electric current is
said to be flowing.
In order to make laymen understand the action of this so
called current, it is generally compared with the flow of water.
In comparing hydraulics and electricity, it must be borne in
mind, however, that there is really no such thing as an “elec-
tric fluid,” and that water in pipes has -mass and weight, while
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electricity has none. It should be noted, however, that elec-
tricity is conveniently spoken of as having weight in explaining
some of the ways in which it manifests itself.

All electrical machines and batteries are merely instruments for moving
electricity from one place to another, or for causing electricity, when accu-
mulated in one place, to do work in returning to its former level of dis-
tribution.

The head or pressure in a standpipe is what causes water to move through
the pipes which offer resistance to the flow.

A HIGH LEVEL

LOW LEVEL

Fig. 88.—Analogy of the flow of water to the electric current. The water in the reservoirs
A and B, stands at different heights. As long as this difference of level is maintained,
water from B, will flow through the pipe R, to A. If by means of a pump P, the level in B,
be kept constant, flow through R, will also be maintained. Here, by means of the work
expended on the pump, the level in the reservoir is kept constant; and in the dorresponding
case of the electric current, by the conversion of chemical energy, or expenditure of energy
on a dynamo or alternator, a constant difference of pressure is maintained.

Similarly, the conductors, along which the electric current is said to flow,
offer more or less resistance to the flow, depending on the material. Copper
wire is generally used as it offers little resistance,

The current must have pressure to overcome the resistance of the con-
ductor. This pressure is called soltage caused by what is known as difference
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of potential, better called difference of pressure, between the source and
terminal,

The pressure under which a current flows is measured in
volts and the quantity that passes in amperes. The resistance

with which the current meets in flowing along a conductor is
measured in ohms.

Ques. What is a volt?

CONTINUOUS CURRENT

Fias. 89 and 90.—Diagrams showing hydraulic analogy illustrating the difference between
amperes and coulombs. If the current strength in fig. 30 be one ampere, the quantity
of electricity passing any point in the circuit per hour is 1 X60 X60 =3,600 coulombhs. The
rate of current flow of one ampere in fig. 90 may be compared to the rate of discharge of
a pump as in fig. 89. Assuming the pump to be of such size that it discharges a gallon per
revolution and makes 60 revolutions per minute, the quantity of water discharged per
hour (coulombs in fig. 90) is 1 X60 X60 =3,600 gallons. Following, the analogy further
(in fig. 90), the pressure of one volt is required to force the electricity through the resist-
ance of one ohm between the terminals A and B. In fig. 89, the belt must deliver sufficient
power to the pump to overcome the friction (resistance), offered by the pipe and raise the
water from the lower level A’, to the higher level 13’. The difference of pressure hetween A
and B, in the electric circuit corresponds to the difference of pressure between A’ and B’.
The cell furnishes the energy to move the current by maintaining a difference ot pressure
at its terminals C and D; similarly, the belt delivers energy to raise the water.

Ans. A volt is that electromotive force, or pressure, which
produces a current of one ampere against a resistance of one
ohm.
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Ques. What is an ampere?

Ans. An ampere is the current produced by a pressure of
one volt in a circuit having a resistance of one ohm. It is that
quantity of electricity which will deposit .005084 grain of
copper per second.

Ques. What is an ohm?

Ans. An ohm is equal to the resistance offered to an un-
varying electric current by a column of mercury at 32° Fahr.,

25 AMPERES
‘ DRY CELL

SHORT CIRCUITED
THROUGH AMMETER
i

MOMENTARY

Fi1c. 91.—Application of Ohm’s law to find internal resistance of a dry cell.

14.4521 grams in mass, of a constant cross sectional area, and
of the length of 106.3 centimeters.
Ques. What is a coulomb?

Ans. The quantity of electricity delivered by a current of
one ampere maintained for one second of time.
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Ohm’s Law.—In a given circuit, the amount of current in
amperes is equal lo the pressure in volls divided by the resistance:
in ohms, that is:

pressure volts
: =2 e A)
resistance  ohms

current =

Equation (1) may be expressed by symbols, thus:

E .
= e co @)
in which
1 = current strength in amperes,
E = pressure in solls,

R = resistance in ohms.

from (2) is derived the following:

Example.—A circuit having a resistance of 5 ohms is under a pressure
of 110 volts. How much current will flow?

From Ohm’s law, amperes = volts <+ resistance (equation 2) = 110 =
5 = 22 amperes. :

Example.—If the resistance of a circuit be 10 ohms, what voltage is
necessary for a flow of 20 amperes?

From Ohm’s law, volts = amperes X resistance (equation 3) =20
X 10 = 200 volts.

Example.—On a 110 volt circuit what resistance is necessary to obtain
a flow of 15 amperes?

From Ohm’s law, resista{nce = volts + amperes (equation 4) = 110
=+ 15 = 714 ohms.

From equation 1 it is seen that the flow of the current is pro-
portional to the voltage and inversely proportional to the
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resistance; the latter depends upon the material, length and
diamreter of the conductor.

Since the current will always flow along the path of least resistance, it

must be so guarded that there will be no leakage. Hence, to prevent

leakage, wires are insulated, that is, covered by wrapping them with
cotton or silk thread or other insulating material.

OHM'S LAW

_  ELECTROMOTIVE FORCE
CURRENT = RESISTANCE

E VOLTS
= — MP = —
| = AMPERES oL
= ¢ = ELECTROMOTIVE FORCE
ESISTANCE = CURRENT
E _ VvOLTS
R= I OHMS = I MPERES

ELECTROMOTIVE FORCE =
CURRENT X RESISTANCE

E=| R VOLTS = AMPERES X OHMS

If the insulat_ion be not effective, the current may leak, and so return
to the source without doing its work. This is known as a short circuit.

The conductor which receives the current from the source is called the
lead, and the one by which it flows back, the refurn

When wires are used for both lead and return, it is called a metallic cir-
cusl; when the ground is used for the return, it is called a ground circuit.
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An electric current is said to be:

1. Direct, when it is of unvarying direction;

2. Alternating, when it flows rapidly to and fro in opposite
directions;

3. Primary, when it comes directly from the source;

4. Secondary, when the voltage and amperage of a primary
current have been changed by an induction coil;

CIRCUIT
NO SPARK RETURN

F16. 92.—Ignition circuit illustrating insulator, short circuit, lead, return, etc.

OIRECT CURRENT | o ALTERMATING CURRENT

FiGs. 93 and 94.—Elementary machines illustrating direct and alternating cusrent.
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5. Low lension, when its voltage is low;
6. High tension, when its voltage is high.

A high tension current is capable of forcing its way against considerable
resistance, whereas, a low tension current must have its path made easy.

