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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. 

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

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

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

The series will speak for itself and "those who run may read." 

The Publishers. 



Readers' Information Finder 

How to Use This Book 

Finder 

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 at enormous expense, 
Were all on a library shelf to commence." 
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1 Electricity 

FINDER 

Nature and source. 1. 
Kinds of electricity. 

static, 2. 
dynamic, 4. 
magnetic, 4. 
radio, 4. 
atmospheric, 5. 
positive. 6. 
negative, 6. 
frictional, 8. 
resinous, 8. 
vitreous, 8. 

Pages 
1 to 10 
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Faraday's list, 13. 
Charge. 15. 
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Nature of induced charge, 26. 
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Condensers. 34 to 36. 
Electric machines, 36 to 41. 

3 Electric Current ...45 to 60 
Hydraulic analogies, 45 to 47. 
Volts, 47. 
Amperes, 48. 
Ohm's, 48. 
Coulomb, 48. 
Ohm's law, 49, 50. 
Current, classification, 51, 52. 
Production of current, 53 to 56. 
Drop in circuit, 57. 58. 
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Action of cell, 65. 
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Chemical changes, 67. 
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Power, 137. 
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9. Magnetism -Continued. 
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Elementary alternator. 259 to 262. 
Sine curve analogy. 263. 
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Yoke, 325 to 327. 
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Magnetizing coils, 335, 342. 
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Ring armature, 351 to 354. 
Drum armature, 354 to 356. 
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Magnet calculations, 396 to 402. 
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Chapman winding machine, 440. 
twisted slots. 453. 
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SIGNS AND SYMBOLS 
The following signs, symbols 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 '= 
foot. . 

M. Mass.' gr. =mass of 1 gramme; 
kg. =1 kilogramme. 

T, t, Time. s = second. 

2. Derived Geometric. 
S, s, Surface. 
E, Volume. 
a, p, Angle. 

m, 
a, 
g+ 

3. Derived Mechanical. 
Velocity. 
Angular velocity. 
Momentum. 
Acceleration. 
Acceleration due to gravity = 

32.2 feet per second. 
F,f, Force. 
W, Work. 
P, Power. 
6, Dyne. 
e, Ergs. 
It. lb., Foot pound. 
H.P., h.p.; horse power. 
I.H.P., Indicated horse power. 
B.H.P., Brake horse power. 
E.H.P., Electrical horse power. 

p. 
K, 

e, 
i, 

r, 
4+ 
c, 
sc, 

Joule's equivalent. 
Pressure. 
Moment of inertia. 

4. Derived Electrostatic. 
Pressure difference. 
Current. 
Resistance. 
Quantity. 
Capacity. 
Specific inductive capacity. 

5. Derived Magnetic. 
Strength of pole. 
Intensity of magnetization. 
Magnetic moment. 
Horizontal intensity of earth's 

magnetism. 
Field intensity. 
Magnetic flux. 
Magnetic flux density or mag- 

netic induction. 
Magnetizing force. 
Magnetomotive force. 
Reluctance, magnetic resist- 

ance. 
Magnetic permeability. 
Magnetic susceptibility. 
Reluctivity (specific magnetic 

resistance). 
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6. Derived Electromagnetic. 
R, Resistance, ohm. 
O, do, megohm. 
E, Volt, pressure. 

Elm Impressed pressure. 
Eo; E. Active pressure; ohmic drop. 
E, Virtual pressure. 
Einax Maximum pressure. 
Ear Average pressure. 
Eer Effective pressure. 
El Inductance pressure. 
Ec Capacity pressure. 

U, 
I, 

Q, 

C, 
Mr, 

P, 

G, 
7, 

Y, 
Z, 
X, 

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

ion Impressed current. 
In Activo current. 
I, Virtual current. 
Imax Maximum current. 
Iav Average current. 
Iel Effective current. 

Quantity of electricity, am- 
pere hour; coulomb. 

Capacity, farad. 
Electric energy, watt hour; 

Joule. 
Electric power, watt; kilo- 

watt. 
Resistivity (specificcesistance) 

ohm centimeter. 
Conductance, mho. 
Conductivity (specific con- 

ductivity). 
Admittance, mho. 
Impedance, ohm. 
Reactance, ohm. 

Xi Inductance reactance. 
Xe Capacity reactance. 

B, Susceptance, mho. 
L, Inductance (coefficient of In- 

duction), henry. 
y, Ratio of electro -magnetic to 

electrostatic unit of quan-. 
tity =3 X10,0 centimeters 
per second approximately. 

7. Symbols in general use. 
D, Diameter. 
7, Radius. 

4 

1, Temperature. 
B, Deflection of galvanometer 

needle. 
N, n, Number of anything. 
w, Circumference = diameter = 

3.111592. 
co, 2rf=6.2831 X frequency, in 

alternating current.. 
Frequency; periodicity, cycles 

per second. 
Phase 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. Pressure difference. 
P.F. Power factor. 
C.G.S. Centimeter, gramme, Second 

system. 
B.&St 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. 

FOR-E---3- 
Condenser. 

I v - Battery of cells. 

Dynamo, or direct cur 
rent motor. 

Alternator, or alternat- 
ing current motor. 

Converter. 

ft º 
(isa an al Static transformer. 

r-. Inductive resistance. mow- Non -inductive resist -r 
a nee. 
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CHAPTER 1 

Electricity 
Nature and Source of Electricity.-What ís 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. Some 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 at rest, 
2. Current electricity, or electricity in motion; 
3. Magnetism, or electricity in rotation; 
4. Radio electricity, or electricity in vibration (radiation). 

Other useful divisions are: 

1. Positive; 
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2. Negative electricity; 
3. Dynamic electricity. 

Static Electricity.-This is a term employed to define elec- 
tricity 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. 

STATIC 
AT REST 

MAGNETISM 
IN ROTATION 

DYNAMIC 
IN MOTION 

RADIATION 
IN VIBRATION, 

fifii11 \1' 

Fics. 1 to 4.-The four kinds of electricity. 1, static electricity; 2, dynamic electricity 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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POSITIVE 
CHARGE 

Fte. 5.-Charged Leyden jar illustrating static electricity. 

DI5CRIMINATING CUT O1fT' 
(R.C. CIRCUIT BREAKER) 

Fte.6.-Dynamo charging battery illustrating current electricity. Adi.scrirninating cut out 
or reverse current circuit 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 magnets by nature, each having two poles. 

IRON FILINGS 

Fin. 7.-Ordinary horse shoe magnet with iron filings showing magnetic field. 

Fro. 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 transmitted, 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 sound 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.-The free electricity of the air which 
is almost always present in the atmosphere. Its exact cause is 
unknown. 

RESONANCE 
25G WAVES PER SEC. 

25G WAVES PER SEC. 

PIANO STRING VIBRATES t` 

SYMPATHETIC VIBRATION OF 
TUNING FORK (IN UNISON Qs 

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

NOTE.-In 1749, IlenjaIn in 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. 
Ile proposed, therefore, to fix a pointed iron rod to a high tower, but shortly after succeeded in 
another way. He 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 tied to the string, a silk ribbon being interposed between his hand and the key 
for safety. Leyden jars could be chorged, 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 
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10.-Thunder storm illustrating atmospheric electricity. 

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

Negative Electricity.-This is the reverse condition to the 
above and is expressed by the sign or symbol - . These two 
terms are used in the same sense as hot and cold. 
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Fla. 11.-Electrostatic field about aerial. 

FIG. 12. -Strains in the ether. 

FIG. 13.-Franklins 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 electricity produced upon 
a resinous substance such as sealing wax, resin, shellac, rubber 
or amber when rubbed with wool or fur. Resinous electricity is 
negative electricity. 
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Fits. 14 and 15.-Water tall 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 

1. What is electricity? 
2. What is Maxwell's idea of electricity? 
3. How is electricity classified? 
4. What is the difference between static and current 

electricity? 

Ftc. 16.-The electric eel. There are several species of so 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 
lamina, composed of polygonal cells to the number of 800 or 1000, or more, supplied with 
four large bundles of nerve fibres; the under surface of the fish is -, the upper ±. 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. 

5. How does an electric current manifest itself? 

6. What is the latest theory of magnetism? 
7. How are the molecules arranged in a bar magnet? 
8. Explain radio communication. 
9. What is the difference between positive and nega- 

tive electricity ? 

10. Describe Benjamin Franklin's kite experiment. 
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11. Give some hydraulic analogies illustrating posi- 
tive or negative electricity. 

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

13. How did Franklin protect himself in making 
the kite experiment? 

14. 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 al 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 



12 Static Electricity 

transferred to the other as in figs. 19 to 22, the higher charge 
is arbitrarily called positive (+) and the lower negative (-) 
as in simile, hot and cold. 

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

y 
FIGS. 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 
when 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 



Static Electricity 13 

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- 

t" -L F _ -_ 7-0 -- - - - _ _ '. _ ̀_ C-4 
-3+. .'ti_c _-=-'_-___----- 

1 

BEFORE RUBBING 
2 ' OSITÍV = -=- NEGATIVE ? E_= _ _ - _z- _^ 

AFTER RUBBING 
nos. 19 to 22.-Positive and negative electricity. The rubbing process removes electricity 

from one body transferring it to the other. 

c- cn-= -- = NEGATIVE 

BEFORE CONTACT - -_- - 
- _ - ==EQIECCIZÉO' = s = - - ===i 

AFTER CONTACT 
FIGS. 23 to 25.-Equirvation of oppositely changed bodies 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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ti 

nos. 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. 

Fins. 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 connect ion with fig. 28 for show- 
ing the separation of positive and negative electricity by induction. Fig. 31, ellipsoidal 
conductor for shoring unequal distribution. Fig. 32, Bíot'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 attracts one charged with the 
opposite kind. 

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

nos. 33 to 35.-Electrical attraction and repulsion. 

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

The Charge.-The quantity of electrification of either kind 
produced 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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Fins. 36 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, Voltá s hail storm or dancing balls. The charge from static machine causes balls 

to dance 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. 

4" 

Fins. 4I 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. 

Fin. 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 tte 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. 

".1Qdmzu~mnum 

Figs. 45 to 48.-Illustrating the distribution of the charge on conductors 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 

¡: rN6+ i.rdrbRgyman!G 

Fto. 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 he 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 conductors is ap- 
plied to those bodies which readily allow electricity to flow 

through them, in distinction from insulators or so called non- 
conductors, which practically allow no flow of electricity. 

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 detecting whether 
a body be electrified or not, and indicating also whether the elec- 

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

Fio. 51.-Electric wind mill which operates by the reaction due to the escape of the electric 

charge from 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 ís held near the electroscope it is 

attracted or repelled thus indicating the presence and nature 
of the charge. 
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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 

VARNISHED GLASS TUBE 

BRASS 
WIRE 

Fro. 52.-Gold leaf electroscope. ft consists 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. 

If. 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 he 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 

Fm. 53.-Henley's quadrant electroscope used to indicate large 
charges of 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 
h', 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 
electrometer. 
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more widely; while, on the approach of one negatively alectrihed, they 
will tend to close together. If now the brown paper be brought near 
the electroscope, the leaves will he seen to diverge mot -e, proving the 
electrification of the paper to be of the same kind as teat 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. 

Fro. 54.-Faraday's net. It consists of. a bag N, of cotton gauze, or mosquito netting 
supported on an insulating stand I. 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 means on the 
outside. By the aid of the silk strings S,S, the hag can he 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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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 a magnet 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 he 
demonstrated by the following experiment: 

ROD APPROACHING 

Fio. 56.-Experiment to illustrate electrostatic induction. The leaves 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 ti', aa', rr', fi' 

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 
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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. 

Fla. 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 he 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 Electrophórus.-This is a simple and ingenious instru- 
ment, invented by Volta in 1775 for the purpose of procuring, 
by the principle of induction, an unlimited number of charge 

of electricity from one single charge. 

Foos. 58 and 59.-The electrophorus and method of using. Charge B; place A, in contact 

with B, and touch A, (fig. 58). The disc is now charged by induction and mill 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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beaten or rubbed with fur or a woolen cloth, the disc A, is then 
placed on the cake, touched with the finger 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 

!1Ilill11111E1lllll 

++_+ ++++ 

`l;IIII1111111111IIIII 

++++++++ 

_1111 

JIB 
Fos. 60 to 63.-Illustrating 'how the electrophorus works " 
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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 take is first beaten with the cat's Ain 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 for 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 

Fins. 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 direction of 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 he 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 hound as it were by its attraction toward the negative charge on the cake. 

Flo. fib.-Lines of force of a charged sphere and a conductor under induction. The negative electrification on the end a, of the cylinder indicates that a certain number of lines end there, while the positive electrification on the end b, similarly indicates that an equal num- ber of lines set out from that end. It is one of the fundamental properties 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 ín 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. Hence the lines starting from b, are entirely distinct from those ending at a. The two sets arc equal in number because no charge has been given to the cylinder, either positive or negative, and therefore the sum of all the positive electrifications (or lines starting from b) must be equal to the sum of all the negative electrifications (or the lines ending at a). 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 often as desired. As a matter of fact, the charge 
on the cake slowly dissipates, especially if the air he 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 
he saved by having a pill of brass or a strip of tinfoil projecting from the 

K 

Fw. 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, charged conductor K. carried 
by a silk thread, is lowered into the pail, and finally touches it at the bottom. While 

is being 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, is found to be com- 

pletely discharged. 

metallic "sole" on to the top of the cake, so that it touches the plate each 

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. 
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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 
Fins. 68 to 71.-Explanation of Faraday's ice pail exp.riment. For simplicity the electro- 

scope, insulating stand and silk thread have been omitted. Only the three principal con- 
ductors K, 1', and the earth E, are shown. In fig. 68 the ball K. is sufficiently close to 1', 
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 I', pass to E. In fig. 70, K. is so far within P, that 
none of its lines can reach E, through the dielectric; they all fall on P, and from the out- 
side of P. an equal number start and pass through the dielectric to E. It is evident that 
in this position K, can be moved about within I', 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 P. 
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 electricity 

mmiuuM1ai181iuimmai7i1110umuumu1iiii!1mmii11ramm. 

Fw. 72.-Voltá 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,S' connected with the earth increases 
the amount of divergence by induction. 

than wizen 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 all 

VARNISHED 
GLASS 

,CHAIN 

INNER COATING 
OF TIN FOIL 

OUTER COATING 
OF TIN FOIL 

FIGS. 73 and 74.-The Leyden jar and discharger. Its discovery is attributed to the attempt 
of Musschenhrock and his pupil Cuneus to 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 essentially of two insulated conductors, separated 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 wooden 
stopper, and connected to the inner coat by a loose chain, as shown in 
fig. 73. 

Ftca. 75 to 77.-Knott demonstration Leyden jars for demonstrating that an electric charge 
resides as potential energy in the glass of a Leyden jar and not in the metallic coatings. 
This is a disseetible 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. 

4 

is++Itilw Q4 

Ftc. 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 by connecting the 
inner coating to one knob of an electrical machine and the outer 
coating to the other knob. 

The discharge of a condenser is effected by connecting the 
plates having an opposite charge. 

This may he 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 

TINFOIL CONDUCTORS 

Fta. 79. --Condenser for induction coil. In cons ruc!' . 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 he 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 acting electrophorus. 
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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 inductors. 

In front of E, is ayevolving glass plate carrying discs 1,m,n,o,p, 
and q, called carriers. 

To the inductors AB and CD, are fastened metal arms land u, 
which bring B and C, into electrical contact with the discs l,m, 
n,o,p, and q, when these discs' pass beneath the tinsel brushes 
carried by 1 and u. 

A stationary metallic rod rs, 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'. 

Fro. 80.-The Toepler-Holtz electric machine. Fla. 81.-Principle of Toepler-l-loltz electric 
machine. 

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

Suppose that a small charge is originally placed on the inductor CD. 
Induction takes place in the metallic system consisting of the discs 1 and o, 
and the rod rs, 1 becoming negatively charged and o, positively charged. 

As the plate carrying l,rn,n,o,p,q, rotates in the direction of the arrow 
the negative charge on 1, is carried over to the position ni, where a part 
of it passes over to the inductor AB, thus charging it negatively. 
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When 1, 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 1, reaches the position o. it again becomes charged by 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. 

i111 ,: 
f----- II ,i 

' d' 
. 

f(N ,_ .. 6., s- ... ..i--- ' . 
-3P V . 

Fie. 82.-The Toepler-I loltz Electric 15.1achine. 

In the position v. the remainder of the positive charge on I, passes over 
to L'. This completes the cycle for I. Thus as the rotation continues AB 
and CD, acquire stronger and stronger charges, the inductive action 
upon rs, 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 Wintshurst Machine.-The essential parts of an or- 
dinary Wimshurst machine, as shown in fig. 85, are two in- 
sulating plates or drunzs. 

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

FIG. 83.-Static collectors. This conzists of a number of sharp tacks driven through a piece of 
tin, or some small wires soldered to a large one, and the row of points fastened near the pulley 
so 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. 

SILK 

GLASS 
CYLINDER 

CUSHION 

COMB 

' á e 

BRASS 'CYLINDER 

Fro. 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 extending 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 -.tIascart 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.-Kighi 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 machine 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. 
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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 bodies 

are brought into contact with each other? 
11. flow is a charged body discharged? 

12. How is the charge distributed? 
13. Describe I3oit'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. What is an electroscope? 

20. What is an electroscope used for? 

21. What happens when an electrified body is held 
near art electroscope? 

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

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

24. Give method of using the gold leaf electroscope. 

25. What is an electric screen? 

26. Describe Faraday's electric screen experiment. 

27. Explain electrification by induction. 

28. Describe an experiment illustrating electrification 
by induction. 

29. What is the nature of an induced charge? 

30. What is an electrophorus and who invented it? 

31. Explain how to use an electrophorus. 

32. State the theory of the electrophorus. 

33. What is a condenser? 

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

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

37. 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. Describe the Wirnshurst machine. 

41. How does it operate? 
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CHAPTER 3 

Electric Current 

The ordinary statement that an electric current 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 

POTENTIAL (VOLTS) 

NEGATIVE 

QUANTITY PUMPED WALL OF PIPE 

(AMPERES) (INSULATOR) 

FORCE 

(VOLTS) 

WATER IN FRICTION OR 

PUMP RESISTANCE I PIPE 

(ELECTRICITY) (OHMS) M (CONDUCTOR) 

FIG. 87.-Hydraulic analogy of electric current. 

state from that in which they are when no electric current is 
said to he 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. 

Fta. 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 It, 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 voltage 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? 

CENTRIFUGAL 
PUMP 

ON 
CELL 

.A 

Ftas. 89 and 90.-Diagrams showing hydraulic analogy illustrating the difference between 
amperes and coulombs. If the current strength in fig. 90 be one ampere, the quantity 
of electricity passing any point in the circuit per hour is 1 X60 X60 =3,600 coulombs. The 
Tate of current flow of one ampere in fig. 90 may he 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 B'. The difference of pressure between A 
and B, in the electric circuit corresponds to the difference of pressure between A' and B'. 
The cell furnishes the energy to move the current by maintaining a difference of 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 

MOMENTARY 
9 b t CONT 
.S0 , r 3 \\ - a`4i i 

Mµ 

152. VOLT CELL_ IIII > 
E= i_55-.06OHM 

25 

FIG. 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 to the pressure in volts divided by the resistance 
in ohms, that is: 

pressure volts 
current - - 

resistance ohms (1) 

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

R = (2) 
in which 

I = current strength in amperes, 
E = pressure in volts, 
R= resistance in ohms. 

from (2) is derived the following: 

E = I12 (3) 

12 = Í (4) 

Example.-A circuit having a resistance of 5 ohms is under a pressure 
of 110 volts. Ilow much current slow? 

From Ohm's law, amperes = volts _ resistance (equation 2) = 110 
5 = 22 amperes. 

Example.-If the resistance of a circuit he 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, resistance = volts _ amperes (equation 4) = 110 
15 = 7H 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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relistance;. the' latter depends upon the material, length and 
diameter 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 L AW 
CURRENT 

I= E 

ELECTROMOTIVE FORCE = RESISTANCE 

VOLTS AMPERES = OHMS R 

RESISTANCE 

R E 

ELECTROMOTIVE FORCE = 
CURRENT 

OHMS = VOLTS 
I AMPERES 

ELECTROMOTIVE FORCE = 
CURRENT X RESISTANCE 

E - I R VOLTS =AMPERES X OHMS 

If the insulation 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 return. 

When wires are used for both lead and return, it is called a metallic cir- 
cuit; 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; 

INSULATED 
SPARK WIRE 

Ih 

NO SPARK 

BREAK IN 
INSULATION 

SHORT 
CIRCUIT 

FIG. 92.-Ignition circuit illustrating insulator, short circuit, lead, return, etc. 

FIGS. 93 and 94.-Elementary machines illustrating direct and alternating current. 
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5. Low tension, 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. 

TIMER 

SECONDARY CURRENT 

nrd %. 
HIGH TENSION 

.CONDENSER 

H 
lb 

We/ 

Meeife 
iiiil1ii1* 

INDUCTION COIL 

PRIMARY CURRENT 
LOW TENSION 

SECONDARY CURRENT 

Fica. 95 and 96.-Ignition and lighting circuits illustrating primary and secondary current, 
high tension and low tension. /f will be seen from the illustrations that careful distinction 
must be madribefween 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 he 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. The opening 
of the tap completes the necessary path (the greater. part of which was 
already in existence) and the water flows. 

1, : 
.-ai. o. .. Jb: 

:.11 

71 

Fro. 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 electric current; if in a closed 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 is equal in all parts of 
the circuit. 

'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," "potential difference," "voltage," or 
"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. 

CHEMICALLY 
MECHANICAL POWER 

MECHANICALLY 

Ftcs. 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- 
lyte. 

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 
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Fta. 101 -Voltá s "Crown of Cups." The metallic elements C and Z, consisted of two metals, the plate C. being of copper and the plate 2, 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 next 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. 

battery 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 electricity is produced, but part of the supply 
already existing is simply set in motion by creating an electric 
pressure. 

An electric current, according to the third method, is gen - 

i% - t 
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Ftc. 102.-Hydraulic analogy of strength b( cunent. Comparing the flow of water into the 
locomotive tender to the electric current. If say 5 gallons of water he discharged per second 
or 5 X60 =300 gals. per minute. this is the rate of flow. Similarly, i(5 coulombs of electricity 
flow through the current per second then the current strength is 5 amperes. 

crated 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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Tite strength of a current is the quantity of electricity which flows 
past any point of the circuit 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 2% coulombs per second, or 2;1 amperes. 

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

Fm. 10.3.-Hydrostatic analogy of fall of pressure in an electric circuit. 
Fta. 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 that at 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 



58 Electric Current 

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 

PARALLEL CIRCUIT 

O O O O O © O © 

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? 

2. What should be noted in comparing hydraulics 
and electricity? 

3. How is electricity conveniently considered and 
why? 

4. What duty is performed by all electrical machines 
and batteries? 

5. Give hydraulic analogy of the electric current. 

6. What is electric pressure called? 

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

8. Define, volt, ampere, ohm. 

9. State Ohm's law. 

10. Define the terms short circuit, lead, return. 

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

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

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

14. Describe the production of an electric current. 

15. Name three ways of obtaining voltage to cause 
current flow. 
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16. What word is incorrectly used for cell? 

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

18. What is used to produce a current chemically and 
mechanically? 

19. Define the term strength of current. Give example. 

20. 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 together so as to 

form a single unit. 
There are numerous forms of primary cell; they may be 

classified as follows: 

Ftos. 107 and 108.-Couronne de Tassel and Volta's pile, the first of all batteries (1800). The 
Couronne de Tasses (crown of cups) was a battery of simple cells in series. Each 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 lelt. 
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 intermittent work, where the cell is in service for short periods 
of time, such as in electric hells, 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. 

ÍTI 

VE 
POSITIVE (E 

POLE 

NEGATIVE POSITIVE 
ELEMENT ELEMENT 

:4-4.-,-_-_::- ._-+ .`. 
COPDER _.r.l==_=._+ .:: '''ZINC 

, - ----_-_ I =: 

Fio. 103.-Simple primary cell. It consists of two dissimilar metal plates (such as copper 
and zinc which are called the elements) immersed in the electrolyte or exciting fluid con- 
tained in the glass jar. 

Fm. 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 Iwo fluid cells, each metal plate is immersed in a separate solution, one 

OPEN CIRCUIT 

CIGCUIT OGCN NOST Of TM[ TIMO 

CIGCUR CLOSED ..05T Of TM[ 'fife 

CLOSED CIRCUIT 

FIGs. 111 and 112.-llistinction 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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GLASS 
TUBE 

S -G 
SALT 

1S21NC 

.;i:1118014 

Pios. 113 to 121.-Various primary cells. Fig. 113, carbon cell; fig. 114, Disque Leclanchecell 
(single fluid with solid depolarizer); fig. 115, Fuller telephone standard cell (adapted to long 
distance telephoning); fig. 116, Edison single fluid cell (caustic soda electrolyte; suitable for ignition 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 liquids separate; suitable 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 cell (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 

COPPER 

NEGATIVE 
OR 

PLATE NOT ATTACKED 

NEGATIVE POLE 

ZINC 

POSITIVE 
OR 

ATTACKED PLATE 

FIG. 122.-Elementary primary cell illustraCng the action of a cell. An important point to 
be noted is that the polarity of each platc 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 now. 

the electro -chemical generation of current depends is, that if a 
plate of metal be placed in a liquid 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 to 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 
chemically to that which is least acted upon. 

POLARIZATION 
SOME BUBBLES 

ESCAPE 

BUBBLES OF HYDROGEN GAS PARTIALLY 
DOVER SURFACE OF COPPER ELEMENT 

Fics. 123 and 124.-Elementary primary cell illustrating polarization. Fig. 123, shows entire 
surface of copper element exposed to action of electrolyte on first closing circuit; fig. 124, 
condition after circuit is left closed for some time, surface of the copper becomes covered 
with bubbles of hydrogen gas, which interferes with the production of current and the cell 
is said to be polarized. 

Itelerring 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 and 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, but 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 he 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 he 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 zinc, 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 

HYDROGEN 
BUBBLES 
TEND TO 

SEND CURRENT 
IN REVERSE 
DIRECTION 

CURRENT WEAKENED 
DUE: TO REVERSE OR 
OPPOSING PRESSURE 
CAUSED BY HYDROGEN 
BUBBLES 

NORMAL 
DIRECTION OF CURRENT 

Fic. 125.-Elementary primary cells illus rating how the current is weakened by polarieatior. 
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 within 
the cell? 

Ans. The zinc plate immediately becomes strongly charged 
with negative electricity, and the copper plate weakly so. As 
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Ftc. 126.-Home made primary cell. /n 
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 1 x 4 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 zinc 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. 

WOOD 
-SUPPORT . 
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Fta. 127.-Home made 
gravity cell. Procure 

mrANA9~S1111í - WOOD a glass jar 6 X 8 ins. F - j. r5UPPORT high. Next take a r piece of sheet copper 
!4x l5 ins. long and to 

NYNN 

MELTED one end solder or rivet IIn i PARAFFIN a piece of No. 16 or 18 

1" 

rubber insulated cop- 
per wire about 15 ins. 

INSULATED long; first removing III!i ZING the insulation from WIRE 
the ends of the wire _ 

0 
and cleaning same. 
Coil up the strip of 
copper as shown. The 
free end of the wire 

'III 
IIII¡ 

forms a ptsicll. ter- 
Pro - 

forms COPPEF minalofthecll. Pro- Ill1pll ' I cure zinc disc about 
'yl. I in. thick and 4 or 5 ~III I 

ins. in diameter. To 

III,I' 
its center rivet a 
piece of No. 16 or 18 
copper wire; over the rivet melt a small piece of parafline. 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 D, are the terminals. For the electrolyte take 3 
lbs. 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. 

T TERMINALS T 
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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 

*P M1_ 
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OttACUUM 

..1 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. 

IM13°. 

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 
topper 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 plate 
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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Fro. 130.-Polarity indicator. It indicates the 
negative and positive poles when connected 
in circuit. 

Flo. 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 of 
various solutions, etc. 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- I Iii 

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. 

A nralgamat ing Fluid.-Two-ounces mer- 
cury, 1 ounce aqua regia. 10 ounces water. Dip 
zinc into solution and then wash with water. 
No need of brush or rag. 

Leclanehe Cell.-Place 6 ounces ammonium chloride into jar and fill with water to two- 
thirds its capacity. Stir sell 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. 
Grace 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 measure 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. 

Chronic Acid Solution.-There are many different formulae, 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. 

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- 
motive force. 

Hydrogen is almost as oxidizable a substance as zinc, especially when 
freshly deposited (in the -nascent" state), and is electropositive: hence, 

LARD: DEFLECTION 

GALVANOMETER 

NO HYDROGEN BUBBLES 
ON NEÚATIVE PLATE 

Flo. 132.-Condition of cell before polarization takes place. Note no hydrogen bubbles on 
negative plate, allowing full flow of current as indicated by large deflection of galvanometer. 

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: 



74 Primary Cells 

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 

Fro. 133.-Polarized ccl . 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 zinc, copper, and dilute sulphuric acid, 
no attempt has been made to prevent the evil of polarization, hence, it 

BRUSHING OFF BUBBLES 

DEFLECTION 
I NCR EASING. 

GALVANOMETER 

CLEAN SURFACE 

Fin. 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. 

NOTE.- When polarization is remedied by chemical means, the 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. 

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

FIG. 138. -Waterbury ARA cell; indication 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. 

FIG. 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 
u hen the rated capacity. 
500 ampere hours, has been 
used, but there is still con- 
siderable capacity remain- 
ing, the amount depending 
upon the nature of the work 
and general service condi- 
tions. 

_; 
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FIG. 140.-Waterbury ARA cell; indication of exhaustion 4: After the small holes appear as 
in fig. 139, there will be approximately one -quarter f jy) 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 into 

Fio. 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 left contains, at A. an amalgam 
of pure zinc. The other vessel contains, at M. mercury covered with pure mercurous sul- 
phate. Hg2SO,. 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-.00077(t-15 deg. C.)-(Ayrton). 

contact, different results are obtained, both as to the kind of 
electrification as well as the difference of pressure. 

Volta found that iron, when in contact with zinc, becomes 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 Volta 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.-Tire difference of pressure between any two 
metals is equal to the sum of the differences of pressures of all the 
intermediate 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. 
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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 to 

the quantity of electricity that passes through it. 

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 action is equal in each cell of a bat- 
tery connected in series. 

GOPPER+ ZING - 

SAW DUST 

COPPER SULPHATE - 
Fra. 142.--Calland cell, this is a form of gravity COPPER DISC 

Daniell's cell, since the copper sulphate is supplied 
by a small crystal being dropped into the cell daily, and the supply being adjusted to 
suit the demand, the plane of separation of the transparent zinc sulphate solution from the 
blue su:phate of copper solution may be kept sharp and well defined. To 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 
even 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. 

TERMINAL 

F a. 143 -Minotto 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 rivetéd 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 tite copper sulphate from thz 
layer of sand or sawdust, and on the top of the sawdust rests the zinc plate separated from 
the san.l or sawdust by a piece of thin canvas. The cell is completed by pouring in some 

solution of zinc sulphate, so as to cover the zinc disc, but not so much 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 
squeezed partially dry, because if put into the cell quite dry a long time must elapse before 
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 Minottti 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. 
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Requirements of a Good CelI.-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 

(DEPOLARIZER) 

ALL SURFACE EXPOSED 

SINGLE FLUID 
FIGS. 144 and 145.-Typical single and two fluid cells. 

TWO FLUID 

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 its zinc and copper plates rep- 
resents the simplest form of primary cell. 

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

Fto. 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 bottom keep ele- 
ments centralized. The copper oxide is sealed in the basket to prevent sifting out during 
shipment. 

Fto. 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 copp,.r oxide 
basket opened. 

Flo. 148.-Waterbury telecell after water has been added, the electrolyte made and the cell 
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 

ZINC 

PITCH 

PORLIS CUP 

FIGS. 149 and 150.-Leclanche cell and porous 
Ih 

:ñjf ut º a cup. Tnia very common form of cell is an ex - 
Dili ample of the single fluid type, with a solid de- 

polarizer surrounding the negative element; 
the latter is generally carbon. the positive clement being zinc. The liquid used is a strong 
solution of ammonium chloride. commonly known as sal -ammoniac, and which resembles table salt. In the porous cup type of cell, a carbon slab is placed in the ,porous cu t, and is 
surrounded by a mixture of small pieces of carbon and manganese dioxide, the top being 
covered by means of pitch, 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 and 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 its construction; the outer one is 

of glass, contains a zinc rod, and is 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 oxygen from the manganese peroxide, and is subsequently 

converted into zinc chloride by the action of the sal -ammoniac. 

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

After 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 1 i_ 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 *ill 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. 
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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; 

emu_ 
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ly 
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Ftcs. 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 lamps, motors. nickel and other electroplating. The Fuller cell 
is of the double fluid variety and has the advantage over the Crenet 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. 

Í II 

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 Bichromata Ce11.-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 at the end of a metallic rod covered with guttapercha is 

placed in the bottom of a porous cup containing 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 bichromate 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 híchromate 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 CelI.-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 front the cover of the 

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

jar by a light framework of cop her, one end of which forms the posi- 
tive pole of the battery. A zinc plate is suspended on each side of 
the copper oxide element and kept from conning in contact with the 
latter by paeans of vulcanite buttons. 

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 

FIG. 154.-Bunsen cell. This is a two fluid cell and has a bar of carbon immersed in strong 

nitric 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 by 

composition and recomposition, the sulphuric acid; it then passes through the porous par- 

tition, and enters 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 water. Grope used a strip of platinum instead of 

carbon in his cell. A solution of bichromate of potassium is frequently substituted for the 

nitric acid in the porous cup. thereby avoiding disagreeable fumes. Bunsen'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 little used for work of 

long duration. The electromotive force of these cells is about 1.8 volts. ' 
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of about % 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 he 
drawn from the cell. 

The Bunsen Cell.-As shown in fig. 154, this is a two fluid cell 

DORUS CUP 

ZING 

Ftc. 155.-Sectional view of Bunsen 
anti-polarizer. 

CARBON BAR 

STRONG NITRIC ACID 

cell showing elements, 

DILUTE 
SULPHURIC ACID 

porous cup. electrolyte and 

constructed with zinc and carbon electrodes. The negative plate 
is carbon, the positive plate amalgamated zinc. The excitant is 

a dilute solution of sulphuric acid. 7'he top part of the carbon 
is sometimes impregnated with paraffin (to keep the acid front 
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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WATER IS 
PRODUCED 

P0150N0US SULPHURIC 
FUMES ZINC ACID 

HYDROGEN BUBBLES 
START HERE. 

TRAVERSE THE. 
SULPHURIC ACID 

PASS THROUGH 
THE POROUS CUP 

BUBBLES ABSORBED BY NITRIC ACID 
NO BUBBLES REACH THE CARBON 

.FIG. 156.-Detail of Bunsen cell showing how the anti-polarizer arrangement works. See description fig. 155. 

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 so that one or more cells, connected in series or parallel. may he used as desired. The lustration shows four cells in use, the two not in use wesuspended to the cross rod. By turn- ing the crank all 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 Ce11.-In this cell, as shown in figs.158 and 
159, the positive element is zinc and the negative element carbon. 
The electrolyte is a solution of bichromate of potash in a mixture 
of sulphuric acid and water. 

FIGS. 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. 
so 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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1. 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 wórk, 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 
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Fro. 160.-Simple Daniell cell for closed circuit wo k. 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 dilute zinc sulphate solution, and an outer vessel 
containing a saturated solution of copper sulphate. 
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A zinc rod is placed in the inner electrolyte, and a thin plate 
of sheet copper in the outer electrolyte. 

Sometimes this arrangement of the elements is modified, the outer 
vessel being made of copper and serving as the copper plate. This would 
then contain the copper sulphate solution, while the zinc sulphate and the 
zinc rod would be contained in the porous pot as before. 

The chemical reactions which take place in a Daniell cell are 
as follows: 

The zinc dissolves in the dilute acid, thus producing zinc sulphate, and 
liberating hydrogen gas. The free hydrogen passes through tl.e walls of 
the porous pot, but when it reaches the copper sulphate solution it dis- 
places some of the copper therefrom, and combines with this solution, 
forming sulphuric acid. The copper, which is thus set free, is deposited 
on the surface of the copper plate. In this way polarization is avoided, 
and a practically constant current is obtained. 

When the zinc sulphate solution is employed in place of dilute acid, a 
similar series of chemical reactions occur, except that the zinc is liberated 
instead of hydrogen. 

Daniell cells are used especially for electroplating, electro- 
typing and telegraphic work. The pressure of a single cell is 
about 1.08 volt. 

Elections for Making a Daniell Cell.-The simple Daniell 
cell shown in fig. 160 may be easily made as follows: 

The outer vessel A, consists of a glass jar (an ordinary glass jam jar 
will do) containing a solution of sulphuric acid (1 part in 12 to 20 parts of 
water), and a zinc rod 13. 

Inside the jar is placed a porous pot C, containing a strip of thin sheet 
copper D, and a saturated solution of sulphate of copper (also called 
"blue stone" and "blue vitrol"). 