SECONDARY CURRENT

HIGH TENSION
-
(D
CONDENSER

inl =i

‘ INDUCTION COiL e
PRIMARY CURRENT
LOW TENSION
(

PRIMARY CURRENT | '~

t{-—.:r* +—

TRANSFORMER

AV AN
—
:l

I " i
/l’f// lSECONDARY CURRENT *'E

I

FiGs. 93 and 96.—Ignition and lighting circuits illustrating primary and secondary current,
high tension and low tension. It will be seen from the illustrations that careful distinction
must be madesheiween primary and secondary current.
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Production of the Electric Current.—~To produce a steady
flow of water in a pipe two conditions are necessary. There
must first be available a hydraulic pressure, or, as it is tech-
nically called, a “head” of water produced by a pump, or a
difference of level or otherwise.

In addition to the pressure there must also be a suitable path or channel
_provided for the water to flow through, or there will be no flow, however
great the “head,” until something breaks down under the strain. In the
case just cited, although there is full pressure in the water in the pipe,
there is no current of water as 1)ng as the tap remains closed. Thé opening
of the tap completes the necessary path (the greater. part of which was
already in existence) and the water flows.

F1a. 97.—Hydraulic analogy of the electric current. If, say 10 gallons of water flow in every
second into a system of vessels and pipes of any shape, whether simple or more compli-
cated as shown in the figure, and 10 gallons flow out again per second. it is evident that
through every cross section of any vessel or pipe of the system 10 gallons of water pass
every second. This follows from the fact that water is an uncompressible liquid and must
be practically of the same density throughout the system. The water moves slowly where
the section is large and quickly where it is small, and thus the quantity of water that flows.
through any part of the system is independent of the cross section of that part. The same
condition holds good for the clectric current; if in a closcd circuit a constant current cir-
culates, the same amount of electricity will pass every cross section per second. Hence
the following law: The magnitude of a constant current in any circuit s equal in all parts of
the circust.

For the production of a steady electric current two very similar con-
ditions are necessary. There must be a steadily maintained electric pres-
sure, known as ‘‘electromotive force,” *‘polential difference,”’ ‘‘vollage," ot
“pressure.” This alone, however, is not sufficient. In addition, a suit-
able conducting path is necessary. Any break in this path occupied by
unsuitable material acts like the closed tap in the analogous case above
mentioned, and it is only when all such breaks have been properly bridged
by suitable material, that is, by conductors, that the effects which denote
the flow of the current will begin to be manifested.
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The necessary voltage required to cause the current to flow
may be obtained:

1. Chemically;
2. Mechanically;
3. Thermally.

g

CHEMICALLY

MECHANICAL POWER
DYNAMO

Fics. 98 to 100.—Three methods of producing an electric current, Fig. L, familiar crow foot
battery closed telegraph circuit, fig. A, dynamo driven mechanically by steam engine, fig. F,
thermopile of dissimilar metals heated by flame.
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In the first method, two dissimilar metals such as copper and
zinc called elements, are immersed in an exciting fluid or electro-
Iyte.

When the elements are connected at their terminals by a
wire or conductor a chemical action takes place, producing
a current which flows from the copper to the zinc. This device
is called a cell, and the combination of two or more of them
connected so as to form a unit is known as a battery. The word

Fie. 101.—Volta's “Crown of Cups.” The metallic elements C and Z, consisted of two
metals, the plate C, being of copper and the plate Z, of zinc. They were placed, as shown,
in the glass vessels, which contained salt water and ordinary water or lye. Into each vessel,
except the two end ones, the copper end of one arc and the zinc end of the nest were in-
troduced, the series, however long, ending with copper dipping into the terminal vessel
at one end and zinc into that at the other. The arrangement is almost exactly that of a
modern one fluid primary battery.

batlery is frequently used incorrectly for a single cell. That ter-
minal of the element.from which the current flows is called the
plus or positive pole, and the terminal of the other element the
negative pole.

Cells are said to be primary or secondary according as they generate
a current of themselves, or first require to be charged from an external
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source, storing up a current supply which is afterwards yielded in the
reverse direction to that of the charging current.

An electric current is generated mechanically by a dynamo.
In either case no electricily is produced, but part of the supply
already existing is simply sel in motion by creating an electric

pressure.
An electric current, according to the third method, is gen-
<ra v\.\ ‘\f R
L A )
-~ KS\\\ ?—;3.& .j !D ,‘\- :..!!

o ptenst "‘/
o DA
Ap= T s =

F1G. 102.—Hydraulic analogy of strength of cunient. Comparing the flow of water into the
locomotive tender to the electric current. If say 5 gallons of water be discharged per second
or 5 %60 =300 gals. per minute. this is the rate of flow. Similarly, if 5 coulombs of electricity
flow through the current per second then the current strength is 5 amperes.

erated directly from heat energy, as will be later explained; the
current thus obtained is very feeble. .

Strength of Current.—It is important that the reader have
a clear conception of this term, which is so often used. The
exact definition of the strength of a current is as follows:
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The strength of a current is the quantity of electricity which flows
past any point of the circuil in one second.

Example.—If, during 10 seconds, 25 coulombs of electricity flow
through a circuit, then the average strength of the current during that
time is 214 coulombs per second, or 214 amperes.

Voltage Drop in an Electric Circuit.—A difference of pres-
sure exists between any two points on a conductor through

Fia. 103.—Hydrostatic analogy of fall of pressure in an electric circuit.

Fia. 104.—Showing method of connecting voltmeter to find potential difference between any
two points as A and R on an electrical circuit.

which a current is flowing on account of the resistance offered
to the current by the conductor.

For instance, in the electrical circuit shown in fig. 104, the pressure at
the point L, is higher than that at A; that at R, higher than thatat F, etc.,
just as in a water tank, shown in fig. 103, the hydrostatic pressure at L,
is greater than that at A, that at R, greater than that at F, etc. The fall
in the water pressure between L and F (fig. 103), is measured by the water
head M S.

In order to measure the fall in electric pressure between A and R (fig. 104),
the terminals of a volt meter are placed in contact with these points as
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shown. Its reading will give the difference of pressure between A and R,
in volts, provided that its own current carrying capacity is so small that
it does not appreciably lower the pressure difference between the points

SERIES CIRCUIT
A . A A A

J

~Y

Y, 51

LARGE DROP

PARALLEL CIRCUIT

i 1“‘11

SMALL DROP

FiGs. 105 and 106.—Kinds of circuit which have large voltage drop and small voltage drop
respectively.

A and R, by being touched across them; that is, provided the current which
flows through it is negligible in comparison with that which flows through
the conductor which already joins the points A and R.
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TEST QUESTIONS

1. What is an electric current?

. What should be noted in comparing hydraulics

and electricity?

How is electricity conveniently considered and
why?

. What duty is performed by all electrical machines

and batteries?

. Give hydraulic analogy of the electric current.

6. What is electric pressure called?

How is the pressure and quantity of an electric
current measured?

Define, volt, ampere, ohm.

9. State Ohm's law.

10.
11.

12.

13.

14.
15.

Define the terms short circuit, lead, return.

What is the difference between a metallic circuit
and a ground circuit?

What is the difference between direct and alternat-
ing current; primary and secondary current;
low tension and high tension current?