The zinc is preferably of the Leclanche form, which will be found to be 
cleaner, more durable, and cheaper than a zinc sheet. The porous pot 
should be dipped in melted paraffin wax, both top and bottom, to 
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prevent the solution mirigling too freely and "creeping." A few crystals 
of copper sulphate are placed in the pot as shown. 

In mixing the sulphuric acid and water, the acid should be 
added to the water-never the reverse. Zinc sulphate is sometimes 

, used instead, as it reduces the wasteful consumption of the 
zinc, but it should be pure. 

Ftc. 161.-Daniell gravity 
cell, "crow foot" pattern. 
This is a two fluid cell in 
which gravity instead of a 
porous cup is depended 
upon to keep the liquids 
separate. The two solu- 
tions consist of copper 
sulphate and dilute sul- 
phuric acid, the elements 
being made of zinc and 
copper. 

ÇiI:. 

With care the cell will last for weeks. When it weakens or "runs down," 
an addition of sulphuric acid to the outer jar and a few more crystals 
placed in the porous pot will put the cell in good condition. 
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Gravity Cells.-In a two liquid cell, instead of employing a 

porous cell to keep the two liquids separate, it is possible, where 

GLASS 
'TUBE 

5 

5 . SALT 

bd. 162.-Partz acid 
gravity ceJ1.1n this 
form of cell, the el- 
ectrolyte which sur- 
rounds the zinc is 
either magnesium 
sulphate or com- 
mon salt. The depo- 
larizer Is a bichro- 
mate solution 
which surrounds the 
perforated carbon 
plate located in the 
bottom of the jar. 
A vertical carbon 
rod fits snugly into the tapered hole in the carbon prate, and extends through the cover 

forming the positive pole. The depolarizer, being heavier than the electrolyte, remains 

at the bottom of the jar, and the two liquids are thus kept separate. This depolarizer is 

placed on the market in the form of crystals, known as sulpho-chromic salt,, made by the 

action of sulphuric acid upon chromic acid. When dissolved, its action is similar to that of 

the chromic acid solution. After the cell has been set up with everything else in place, 

the crystals are introduced into the solution, near the bottom of the jar, through the vertical 

glass tube shown, and slowly dissolve and diffuse over the surface of the carbon plate. When 

the cell current weakens a few tablespoonfuls of the salt introduced through the tube will 

restore the current to its normal value. The cell should remain undisturbed to prevent the 

solution mixing. Its voltage is from 1.9 to 2 volts, and the 6 In. X 8 in. size has an In- 

ternal resistance of about .5 ohm. Since the depolarizer is quite effective, the cell may be 

used on open or closed circuit work. 
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one of the liquids is heavier than the other, to arrange that the 
heavier liquid shall form a stratum at the bottom of the cell, 
the lighter floating upon it. Such arrangements are called 
gravity cells; but the separation is never perfect, the heavy 
liquid slowly diffusing upwards. 

ItU'I ''''--. ...,.,r 
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FIGS. 163 to 165.-Various zincs; fig. 163 crow foot; fig. 161 Lockwood; fig. 165 fire alárm. 

'.;., .. . 
FIGS. 166 and 167.-Two forms of copper element: fig. 166, regular form for crowfoot cell; 

fig. 167, signal pan bottom copper. 

Daniell Gravity Cell.-In this cell, shown in fig. 161, the 
same elements are used as in the ordinary Daniell cell, but the 
porous pot is dispensed with, the two solutions being separated 
by the action of gravity as explained in the preceding paragraph. 
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The copper sulphate solution, being the heavier of the two, rests 
al the bottom of the battery jar, while the dilute sulphuric acid re- 
mains at the top. To suit this arrangement the copper and zinc 
elements are located as shown, the copper elements being at the 
bottom, and the zinc element, shaped like a crow's foot (hence 
the name "crow foot cell") is suspended at the top. 

The absence of the porous pot decreases the internal resistance, but 
the voltage is the same as in the ordinary type of Daniell cell. 

When a current is produced by a Daniell cell: 
1. Copper is deposited on the copper plate; 
2. Copper sulphate is consumed; 
3. The sulphuric acid remains unchanged in quantity; 

Fins. 168 to 170.-Various carbons; fig. 168 Cylindrical form; fig. 169 Calland star; fig. 170. 
wheel. 

4. Zinc sulphate is formed; 
5. Zinc is consumed. 

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 deposit of h} drogen lowers the voltage, hence 
care should be taken to maintain an adequate supply of copper sulphate. 

The voltage of a Daniell cell varies from about 1.07 volt to. 
1.14 volt, according to the density of the copper sulphate solu- 
tion and the amount of zinc sulphate present in the dilute sul- 
phuric acid. 
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Points Relating to the Care of Cells.-To get the best results 
from primary cells, they should receive proper attention and 
be maintained in good condition. The instructions here given 
should be carefully followed. 

Cleanliness.-In the care of batteries, cleanliness is essential 
in order to secure best results. Zincs and coppers should be 

J 

rms. 171 to 176.-Various zincs; fig. 171 Fuller; fig. 172 Daniell; fig. 173 Leclanche square; fig. 
174 Leclanche round; fig. 175 Sampson; fig. 176 bottle. 

thoroughly cleaned every time a cell is taken out of use. The 
zinc, after being thoroughly cleaned, should be rubbed with a 
little mercury. This prevents local action. 

Porous cups should be soaked in clean water four or five hours and 
then wiped dry. 

The terminals of each céll should be thoroughly cleansed and scraped 
bright so as to get good contact of the connecting wires and thus avoid 
extra resistance in the circuit. 
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Separating the Elements.-Obviously the positive and neg- 
ative elements of a cell must not be in contact within the 
exciting fluid; they should he separated by a space of % to 
inch. In the case of cells without porous cups, periodic atten- 
tion must be given to ensure this condition being maintained. 

Creeping.-As evaporation of the electrolyte takes place in 
a cell, it increases in strength, and crystals are left on the 
sides of the jar previously wetted by the solution, the action 
being very marked when the solution is a saturated one. The 
space between these crystals and the side of the jar acts as a num- 
ber of capillary tubes, and draws up more liquid, which itself 
evaporates and deposits crystals above the former ones. Thus 
finally the film of crystals passes over the. edge of the jar and 
forms on the outside, making a kind of syphon which draws 
off the liquid. 

This action may, to a great extent, be prevented by warming the edges 
of the glass, or stoneware jars, and of the porous pots, before the cells are 
made up, and dipping them while warm into some paraffin wax melted in 
warm oil, a precaution that should always be carried out when a dense 
solution of zinc sulphate is employed in the cell. 

Amalgamated Zinc.-To "amalgamate" a piece of zinc, 
dip it into dilute sulphuric acid to clean its surface, then rub a 
little mercury over it by means of a piece of rag tied on to the 
end of a stick, and lastly, leave the zinc standing for a short time 
in a dish to catch the surplus mercury as it drains off. 

The action of the amalgamated zinc is not well understood; by some 
it is considered that amalgamating the zinc prevents local currents by the 
amalgam mechanically covering up the impurities on the surface of the 
zinc and preventing their coming into contact with the liquid. 

By others it is thought that amalgamating the zinc protects it from local 
action by causing a film of hydrogen gas to adhere to it. This theory is 
based on the fact that while no action takes place when amalgamated zinc 
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.is placed in dilute' sulphuric acid at ordinary atmospheric pressure, the 
creation of a vacuum above the liquid causes a rapid evolution of hydrogen, 
which, however, stops on the re -admission of the air. 

Amalgamating a zinc causes it to act as a somewhat more positive sub- 
stance than before, therefore the voltage of a cell containing amalgamated 
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Fro. 177.-Edison caustic soda cell with barrel shape jar and multiple plate element. 

zinc is slightly higher than that of a cell constructed with unamalgamated 
zinc. 

The addition of a very small amount of zinc to mercury causes the mer- 
cury to act as if it were zinc alone, arising perhaps from the amalgam 
having the effect of bringing the zinc to the surface. 

So-called "Dry" Cells.-It is often necessary to use cells .in 
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places where there is considerable jarring br motion, as for 
automobile or marine ignition. The ordinary cell is not well 
adapted to this service on account of the liability of spilling the 
electrolyte, hence, the introduction of the so called dry cell. 

A dry cell is composed of two elements, usually zinc and car- 
bon, and a liquid electrolyte. 

A zinc cup closed at the bottom and open at the top forms the negative 
electrode: this is lined with several layers of blotting paper or other ab- 
sorbing material. 

The positive electrode consists of a carbon rod placed in the center of 
the cup; the space between is filled with carbon-ground coke and dioxide 
of manganese mixed with an absorbent material. This tilling is moistened 
with a liquid, generally sal -ammoniac. The top of the cell is closed with 
pitch to prevent leakage and evaporation. A binding post for holding the 
wire connections is attached to each electrode and each cell is placed in 
a paper box to protect the zincs of adjacent cells from coining into contact 
with each other when finally connected together to form a battery. 

How a I)ry Cell Works.-There is nothing mysterious about 
a dry cell or the manner in which it works. In its usual form 
a dry cell consists of a zinc can into which are packed certain 
active chemical materials which combine with the zinc to produce 
an electrical pressure or voltage. The voltage thus produced is 
the result of the chemicals used and is always the same regard- 
less of the size of the dry cell. A new dry cell has a pressure 
of about 1.5 volts, and this is true whether the dry cell be a 
very small one like a flash light battery or a large 6 in. dry cell. 

A dry cell is simply a package of electricity done up in convenient form. 
When you purchase a dry cell, the commodity actually bought is stored 
up electricity and the dry cell which gives you the most electricity for a 
given price is the cell you want to use. 

The unit of quantity of electricity is commonly known as the ampere 
hour. It is the amount of electricity which will flow from a battery that 
is delivering one ampere for a period of one hour or one-half an ampere for 
a period of two hours, etc. If the number of ampere hours in a dry cell 
he known and also the rate at which this electricity was extracted from 
the cell, it would be a simple matter to find out how long the dry cell 
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would last. To determine this, divide the ampere hour capacity of the dry 
cell by the current which it is delivering in amperes, and the result is the 
number of hours that the cell will last. 

In practical use it is almost impossible to apply this simple calculation 
todry cells because it is very difficult to predict just how many ampere 
hours a dry cell will deliver. 

The amount of electricity which is actually in a dry cell and the amount 
which can be obtained from it are two different things, and sometimes the 
difference is surprisingly large. 

Il 

Fin. 78.-How to test a dry cell. 1 lace terminal of ammeter on proper pole of cell and 
momentarily touch the other term'nal with the ammeter lead. Cell should "kick" 25 to 30 
amperes if fresh. Don't buy a dry cell without testing it yourself. In testing. don't hold the 
connection any longer than necessary to read the ammeter. If a dealer objects to cells being 
tested it is evidence that they are no good anti that the dealer is dishonest. 

The amount of electricity actually stored in a dry cell depends pri- 
marily on the size of the cell and the skill and knowledge of the manu- 
facturer. 

The amount of electricity which can he obtained from a dry cell depends 
very largely on the rate at which the cell is discharged, that is, the amount 



Primary Cells 103 

of current which the battery is called upon to deliver. If the current be 
too small in proportion to the size of the cell, the time required to dis- 
charge it will be so great that the factor of natural depreciation, which 
is characteristic of all dry cells, consumes a measurable proportion of 
the cell's capacity, leaving less than the full amount 
for useful service. 

On the other hand, if the current be too great for 
the size of cell, then the cell will be overloaded, and 
this, too, reduces its capacity. 

Between these two extremes is a certain current drain 
for each size of dry cell at which it will give practi- 
cally all the electricity originally stored in it by the 
manufacturer. 

This current drain is called the normal discharge rate 
of the dry cell. 

The larger the cell, the larger its normal discharge 
rate and the greater its capacity. 

Points Relating to Dry Cells.-The follow- 
ing instructions on the care and operation of 
dry cells should be carefully noted and fol- 

lowed to get the best 
results: 

1. In renewing dry cells 
(or any other kind of cell), 
a greater number should 
never be put in series than 
was originally required to 
do the work, because the 
additional cells increase 
the voltage beyond that 

Flo. Ult.-Burgess battery ammeter for testing dry cells. 

Fro. I80.-Burgess flash light battery and lamp tester. It contains sockets for three sizes of 
lamps, with a flexible lead from each socket. Thus either a two cell battery, three cell battery 
or a Uni-Cel can be tested without changing the lamp. Care should be used not to test a 
three cell battery on a two cell lamp, as the lamp is apt to be burnt out. On the other hand, 
if a two cell battery be tested on a three cell lamp. the battery will appear :o be weak. Uni- 
Cels should be tested only with a one and a half volt lamp. 
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required, which causes more current than is necessary to flow through 
the coil. This increased current flow shortens the life of the battery. 

2. In connecting dry cells in places where there is vibration, heavy 
copper wire should not be used, because vibration will cause it to break. 

3. Water should not be allowed to come in contact with the paper 
covers of the cells because they form the insulation, hence, when moist, 
current will leak across from one cell to another, resulting in running 
down the battery. 

FIG. 181 and 182.-Testing cell without ammeter. A weak arc indicates a run down cell, 
whereas a strong arc. good condition. 'ibis test is best it ade in the dark and should 
not be relied upon in buying new cells. 

4. Dry cells will deteriorate when not in use, the internal resistance 
increasing from .1 ohm (when new) to about .5 ohm in a year. The 
reason dry cells deteriorate is because the moisture evaporates. Freez- 
ing, exposure to heat, and vibration which loosens the sealing, causes 
the evaporation. 

5. Weak cells can be strengthened somewhat by removing the paper 
jacket, punching the metal cup full of small holes, and then placing 
in a weak solution of sal -ammoniac, allowing the cells to absorb all they 
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will take up. This is only to be recommended in cases of emergency 
when they are hard to get. 

6. The average voltage of a dry cell when new is one and one-half 
volts, while the amperage ranges from about twenty-five to fifty amperes 
according to size. 

7. A dry cell when fresh should show from 20 to 25 amperes when 

tested; the date of manufacture should also be noted as fresh cells are 
most efficient. 

8. Dry cells should he tested with an ammeter, care being taken to 
do it quickly as the ammeter being of a very low resistance short circuits 
the cell. A volt meter is not used in testing because, while the cells are 
not giving out current, their voltage remains practically the same, and 

SERIES (cot Nt:CT-TO+J 

FIG. 183.-Diagram o s +cries battery connect'on: four cells are shown connected by this 
method. If the cell voltage he one and one-half volts, the pressure between the (+) and 

(-1 terminals of the Gallery is equal to the p oduct of the voltage of a single cell multiplied 
by the number of cells. For four cells it is equal to six volts. 

a cell that is very weak will show nearly full voltage. When no ammeter 
is at hand, the battery current may be tested by disconnecting the end 
of one of the terminal wires and snapping it across the binding post of 
the other terminal: the intensity of the arc produced will indicate 
the condition of the hatters . 

Battery Connections.-There are three methods of connect- 
ing cells to form a battery; they may he connected: 

1. In series; 
2. In parallel; 

NOTE-Do not palroni.e any dealer who objects to a customer testing a dry cell; he is 

dishonest. . 
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3. In series parallel. 

A series connection consists in joining the positive pole 
of one cell to the negative pole of the other, as shown in 
fig. 183. 

A series connection adds the voltage of each cell; that is, the 
voltage of the battery will equal the sum of the voltage of each 
cell. 

For example, connecting four cells of 1H volts each in series 
will give a total of six volts. 

PARALLEL (o* MULTIPLE) 
CONNECT TO- AND t TO t 

Fta. 184.-Diagram of a parallel or multip e connection. when connec ed in this manner the voltage of the battery is the same as that of a single cell, hut the current is equal to the amperage of a single ced multiplied by the number of cells. Thus with 114 volt 15 ampere dry cells, the combination or battery connected as shown would give 4 X15 =60 amperes at a pressure of 112 volts. 

A parallel or multiple connection consists in con- 
necting the positive terminal of one cell with the positive 
terminal of another cell and the negative terminal of the 
first cell with the negative terminal of the second cell. 

A parallel connection adds the amperage of each cell; that is, 
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the amperage of the battery will equal the sum of the amperage 
of each cell. 

For instance, connecting four cells of 25 amperes each in parallel will give 
a total of one hundred amperes when connected in parallel. 

A series parallel connection, fig. 185, consists of two 
series sets of cells connected in parallel. 

LTo A 6 VOLT5 
25 AMPERES 25 AMPERES 

R TO F e voLTS M TO S 6 VOLTS 
50 AMPERES 

Fta. 185.-Diagram of a series paral el connection. Two sets of 'cells are connected in series, 

and the two batteries thus formed, connected in parallel. The pressure equals the voltage 

of one cell, multiplied by the number of cells in one battery, and the amperage, that of 

one cell multiplied by the number of batteries. This form of connection is objectionable 

unless all the cells be of equal strength. If old cells be placed on one side and new cells on 

the other, current will flow (as ir. fig. 187) from the stronger through the weaker until the 

pressure of all the cells thus becomes equal. This process therefore wastes some of the 
energy of the strong cells. 

TWO WAY 

SWITCH 

FIG. 186.-Proper use of series parallel connection. Do not use both sides at the same time. 

Alternate by means of a two way switch between L and R, so that one battery can recuperate 

while the other is being used. This is a good method for battery ignition. 
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The voltage of a series parallel connection is equal to the voltage 
of one cell multiplied by the number of cells in one battery, and the 
amperage is equal to the amperage of one cell multiplied by the 
number of batteries. 

In series parallel connections the voltage of each set of cells 
or battery must be equal, or the batteries will be weakened, 
hence each battery of a series parallel connection snould con- 
tain the same number of cells. 

SIX CELL BATTERY 
U <J 

11I 

áy1 

mlp" 11111~11111, 

UNBALANGCD 
JDLTS /PRESSURE 

q 

CURRENT AT S VOLTS UNBALANCED 
PRESSURE D SCMARGING LARGER 

BATTERY 

FOUR CELL BATTERY 
Fro. 187.-Diagram to illustrate incorrect wiring. The current pressure of the six cell bat- 

tery being greater than that of the smaller unit, current will flow from the former through 
the latter until the pressure of the six cells is equal to that of the four cells. 

no. 188.-Cross section oftwin 
dry cell showing const ruction. 
It differs from the round dry 
cell only in construction, the 
active element, zinc, is not 
made into a can, but is in 
plate form .within the chem- 
ical mix, entirely encased in a 
heavy container, where it is 
subject to chemical action 
over its entire area and on 
both sides. 
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A 
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H 

INVERTED 
FLRSK 

FLASK OPErt 
AT NECK 

nos. 189 and 190.-Two forms of Meidinger gravity cell in which no porous partition is 
employed, the copper sulphate and the zinc sulphate solutions being kept separated solely 
by the action of gravity. The zinc sulphate solution being the lighter of the two is therefore 
put at the top. In each cell the copper plate G, is put inside a small inner glass tumbler I -I, 
so that the particles of zinc which may become detached from the zinc plate Z, shall fa I 

clear of the copper plate and be prevented coming into contact with it. In the type cell, 
shown in fig. 189, the crystals of copper sulphate are in a glass tube D. with only a small 
hole at the bottom; while in the type shown in fig. 190, the crystals are contained in an in- 
%erted flask open at the neck. In both types, contact is made with the copper plate by an 
insulated copper wire C. The zinc plate Z. which is in the form of a cylinder, is sup- 
ported on a shoulder B, formed by a contraction of the outer glass vessel A. 
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Fig. 187 shows an incorrect method of making a series parallel 
connection. If the circuit be open, the six cells, on account 
of having more voltage than the four cells, will overpower 
them and cause a current to slow in the direction indicated 
by the arrows until the pressure of the six cells has dropped 
to that of the four. This will use up the energy of the six cells, 
but will not weaken the four cell battery. This action can be 
corrected by placing a two-way switch in the circuit at the 
junction of the two negative terminals so that only one battery 
can be used at a time, as in fig. 186. 

TEST QUESTIONS 

1. What is the difference between a battery and a cell? 
2. How are cells classified? 
3. Describe the primary cell. 
4. What names are given to the metal plates; to the 

fluid; to the end of the metal plates? 
5. Describe the action of a cell. 

6. Why is the polarity of an element different from 
that of its terminal? 

7. Describe polarization. 
8. Describe the internal action in a cell, a, when the 

terminals are connected externally; b, when not 
connected? 

9. What governs the rate of flow of a cell? 

10. What are the effects of polarization? 
11. Give some methods of depolarizing. 
12. What is a depolarizer; depolarizer bag? 
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13. State Volta's contact law. 
14. Give contact series of metals, a, according to Volta; 

b, according to Pfaff.. 
15. Give Volta's law for contact series of metals. 
16. State the laws of chemical action in a cell. 
17. Name six requirements of a good cell. 
18. What is the difference between single and two fluid 

cells? 
19. How are the fluids separated in a two fluid cell? 
20. Describe some cells which really do not belong to 

the single fluid class. 
21. Name a cell largely used on bell circuits. 
22. Describe the Leclanche cell. 
23. Give directions for setti lg up a Leclanche cell. 
24. Is a Leclanche cell used on open or closed circuit 

work? 
25. State some objections to the Leclanche cell. 
26. Describe the construction and operation of a 

Fuller bichromate cell; what is its voltage? 
27. Name a cell well adapted for use on closed circuits. 
28. Describe the Bunsen and Grenet cells. 
29. What cell is largely used on telegraph circuits? 
30. Describe the chemical reactions which take place 

in the Daniell cell. 
31. How does the Daniell gravity cell differ from the 

Daniell cell? 
32. Describe the construction and operation of a so- 

called dry cell. 
33. Give eight points relating to dry cells. 
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34. In the care of batteries what is'very essential to 
obtain good results? 

35. What is creeping? 
36.. How is a piece of zinc amalgamated? 
37. What is the action of amalgamated zinc? 
38. How are cells connected? 
39. Describe, a, series; b, parallel; c, series parallel 

connection. 
40. What voltage and current is obtained by the vari- 

ous connections? 
41. Which form of connection is objectionable? 
42. Give battery directions for the various cells. 
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CHAPTER 5 

Conductors and Insulators 
Bodies differ from each other in a striking manner in the 

freedom with which the electric current moves upon them. 

If the electric current be imparted to a certain portion of the surface 
of glass or wax, it will he confined strictly to that portion of the surface 
which originally receives it, by contact with the source of electricity; but 
if it he in like manner imparted to a portion of the surface of a metallic 
body, it will instantaneously diffuse itself uniformly over the entire extent 
of such metallic surface, exactly as water would spread ielf uniformly 
over a level surface on which it is poured.* 

Bodies in which the electric current moves freely are called 
conductors, and those in which it does not move freely are called 
insulators. 

There is, however, no substance so good a conductor as to be devoid 
of resistance, and no substance of such high resistance as to be a rión- 
conductor. 

Mention should he made here of the misuse of the word von -conductor; 
the so-called "non-conductors" are properly termed insulators. 

*NOTE.-The discovery of this property of matter is due to Stephen Gray, who, in 1729, 
found that a cork, inserted into the end of a rubbed glass tube, and even a rod of wood stuck 
into the cork, possessed the power of attracting light bodies. He found, similarly, that metal- 
lic wire and pack thread conducted electricity, while silk did not. Gray even succeeded in 
transmitting a charge of electricity through a hempen thread over 700 feet long, suspended on 
silken loops. A little later. Du Fay succeeded in sending electricity to no less a distance than 
1,256 feet through a moistened thread, thus proving the conducting power of moisture. From 
that time the classification of bodies into conductors and insulators has been observed. 
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The bodies named in the following series possess conducting 
power in different degrees in the order in which they stand, the 
most efficient conductor being first, and the most efficient insu- 
lator being last in the list. 

Table of Conductors and Insulators 
Good Fair Partial 

Conductors Conductors Conductors Insulators 
Silver Charcoal and coke Water Slate 
Copper Carbon The body Oils 
Aluminum Plumbago Flame Porcelain 
Zinc Acid solutions Linen Dry paper 
Brass Sea water Cotton Silk 
Platinum Saline solutions Mahogany Sealing wax 
Iron Metallic ores Pine Gotta percha 
Nickel Living vegetable Rosewood Ebonite 
Tin substances Lignum Vitae Mica 
Lead Moist earth Teak Glass 

Marble Dry air 

The earth is a good conductor; much difficulty is frequently 
experienced by the wires making contact with some substance 
that will conduct the electricity to the earth.. This is called 
"grounding." 

Mode of Transmission.-The exact nature of electricity is 
not known, yet" the laws governing its action, under various con- 
ditions are well understood, just as the laws of gravitation are 
known, although the constitution of gravity cannot be defined. 

Electricity, though not a substance, can be associated with matter, and 
its transmission requires energy. While it is neither a gas nor a liquid. 
its.I ehavior sometimes is similar to that of a fluid so that it is said to "flow" 
through a conductor. The expression flowing does not really mean that 

NOTE. Copper is pre-eminently the metal used for electric conduction, being among 
the best conductors, it is excelled by one or more of the other metals, but no other approaches 
it in the average of all qualities. 
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there is an actual movement in the wire, similar to the flow of water in 
a pipe, but is a convenient expression for the phenomena involved. 

Effect of Heat -The conducting power of bodies is affected 
in different ways by their temperature. In the metals it is 
diminished by elevation of temperature; but in all other bodies, 
and especially in liquids, it is augmented. Some substances, 
which are insulators in the solid state, become conductors when 
fused. 

GROUND 
CONNECTION 

, ,. . 3Cr+' .rt7/7 
Fra. 191.-Ordinary electric bell installation with ground return illustrating the earth as a 

conductor. 

Sir II. Davy found that glass raised to a red heat became a conductor; 
and that sealing wax, pitch, amber, shellac, sulphur, and wax, became 
conductors when liquefied by heat. 

Heating Effect of the Current.-If a current of elec`ricity 
pass over a conductor, no change in the heat condition of the 
conductor will he observed as long as its transverse section is so 
considerable as to leave sufficient space for the free passage of 
the current. 
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If this thickness be diminished, 
or the quantity of electricity pass- 
ing over it be augmented, or, in 
general, if the ratio of the electri- 
city to the magnitude of the space 
afforded to it be increased, the con- 
ductor will be found to undergo an 
elevation of temperature, which 
will be greater; thegreaterthequan- 
tity of the electricity and the less 
the space supplied for its passage. 

These heat effects are mani- 
fested in different degrees in differ- 
ent metals, according to their 
varying conducting powers. 

The poorest conductors, such as 
platinum and iron, suffer much 
greater changes of temperature by 
the same charge than the best con- 
ductors, such as gold and copper. 

The charge of electricity, which 
only elevates the temperature of 
one conductor a small amount, will 
sometimes render another incan- 
descent, and will vaporize a third. 

NOTE-The question of tempera - 
t ure bears an important part in all tests and 
calculations of electrical conductors, as the 
resistance varies directly with temperature. 
The resistance of copper wire increases about 
twenty-three one -hundredths and that of iron 
wire about twenty-eight one -hundredths per 
cent. for each additional degree F. The follow- 
ing average values of the temperature co- 
efficient have been found experimentally, at 
32° Fahr. 

Metals Fahrenheit 
Aluminum .0022 
Copper, annealed .0023 
Gold .0021 
Mercury .0004 
Platinum .0014 
Silver, annealed .0022 
Soft iron .0028 
Tin .0025 
Zinc .0023 
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Insulators.-The 
term insulator is used 
in two ways: 

1. As an insulating 
substance or medium, 
and 

2. As a specially 
formed piece of some 
insulating material, 
such as glass, porcelain, 
etc. No substance has 
the power of absolutely 
preventing the passage 
of electric currents be- 
tween conductors but 
many have sufficient in- 
sulating power for prac- 
tical purposes. 

The properties to be 
desired in a good insu- 
lating material are: 

1. Permanence; 
2. High power of re- 

sistance to breakdown; 
3. Mechanical 

strength; 
4. Fairly high dielec- 

tric or insulation resist- 
ance; 

5. Special qualities 
for the use to which the 
material is to he put. 
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Permanence is the most important quality, and is the one least easily 
attained. The power of resisting breakdown is a complex quality, for it 
is not solely dependent on mere puncturing pressure, but also on mechanical 
goodness, and to a certain extent on the insulation resistance. It cannot 
be easily determined by a simple laboratory test, but must be found by 
experience of actual service conditions. 
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nos. 195 to 197 -Porcelain insulators. Fig. 195, tube type; figs, 196 and 197 grooved 
insulators. 

Fta. 198.-Two wire porcelain cleat. 
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Impregnating Compounds.-These are used for the treat- 
ment of fibrous materials. They increase the insulating prop- 
erties of the fibrous materials, render them moisture proof and 
able to withstand the effect of heat with less rapid deterioration. 

When wires or cables are to be used under water, they must he made 
impervious, and great care must be taken to prevent the water penetrating 
and thus injuring the insulation. 

Water as a Conductor.-Water, whether in the liquid or 
vaporous form, is a conductor, though of an order greatly 
inferior to the metals. This fact is of great importance in elec- 
trical phenomena. The atmosphere contains, suspended in it, 
always more or less aqueous vapor; the presence of which im- 
pairs its insulating property. 

The best insulators become less efficient if their surface be moist, the 
electricity passing by the conducting power of the moisture. This circum- 
stance also shows why it is necessary to dry previously the bodies on 
which it is desired to develop electricity by friction. 

TEST QUESTIONS 

1. What is the difference between a conductor and an 
insulator? 

2. Why should the word non-conductor not he used? 
3. Give a list of a, good conductors; b, fair conductors; 

c, partial conductors; d, insulators. 
4. What is understood by the term grounding? 
5. What metal is pre-eminently the metal for con- 

ductors? 
6. What is understood by the expression 'flowing" 

as applied to the current? 



120 Conductors and Insulators 

7. What is the effect of heat on conductors? 

8. Describe the heating effect of the current. 

9. What properties are to be desired in a good insu- 
lating material? 

10. What is an impregnating compound and what is 
its use? 
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CHAPTER 6 

Resistance and Conductivity 
Resistance is that properly of a substance that opposes the flow 

of an electric current through it. 
The practical electrician has to measure electrical resistance, 

pressure, and the capacity of condensers. Each of these 
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Fin. 199.-Hydraulic analogy of resistance. The hydraulic pump here shown with its steam 
cylinder of very large diameter as compared with the water cylinder is capable of pumping 
water against great pressure which opposes its flow. Similarly. a dynamo pumps electricity 
through a circuit which opposes more or less its flow, this opposition being called resistance. 

several quantities is measured by comparison with ascertained 
standards, the particular methods of comparison varying, 
however, to meet the circumstances of the case. 

Ohm's law states that the strength of a current due to an elec- 
tric pressure falls off in proportion as the resistance in the circuit 
increases. 
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It is therefore possible to compare two resistances with one another by 
finding out in what proportion each will cause the current of a constant 
battery to fall off. 

Silver is taken as the standard, with the percentage of 100, and 
the conductivity of all other metals is expressed in hundredths of 
the conductivity of silver. 

Conductivity of Metals and Liquids.-The metals in gen- 
eral, conduct well, hence their resistance is small, but metal 

Etawdwaeumwnnneanneorwtn11IriRuuanxtur.-,s, i6 

VOLTMETER READS 
DIFFERENCE OF PRESSURE 

BETWEEN L AND F 

nos. 200 and 201.-Hydraulic analogy illustrating pressure. When the pump is operated 
the water is forced up from a low level (low pressure) to a high level producing high pres- 
sure; whence from the end of the pipe it falls back by gravity to the low level. Similarly, 
in fig. 201, the dynamo forces up electricity from a low pressure to a high pressure by inter- 
posing a resistance in the circuit passing through the resistance its pressure falls to low 
pressure. The author objects to the term "potentiof' commonly used in place of pressure 
as the simple word pressure is more easily understood. 

wires must not he too thin or too long, or they will resist too 
much, and permit only a feeble current to pass through them. 

NOTE.-.4 current of electricity always flows in a conducting circuit when its ends are 
kept at different potentials, in the same way that a current of water flows in a pipe when 
a certain pressure is supplied. The same electrical pressure does not, however, always pro- 
duce a current of electricity of the same strength, nor does a certain pressure of water always 
produce a current of water of the same volume or quantity. In both cases the strength or 
volume of the currents is dependent, not only upon the pressure applied, but also upon the 
resistance which the conducting circuit offers to the flow in the case of electricity, and on the 
frict ion (which may be expressed as resistance) which the pipe offers to the flow in the case of 
water. 
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The liquids in the battery do not conduct nearly so well as the metals. 
and different liquids have different resistances. Pure water will hardly 
conduct at all, unless the voltage be very high. 

Salt and saltpetre dissolved in water are good conductors, and so are 
dilute acids, though strong sulphuric acid is a bad conductor. Gases 
are bad conductors. 

Effect of Heat.-Another very important fact concerning 
the resistance of conductors is that the resistance in general in- 
creases with the temperature. 

RESISTANCE WIRE 

HIGH RESISTANCE 

COPPER WIRE 

LOW RESISTANCE 

r ;/ 
IMPERFECT 
CONTACT 

FIGS. 202 and 203.-Ex:,mples of Resistance, fig. 202. resistance due to material of conductors; 
fig. 203, resistance due to imperfect contact. I Jere poor ignition results from the imperfect 
or reduced area of contact of the breaker points when not tiled true increasing the resistance 
of the primary spark and reducing strength of the spark in secondary circuit at break. 

While this fact is true regarding metals, it does not apply to non-metals. 
The resistance of different metals does not increase in the same proportion. 
Iron at 100 degrees C, has lost 39 per cent. of the conducting power it 
possessed at zero, while silver loses but 23 per cent. 

Laws of Electrical Resistance.-Resistances in a circuit 
may be of two kinds: 
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1. Resistance of thé conductors; 
2. Resistance clue to imperfect contact. 

The latter kind of resistance is affected by pressure, for when the sur- 
faces of two conductors are brought into more intimate contact the current 
passes more freely from one conductor to the other. 

The following are the laws of the resistance of conductors: 

CENTRIFUGAL 
PUMP 

DYNAMO 

VERY LITTLE DROP ILIGHTI 
LOAD 

LARGE CONDUCTOR 

t 

FIGS. 204 and 205-Hydraulic analogy of conductivity. The direct connected centrifugal pump 

set (fig. 204) with its small engine and large pump suggests the pumping of a large volume 

of water against low pressure-easy flow. Similarly, in fig. 205, a dynamo having an ex- 

ternal circuit of very large copper wires "pumps" the electricity against very little resist- 

ance, thus a volt meter connected as shown would show very little drop indicating high 

conductivity. Now if resistance wires were substituted for the copper wires, the volt- 

meter would show a large drop indicating low conductivity. 

1. The resistance of a conducting wire 
length. 

If the resistance of a mile of telegraph wire 
miles will be 50X13=650 ohms. 

is proportional to its 

be 13 ohms, that of fifty 

2. The resistance of a conducting wire is inversely proportional 
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to the area of its cross section, and therefore in the usual 
round wires is inversely proportional to the square of its 
diameter. 

Ordinary telegraph wire is about Nth of an inch thick; a wire twice as thick would conduct four times as well, having four times the area of 
cross section; hence an equal length of it would have only Nth the re-. 
sistance. 

3. The resistance of a conducting wire of given length and thick- 
ness depends upon the material of which it is made- 
that is, upon the specific resistance of the material. 

Conductance and Conductivity.-It is sometimes conve- 
nient, if not necessary, to make use of the conductance, or a cir- 
cuit, and the conductivity of a material. 

The conductance of a circuit is the reciprocal of its resistance. The 
conductivity of a material is the ratio, expressed in per cent, of its con- 
ducting power to the conducting power of a standard, often pure copper, 
whose conductivity is called 1, or 100 per cent. 

Example.-A circuit consists of a battery whose resistance is 2 ohms 
in series with two resistances of 10 ohms and 15 ohms respectively. Find the conductance of the circuit. 

Solution.-Since all parts are in series, the total resistance is the sum 
of all parts, hence 

resistance =2+10+15 =27 ohms. 

Therefore conductance= 3' =.037. 

Specific Conductivity.-The figure which indicates the rela- 
tion between one substance and another as to their capacity 
to conduct electricity is called specific or relative conductivity. 
Taking the specific conductivity of silver as 100, that of pure 
copper is 96. 
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The specific resistance of a substance is the reverse of its 
relative conductivity. The specific resistance of. a metal is 
generally expressed in millionths of an ohm as the resistance 
of a centimeter cube of that metal between opposite sides. 

The following table gives the data for a few metals: 

Specific resistance Specific 
Substance in rnicro/ims conduct icity 
Silver 1.609 100 
Copper 1.642 96 
Gold 2.154 74 
Iron (soft) 9.827 16 
Lead 19.847 8 
German silver 21 .470 7.5 
Mercury (liquid) 96.146 1.6 

The specific resistance of copper is therefore: 

1.642 
00 

ohms, or 1.642 microhms.x 

Divided Circuits.-If a circuit be divided, as in fig. 206, into 
two branches at A, uniting again at B, the current will also 
he divided, part flowing through one branch and part through 
the other. 