Describe the behavior of a low tension and high
tension current.

Describe the production of an electric current.

Name three ways of obtaining voltage to cause
current flow.
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16.
17.

18.

19.
20.

What word is incorrectly used for cell?

What is the difference between a primary and sec-
ondary cell?

What is used to produce a current chemically and
mechanically?

Define the term strength of current. Give example.

Describe the voltage drop in electric circuit; how
measured?
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CHAPTER 4

Primary Cells

The word “battery” is a much abused word, being often
used incorrectly for “cell,” as in fig. 109. Hence, careful dis-
tinction should be made between the two terms.

A battery consists of two or more cells joined logether so as lo
form a single unil.

There are numerous forms of primary cell; they may be
classified as follows:

Fras. 107 and 108.—Couronne de Tasses and Volta's pile, the first of ail batteries {1800). The
Couronne de Tasses (crown of cups) was a battesy of simple cells in series. Exuch cell was
composed of a plate of silver or copper and one of zinc immersed in brine. Volta's pile, fig.
108, consisted of a series of alternate discs of zinc and copper, separated by moistened felt.
Surprising results were obtained with this pile.
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1. According to the service for which they are designed;
2. According to the chemical features.

With respect to the first method, cells are classified as:

1. Open circuit cells;

Used for intermilttent work, where the cell is in service for short periods
of time, such as in electric bells, signaling work, and electric gas lighting.
If kept in continuous service for any length of time the cell soon polarizes
or “runs down,” but will recuperate after remaining on open circuit for
some little time.

NEGATIVE

POSITIVE POLE.
POLE ™~ /
\\ /
- _
NEGATIVE POSITIVE
\ ELEMENT \.__i .~ ELEMENT

corpER—" R - Pttt - 2INC

Fia. 103.—Simple primary cell. It i{sts of two dissimilar metal plates (sgch as copper
and zinc which are called the elements) immersed in the electrolyte or exciting fluid con-
tained in the glass jar.

Fia. 110.—Simple primary cell illustrating the terms poles and elements. Carefully note
that the negative element has a positive pole, and the positive element a negative pole.

2. Closed circuit cells.

This type of cell is adapted to furnishing current continuously, as in
telegraphy, etc.

With respect to the second method, cells are classified as:
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1. One fluid;
2. Two fluid.

Ques. Describe a primary cell.

Ans. A primary cell consists of a vessel containing a liquid
in which two dissimilar metal plates are immersed.

In one fluid cells, both metal plates are immersed in the same solution.
In two fluid cells, each metal plate is immersed in a separate solution, one

OPEN CIRCUIT

CIRCUIT OPEN MOST OF THE TIME

CIRCUIT CLOSED MOST OF THE TIME

[
FiGs. 111 and 112.—Distinction between open and closed circuit showing familiar open, and
closed circuit cells.
of which is contained in a porous cup which is immersed in the other
liquid.
Ques. What name is given to the metal plates?

Ans. They are called elements.
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Fras. 113 to 121.—Various primary cells. Fig. 113, carbon cell; fig. 114, Disque Leclanche cell
(single fluid with solld depolarizer); fig. 115, Fuller telephone standard eell (adapted to long
distance telephoning); fig. 116, Edison single fluid cell (caustic soda electrolyte; suitable
forignition and R. R. signal work); fig. 117, Grenet cell (suitable for experimental work);
fig. 118, Bunsen two fluid cell (suitable for experimental work); fig. 119, Daniell gravity
“crow foot” pattern two fluid cell (gravity instead of a porous cup is depended upon to keep
the liquide separate; sultable for closed circuit work); fig. 120, Partz acid gravity cell with
depolarizer (the effective depolarizer permits both open and closed circuit work); fig. 121,
Wheelock ccll (carbon and zinc elements).
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Ques. What is the fluid called?
Ans. The electrolyte or exciting fluid.

The term “‘electropoion’ is a trade name for the electrolyte employed
in the Fuller cell.

Action of a Primary Cell.—The fundamental fact on which

POSITIVE POLE NEGATIVE POLE

COPPER >

NEGATIVE POSITIVE
PLATE NOT ATTACKED ATTAC}?ERD PLATE
- e

Fi16. 122.—Elementary primary cell illustrating the action of a cell. An important point to
be noted is that the polarity of each plate is different from that of its terminal. Thus, the
zinc terminal is negative, but the zinc plate is positive; an inspection of the illustration will
show that this is necessary for current tlow.

the electro-chemical generation of current depends is, that if @
plate of metal be placed in a liguid there is a difference of elec-
trical condition produced between them of such sort that the metal
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either takes a lower or higher electrical pressure than the liquid,
according lo the nature of the metal and the liquid.

If two different metals be placed in one electrolytic liquid, then there
is a difference of state produced between them, so that, if joined by wire
outside the liquid, a current of electricity will traverse the wire. This
current proceeds in the liquid from the metal which is most acted upon
chemijcally to that which is least acted upon.

I ;-571',.;_""]
| i ||| I

N
ALL SURFACE EXPOSED BUBBLES OF HYDROGEN GAS PARTIALLY
COVER SURFAGE OF COPPER ELEMENT

F168. 123 and 124.—Elementary primary cell illustrating polarization, Fig. 123, shows entire
surface of copper element exposed to action ot electrolyte on first closing circuit; fig. 124,
condition after circvit s left closed for some time, surface of the copper becomes covered
with bubbles of bydrogen gas, which interferes with the production of current and the cell
§s said to be pvlarized.

Referring to fig. 122, the construction and action of a simple
primary cell may be briefly described as follows:

Place in a glass jar some water having a little sulphuric or other acid
added to it. Place in it separately two clean strips, one of zinc Z, and one
of copper C. This cell is capable of supplying a continuous flow of elec-
tricity through a wire whose ends are brought into connection with the
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two strips. When the current flows, the zinc strip is observed to waste
away, its consumption in fact furnishing the energy required to drive the
current through the cell and the connecting wire. The cell may therefore
be regarded as a kind of chemical furnace in which the fuel is the zinc.

Ques. How are the positive and negative elements of a
primary cell distinguished?

Ans. The plate attacked by the electrolyte is the positive
element, and the one unattacked the negative element.

Chemical Changes, Polarization.—The chemical changes
which take place in a simple cell, consisting of zinc and copper
elements in an electrolyte of dilute sulphuric acid, may be
briefly described as follows:

When the two elements are connected and the current commences to
flow, the sulphuric acid acts on the surface of the zinc plate ar.d forms
sulphate of zinc. The formation of this new substance necessitates the
liberation of some of the hydrogen contained in the sulphuric acid, and
it will be found that bubbles of free hydrogen gas speedily appear on the
surface of the negative element, that is, on the copper plate.

While the zinc is being dissolved to form zinc sulphate, hydrogen gas
is liberated from the sulphuric acid.

Some bubbles of the gas rise to the surface of the electrolyte and so
escape into the air, bul much of it clings to the surface of the copper element
which thus gradually becomes covered with a thin film of hydrogen.