The relative strength of current in the two branches will be pro- 
portional to their conductivities. 

This law will hold good for any number of branch resistances 
connected between A and B. Conductivity is, as shown before, 
the reciprocal of resistance. 

Example.-If, in fig. 206, the resistance of R=10 bnms, and R'=20 
ohms, the current through R will be to the current through R', as 10 to 

20, 

*NOTE. The prefixes "meg" and "micro" denote million and millionth. For example 
a megohm equals 1,000,000 ohms, a microhm equals 10010 

000 of an ohm. 
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or, as 2:1, or, in other words, % of the total current will pass through R, and ¡3 through R'. The joint resistance of the two branches between A and B, will be less than the resistance of either branch singly, because the current has increased facilities for travel. In fact, the joint con- ductivity will be the sum of the two separate conductivities. 
Taking again the resistance of R = 10 ohms and R' = 20 ohms, the joint conductivity is 

10 +20 20 

and the joint resistance is equal to the reciprocal* of 
20 

or 63 

FIG. 206.-Divided circuit with two conductors in parallel. 

In most cases the resistance of the different branches will be 
alike. This simplifies the calculations considerably. Take, for 
instance, two branches of 100 ohms resistance each arid find the 
joint resistance. 

Solution: 
100+1W 100' 

the reciprocal is 
120 

=50 ohms, or, in other 
words, the joint, resistance is one-half of the resistance of a single branch, and each branch, of course, will carry one-half of the total current in amperes. 

*NOTE.-The reciprocal of a number is equal to 1 _ the number; for instance the 
reciprocal of 

20 
= 1 

3 

3- = 62z 
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With three branches of equal resistance, the joint resistance will be 

with four branches %; with 100 branches 10 of the resistance of a single 

. branch. 

If, for instance, the resistance of an incandescent lamp hot 
be 180 ohms, the joint resistance of 100 such lamps connected 
in parallel is 

180 

10 =1.8 ohms. 

o . 

- 
Fro. 207.-Hydraulic analogy for divided circuits. In the system of pipes shown. water flows 

from LA, to RF, through the six vertical pipes 1 to 6. the greatest amount going through 

the one which offers the least resistance. If pipes 1 to 6. all have the same dimensions. 

equal quantities of water will flow through them. It follows that the resistance which the 

water encounters diminishes with the increase in the number of pipes between LA, and RF. 

The electrical circuit presents the same conditions: the greater the number of parallel con- 

nections (corresponding to the pipes 1 to 6) the less is the resistance encountered by the 

current. 

If the voltage of the system is to be, say 110 volts, 

then, according to Ohm's law, the current for 100 lamps, is: 

110 . =61.11 amperes. 
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giving for each lamp a current of 

110 
= 

110 
.61 ampere. 

In the case of two branches only, the following rule may be 

applied also: 

Multiply the two resistances and divide the product by their sum. 

Written as a formula: 
r 

Joint resistance - + R' 

Again, assuming that R =10 ohms and R' = 20 ohms: 

Joint resistance 
10X20 - 2_°° ohms. 
10+20 30 

This rule cannot be employed for more than two branches at 
a time. 

Example.-A current of 42 amperes flows through three conductors in 
parallel of 5, 10 and 20 ohms resistance respectively. Find the current 
in each conductor. 

Solution.-Joint Conductance= 
1 1 + 

1 7 

5 10 20 20 

Supposing the current to be divided into 7 parts, 4 of these parts would 

flow in the first conductor 2 in the second and 1 in the third. 

The whole current is 42 amperes. 

of 42=24. 
of 42=12. 

' of 42=6. 

Current in first conductor =24 amperes. 
" " second =12 " 
" " third " = 6 " 

Ans. 
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TEST QUESTIONS 

1. What is resistance? 
2. What must a practical electrician measure? 
3. What does Ohm's law state with respect to resist- 

ance? 
4. What is conductivity? 
5. how does the conductivity of metals and liquids 

compare? 
6. What is the standard of conductivity? 
7 . What is the effect of heat with respect to resistance? 
8. State the laws of electrical resistance. 
9. What is the distinction between inductance and 

conductivity? 
10. Find the specific conductivity. 
11. Give the specific resistance and specific conductiv- 

ity of various metals. 
12. What is a divided circuit? 
13. What governs the relative strength of current in the 

branches of a divided circuit? 
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CHAPTER 7 

Electrical and Mechanical 
Energy 

The production of electricity is simply a transformation of 
energy from one form into another, usually mechanical energy 
is changed into electrical energy and a dynamo is simply a device 
for effecting the transformation. 

Prof. Fessenden truly remarks there are two independent properties of 
matter-gravity and inertia-and these give two ways of defining force 
and energy. 

It should always be remembered that electricity is some- 
thing real, although not easily defined. While it is not 
matter and is also not energy, yet under proper conditions (it 
having the power of doing work) it is convenient to speak of 
its performances as electric energy. The following questions 
and answers, although few in number, may present the subject 
with clearness. 

Ques. What is energy? 

Ans. Energy is the capacity for doing work. 

Steam under pressure is an example, a spring bent ready to be released 
is another form, again, water stored in an elevated tank has capacity 
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for. doing work. These examples illustrate potential energy, as distin- 
guished from kinetic energy. Yotential energy may be defined as energy 
due to position, and kinetic energy, as energy due lo momentum. 

Ques. What is matter? 

Ans. Matter is anything occupying space, and which pre- 
vents other matter occupying the same space at the same time. 

ELEVATED 
TANK 

WATER 
WHEEL 

EJE ElOE iEtE)IG 
ab !niuu, ,, d p hdnsfd .. , ,t . 1ii 

DYNAMO 5TOq.AGE BATTERY 
nos. 203 and 209.-Potential, and kinetic energy. In fig. 208. the water stored in the elevated 

tank possesses energy by virtue of its position; being higher than the water wheel, the water will flow by gravity through the pipe and do work on the wheel. Thus, the potential energy 
of the water at rest in the tank, is, when it flows through the pipe converted into kinetic 
energy which is spent on the wheel. Fig. 209 represents a railway car with axle lighting sys- 
tem. If the car be set in motion and then no further power be applied, its momentum or kinetic energy will drive the dynamo which in turn will charge the storage battery, and 
acting like a brake will gradually bring the car to rest. During this operation, the kinetic 
energy, originally possessed by the moving car, is absorbed by the dynamo (neglecting fric- 
tion) and delivered to the battery as electrical energy which may be used in lighting the car 

Ques. What name is given the smallest quantity of matter 
which can exist? 

Ans. The atom: 

An atom means that which cannot he cut, scratched, or changed in 
form and that cannot he affected by heat or cold or any known force; 
although inconceivably small, atoms possess a definite size and mass. 
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Ques. What is a molecule? 

Ans. A molecule is composed of two or more atoms. 

Ques. What is the behavior of these minute bodies? 

Ans. They are perpetually in motion, vibrating with in- 
credible velocities. 

Ques. Why at this point are definitions of energy and of 
matter most useful? 

Ans. Because, as stated, all electric action is an exhibition 
of energy, and energy must act through matter as its medium. 

.Ques. What is the difference between electricity and 
magnetism? 

Ans. The ultimate nature of neither is known. There are, 
however, some differences. To sustain a current of electricity 
requires energy. To sustain magnetism requires no energy. 
A current of electricity is always accompanied by a magnetic 
field of peculiar form. Magnetism alone cannot produce elec- 
tricity. Electricity can do work; but magnetism cannot in the 
same sense-and alike with electricity, neither can it exist 
without contact with matter. 

Ques. How is energy transmitted from one part of a ma- 
terial substance to another? 

Ans. Gradually and successively. It requires a medium 
and also time. 

Ques. What is the principal use or function in mechanics 
of electricity? 
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Ans. It is purely that of transmission. It corresponds to 
ropes, shafts and fluids as a medium of conveying and trans- 
lating power, light, or heat. 

Ques. What ís work? 

Ans. Work is the overcoming of resistance through a cer- 
tain distance. 

Fin. 210.-The fusion of ice, illustrating the work done when a pound of ice al 32° Fahr. 
is melted or converted into water at the same temperature. The latent. heat of fusion being . 

143.57 heat units, and since one heat unit is equivalent to 778 ft. lbs. the work done during 
the fusion of one pound of ice is 778X143.57=111,698 ft. lhs. This is approximately 
equivalent to the work done when a hoisting engine hoists 2,000 lbs. a distance of 55.8 ft. 
as shown in the illustration. 

As a quantity of water moving from a higher to a lower level will do 
work, so also will a quantity of electricity falling through a difference of 
pressure. 

Ques. How is work measured? 

Ans. In foot pounds. 
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Ques. What is a foot pound? 

Ans. The amount of work clone in raising a weight of one 
pound one foot or the equivalent, overcoming a pressure of one 
pound through a distance of one foot. 

Ques. What is the electrical unit of work? 

Ans. The volt -coulomb. 

Fica. 211 and 212.-One foot pound or unit of work defined as the work done in raising one 
pound one foot. 

A volt -coulomb of work is performed when one ampere of current flows 
for one second in a circuit whose resistance is one ohm, when the pressure 
is one volt. 

The Ampere-Hour.-A gallon of water may he drawn from 
.a hydrant in a minute, or in an hour; it is.still one gallon. So 
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in electricity, a given amount of the current, say one coulomb, 
may be obtained in a second or in an hour. 

The ampere is the unit rate of flow. 

What is called the electric current is simply the relation of 
any quantity of electricity passed to the time it is passing; that 
is 

quantity in coulombs =current in amperesXtime in seconds, 
or simply 

coulomb = ampere x second . 

GALLON -HOUR 

TIME TO 'FILL 
ONE. HOUR 

Fin. 213.-Hydraulic analogy of ampere hour. lmaginewaterflowing into the vessel at the 
rate of one gallon in one hour; this is one gallon -hour. Similarly if in an electric circuit the 
current flow at the rate of one ampere, that is, one coulomb per second for one hour, this 
is one ampere hour. 

Again: 
10 coulombs =1 ampere X10 seconds 

=2 amperes X5 seconds 
=10 amperes X1 second, etc. 

One ampere hour is simply another way of saying 3,600 cou- 
lombs. Of course 3,600 coulombs of electricity may be 
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obtained in any desired time. It all depends on the rate of flow 
or the current strength in amperes. 

For instance, 2 amperes in % hour, or 4 amperes in % hour will also 
give one ampere -hour of 3,600 coulombs. 

It is well to keep the distinction between coulombs and am- 
peres in mind. 

To illustrate further the difference between cpulombs and 
amperes, the following example is given. 

It is sometimes estimated that the quantity of electricity in a flash of 
lightning is l'o coulomb, and the duration of the discharge s ó part of 
a second. \Vhat is the current in amperes? 
Now since 

coulombs = amperes X seconds (1) 

solving (1) for the current, 

amperes -coulombs coulombs 
seconds 

substituting the given values in (2), 

amperes= j;. -2,000 
2 ,000 

(2) 

Power.-The term power means the rate al which work is 
done; it is usually expressed as the number of foot pounds done 
in one minute, that is 

power - foot pounds 
minutes 

Power exerted for a certain time produces work. 

Ques. What is the mechanical unit of' power? 

Ans. The horse power. 
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Ques. What is one horse power? 

Ans. 33,000 foot pounds per minute. 
The unit is due to James Watt as being the power of a strong London 

draught horse to do work during a short interval and used by him to 
measure the power of his steam engines. One horse power =33,000 ft. 
lbs. per minute =550 ft. lbs. per sec.=1,980,000 ft. lbs. per hour. 

,-/". 
ON E 0 N E 

HORSE pomp WATT 

Fins. 214 and 215.-Examples illustrating one horse power and one watt. Rules: One horse 
power =33,000 ft. lbs. per minute. One watt =one ampere X one volt. 

Ques. What is one horse power hour? 

Ans. Work done at the rate of one horse power for one hour. 

Ques. What is the electrical unit of power? 

Ans. The watt. 
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Ques. What is a watt? 

Ans. It is the power due to a current of one ampere flowing 
at a pressure of one volt. One watt =one ampere Xone volt. 
It is equal to one joule per second. 

Ques. What is a kilowatt? 

Ans. 1,000 watts. 

F¿ AMPERE 
vOLT METER 

AM METER 

100 VOLTS 

1/2 X100 X5 = 250 WATT HOURS 

50 WAT1 
LAMP 

FIG. 216.-Example illustrating watt hours. Rule: Watt hours=amperesXvoltsXhours. 

The Watt Hour.-The elements which may be measured 
are, however, not only the volume of current, the unit of which 
is the ampere, and time, the unit of which is the hour, but also 
the pressure, the unit of which is the volt. 

It is evident that a perfect system of electrical measurements 
should take account of the total amount of energy consumed, 
and should depend not only upon the volume of current, but 
also upon the pressure at which the current is applied. 
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The basis of such a system if provided in a unit which is the 
product of the two uhits of current and pressure, and which is 
termed a volt ampere or watt. 

The watt hour represents the amount of work done by an elec- 
tric current of one ampere strength flowing for one hour under a 
pressure of one volt. 

Example.-An incandescent lamp taking one-half an ampere of cur- 
rent on a circuit having a pressure of 100 volts, or a lamp taking one 

no. 217.-Method of judging the heat of a soldering bit or so called "iron," illustrating sen- 
sible heat. 

ampere on a circuit having a pressure of 50 volts, would each be con- 
suming 50 watts of energy, and this multiplied by the number of hours 
would give the total number of watt hours for any definite time. 

The watt, then, is an accurate and complete unit of measurement 
and is generally applicable to all forms of electrical consumption. 

A watt of electrical energy corresponds to 71, of a horse power of 
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mechanical energy; hence, if a lamp or motor require energy equivalent to 
rh of a horse power for one hour, it might he said to take one watt-hour. 

Heat.-By definition, heat is a form of energy. Heat is 
produced in. the agitation of the molecules of matter-the 
energy expended in agitating these molecules is transformed 
into heat. 

I Ieat is measured in calories or British thermal units (abbreviated B.t.u.). 
A calorie is the amount of heat necessary to raise the temperature of one 

grain of water from 0° to 1° Centigrade; sometimes called the smaller calorie 
or therm. 

Furs. 218 to 220.-Three ways in which heat is transferred; fig. 218, by radiation; fig. 219, by 
conduction; fig. 220, by convection. In fig. 218, the water in the beaker is heated by heat 
rays which radiate in straight lines in all directions from the flame. In fig. 219, the flame will 
not pass through the wire gauze, because the latter conducts the heat away from the flame 
so rapidly that the gas on the other side is not raised to the temperature of ignition. In 
fig. 220. the water nearest the flame becomes heated and expanded. It is then rendered less 
dense than the surrounding water, and hence rises to the top while the colder and therefore 
denser water from the sides flows to the bottom thus transferring heat by convection currents. 

A British thermal unit (B.t.u.) is of the heat required to raise 1 lb. of 
water from 32° to 212° Fahr. (Marks and Davis.) 

The calorie is used for calculation in Physics and the British thermal 
unit for commercial calculation. 
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Heat is produced in the agitation of the molecules of matter; the energy 
expended in agitating these molecules is transformed into heat. 

Mechanical Equivalent of Heat.-The eminent English phy- 
sicist, James Prescott Joule, worked for more than forty years 
in establishing the relation between heat and mechanical work; 
he stated the doctrine of the conservation of energy and dis- 
covered the law, known as Joule's law, for determining the re- 
lation between the heat, current pressure, and time in an 
electric circuit. 

Fin. 221.-Experiment showing relation between heat.and work. Take a brass tube AB, at- 
tached to a spindle geared to rotate rapidly and partly fill the tube with water and insert 
a cork. Apply a friction clamp D, and rapidly rotate the tube by turning the wheel C. 
The energy expended in overcoming the friction due to the clamp and rotating the tube 
causes the water to heat and finally boil; if continued long enough, the pressure generated 
will expel the cork. During the operation work has been transformed into heat. 

Ques. What is the mechanical equivalent of heat? 

Ans. The number of foot pounds of mechanical energy 
equivalent to one British thermal unit. 
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FIGS. 222 and 223.-Experiment illustrating the British thermal unit. Place one pound of water 
at 32° Fahr. into a beaker over a Bunsen burner as in fig. 222 assuming no loss of heat from 
the water. It will, according to the definition, require 180 heat units to heat the water from 
32° to 212° Fahr. Now, if the transfer of heat take place at a uniform rate and it require. 
say live minutes to heat the water to 212°,then one heat unit will be transferred to the 
water in (5 X60) +180 =2 seconds. 

d 

Fro. 224.-Callendar's mechanical equivalent of heat apparatus (Central Scientific Co.). 
With this apparatus a lecturer can obtain in about ten minutes in the presence of a class of 
students, a value of "J" correct to 32 per cent. Joules experiments 1843-50. gave the figure 
772, known as "Joules equivalent," more recent experiment by Prof. Rowland (1880) and 
others give higher figures: 778 is generally accepted. Marks and Davis value is 777.54 ft. lbs. 
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Joule's experiments 1843-50 gave the figure 772 ft. lbs. which is known 
as Joule's equivalent. Later experiments gave higher figures, and the 
present accepted value is 778 ft. lbs., that is: 1 B.t.u. =778 ft. lbs. 

Electrical Horse Power.-It is desirable to establish the 
relation between watts and fool pounds in order to determine 
the capacity of a dynamo or motor in terms of horse power. 

Fm. 225.-The mechanical equivalent of heat. In 1843. Dr. Joule of Manchester, England, 
performed his classic experiment, which revealed to the world the mechanical equivalent 
of heat. As shown in the figure, a paddle was made to revolve with as little friction as pos- 
sible in a vessel containing a pound of water whose temperature was known. The paddle 
was actuated by a known weight falling through a known distance. A pound falling through 
a distance of 1 ft. represents aft. lb. bf work. At the beginning of the experiment a thermometer 
was placed in the water, and the temperature noted. The paddle was made to revolve by 
the falling weight. When 772 ft. lbs. of energy had been expended on the pound of water, 
the temperature Of the latter had risen one degree, and the relationship between heat and 
mechanical work was found; the value 772 ft. lbs. is known as Joule's equivalent. More 
recent experiments give higher figures,. the value 778, is now generally used but according 
to Kent 777.62 is probably more nearly correct. Marks and Davis in their steam tables have 
used the figure 777.52. 

One watt is equivalent to one joule per second or 60 joules 
per minute. One joule in turn, is equivalent to .7374 ft. lbs., 
hence 60 joules equal: 

60 X .7374 = 44.244 ft. lbs. 
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Since one horse power =33,000 ft. lbs. per minute, the elec- 
trical equivalent of one horse power is 

or, 

33,000+44.244 =746 watts. 

746 

1,000 = .746 kilowatt (kw.) 

Again, one kilowatt or 1,000 watts is equivalent to 
1,000+746=1.34 horse power 

The Farad.-The measure constructed to hold a gallon of 
water may be called the gallon measure. 

The capacity of a condenser which would contain a charge of 
one coulomb under one volt pressure is the farad. 

It may seem strange that there is a unit of quantity and 
another of capacity to hold that quantity, when in the case 

.of water the term "gallon" may suffice for the measure and the 
liquid it can hold. Electricity in this respect, however, corre- 
sponds to a compressible fluid or a gas. 

A gallon measure may hold a gallon of gas or ten; it depends 
entirely upon the pressure. Accordingly a condenser of a cer- 
tain size may hold any number of coulombs, according to the 
electrical pressure. 

The farad being inconveniently large for practical use, one - 
millionth of a farad, called a microfarad, is generally adopted. 

.NOTE. -James Walt was early asked by would-be purchasers as to how many horses 
his engines would replace. To obtain data as to actual performance in continuous work, he 
experimented with powerful brewery horses, and found that one traveling at 21 y miles per hour, 
or 220 feet per minute, and harnessed to a rope leading over a pulley and down a vertical shaft, 
could haul up a weight averaging 100 lbs., equaling 22,000 foot pounds per minute. To give 
good measure, Watt increased the measurement by 50 per cent., thus getting the familiar unit 
of 33,000 fool pounds per minute. 
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TEST QUESTIONS 

1. What is energy? 
2. What is the difference between potential and kinetic 

energy? 
3. What is matter? 
4. What is the difference between an atom and a mole- 

cule, and how do they behave? 

5. What is the difference between electricity and mag, 
net ism? 

6. What is work and how is it measured? 
7. What is a foot pound? 
8. When is a volt -coulomb of work performed? 
9. Give hydraulic analogy of ampere hour. 

10. Give a distinction between coulombs and amperes. 
11. Define power, and what does work exerted for a 

certain time produce? 
12. Define one horse power. 
13. What is a watt? 
14. Explain the term watt hour. 
15. What is the mechanical equivalent of heat and what 

is heat; how is it measured? 
16. Define the British thermal unit. 
17. What is the difference between mechanical and 

electrical horse power? 
18. What is a farad; give hydraulic analogy. 
19. How is heat produced; how measured? 
20. What is the difference between a British thermal 

unit and a calorie? 
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CHAPTER 8 

Effects of the Current 
The term "electric current," in the present state of our knowl- 

edge, should be regarded as denoting the existence of a state of 
things in which certain definite experimental effects are pro- 
duced, for some of which there certainly is no analogy exhib- 
ited in ordinary hydraulic currents. The following are the most 
important of these effects: 

1. Thermal effect; 
2. Magnetic effect; 
3. Chemical effect. 

It is rather to these effects than to any imaginary current flow in the 
conductor that the attention of the reader should be directed. 

With this preliminary caution, which should never be lost sight of, the 
use of familiar words and expressions connected with the flow of water 
in pipes is justified in order to avoid roundabout and cumbrous phrases 
which, though perhaps more nearly in accord with present knowledge of 
the facts, would not tend to clearness or conciseness. 

The three most important effects of the current just men- 
tioned, may be presented in more detail as follows: 

1. the Thermal effect. 
The conductor along which the current flows becomes heated. The 

rise of temperature may be small or great according to circumstances, 
but some heat is always produced. 
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2. The Magnetic effect. 
The space both outside and inside the substance of the conductor, but 

more especially ,the former, becomes a "magnetic field" in which deli- 
cately pivoted or suspended magnetic needles will take up definite posi- 
tions and magnetic materials will become magnetized. 

,3. The Chemical effect. 
If the conductor he a liquid which is a chemical compound of a certain 

class called electrolyte, the liquid will be decomposed at the places where 
the current enters and leaves it. 

30.} 

Fto. 22fí.-The Seebeck effect: If in a complete metallic circuit having junctions of dissimilar 
metals, the junctions are at different temperatures, then generally a steady current will 
flow in the circuit as long as the differences of the temperatures of the junction is main- 
tained. To demonstrate this, a piece of copper K, bent in the shape seen in the figure, 
was placed on a block of bismuth AB, carrying a pivoted magnetic needle NS; as soon as 
the equality of temperatures was altered by either heating or cooling one of the junctions 
of the two metals, the needle indicated a current which continued to flow as long as the 
difference of temperature was maintained at the junctions. The movement of the needle 
indicated the direction in which the current flowed. If, for instance, the north junction 
B, were heated, the N. pole moved eastward, showing that at the heated junction the 
current flows from the bismuth to the copper, at the cold junction from the copper to the 
bismuth. 

Thermal Effect.-If a quantity of electricity were set flowing 
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in a closed circuit and the latter offered no resistance, it would 
flow forever, just as a wagon set rolling along a circular railway 
would never stop if there were no friction. 

When matter in motion is stopped by friction, the energy 
of its motion is converted into heat by the friction thus causing 
the matter to come to rest. Similarly, when electricity in 
motion, that is, an electric current is stopped by resistance, the 
energy of its flow is transformed into heat by the resistance of 
the circuit. 

If the terminals of a battery be joined by a short thick wire of low re- 
sistance, most of the heat will he developed in the battery, whereas, if 
a thin wire of high resistance be used it will become hot, while the battery 
itself will remain comparatively cool. 

To investigate the development of heat by a current, Joule and Lenz 
used instruments on the principle of fig. 227, in which a thin wire joined 
to two stout conductors is enclosed within a glass vessel containing alcohol, 
into which is placed a thermometer. The resistance of the wire being 
known, its relation to the other resistances can be calculated. 

Joule found that the number of heat units developed in a 
conductor is proportional to: 

1. The resistance; 
2. The square of the current strength; 
3. The time that the current lasts. 

Joules' law may be stated as follows: 

The heat generated in a conductor by an electric current is pro- 
portional to the resistance of the conductor, the time during which 
the current flows, and the square of the strength of the current. 

The quantity of heat in calories may he calculated by use of the equation, 
calories per second = volts Xampere X .24. (1) 
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The total number of calories or heat developed in seconds will be given 
by 

heat = volts X amperes X seconds X .24. (2) 

Example.-If a current of 10 amperes flow in a wire whose terminals 
are at a pressure difference of 12 volts, how much heat will be developed 
in 5 minutes? 

II 

STOPPER; THERMOMETER 

PLATINUM WIRE 

5T PPER 

Fto. 227.-Leni s apparatus for measuring the heat given off by an electric current. It con- 
sisted of a wide mouthed stoppered bottle fixed upside down, with its s opper, in a wooden 
box; the stopper was perforated so as to give passage to two thick platinum wires, con- 
nected at one end with binding screws, while their free ends were provided with platinum 
cones by which the wires under investigation could be readily affixed; the vessel contained 
alcohol, the temperature of which was indicated by a thermometer fitted in a cork inserted 
in a hole made in the bottom of the vessel. The current is passed through the platinum 
wires, and its strength measured by means of a galvanometer interposed in the circuit. 
By observing the increase of temperature in the thermometer in a given time and knowing 
the weight of the alcohol. the mass of the wire, the specific heat, and the calorimetric values 
of the vessel, and of the thermometer, compared with alcohol, the heating effect which is 
produced by the current in a given time can be calculated. 

Substituting in equation (2): 
10X12X(60X5) X.24=8640 calories. 

Since by Ohm's law, the pressure difference or 
volts = amperes X ohms 
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Substituting in equation (2): 

heat =amperes 2 Xohms X seconds X.24 (3) 

Use of Heat from Electric Current.-In the transmission 
of electricity from place to place, it is very desirable that none 
of the energy be expended in heating the conductor. Hence 
copper wires of the proper size must be used. 

In wiring a building for electric lights, the insurance rules 

E 

9 

41111c 

B 

Foos. 228 to 231.-Details of construction of electric iron. Figs. 228 and 230, heating ele- 
ments; hg. 230. iron base; fig. 231, assembly. 

require that the wires be of a certain size and that they be put 
up in a certain manner. Otherwise they will not insure a build- 
ing against fire. 

It is often desirable, however, to use the electric current for the pur- 
pose of producing heat. The carbons of .the arc and incandescent lamps 
are intensely heated that they may produce light. 



152 Effects of the Current 

Coils of German silver wire or other high resistance wire are heated by 
the passage of a current through them. In this manner the electric stove 
is made. 

Soldering coppers, smoothing irons, and baking ovens are heated in a 
similar manner. 

Magnetic Effect.-An electric current flowing in a wire causes 

Fm. 232.-Magnetic field surrounding a wire in which a current is flowing. The magnetic 

field consists of lines of force which are circles concentric with the wire as indicated by a 

compass which will point in a direction perpendicular to the radius joining the compass and 

wire. 

FIGS. 233 and 231.-Mechanical effect of the current: Like poles repel each other; unlike poles 

attract each other. 
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it to be surrounded by a magnetic field, 
which consists of lines of force encircling the 
wire. The field is strongest near the wire 
and diminishes gradually in strength at 
increasing distances therefrom. The pres- 
ence of this magnetic field is shown by 
various experiments and the subject is fully 
explained in Chapter 9 on magnetism. 

Chemical Effect.-Pats van Trostwyk 
(1789) pointed out that an electric discharge 
was capable of decomposing water. 

To show this he used gold wires, which he al- 
lowed to dip in water, connecting one of them with 
the inner, and another with the outer coating of 
a Leyden jar, and passing the discharge through 
the water. The gas bubbles collected proved to 
consist of oxygen and hydrogen gas. 

Nicholson and Carlisle (1800) dipped a 
copper wire which was connected with one 
of the poles of a voltaic pile into a drop of 
water, which happened to be on the plate 

FIG. 235.-Modern apparatus for decomposing water by electrolysis. Platinum electrodes P 
and P', are placed at the bottom of two upright tubes I) and II, and are connected to the 
terminals T and T', by platinum wires, which are fused through the glass of the tubes. These 
tubes have glass stop cocks S and S', at their upper ends, and at their lower ends are con- 
nected by a short glass tube, from the center of which rises the large central tube which 
expands with a bulb at its upper end, which is open at the top. The three tubes can be 
filled with acidulated water from the central tube, the previously contained air being al- 
lowed to escape through the stop cocks, which are afterwards closed. If it be so filled, 
and the terminal 7', he attached to the positive and T', to the negative pole of a suitable 
battery, bubbles of gas will be observed to rise from the plates P and P', and finding their 
way to the top of the respective tubes, will displace the liquid, which will be driven into 
the open central tube. The gas rising from the anode P, is oxygen (0), and that rising from 
the cathode P', is hydrogen (II). If the tubes be graduated, the latter will be found to 
occupy about twice the volume of the former. The proportion is theoretically 2 to 1; 
however, on account of the different solubilities of the two gases in water, oxygen bring 
the more soluble of the two, is deficient in quantity. 
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connected with the other pole; gas bubbles appeared, and the 
drop of water became smaller and smaller. 

This experiment was repeated in a somewhat different manner, the 
brass wires from a pile being brought under a tube tilled with water and 
closed at the top. Gas bubbles were produced by the wire in connection 
with the negative pole of the pile, and the water was observed to diminish 
gradually. At the p>sitive wire, on the contrary, no gas came off, but the 
metal lost its metallic lustre, became dark, and finally crumbled away. 
The gas which had collected in the tube proved to he hydrogen; while on 
examining the black mass it was found that the constituents of brass, 
viz., copper and zinc, had be- 
come oxidized. OXYGEN HYDROGEN 

BUBBLES 
BUBBLES 

CELL _/i + D I 

-.nllu 
ELECTROLYTE 

A 

POSITIVE ELECTRODE NEGATIVE ELECTRODE 
OR ANODE OR CATHODE 

Fin. 236.-An electrolytic cell. The parts arc: A, cell; B, electrolyte; C. positive electrode or 
anode; U, negative electrode or cathode.* 

Electrolysis.-Electric analysis or more briefly electrolysis was 
the term applied by Faraday to the process of decomposing a 
liquid by the passage of a current of electricity through it. 

The vessel containing the liquid is known as an electrolytic 
cell. In fig. 236, A, is the cell, which may be of glass or of any 

NOTE.-The ertlhode is»the conductor by which current flows away as distinguished 
lrutii the' anode dr cónductor throúgh'Which the current enters. The teths dgui ly apply to 
to conductors leading the current through a liquid or 'gas; as an el ectfblytic deli;15i-Va:uum tube. 
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other suitable material, and B, is the liquid which is to he elec- 
trolyzed. Current enters by the positive electrode C, also known 
as the anode, traverses the liquid, and leaves by the negative 
electrode, or cathode D. 

The passage of current through the water splits up its mole- 

cules into their constituent atoms of oxygen and hydrogen, the 

former being giver. off in bubbles al the anode, and the latter at 
the cathode. 

When current is passed through a solution of copper sulphate 
between platinum electrodes, the liquid is decomposed, atoms 
of copper being deposited at the cathode, bubbles of oxygen 
being given off at the anode, and sulphuric acid being formed 
in the liquid, which latter becomes more and more acid as the 
copper is withdrawn. 

If, however, the anode be of copper instead of platinum, no 
sulphuric acid will be formed, neither will oxygen be given off 
at the anode.. As copper is deposited at the cathode, an equal 
quantity will be dissolved at the anode, so that the original 
constitution of the liquid is maintained. 

The atoms separated from each other by the electric current 
were called ions by Faraday; those going to the anode being anions, 
and those going to the cathode being kathions. 

Anions are generally regarded as electro -negative, because they 
move as if attracted to the positive electrode, while kathions 
are regarded as electro -positive. 

In order to explain the transfer of electricity and the transfer 
of matter through the electrolyte, Grotthuss put forward the 
hypothesis that when two metal plates al different pressures are 

placed in a cell, the effect produced in the liquid is that the mole- 
cules of the liquid arrange themselves in innumerable chains, as 
shown in fig. 237, in which every molecule has its atoms pointing 
in a certain direction, the electro -positive atom being attracted 
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toward the cathode and the electro -negative toward the anode. 
An interchange then lakes place all along the line, the free atoms 
appearing at the electrodes, and every atom discharging a minute 
charge of electricity upon the electrode at which it is liberated. 

Grottlttos' Theory (announced in 1806). The molecules in an elec- 
trolyte have their individual electro -positive and electro -negative atoms charged 
positively and negatively respectively. 

no. 237.-Grott.huss' theory of electrolysis. Grotthuss (in 1806). announced his theory 
that the molecules in an electrolyte have their individual electro -positive and electro -negative 
Moms charged positively and negatively respectively. In an ordinary liquid, for instance 
in water. the molecules are arranged indifferently, like row 1, with their positive and neg- 
ative ends pointing in all directions. When the charged plates A and B, connected to 
the - and + poles of a battery, are inserted in the water, the molecules under the action 
of the laws of electrostatic action turn as shown in row 2. so that all the hydrogen or shaded 
ends (+) are turned toward the (-) plate B, and all the oxygen or unshaded ends (-) 
toward the (+) plate A. All along the row, the electrical forces are supposed to tear the 
molecules asunder, depositing H on B. and O on A. The atoms in the middle of the liquid, 
however, recombine, for the hydrogen atoms in their journey toward B, meet the oxygen 
atoms travelling in the opposite direction, and the state of affairs represented in row 3 
obtains. The next step is to rotate once more the atoms into the positions shown in row 2, 
and so on. In this way the theory accounts for the products only appearing at the elec- 
trodes and not in the body of the liquid. 

Electro -chemical Series.-This is an arrangement of the 
metals in a series in such a manner that the most electro -positive 
is at one end and the most electro -negative at the other. 
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Fig. 238.-Packard electrolysis appa- 
ratus designed by J. C. Packard of 
Brookline High School. It consists 
of two special molded porcelain bottle 
rests which are designed as electrode 
supports. These bottle and electrode 
supports can be used close together 
or apart to the limit of the glass tray. 
In use, the bottles and tray are 
tilled with the electrolyte to a point 
covering the mouths. When current 
is connected, action immediately 
begins. 
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Fro. 239.-Knott simple elec- 
tric furnace for explaining the 
electric arc, electric furnace, 
as well as the melting and 
combining properties of many 
elements. The construction 
enables a clear understanding 
of the many principles in- 
volved. Its open construc- 
tion has great pedagogic 
value. A great variety of ex- 
periments can be convenient- 
ly performed-the melting of 
platinum or like refractory 
metals, the reduction or pro- 
duction of aluminum or car- 
bides. The manufacture of 
calcium carbide from lime 
and sawdust or carbon makes 
a striking and interesting ex- 
periment. 

- _ _ . _- - `:- 
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The order of the metals varies with the electrolyte in which 
the metals are tested. 

The following table shows such series for the most common 
metals, in three different solutions: 

Sulphuric acid Hydrochloric acid Caustic potash 
Zinc Zinc Zinc 
Cadmium Cadmium Tin 
Tin Tin Cadmium 
Lead Lead Antimony 
Iron Iron Lead 
Nickel Copper Bismuth 
Bismuth Bismuth Iron 
Antimony Nickel Copper 
Copper Silver Nickel 
Silver Antimony Silver 
Gold 
Platinum 

Faraday stated several laws of electrolysis as follows: 
Law 1.-The quantity of an ion liberated in a given time is proportional 

lo the quantity of electricity that has passed through the voltameter* in that 
time. 

Law 2.-The quantity of an ion liberated in a voltameter is proportional 
to the electro -chemical equivalent of the ion. 

Law 3.-The quantity of an ion liberated is equal to the electro -chemical 
equivalent of the ion multiplied by the total quantity of electricity that has 
passed. 

Electric Osmose.-Porret observed that if a strong current 
be led into certain liquids as if to electrolyze them, a porous 
partition being placed between the electrodes, the current 
mechanically carries part of the liquid through the porous 
diaphragm, so that the liquid is forced to a higher level on one 
side than on the other. This phenomenon is known as electric 
osmose. 
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Voltameter.-The name voltameter was given by Faraday to 
an electrolytic cell employed as a means of measuring an elec- 
tric current by the amount of chemical decomposition the 
current effects in passing through the cell. 

HIGHER 
POROUS PARTITION 

LEVEL\ + \- r6 

i h s.lN_K.-i +b-.s ® :y! `T 
FIG. 210 -Electrolytic cell with porous partition illustrating electric os lose. Porret ob- 

served that if a strong current be led into certain liquids, a porous pa tit ion being placed 
between the electrodes, the liquii is carried by the current through the porous partition, 
until it. is forced up to a higher level on one side than on the other. This electric action is 
most pronounced when the experiment is made with liquids, which are poor conductors. 
The movement of the liquid takes place in the direction of the current. 