Partly on account of the decreased area of copper plate in contact with
the electrolyte, and partly because the hydrogen tends to produce a current
in the opposite direction, the useful electrical output becomes consider-
ably diminished and the cell is said to be polarized. This state of affairs
may be rectified by stirring up the electrolyte, or by shaking the cell, so
as to assist the hydrogen bubbles to detach themselves from the surface
of the copper plate and make their way to the atmosphere through the
electrolyte. This, however, is only a temporary remedy, as the polarized
condition will soon be reached again, and a further agitation of the cell
will be necessary. Hence, a simple cell of this kind is not desirable for
practical work, and it must be modified to adapt it to constant use.
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When the sulphuric acid in a cell acts in the zinc element and produces
sulphate of zin¢, a certain amount of work is done which is manifested
partly in the form of useful electric energy, and partly as heat which warms
the electrolyte and which is thereby lost for all practical purposes.

Ques. If the zinc and copper electrodes of a simple cell

CURRENT WEAKENED

DUE 'TO REVERSE OR
OPPOSING PRESSURE.

CAUSED BY HYDRO
BUBBLES GEN

HYDROGEN
BUBBLES
TEND TO '
SEND CURRENT
IN REVERSE
DIRECTION

NORMAL
DIRECTION OF CURRENT

Fi1G. 125.—Elementary primary cells illustrating how the current is weakened by polarization
due to the fact that the hydrogen bubbles tend to produce a current in the opposite direction.

be not connected externally what changes take place w1th|n
‘the cell?

Ans. The zinc plate immediately becomes strongly charged
with negative electricity, and the copper plate weakly so. As
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Fi1g. 126.—Home made primary cell. In
construction, make a clamp of wood
which has been soaked in paraffin, and
fasten one end of the plates in it as
shown, the zinc plate between the two
carbons. The wood strips of the clamp
are each 7 ins. long; the outer strips are
1 in. sq., the inner two are 1x34 in.  Four
bolts at the ends of the clamp hold it to-
gether.  Before screwing together lay a
piece of heavy copper wire under the
clamp and across the top of the plate.
The two carbon plates are connected to-
gether to one wire; the zine is connected
to the other wire. The plates are now
hung in a glass jar 6 X8 ins.,
the wood clamp resting across
the top. The electrolyte is CARBON
made by dissolving a lb. of
sodium bichromate in a gal. of water,
and adding slowly a pound of strong sul-
phuric acid. This cell gives two volts and
a large current. When it begins to show
signs of exhaustion add a little more acid.
Some arrangement should be made for
drawing the plates out of the solution when
not in use, and hanging them just above
the jar.

INSULATED ‘ | Nl
WIRE d w i

T TERMINALS il

wo0D
UPPORT

MELTED
PARAFFIN

ZINC

COPPER

F14. 127.—Home made

gravity cell. Procure
a glass jar 6 X 8 ins.
high. Next take a
piece of sheet copper
4x15ins. long and to
one end solder or rivet
apiece of No. 160or 18
rubber insulated cop-
per wire about 15 ins.
long: first removing
the insulation from
the c¢nds of the wire
and cleaning same.
Coil up the strip of
copper as shown. The
free «nd of the wire
forms a positive ter-
minal of the cell. Pro-
cure zinc disc about
14 in. thick and 4 or 5
ins. in diameter. To
its center  rivet a
piece of No. 16 or 18
copper wire; over the

rivet melt a small piece of paraffine. Pass wire through the wooden support shown at the top
of the jar and connected to the negative terminal. Dip jar in melted paraffine to prevent
creeping of solution. The binding posts H and 1), are the terminals. For the electrolyte take 3
1bs. of copper sulphate. mix with enough rain water to cover the zinc. Let cell stand 10 hrs.
short circuited after which the cell must be kept on close circuit having about 50 ohms resistance.
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long as the plates remain unconnected, and the zinc is pure, no
further action takes place.

Ques. If the electrodes be connected externally what
happens?

Ans. If the plates be connected by a wire outside the elec-
trolyte, the tendency which dissimilar electrical charges have

NEGATIVE PRESSURE NEGATIVE PRESSURE

COCK OPEN

NEGATIVE PRESSURE
POSITIVE FLOW

VACUUM BEING
EQUALIZED

FiGs. 128 and 129.—Pneumatic analogy illustrating how there can be a positive flow when both
plates of a battery are negatively electrified as explained in the accompanying text.

to neutralize one another causes a flow of negative electricity
through the wire from zinc to copper, and a positive flow in

NOTE.—When a current is produced by a Daniell’s cell, copper is deposited on the
copper plate, copper sulphate is used up, the sulphuric acid remains unchanged in quantity,
zinc sulphate is formed, and zinc is used up. If however, the copper sulphate solution be too
weak, the water is decomposed instead of the copper sulphate, and hydrogen is deposited on
the copper plate. This deposition of hydrogen lowers the voltage, and care should, therefore
be taken to keep up a sufficient supply of crystals of copper sulphate.
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the opposite direction. The ‘‘static”’ charge being thus dis-
posed of, a fresh charge is given to the plates by the action of
the acid, which commences to dissolve the zinc. As long as the
wire connects the copper and zinc plates, the acid will continue
its action on the zinc until either acid or zinc is exhausted.

The reader may ask: how can there be a positive flow when both plates
are negatively electrified?

An analogy is the best way to make this point clear: Imagine two equal
vessels, from each of which the air has been partially exhausted, but from
one A, a much greater quantity of the air has been taken than from the
other B. Connect A and B, by a tube. Now, although both vessels have
less than the atmospheric pressure, that is, both have “negative” pressures,
yet a current of air will flow from B, to A, until the pressures in each are
equalized; that is, until both have equal “‘negative charges’ of air.

There is a second important effect of the acid solution or
electrolyte in a cell. If pure sulphuric acid were used, the first
action or production of an electrical charge on the zinc plale
would be the same, but when the plates were joined by the wire
the current would soon cease.

The reason for this lies in the fact that the sulphate of zinc, which is the
compound produced by the acid plus the zinc, being insoluble in pure un-
diluted sulphuric acid, remains on the surface of the zinc plate. The
coating of sulphate of zinc thus formed also operates as a protective agent,
and no further electrical charge can be induced until it is removed. The
addition of water to the acid has the effect of allowing the sulphate of zinc
to dissolve, and the zinc plate is left free for further action.

Ques. What governs the rate of current flow of a primary
cell?

Ans. The size of the elements and their proximity. .

Effects of Polarization.—The film of hydrogen bubbles af-
fects the strength of the current of the cell in two ways:
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Fra. 130.—Polarity indicator. It indicates the
negative and positive poles when connected
in circuit.

Fia. 131.—Students demonstration battery.
An excellent battery for studying the laws
of the voltaic cell, such as internal resistance,
effects of amalgamating the zinc, use ot
various solutions, ctc. With a complete set
of elements the various forms of batteries
in common use are readily assembled.