Flo. 211.-copper voltameter (coulomh meter). It has, two loss.plates and one gain plate. 
Note that the construction of the clamping device I's such'that';the plates may be handled 
without touching them with the lingers.! , ! :ILLS; . . 
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Gernez has recently shown that in a bent closed tube, con- 
taining two portions of liquid, one of which is made highly + 
and the other highly - , the liquid. passes over from + to - . 

This apparent distillation is not due to difference of tempera- 
ture, nor does it depend on the extent of surface exposed, but 
is effected by a slow creeping of the liquid along the interior 
surface of the glass tubes. Bad conductors, such as turpen- 
tine, do not thus pass over. 

Fin. 242.-Effect of the electric current on a frog's legs; discovered in 1678 by Galvani. 

Muscular Contractions.-It was discovered in 1678 that 
wizen a portion of muscle of a frog's leg, hanging by a thread of 
nerve bound with a silver wire, was held over a copper support 
so that both nerve and wire touched the copper, the muscle imme- 
diately contracted. 

More than a century later Galvani's attention was drawn to the sub- 
ject by his observation of spasmodic contractions in the legs of freshly 
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killed frogs under the influence of the "return shock" experienced every 
time a neighboring electric machine was discharged. 

The limbs of the frog, prepared as directed by Galvani, are shown in 
fig. 242. After the animal has been killed the hind limbs are detached 
and skinned; the crural nerves and their attachments to the lumbar ver- 
tebra; remaining. For some hours after death the limbs retain their 
contractile power. The frog's limbs thus prepared form an excessively 
delicate galvanoscope. 

Electroplating.-This is the process of depositing a layer or 

ELECTROPLATING 
SOLUTION 

SUPPORT 

ARTICLE 
TO BE 
PLATED 

CATHODE 

Fro. 243.-Example of electroplating showing essentials of the process. 

coating of a rarer nrelal upon the surface of a baser, or of a metal 
upon any conducting surface, by electrolysis. 

The electric current used may he obtained from a battery or other 
source. The battery has its positive plate connected to a rod extending 
across a trough or tank containing the plating bath. 

Suspended from the rod are anodes of gold, silver, or copper or what- 
ever metal from which a deposit is desired. The other plates of the bat- 
tery or the negative elements, are connected with another rod across the 
trough, to which are suspended the articles to be plated. 
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Electrotyping.-This is the process by which, type, wood 
cuts, etc., are reproduced in copper by the process of electro- 
plating. 

A mould is first made of the set type in wax; this mould is next 
coated with black lead to give it a metallic surface, as the wax is 
an insulator; the mould is then subjected to the process of electro - 
deposition, resulting in the formation of a film of copper on the 
prepared surface. 

Describing the process in detail, fill a case with a wax composition.to a 
proper thickness. Then the surface of the wax case should -be" brushed 
over with moulding -lead with a soft brush. The case is then placed with 
the wax face downward upon the form. To prevent the wax adhering to 
the type, the form is brushed over with black lead. The form with the 
wax case upon it is then placed in a hydraulic press and subjected to a 
steady pressure of about two tons to the sq. in. 

After the mould is niade, the high parts on the wax are cut down and 
the wide spaces are built up. The mould is next coated with black lead 
to give it a metallic surface. The wax being an insulator, the mould is 
then subjected to the process of electro -deposition, resulting in the forma- 
tion of a film of copper on the prepared surface by forcing the air out of 
the mould with a force pump; then the surface is coated with a solution of 
sulphate of copper sprinkled with iron dust and thoroughly worked with 
a brush into all parts of the mould. The excess is then washed out with 
water. 

A battery or dynamo is used to generate the current. The positive 
terminal of the source of current is connected to a rod extending across a 
trough or tank containing the plating bath. Suspended from the rod are 
anodes of copper, from which a deposit is desired. The other terminal of 
the source is connected with another rod across the trough, to which is 
suspended the mould to be plated forming the cathode. 

The copper shell is removed from the wax mould by holding one corner 
of the shell and lifting it as the hot water is poured on it. 

The shell is tinned by brushing the back with an acid solution; then 
covered with tin foil. 

The shell is now laid in a backing pan. face down, and the pan placed 
on the hot metal in the furnace. The heat of the metal melts the tin 
foil and it adheres to the shell, then the backing pan is lifted out and 
placed on a stand. -: 
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The electr type metal is now poured on the tinned shell very carefully 
until the pros er thickness is reached. 

The metal 1 ate when cooled is cleaned and delivered to the finishing 
MOM . 

Almost all the "llustrations in this book. for example, are printed from 
electrotype collies and not from the original wood blocks, which would 
not wear so well. 

TEST QUESTIONS 

1. Explain the term electric current. 
2. What are the three most important effects of the 

current? 
3. What happens when an electric current is stopped 

by resistance? 

4. Where is heat developed when the battery is short 
circuited? 

5. What investigations were made by Joule and Lenz? 

6. State joule's law; give examples. 

7. Why is copper desirable for conductors? 

8. What kind of wire is used in electric heating de- 
vices? 

9. Describe the magnetic effect of current. 
10. Where is the field strongest? 

11. Describe various experiments showing the presence 
of magnetic field. 

12. What did Pats van Trostwyk point out? 

13. Describe Nicholson and Carlisle experiments. 
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14. Define electrolysis; who originated the term. 
15. Describe' in detail the process of electrolysis. 
16. What is the difference between an anode aria' 

cathode? 
17. StateGrotthuss' theory of electrolysis. 
18. What is an electro -chemical series? 
19. State Faraday's laws. 

, 20. What did Porret observe? 
21. Describe electric osmose in detail. 
22. What is electric distillation? 
23. What did Beccaria notice? 
24. What is the difference between a volt meter and a 

voltameter? 
95. What did Gernez show? 
26. Describe Galvani's frogs' leg experiment. 

..... .. 
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CHAPTER 9 

Magnetism 
Magnetism.-The ancients applied the word "magnet," 

ntagnes tapes, to certain hard black stones which possess the 
property of attracting small pieces of iron, and as discovered 
later, to have the still more remarkable property of pointing 
north and south when hung up by a string. At this time the 

Fro. 244.-Simple compass. It consists of a magnetic needle resting on a steel pivot, protected 
by a brass case covered with glass, and a graduated circle marked with the letters N, E, 
S, W. to indicate the cardinal points. a,b, is a lever which arrests the needle by pushing it 
against the glass when the button d, is pressed. 

magnet received the name of lodestone or "leading stone." It is 
commonly, though incorrectly, spelled loadstone. 

Ques. Describe two kinds of magnetism. 

Ans. Magnets have two opposite kinds of magnetism or 
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magnetic poles, which attract or repel each other in much the 
same way as would' two opposite kinds of electrification. 

1111111111111 11 IllIIIII 

Foos. 245 to 247.-Simple bar magnet and horse shoe ,magnet with keeper. These are known 
as permanent magnets in distinction from electro-nmgnets. The horse shoe magnet will attract 
more than the bar magnet because both poles act together. A piece of soft iron, or keeper 
is placed across the ends of a horse shoe magnet to assist in preventing the loss of magnetism. 

id 

IL 

Fins. 248 and 249.-Horizontal magnetic needle, and magnetic "dip" needle. A magnetic 
needle consists of a small bar magnet, supported upon a pivot or suspended so that it is 
free to turn in a horizontal or vertical plan The form of magnetic needle illustrated in 
fig. 218 is arranged to show the magnetic meridian; the needle moves upon a perpendicular 
axis or pivot ab. In fig. 249, the needle sn, turns upon a horizontal axis ab. This needle 
indicates the dip or inclination, that is, the angle which it makes with the horizontal plane. 
due to the fact that in most places the lines of force are not horizontal. In the northern 
hemisphere the N, pole of the needle is depressed, in the southern hemisphere the S. pole 
is similarly affected. When used, the dip needle must be set so that the plane in which 
the needle swings contains the magnetic meridian, as indicated by the horizontal needle. 
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Ques. What is the nature of each kind of magnetism? 

Ans. One has a tendency to move toward the north and 
the other toward the south. 

Ques. Where is the magnetism the strongest? 

Fta. 250.-Magnetic poles. If a bar magnet be plunged into iron filings and then lifted, as 
illustrated in the figure, a mass of filings will cling to the ends of the magnet but not to the 
middle. The ends are called the pules of the magnet. 

Ans. In two regions called the poles. 

Ques. Describe the distribution of magnetism in a long' 
shaped: magnet. 

Ans. The strongest magnetism resides in .the ends; .while 
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all around the magnet half way between the poles there is no 
attraction at all. 

Ques. How are the poles designated? 

Ans. They are called the north pole and the south pole. 

Ques. What is the distinguishing feature of each? 

Flo. 251.-Badly magnetized bar. Properly magnetized magnets hare only Iwo poles. It is possible. however, by special or careless magnetization, to produce magnets with more than two poles, but no process will produce a magnet with a single pole. If an abnormal magnet with more than two poles be dipped into iron filings, the latter will adhere at places other than the two ends, as shown in the illustration. The polarities are alternately N, and S; that is, the regions N,B, N, have north polarity, while A and C, have south polarity. These are known as consequent poles. 

"N 5 

t S -- 
Funs. 252 to 258.-Effect of breaking a magnet into several parts. If a magnetized needle be broken, each part will be found to be a complete magnet having a N and S, pole. The sub -division may be continued indefinitely. but always with the same result as indicated in the figure. This is evidence of the correctness of the molecular theory of magnetism, which states that the molecules of a magnet are themselves minute magnets arranged in rows with their opposite poles in contact. 

Ans. The north pole points approximately to the earth's 
geographical north, while the south pole of a magnet points 
approximately to the earth's geographical south. 

The north pole is the positive (+) pole and the south pole is the nega- 
tive. The north and south poles were formerly called in France, the 
austral and boreal poles respectively. 
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Magnetic Field.-When a straight bar magnet is held under 
a piece of card board upon which iron filings are sprinkled, the 

filings will arrange themselves in curved lines radiating from the 

poles. 

If a horse shoe magnet be held at right angles to the plane of the card 

Fta. 259.-The region about a magnet in which its magnetic forces can be detected is called 

the magnetic field. This can he represented graphically by placing a piece of card board 

over the magnet sprinkling iron filings on the paper, gently tapping at the same time. 

Each filing becomes a temporary magnet by induction, and sets itself, like the compass 

needle, in the direction of the line of force of the magnetic field. 

board, the filings will arrange themselves in curved lines, as shown in 

fig. 259. These lines are called magnetic lines of force or simply lines of 

force; they show that the medium surrounding a magnet is in a state of 

stress, the space so affected being called the magnetic field. 

Ques. What is the extent and character of the magnetic 

field? 
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Ans. The influence Of a magnet is supposed to extend in 
all directions indefinitely, how- 
ever, the effect is very slight 
beyond a comparatively limited 
area. 

Fin. 2130.-1 .agnetic action: Unlike poles of mage:.: attract each other. 

Flo. 261.-Magnetic action: Like poles of magnels repel each other. 
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Magnetic Force.-This is the force with which a magnet 
attracts or repels another magnet or any piece of iron or steel. 
The force varies with the distance, being greater when the mag- 
net is nearer and less when the magnet is farther off. The fol- 
lens ing are the laws relating to magnetic force: 

MAGNETIC NEEDLE 

Fta. 262.-Tracing lines of force with a suspended magnet. If a small magnetic needle, sus- 
pended by a thread, be held near a magnet, it will point in some fixed direction depending 
on the proximity of the Iwles of the magnet. The direction taken by the magnet is called 
the direction of the force at the point, and if the suspended needle he moved forward in 
the direction of the pole, it will trace out a curved line which will be found to start from 
one of the poles, and end at the oth:r. Any number of such lines can be traced; the space 
filled by these lines of force is called the magnetic field. 

1. Like magnetic poles repel one another; unlike magnetic poles 
attract one another. 

2. The force exerted between two magnetic poles varies inversely 
as the square of the distance between them. 

Magnetic Circuit.-The path taken by magnetic lines of force 



172 Magnetism 

is called a magnetic circuit; the greater part of such a circuit 
is usually in magnetic material, but there are often one or 
more air gaps included. The total number of lines of force in 
the circuit is known as the magnetic flux. 

Ques. How is magnetic flux measured? 

Fro. 263.-Experiment showing direction of lines of force in the magnetic field surrounding a 
conductor carrying an electric current. A piece of copper wire is pierced through the center 
of a sheet of cardboard, and carried vertically for two or three feet then bent around to 
the terminals of a battery or other source of current. If iron filings be sprinkled over the 
card while the current is passing, they will arrange themselves in circles around the wire, 
thus indicating the form of the magnetic field surrounding the conductor. Compass needles 
may also be used to show the direction of the lines of force at any point. 

Ans. By a unit called the maxwell. 

Named after James Clerk Maxwell the Scottish physicist. 

Ques. What is the maxwell? 
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Ans. The amount of magnetism passing through every square 
centimeter of a field of unit density. 

Ques. What is the unit of field strength? 

Ans. The gauss. 

Ques. What is a gauss? 

;HNt)TT BusrON 

Fra. 264.-Knott helix Oersted's Jaa apparatus for the study of the directive action which a 

fixed current exerts at a distance on a magnetic needle and for formulating Ampere's rule. 
The helix on one magnetic needle we movable on the upright side of the frame; the magnetic 
needle is also movable along the holder. An electric current can be connected through the 
helix or around the frame. 

Ans. The intensity of field which acts on a unit pole with a 
force of one dyne. It 'is equal to one line of force per square 
centimeter. Named aft Karl Friedrich Gauss, :he German 
mathematician. 

The following definitions should be carefully noted:- 
Magnetic Flux.-The lolal number of lines of force in the magnetic circuit. 
Reluctance.-Tire resistance offered to the magnetic flux by the substance 

magnetized; magnetic resistance. It is equal to the ratio of the magnetic 
force to the magnetic flux. 
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*Oersted.-The unit of reluctance being the. reluctance offered by a cubic 
centimeter of vacnturt. 

Maxwell.-The amount of magnetism passing through every square centi- 
meter of a field of unit density. 

Fto. 65.-Knott ampere's law stand for the study of the magnetic Octet surrounding a current 
bearing conductor. With movable magnetic compass, and with four small compasses sealed into the block. 

FIG. 266.-Knott ampere's law stand for the study of the magnetic field about a current bear- 
ing conductor. In this design the magnetic field can be located by small compasses as illus- 
trated, or by the iron filings method. 

2 

Fla. 267.-Oersted's discovery. In 1820 Hans Christian Oersted (1777-1851), found that 
a magnetized needle zoos affected by the action of an electric current. In 1813 Oersted slated: "It must be determined whether electricity in its most latent state has any action upon the 
magnet as such." Oersted found that the magnetic property of the current did not depend 
upon the kind or form of metal lie employed and that the magnetic needle would he deflected 
by using any conductor, even a litre of mercury being effectual. the only difference being 
in the quantity of effect produced, and the results were obtained even if the conductor be 
interrupted by water, unless the interruption be of great extent. 
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$Gauss.-The intensity of field which acts on a unit pole with a force of 
one dyne. It is equal to one line of force per square centimeter. 

Magnetic Effect of the Current.-Much is due to Hans 
Christian Oersted, who made numerous experiments in mag- 
netism. 

Rule 1.-OERSTED'S DISCOVERY- I magnet ends to 
set itself at right angles to"a wire carrying an electric current. 

Oersted also found that the way in which the needle turns, 

Ft i. 268-Schweigger's experiment. showing effect of several turns of wire. In 1821 Schweig. 
ger placed a compass. needle in the center of a parallelogram and wound several turns of wire 
around it, as shown. each turn being insulated. Movable magnet galvanometers utilize 
the principle of Schweigger's apparatus for their operation. Schweigger's apparatus was 
called Schweigger's multiplier. 

*NOTE.-flans Christian Oersted. born 1777, died 1851. the Danish physicist, was noted 
for his experiments on the magnetic needle with the electric current. 

*NOTE.-Karl Friedrich Gauss, born 1777, died 1855. He was a German mathema- 
tician, founder of the mathematical theory of electricity and inventor of the bittlar magneto 
meter. The unit gauss was named after him. 
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whether to the right or left of its usual position, depends: 1, 
upon the position of the wire that carries the current, whether 
it be above or below the needle, and 2, on the direction in 
which the current flows through the wire. 

Rule 2.-CORKSCREW RULE-If the direction of travel of 
a right handed corkscrew represent the direction of the current in a 
straight conductor, the direction of rotation of the corkscrew will 
represent the direction of the magnetic lines of force. 

.: ---.- 
. 

' 

h. ~ 
,pTfE05T0+ _. 

Flo. 269.-Knott Oersted's law apparatus for the study of magnetic action of currents and 
formulating Ampere's rule. 

Fro. 270.-Knott parallel current apparatus for demonstrating mutual action of parallel cur- 
rents. Parallel currents flowing in the same direction are obtained by connecting both binding 
posts with one pole of the battery. The other pole should he connected to a binding post (not 
shown in the illustration) fastened to the base and in electrical connection with the mercury 
we I. Success of the experiment depends upon amalgamating the ends of the copper rods 
and upon allowing the rods to make contact with the surface of the mercury. 

Rule 3.-RIGHT HAND RULE-The thumb of the right 
hand is placed along the conductor, pointing in the direction in 
which the current is flowing; then, if the fingers be partly closed, 
the finger tips will point in the direction of the magnetic whirls. 

Rule 4.-AMPERE'S RULE-Suppose yourself to be in the 
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Fw. 271.-Illustrating Maxwell's "corkscrew rule" Yor relative dire- ctionh oC 
current and lines of force. According to the rule: the direction of the curren( 
and that of the resulting magnetic force are in the same relation to each tither as' 
is the fora and travel and rotation of an ordinary corkscrew. Thus, in the figure, 
if a current flow through the wire ab, in the direction from a to b, the mag- 
netic lines will encircle the wire in the direction Of the curved arrow ro, Which 

O 

shows the direction in which the corkscrew must be turned to advance in the 
direction of the arrow n. 

DIRECTION OF 
CURRENT 

CONDUCTOR 

DIRECTION OF MAGNETIC 
WHIRLS 

POINT THUMB IN 
DIREGTIOn OF 

CURRENT 

Fro. 272.-Right hand rule to determine the direction of magnetic field around a conductor 
carrying a current. The thumb of the right hand is placed along the conductor, pointing in 
the direction in which the current is flowing, then, if the fingers be portly closed, as shoes, the 
finger lips will point in the direction: of the magnetic whirls. 
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wire, floating with the current and facing the needle; its north 
pole will turn toward your left hand. 

Rule 5.-Magnetic lines of force tend to occupy a position in 
which they are parallel with each other and run in the same direc- 
tion. 

Ques. What is the effect of a current flowing in a loop 
of wire? 

A. 