BATTERY DIRECTIONS

Amalgamating.—A good method for amal-
gamating the zinc element is to dip it into acid,
then pour a few drops of mercury on the surface
and rub in with a piece of cloth attached to a
stick. This is perhaps the best and quickest
method although the most expensive.

Amalgamating Fluid.—Two-ounces mer-
cury, | ounce aqua regia, 10 ounces water. Dip
zinc into solution and then wash with water.
No need of brush or rag.

Leclanche Cell—Place 6 ounces ammonium chloride into jar and fill with water to two-
thirds its capacity. Stir well until the salt is entirely dissolved. Place elements with zinc
outside porous cup as illustrated.

Carbon Cylinder Cell.—Directions furnished under Leclanche cell apply to this type of
cell, except that zinc rod is placed inside carbon cylinder.

Samson Cell.—Directions furnished under carbon cylinder cell apply to this type of cell.

Grore Cell.—Outer cell contains amalgamated zinc plate dipping into dilute sulphuric
acid (by weight 10 parts water to 1 part acid). In inner porous cup, a piece of platinum dips
into nitric acid of full strength. Obnoxious nitrogen oxide fumes may be suppressed in a
large measurc by the addition of a small quantity of potassium dichromate.

Bunsen Cell.—This cell is merely a modification of the Grove cell, in which the ex-
pensive platinum is replaced by an electrode of gas carbon.

In both the Grove and Bunsen cells the nitric acid may be replaced by a chromic acid
solution.

Grenet Cell.—In this cell the zinc plate between two carbon plates dips into a chromic
acid solution (see below). When this cell is exhausted, the rich reddish color of chromic acid
will be replaced by a muddy dark green color.

Chromic Acid Solution.—There are many different formulz, but the most convenient
method of making a generally useful acid is by simply dissolving prepared chromic acid salt
in water. A useful formula is, 30 parts sodium dichromate, 100 parts water and 23 parts
sulphuric acid (sp. gr. 1.845) all by weight.

Plunge Battery.—Elements and directions under Grenet type apply to this type of
battery. o

Daniell Battery.—The zinc element is placed in a porous cup containing sulphuric acid
{1 part acid to 20 parts water, by weight). The copper element encircles a porous cup and
dips into saturated solution copper sulphate, kept continually saturated by the addition of an
excess of copper sulphate crystals on bottom of jar. Solution is more effective by addition of
few cubic centimeters sulphuric acid.
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1. It weakens the current by the'increased resistance which it
offers to the flow, for bubbles of gas are bad conductors;

2. It weakens the current by setting up an opposing electro-
molive force.

Hydrogen is almost as oxidizabie a substance as zinc, especially when
freshly deposited (in the *'nascent’ state), and is electropositive: hence,

LARGE DEFLECTION

GALVANOMETER

NO HYDROGEN BUBBLES
ON NEGATIVE PLATE

Fia. 132.—Condition of ccll befcre polarization takes place. Note no hydrogen bubbles on
negative plate, allowing full flow of current as indicated by large deflection of galvanoineter.

the hydrogen itself produces a difference of pressure, which would tend
to start a current in the opposite direction to the true zinc-to-copper
current. It is therefore an important matter to abolish this polarization
otherwise the currents furnished by batteries would not be constant.

Methods of Depolarizing.—One of the chief aims in the ar-
rangement of the numerous cells which have been devised is
to avoid polarization. The following are the methods usually
employed:
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1. Chemical methods;

a. Oxidation of the hydrogen by potassium bichromate and by nitric-
acid.

b. Substitution of the hydrogen by some other substance which does
not give a counter electromotive force of polarization; for in-
stance, in the Daniell cell by replacement of the copper in cop-

per sulphate by the hydrogen, the copper being deposited on
the positive pole.

SMALL DEFLECTION

GALVANOMETER

NEGATIVE PLATE
COVERED WITH
HYDROGEN BUBBLES

Fra. 133 —Polarized cell. Note that the negative plate is covered with hydrogen bubbles.
rendering most of its surface inactive. When in this condition very little current will flow
as indicated by the small deflection of the galvanometer.

2. Electro-chemical means; :

It is possible by employing double cells, to secure such action that
some solid metal, such as copper, shall be liberated instead of hydrogen
bubbles, at the point where the current leaves the liquid. This electro-
chemical exchange obviates polarization.

3. Mechanical methods.
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a. Agitation of the liquid or of the positive electrode, in order to
prevent the accumulation of hydrogen thereon.

b. Corrugating or roughing the positive electrode, as in the Smee
cell. This causes the hydrogen gas to form in large bubbles
which rise to the surface more rapidly than the small bubbles
which form on a smooth electrode.

In the simplest form of cell, as zine, copper, and dilute sulphuric acid,
no attempt has been made to prevent the evil of polarization, hence, it

BRUSHING OFF BUBBLES

DEFLECTION
INCREASING

GALVANOMETER

CLEAN SURFACE

F1a. 134.—Depolarizing a cell mechanically. If the hydrogen bubbles adhering to the neg-
ative plate be brushed off with a swab as shown, the deflection of the needle will increase

thus indicating a stronger circuit.

will quickly polarize when the current is closed for any length of time,
and may be classified as an open circuit cell.

i NOTE.— When polarization is remedied by chemical thé chemical added is one
that has a strong affinity for hydrogen and will combine with it, thus preventing the covering
of the negative plate with the hydrogen gas.
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Ques. What is a depolarizer?

Ans. A substance employed in some types of cell to com-
bine with the hydrogen which would otherwise be set free at
the positive electrode and cause polarization.

The chemical used for this purpose may be either in a solid or liquid
form, which gives rise to several types of cell, such as cells with a single
fluid, containing both the acid and the depolarizer, cells with a single
exciting fluid and a solid depolarizer, and cells with two separate fluids.

Fics. 135 and 136.—~Waterbury primary cells. Fig. 135, glass jar type; fig. 136, porcelain jar
type.

In the two fluid cell, the zinc is immersed in the liquid (frequently
dilute sulphuric acid) to be decomposed by the action upon it, and the
negative plate is surrounded by the liquid depolarizer, which will be de-
composed by the hydrogen gas it arrests, thereby preventing polarization.

In open circuit cells polarization daes not have much oppor-
tunity to occur, since the circuit is closed for such a short
period of time; hence, these cells are always ready to deliver a
strong current when used intermittently.

In closed circuit cells polarization is prevented by chemical



Primary Cells 77

FiG. 137 —Waterbury ARA cell; indication of exhaustion 1: The first indication of approaching
exhaustion occurs at about 375 ampere hours when, under ordinary conditiond of discharge
small holes appear above the reinforcing rib and gradually encircle the zinc.

Fic. 138 —Waterbury ARA cell; irdication of exhaustion 2: From the point described in fig.
137, the zinc is gradually consuméd at the bottom, until the lower rib has been eaten away,
which will be at about 475 ampere hours.

Fic. 139.—Waterbury ARA
cell; indication of exhaus-
tion 3: The zinc is now con-
sumed from the bottom
upward until about 2 inches
only of the zinc remains
when the: rated capacity,
500 ampere hours, has been
used, but there is still con-
siderable capacity rerpain-
ing, the amount depending
upon the nature of the wotk
and general service condi-
tions.

F16. 140.—Waterbury ARA cell; indication of exhaustion 4: After the small holes appear as
in fig. 139, there will be approximately one-quarter i3¢) of the rated life of the cell still
available for use. After a substantial part of the zinc has disappeared as shown in fig. 139,
the cell must be watched carefully to procure maximum life without failure, taking into
consideration the class of service for which the battery is being used.
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action, so that the current
will be constant and steady
till the energy of the chem-
icals is expended.

Ques. What is a depol-
arizer bag?

Ans. A cylinder of hemp
or other fabric used in place
of a porous pot in some
forms of Leclanche cell, and
also as a support for the
depolarizing mass in some
forms of dry cell where the
electrolyte is of a thin gel-
atinous nature.

Volta’s Contact Law.—
When metals differing from
each other are brought inlo

Fia. 141 —Clark’s standard test cell. Latimer Clark’s standard cell assumes a variety of
forms. The H-form is arranged as shown. The vessel to the l=ft contains, at A, an amalgam
of pure zinc. The other vessel contains, at M, mercury covered with pure mercurous sul-
phate, Hg:SO«. Both vessels are then filled, above the level of the cross tube, with a sat-
urated solution of zinc sulphate Z,Z, to which a few crystals of the same are added. Tightly
fitting corks C.C, prevent loss by evaporation. The voltage of this cell in legal volts is
1.438. /1 —.00077t =15 deg. C.);—(Ayrion).

conlact, different resulls are obtained, both as lo the kind of
electrification as well as the difference of pressure.

Volta found that iron, when in contact with zinc, hecomes negatively
electrified; the same takes place, but somewhat weaker, when iron is
touched with lead or tin. When, however, iron is touched by copper or
silver, it becomes positively electrified. Volta, Seebeck, Pfaff, and others
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have investigated the behavior of many metals and alloys when in contact
with each other.

The following lists are so arranged that those metals first in

each list become positively electrified when touched by any
taking rank after them:

CONTACT SERIES OF METAL

According to Volla According to Pfaff
+zinc +-zinc copper

lead cadmium silver !
tin tin gold
iron lead uranium :
copper tungsten tellurium
silver iron platinum
gold bismuth —palladium
graphite antimony

—manganese ore

Volta laid down a law regarding the position of the metals
in this table which may be stated as follows:

Volta’s Law.—The difference of pressure between any two
melals is equal lo the sum of the differences of pressures of all the
inlermediale members of the series.

Hence, it is immaterial for the total effect whether the first
and the last are brought into contact directly, or whether the
contact is brought about by means of all or any of the inter-
mediate metals.

Volta’s law further asserts that when any number of metals are brought
into contact with each other, but so that the chain closes with the metal
with which it was begun, the total difference must be zero.




-

80 Primary Cells

Laws of Chemical Action in the Cell.—There are two simple
laws of chemical action in the cell:
1. The amount of chemical action in a cell is proportional lo
the quantily of electricily that passes through il.

One coulomb of electricity in passing through the cell liberates .000010352
of a gramme of hydrogen, and causes .00063344 of a gramme of zinc to
dissolve in the acid.

2. The amount of chemical aclion is equal in each cell of a bal-
lery connecled in series. L
r

COPPER=j= ZING ==

ZING PLATE
CANVAS —

SAW DUST -

COPPER SULPHATE

Fia. 142.—Calland cell, this is a form of gravity COP"PER DISC

Danicll’s cell, since the copper sulphate is supplied

by a small crystal being droppod into the cell daily, and the supply being adjusted to
suit the demand, the plane of scparation of the transparent zinc sulphate solution from the
blue suiphate of copper solution may be kept sharp and well defined. 7o assist in main-
taining this and so preventing the copper sulphate wandering to the zinc plate, it is well
to allow the cell to send a weak current through an external circuit of considerable resistance
¢ven when the cell is not in ordinary use. A gravity Daniell’s cell must, of course, not be
moved about, or if moved great care must be taken to avoid the two liquids being mixed
together.

Fia. 143.—NMinotto cell. At the bottom of a glass, or glazed and highly vitrified stoneware
jar, there is placed a disc of sheet copper to which is riveted one end of an insulated ccpper
wire, which passes up through the cell. Above this plate are placed some crystals of copper
sulphate and on the top a piece of thin canvas, separating th2 copp:r sulphate from thz
layer of sand or sawdust, and on the top of the sawdust rests the zinc plate separated from
the sanJ or sawdust by a picce of thin canvas. The cell is completed by pouring in some
solution of zinc sulphate, so as Lo cover the zinc disc, but not so 1uch as to reach up to the
brass binding screw cast into the top of a little column of zinc forming part of the zinc disc.
Before putting in the sand or sawdust it should be soaked in a solution of zinc sulphate and
squeczed partially dry, because if put into the cell quite dry a long time must elapse hefore
the liquid will soak through the sand or sawdust, and until this happens the cell cannot come
into action. It is better to employ sand in stationary Minotto's cells, as it sinks down as
the copper sulphate is consumed, but if the cells have to be moved about then it is better
to use sawdust. . 0

P L N W
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Requirements of a Good Cell.—The several conditions which
should be fulfilled by a good cell are as follows:

1. Its voltage should be high and constant;

2. Its internal resistance should be small;

3. It should be perfectly quiescent when the circuit is open;

4. It should give a constant current, and therefore must be
free from polarization, and not liable to rapid ex-
haustion;

DILUTE
SULPHURIC ACID

COPPER
SULPHATE -
(pEPOLARIZER— [

ALL SURFACE EXPOSED

SINGLE FLUID : TWO FLUID

FiGs. 144 and 145.—Typical single and two fluid cells.

5. It should be easily cared for, and if possible, should not
emit corrosive fumes;
6. It should be cheap and of durable materials.

Single and Two Fluid Cells.—The distinction between a
single and a two fluid cell has already been given.

The single fluid cell of Volta with ils zinc and copper plales rep-
resents the simplest form of primary cell.

In the two fluid cell, the positive (zinc) plale is immersed in the
exciting tiquid (usually dilute sulphuric acid) and is decomposed
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by the action upon it, while the negative plale vs placed in the
liquid depolarizer which is decomposed by the hydrogen arrested
by 11, thus prevenling polarization.

In some forms of cell, the two liquids are separated by a porous partition

of unglazed earthenware, which, while it prevents the liquids mixing ex.
cept very slowly, does not prevent the passage of hydrogen and electricity,

Fre. 146.—Waterbury telecell zinc cylinder cut away to expose the interior construction of the
cell to inspection. The perforated cylindrical basket inside of the zinc cylinder contains the
depolarizing element, that is, copper oxide. The small legs and feet at the hottom keep cle-
ments centralized. The copper oxide is sealed in the basket to prevent sifting out during
shipment. .

F1a. 147.—Waterbury telecell as shipped. Cakes of caustic soda at the top, just above the
zinc cylinder. The capsule of battery oil is shown at the bottom of the jar. When water is
added the soda is dissolved, the capsule melted, and the perforations in the copper oxide
basket opened.

Fia. 148. —Waterbury telecell after water has been added, the electrolyte made and the ce!l
in working condition. In operation. as current is drawn from the cell, the little bars forming
the window at the top of the zinc cylinder, gradually dissolve and near the end of the life of
the cell they disappear. This feature gives advance notice that the cells are nearly exhausted
and failure in service may be prevented.

Complete depolarization is usually obtained also in single fluid cells,
having in addition a depolarizing solid body, such as oxide of manganese,
oxide of copper, or peroxide of lead, in contact with the carbon pole.
Such cells really do not belong to the single fluid cells, and are considered
in the two fluid class.

A few examples of single and double fluid primary cells will now be
described.
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The Leclanche Cell.—This cell was invented by Leclanche,
French electrician, and was the first cell in which sal-ammoniac
was used. This form of cell, as shown in fig. 149, is in general
use for electric bells, its great recommendation being that, once

SMALL HOLES PITCH

PORUS CuP

Ul aUE
LETLAINCHE

——

Figs. 149 and 150.—Leclanche cell and porous
cup. Tnis very common form of cell is an ex-
ample of the single fluid type, with a golid de-
polarizer surrounding the negative element;

the latter is generally carbon, the positive clement being zine. The liquid used] is a strong

solution of ammonium chloride, commonly known as sial-ammoniac, and which resembles
table salt. In the porous cup type of cell, a carbon slab is placed in the porous cu >, and is
surrounded by a mixture of small pieces of carbon and manganese dioxide, the top being
covervd by means of piteh, leaving one or two small holes for air and gas to pass through.

The depolarizer will take care of a limited amount of the hydrogen produced when the

cell is on closed circuit, but if the circuit be closed for any length of time polarization occurs.

The cell is thus of the open circuit class, and will furnish a good current where it is required

only intermittently. Zinc is dissolved only when the cell is being used. This type of cell,

or its modification, is used for gas lighting and bell work. The cell requires very little atten-
tion. Water must be added as the solution evaporates, and the zinc rod replenished when
necessary. The pressure of the cell is about 1.48 volts und the internal resistance about

4 ohms.
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charged, it retains its power without attention for a considerable
time. )

Two jars are employed in ils conslruclion; the ouler one 1s
of glass, contains a zinc rod, and s charged with a solution of
ammonium chloride, called sal-ammoniac.

The inner jar is of porous earthenware, containing a carbon plate, and
is filled with a mixture of manganese peroxide and broken gas carbon.

When the carbon plate and the zinc rod are connected, a
steady current of electricity is set up, the chemical action
which takes place being as follows: the zinc becomes oxidized by
the oxvgen from the manganese peroxide, and 1s -subsequently
converled into zinc chloride by the action of the sal-ammoniac.

After the battery has been in continuous use for some hours, the man-
ganese hecomes exhausted of oxygen, and the force of the electrical current
is greatly diminished; but if the battery be allowed to rest for a short time,
the manganese obtains a fresh supply of oxygen from the atmosphere,
and is again fit for use.'

Ajfter about 18 months’ work, the glass cell will probably require re-
charging with sal-ammoniac, and the zinc rod may also need renewing;
but should the porous cell get out of order, it is better to get a new one
than to attempt to recharge it.

.The directions for setting up a Leclanche cell are as follows:

1. Place in the glass jar six ounces of sal-ammoniac, and pour in water
until the jar is one-third full, then stir thoroughly.

2. Place the porous cup in the solution, and if necessary add water
until it rises to within 113 inches of the top of the porous cup.

3. Put the zinc rod in place and set the cell away (not connected up),
for about 12 hours, so as to allow the liquid to thoroughly soak
into the porous cup. This will lower the level of the liquid to about
one-third the height of the jar. The cell will then be ready for use.
As the level of the liquid is lowered by evaporation, it should be
maintained at the stated height by adding water.



Primary Cells 85

The Leclanche cell is adapted to open circuit work, being
extensively used for ringing electric bells.
The objections to the Leclanche cell are:

1. Rapid polarization;
2. High internal resistance due to porous pot;

Fics. 151 and 152,—The telephone standard and compound forms of Fuller cell. The type
shown in fig. 151, is especially adapted to long distance telephoning, and that shown in
fig. 152, to incandescent Jamps, motors, nickel and other electroplating. The Fuller cell
is of the double fluid variety and has the advantage over the Grenet type, in that the zinc
is always kept well amalgamated and does not require removal from the solution. The
Fuller cell is suitable for open and semi-closed circuit work; its electromotive force is about

2.14 volts. ,
3: Restricted space for electrolyte causing rapid lowering of level of
liquid by evaporation;
4. Eating away of the zinc rod at the surface of the liquid rendering
the rod useless before the lower part is consumed,

Fuller Bichromatz Cell.—In the bichromate cells or the
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chromic acid cells, bichromate of soda, or bichromate of potas-
sium, is used for the depolarizer, water and sulphuric acid
being added for attacking the zinc.

The Fuller cell is of the two fluid type. A pyramidal block
of zinc al the end of a melallic rod covered with gullapercha is
placed in the bottom of a porous cup conlaining an ounce of
mercury. The cup is then filled with a very dilute solution of
sulphuric acid or water and placed in a jar of glass or earthenware
containing the bichromale solution and the carbon plate.

The diffusion of the acid through the porous cup is sufficiently rapid to
attack the zinc, which being well amalgamated, prevents local action;

while the hydrogen passes through the porous cup and combines with the
oxygen in the bichromate of potassium.

This type of cell has a pressure of 2.14 volts, and is suited
to open circuit, or semi-closed circuit work. The directions
for setting up a Fuller cell are as follows:

1. To make the “electropoion” fluid, mix together one gallon of sul-
phuric acid and three gallons of water, and in a separate vessel,
dissolve six pounds of bichromate of potash in two gallons of
boiling water; then thoroughly mix together the two solutions.

2. Immerse the zinc in a solution of dilute sulphuric acid, and then
in a bath of mercury, and rub it with a brush or cloth so as to
reach all parts of the surface.

3. Pour into the porous cell one ounce (a tablespoonful) of mercury,
and fill the porous cell with water up to within two inches of the top.

4. Place the porous cell and the carbon plate in the glass jar, as in figs.
151 and 152, and fill glass jar to within about three inches of the
top with a mixture of three parts of electropoion fluid to two parts
of water.

5. The zinc should be lifted out occasionally and the sulphate washed
off.

6. The supply of mercury in the porous cell should be maintained,
so as to have the zinc always well amalgamated.

7. To renew, clean all deposits from carbon plate and zinc, and set
up with fresh solution.
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The Edison Cell.—This is a single fluid cell with a solid
depolarizer, as shown in figs. 153 and 177 and is well adapted
for use on closed circuits.

The positive element is zinc, and the negative element, black oxide
of copper. The exciting fluid is a solution of caustic potash. The
black oxide of copper plates are suspended Sfrom the cover of the

Fic. 153.—Edison caustic soda cell with rectangu-
lar shape jar and single plate element. The Edison
cell is suitable for large slationary gasengine igni-
tion, railroad crossing signals, electroplating, fire
alarms, telephone circuits, etc.

jar by a light framework of copber, one end of which forms ihe posi-
live poleof the bailery. A zinc plate is suspended on each side of
the copper oxide element and kept Srom coming in contact with the
latter by means of vulcanite butlons.

When the cell is in action, the water is decomposed, and the
oxygen thus liberated combines with the zinc and forms oxide
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of zinc, which combines with the potash to form a double salt
of zinc and potash. The last combination dissolves as rapidly
as it is formed.

The hydrogen liberated by the decomposition of the water
reduces the copper oxide to pure metallic copper. It is highly
important that the copper oxide plates be completely sub-
merged in the solution of caustic potash, and that heavy
paraffin oil be poured on top of the solution to the depth

F1G. 154.—Bunsen cell. This is a two fluid cell and has a bar of carbon immersed in strong
mtric acid contained in a porous cup. This cup is then placed in another vessel, containing
dilute sulphuric acid, and immersed in the same liquid is a hollow cylindrical plate of zinc,
which nearly surrounds the porous cup. The hydrogen starting at the zinc, traverses hy
composition and recomposition, the sulphuric acid; it then passes through the porous par-
tition, and cnters into chemical action with the nitric acid, so that none of it reaches the
carbon. Water is produced by this action, which in time dilutes the acid, and orange colored
poisonous fumes of nitric oxide rise from the battery. If the nitric acid first be saturated
with nitrate of ammonia, the acid will last longer and the fumes be prevented. Strong sul-
phuric acid cannot be used in any battery; one part of sulphuric acid is generally added to
12 parts by weight, or 20 by volume, of wator. Grore used a strip of platinum instead of
carbon in his cell. A solution of bichromate of potassium is frequently substituted for the
nitri¢ acid in the porous cup, thereby avoiding disagreeable fumes. [unsen’s and Grove's
cells produce powerful and constant currents, and are well adapted for experiments, but
they require frequent attention. and are expensive, so that they are littie used for work of
long duration. The electromotive force of these cells is about 1.8 volts.
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of about 14 of an inch to exclude the air. If oil be not used,
the formation of creeping salts will reduce the life of the battery
fully two-thirds.

The battery has a low voltage, about .7 of a volt, but as the
internal resistance is also very low, quite a large current can be
drawn from the cell.

The Bunsen Cell.—As shown in fig. 154, thisis a two fluid cell

PORUS CLP, CARBON BAR

STRONG MITRIC ACID

~— = DILUT

SULPHURIC ACID

L MR

FiG. 155.—Sectional view of Bunsen cell showing clements, porous cup, electrolyte and
anti-polarizer.

constructed with zinc and carbon electrodes. The negative plate

is carbon, the positive plate amalgamated zinc. The excilant is

a dilute solution of sulphuric acid. The lop part of the carbon

is somelimes impregnated with paraffin (lo keep the acid from

creeping up).

The voltage of the Bunsen cell increases after setting up for about an
hour, and the full effect is not attained until the acid soaks through the
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POISONOUS SULPHURIC
NITRIC ACI FUMES ZING ACID
POROUS
CARBON CuUP

HYDROGEN BUBBLES
START HERE

TRAVERSE. THE
_~ SULPHURIC ACID

PASS THROUGH
THE POROUVS Cup

T

l.I 1 -
WATER 15 | BUBBLES ABSORBED BY NITRIC ACID
PRODUCED  NO BUBBLES REACH THE CARBON

F16. 156.—Detail of Bunsen cell showing how the anti-polarizer arrangement works., Sce
description fig. 155.

Fia. 157.—Knott high 6 cell school plunge battery. Each cell is a unit in itself and will de-
liver about two volts and a powerful current for a short time. The mounting is designed
s0 that one or more cells. connected in scries or parallel, may be used as desiréd. The il-
lustration shows four cells 1n use, the two not in use are suspended to the cross rod. By turn-
ing the crank ail of the cells can be raised at one time.
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porous cell. Carbons are not affected and last any length of time. The
zinc is slowly consumed through the mercury coating.

Grenet Bichromate Cell.—In this cell, as shown in figs. 158 and
159, the positive element is zinc and the negalive element carbon.
The electrolyte is a solution of bichromate of polash in a mixture
of sulphuric acid and water.

Fi1Gs. 158 and 159.—American and French forms of Grenet cell. The elements are zinc and
carbon. In the Grenet cell, a zinc plate is suspended by a rod between two carbon plates,
s0 that it does not touch them, and when the cell is not in use the zinc is withdrawn from
the solution by raising and fastening the rod by means of a set screw, as the acid attacks the
zinc when the cell is on open circuit. This cell has an electromotive force of over 2 volts at
first, and gives a strong current for a short time, but the liquid soon becomes exhausted,
as will be noted by the change in the color of the solution from an orange to a dark red, and
must be replenished. The zinc should be kept well amalgamated and out of the solution
except when in use. It is a good type of cell for experimental work. To make the electrolyte
take 3 ounces of finely powdered bichromate of potash and 1 pint of boiling water; stir
with a glass rod and after it is cool, add slowly, stirring all the time, 3 ounces of sulphuric
acid. The electrolyte may also be prepared as follows: take 4 ounces of bichromate of soda,
114 pints of boiling water, and 3 ounces of sulphuric acid.

The cell consists of a glass bottle containing the electrolyte and fitted
with a lid from which the elements are supported. There is a zinc plate in
the center and a carbon plate on each side.

The two carbon plates are connected to the same terminal, thus forming
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. a large positive surface, and the zinc plate to a terminal on the top of the
brass rod to which it is attached. This rod slides through a hole in the
lid so that the zinc plate can be lifted out of the electrolyte when the cell
is not at work, thus preventing wasteful consumption of zinc and of the

electrolyte. Bichromate cells give a strong current, the pressure of a
single cell being 2 volts.

Daniell Cell.—This is one of the best known and most widely

vl.lr.

‘7‘{-[_'|', MR

LML

F1a. 160.—Simple Danicll cell for closed circuit work. To maintain a constant current for an
indefinite time, it is only necessary to maintain the supply of copper crystals and zinc.
The cell as shown in the figure is easily made by following the direction given in the ac-

companying text.
used forms of primary cell. It is a double fluid cell, composed
of an inner porous vessel containing an electrolyte of either dilute
sulphuric acid or dilule zinc sulphate solution, and an ouler vessel
conlaining a saturated solution of copper sulphate.
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