FIGS. 273 and 274.-Arnperes left hand rule: Suppose a man swimming in the wire with the 
current, and that he turn so as to face the needle, then the N. -seeking pole of the needle will be 
deflected toward his left hand. . 

BAT_ TEFiY fill 

Fro. 275.-Righl hand palm' rule to determine the direction of the magnetic field around a 
conductor carrying a current: Place the palm of the outstretched right hand above and to the 
right side of the wire, the fingers pointing in the direction of the current that is. pointing down- 
ward, and the thumb, extended at right angles. The direction in which the thumb points will 
indicate the direction of the magnetic field. 
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Ans. If, in figs. 276 and 277, the current flow in the direc- 
tion indicated by the arrow, the lines of magnetic force are 
found to surround the loop as shown; all the lines leave on one 
side of the loop and return on the other; accordingly, a north 
pole is formed on one side, and a south pole on the other. 

Solenoids.-A solenoid consists of a spiral of conducting wire 

Fta. 276.-Lines of force of a 
circular loop. If a current 
flow through the loop in the 
direction indicated ,thclines 
of force both inside and 
outside the loop, will cross 
the plane of the loop at right angles, and all 
those which cross the loop on the inside will ` ̀  '7 '` 
pass through the plane in one direction (down- 
wards in the figure), while all on the outside will return through the plane in the opposite 
direction. 

Flo. 277.-Lines of force of a circular loop. If the loop pass through a piece of cardboard at 
right angles to its plane, and the current flow as indicated, the dotted lines on the card- 
board will represent the direction of the lines of force in the plane of the cardboard. The 
student should verify the lines of force as here given by applying the corkscrew rule. 
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Fins. 278 and 279.-Ampere's experiments. Following Oersted's discovery, Ampere began his investigations. He reversed Oersted's experiment (fig. 278) and showed the action of a magnet on a movable circuit by means of a rectangular movable frame suspended from mercury cups. When a magnet is placed near this frame and current is flowing, the frame will be attracted by the magnet. Another experiment performed by Ampere was with a 
solenoid whose ends were attached to copper and zinc electrodes immersed in an acid solution 
thus forming a cell a: in fig. 279. When suspended as shown one end of the solenoid will be attracted by a magnet. 
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wound cylindrically so that, when an electric current passes 
through it, its turns are nearly equivalent to a succession of 
parallel circular circuits, and it acquires magnetic properties 
similar to those of a bar magnet. 

Fie.. 260.-Magnetic field of a solenoid. This is best observed by cutting a piece of cardboard 
and fitting it around the solenoid, as shown. If iron filings he sprinkled on the cardboard 
and a current passed through the solenoid, the character of the field is as indicated. With 
the current in the direction shown, it will he found that wherever small compass needles 
are placed, the direction in which their north poles turn is along arrows marked on the 
card. The card only exhibits the field in one of the sectional planes of the coil, but it is 
obvious that the field is the same for all sectional planes. 

-iy 
Fro. 281.-Knott vibrating spiral apparatus for illustrating mutual action of parallel currents.. 

When a current is allowed to pass through the spiral, there is an attraction between the con- 
volutions, causing the lower end of the spiral to break the electrical connection with the 
mercury. The weight of the spiral then causes contact again, which, in turn. sets up attrac- 
tion of the convolutions. Continual making and breaking contact with the nercury causes 
this spiral to vibrate up and down. 

} 
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Fto.283.-Knott 
Ampere's frames 
and support. /t 
consists of. a sup- 
port with balanced 
and insulated hold- 
er for the various 
frames. There are 
five frames; loop. 
plain rectangle, a 
static rectangle, 
rectangular coil and 
a solenoid. It 
serves, to demon- 
strate mutual ac- 
tion of magnets of solenoids, action of currents on solenoids, directive action of the earth on 
solenoids, directive action of magnets on currents, "sucking" effects of solenoids and action 
of a current on a pivoted magnet. 

Fin. 282.-Knott floating helix and cell 
for demonst rating the magnetic polar- 
ity of an electro -magnetic solenoid. 
This combination will float upright in 
a jar of water. When the battery 
solution is placed in the small jar in 
the center of the cork disc, the sole- 
noid will act the same as a magnetic 
needle. one end developing south and 
the other end north of polarity. 
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Ques. What is the character of the lines of force of a 
solenoid in which a current is flowing? 

Ans. The lines of force must be thought of as closed loops 
linked with the current. The conductor conveying the current 
passes through all the loops of force, and these are, so to speak, 
threaded or slung on the current line of flow, as in fig. 276. 

Flo. 284.-Knott parallel current repulsion coils, with bi-filar suspension, for illustrating mutual 
influence of parallel currents and self-induction. Tne coils have 1,000 turns of wire, are 
form wound, taped, shellacked and baked. Terminals are attached to loops for bi-filar sus- 
pension. The support for the coils support of two hard rubber pieces. adjustable on a cross- 
head so that the distance bet, een the coils can be varied. This cross head is attached to a 
rod which fits the clamp. Two sets of binding posts for series or multiple connections; coils 
wound for 110 volts when connected in series. 
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Ques. What is the distribution of the lines of force? 

Ans. The lines of force form continuous closed curves run- 
ning through the interior of the coil; they issue from one end 
and enter into the other end of the coil, as shown in fig. 277. 

Ques. What are the properties of a solenoid? 

Ans. A solenoid has north and south poles, and in fact pos - 

COI L 

N 

'_COIL TURNS AT RIGHT ANGLES 
TO -VERTICAL PLANL.THR000H 

WIRE 

Fan. 285.-Action of currents on solenoids. To demonstrate this fact experimentally, a solenoid 
is constructed as shown, so that it can be suspended by two pivots in the cups A and C. 
The solenoid is then movable about a vertical axis, and it a rectilinear current QP, he passed 
beneath it. which at the same time traverses the wires of the solenoid, the latter is seen 
to turn and set at right angles to the lower current; that is, in such a position that its cir- 
cuits are parallel to the fixed current: moreover, the current in the lower part of each of the 
circuits is in the same direction as in the rectilinear wire. It, instead of passing a rectilinear 
current below the solenoid, it be passed vertically on the side, an attraction or repulsion will 
take place, according as the two currents in the vertical wire, and an the nearest part of the 
solenoid, arc in the same or in contrary directions. 

sesses all the properties of an ordinary permanent magnet, with 
the important difference that the magnetism is entirely under 
control. 
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Since a solenoid carrying a current attracts and repels by its extremities 
the poles of a magnet, two such solenoids will attract and repel each other. 

Rule 6.-RIGHT HAND RULE-If the solenoid be grasped 
in the right hand, so that the fingers point in the direction in which 
the current is flowing in 11u. wires, the thumb extended will point 
in the direction of the north pole. 

Rule 7.-CLOCK RULE-For a person standing at the south 

DIRECTION 
OF CURRENT 

FINGERS POINT IN 
DIRECTION OF CURRENT 

THUMB POINTS 
TO NORTH POLE 

Fto. 286.-Right hand rule for polarity of a solenoid: If the solenoid be grasped in the right 
hand, so that the fingers point in the direction in which the current is flowing in the' wires, 
the thumb extended will point in the direction of the north pole. 

pole of a solenoid, the current flows in the -direction in which the 
hands of a clock turn, from the' leftover to the right; if he stand 
at the north pole, the current will flow counter clockwise. 

Ques. How does the magnetic strength of a solenoid vary? 

Ans. It is proportiprial" to the strength of the eldric cur- 
rent passing thróugh'it. 't'"' ' 



186 Magnetism 

COUIJTER 

(yOCKWISf 

FIOS. 287 and 288.-Application of the clock rule for polarity of solenoids. It u -ill be noted 
that the polarity depends upon the direction of the current and the order of winding. 

Fin. 289.-Mutyal action of solenoids. When two solenoids traversed by a current are allowed 
to act on each other, one of them being held in the hand and the other being movable about 
a vertical axis, as shown in the figure, attraction and repulsion will take place just as in the 
case of two magnets as in figs. 260 and 261, depending upon whether like or unlike poles are 
respectively presented. 
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Ques. On what, besides' the current strength, does the 
magnetizing power of a solenoid depend? 

Ans. The magnetic effect or the magnetizing power is propor- 
tional to the number of turns of wire composing the coil. 

Ques. IIow may the magnetizing power of a solenoid be 
increased? 

Ans. By inserting in the solenoid an iron core or round bar 
of soft iron. 

Fins. 290 and 291 -Magnetic conditions inside and outside of a solenoid. If magnetic needles 
be placed inside and outside the solenoid as shown and a current be passed through the coil. it will be found that the magnetic force inside the coil is in a direction opposite to that out- 
side the coil as indicated by the magnetic needles. 

(sues. Describe the action of an iron core. 

Ans. At first, the presence of an iron core greatly increases 
the strength of the field; after a time, however, as the strength 
of the current flowing in the exciting coils is increased, the 
conductibility of the iron for the lines of force appears to de- 
crease, until a point is eventually reached when the presence 
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of the iron core appears to have no effect in increasing the 
strength of the field. 

Permeability.-This is a measure of the ease with which 
magnetism passes through any substance. It is defined as: 
the ratio between the number of lines of force per unit area passing 

Y r 

PERMEABILITY = B 
H 

Fins. 292 and 293.-Illustrating the effect of introducing an iron core into a solenoid. Few 
lines pass through the air core, while many pass through the iron core. The number of 
lines 13, passing through a unit cross section of the iron core divided by the number of lines 
H, passing through a unit cross section of the air core is called the permeability and designated 
by the Greek letter Fi. 

through a magnetizable substance, and the magnetizing force which 
produces them. 

In other words, ít ís the ratio of flux density to magnetizing force. 
Permeability is a measure of the ease with which magnetism passes through 
any substance. The permeability of good soft wrought iron is sometimes 
3,000 times that of air, varying with the quality of the iron. 
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Rule 8.-Tire permeability of any piece of material increases 
with the increase of cross section and decreases will! the increase 
of length. 

Magnetic Saturation.-For all practical purposes, magnetic 
saturation may be defined as: That point of magnetism where 
a very large increase in the magnetizing force does not produce any 
perceptible increase in the magnetization; that is, the state of a 
magnet which has reached the highest practical degree of 
magnetization. 

From tests it has been shown that permeability increases 
with the flux density up to a certain point and then decreases, 
indicating that the iron is approaching a state of saturation. 

Magnetomoti%e Force.-This is a force similar to electro- 
motive force, that is, magnetic pressure. When a coil passes 
around a core several times, its magnetizing power, or magneto - 
motive force (mmf) is proportional both to the strength of the 
current and to the number of turns in the coil. The product 
of the current passing through the coil multiplied by the 
number of turns compocing the coil is called the ampere turns. 

It is known by experiment that one ampere turn produces 
1.2566 units of magnetic pressure, hence: 

magnetic pressure =1.2566 X turns X amperes 

that is, 

magnetomotive force (mmf) = 1.2566 X n X I . 
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Ampere Turns.-When a coil passes around a core several 
times, its magnetizing power is proportional both to the strength 
of the current and to the number of turns in the coil. The 
product of the current passing through the coil multiplied by the 
number of turns composing the coil is called the ampere turns. 

By experiment, one ampere turn produces 1.2566 units of magnetic 
pressure, hence: 

magnetic pressure =1.2566 X turns X amperes 
The unit of magnetic pressure is the gilbert (named after William Gilbert, 

the English physicist) and is equal to 
1=1.2566 ampere tum = .7958 ampere turn 

AMPERE ':2AMPERES 
L. 

5 AMPERES =" 

Fios. 294 to 296.-A mpere t urns. By definition the ampere turns is equal to the product of 
the current passing through a coil multiplied by the number of turns in the coil. Thus, in fig. 
294. ampere X1 turn = 1 ampere turn; in fig. 295, 2 amperes X2 turns = 4 ampere turns; 
in fig. 296, 5 amperes X5 turns =25 ampere turns. 

Reluctance.-The magnetic pressure (magnetomotive force) 
acting in a magnetic circuit encounters a certain opposition to 
the production of a magnetic field, just as electric pressure in 
an electric circuit encounters opposition to the production of 
a current. In the magnetic circuit this opposition is called 
the reluctance; it is simply magnetic resistance and may be de- 
fined as: the resistance offered to the magnetic flux by the substance 
magnetized, being the ratio of the magnetomotive force to the mag- 
netic flux. 

The unit of reluctance or magnetic resistance is the oersted 
(named after Hans Christian Oersted, the Danish physicist) and 
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is defined as: the reluctance offered by a cubic centimeter of 
vacuum . 

Analogy Between Electric and Magnetic Circuits.-The 
total number of magnetic lines of force, or magnetic flux, pro- 
duced in any magnetic circuit will depend on the magnetic 
pressure (mmf) acting on the circuit and the total reluctance 
of the circuit, just as the current in the electrical circuit de- 
pends upon the electrical pressure and the resistance of the 
circuit. 

To make this plain, Ohm's law states that 

electromotive force E electric current = or I = 
resistance R 

expressed in units 
volts 

amperes - 
ohms 

The resistance, as already explained, depends on the materials 
of which the circuit is composed, and their geometrical shape 
and size. 

Similarly, in the magnetic circuit, the total number of mag- 
netic lines produced by a given magnetizing solenoid depends 
on the magnetic pressure, the material composing the circuit, 
and its shape and size. 

That is, 

magnetic flux - magnetomotive force 
reluctance 

expressed in units, the equation becomes: 

gilberts 
maxwells - 

oersteds 
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The gilbert is the unit of nragnetomolive force, equivalent to the 
nragnetomotive force of .7958 ampere turn. 

It should be noted that in the electric circuit resistance causes heat to 
he generated and therefore energy to he wasted, but in the magnetic cir- 
cuit reluctance does not involve any similar waste of energy. 

Rule 9.-The reluctance is:directly proportional to the length 
.of the circuit, and inversely proportional lo its cross sectional area. 

The reluctance of a magnetic circuittis calculated according to the fob- 

lowing equation: 

reluctance 
length in centimeters 

permeability X cross section in square centimeters 
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'Fos. 297 and 2914,-Arrangement of molecules in iron bar before and after magnetization 
according to the generally accepted theory. 

Hysteresis.-The term hysteresis has been given by Ewing 
to the. subject of lag of magnetic effects behind their causes. Hys- 
téresis means to "lag behind," hence its application to denote, 
the laggiirg of ñgr`ietisnt, in á 'niágnetic rnetal,_behind. the mag- 
netizing flux which produces it. - - 

Ques. What .is the cause of hysteresis? 

Ans. It is düe_to the,frietion betweeñ the molecules of iron 
or other magnetic substance which requires an. expenditure of 
energy to change their ' position. 

4, =ry 

Ques. When do the molecules change their positions? 
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Ans. Both in the process of magnetization and demagneti- 
zation: 

Ques. What becomes of the loss of energy due to hys- 
teresis? 

Ans. It is converted into heat in changing the positions of 
the molecules (luring magnetization and demagnetization. 

Ewing gives the value for the energy in ergs dissipated per cubic centi- 
meter, for a complete cycle of doubly reversed strong magnetization for 
a number of substances as follows: 

at -----_ --- 
8 ---_-_-_-- 

%- 

Substance 

FIGS. 299 and 300.-Experiment 
illustrating the molecular 
theory of magnetism. Coarse 
steel filings are placed inside a 
small glass tube and the con- 
tents magnetized. It will be 
found that filings which at first 
had no definite arrangement 
will rearrange themselves under 
the influence of magnetic force. 
and assume symmetrical posi- 
lions, each one lying in line 
with, or parallel to its neighbor. 
as shown in the lower figure. 

Ergs per Cubic Centimeter 
(According to Ewing) 

'Energy dissipated 
(ergs) 

Very soft annealed iron 9,300 
Less " " 16,300 
I lard drawn steel wire 60,000 
Annealed .711.000 

',Same steel glass hard , , 
., 76,000 

Piano steel wire annealed ' 94,000 
" normal temper r .. 116.000 

"' " glass hard : 117,000 

Appco rnately .2S , i..pounds. of energy are converted into héat in 
making a double reversal of strong magnetization in a cubic foot of irpn. 
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Residual Magnetism.-Wien a mass of iron has once been 
magnetized, it becomes a difficult matter to entirely remove all 
traces when the magnetizing agent has been removed, and, as a 
general rule, a small amount of magnetism is permanently re- 
tained by the iron. This is known as residual magnetism, and 
it varies in amount with the quality of the iron. 

FIG. 301.-Hysteresis loop or curve showing how B, changes when H, is periodically varied. In 
the figure 11 = number of lines of force per sq. cm. (strength of field) and B = number of 

I ines of induction per sq. cm. If now H, be gradually diminished to zero, it is found that the 
value of B, for any given value of H. is considerably greater when that value of H, was 

reached by decreasing H, from a higher value, than when the same value was reached by in- 
creasing H, from a lower value; that is, to say, the curve AC, when H, is decreased, is very dif- 
ferent from the curve OA, when it is increased. Take for instance, the value H = 20. When 
this is reached by increasing H, from 0 to 20, the corresponding value of B, is 5,100, but 
..'hen it is reached by decreasing II, from 94 to 20, the value of B. is 12.200. It may be noted. 
too, that when H. is reduced to zero. B. still has a value OC,or 10,300, which is nearly three- 
quarters the value it had when 11, was 94. This induction is the "residual magnetism" men- 
tioned already. In soft iron it will nearly all disappear on tapping, but without this it 
can also be removed by reversing the current in the magnetising coil, so as to demagnetise 
the iron. The curve shows that a demagnetising force of 11 = 23 is required to make B, zero 
at the point D. This force is called the coercive force of the iron, and measures the tenacity 
with which it holds the residual magnetism. As the magnetising force is still further in- 
creased in reverse direction, the curve goes from_D, to E. where the iron becomes saturated 
negatively. On gradually returning. H, to zero, the curve goes from E. to F. along a similar 
but opposite path to AC, OF, being again the residual magnetism. The magnetising force 
has now passed round a cycle from O, to a positive value, back to 0, to a negative value. 
and again back to O, and if this cycle be repeated several times, the B -H curve becomes a 

loop FGACDE, which is symmetrical about the center O. 



Magnetism 195 

Well annealed, pure wrought iron, as a rule, possesses very little residual 
magnetism, while, on the other hand, wrought iron, which contains a 
large percentage of impurities, or which has been subjected to some har- 
dening process, such as hammering, rolling, stamping, etc., and cast iron, 
possess a very large amount of residual magnetism. 

Residual magnetism in iron is of great importance in the working of the 
self -exciting dynamo, and is, indeed, the essential principle of this class of 
machine. 

That is, without residual magnetism in the field magnet core, the dy- 
namo when started would not generate any current unless it received an 
initial excitation from an external source. 

16,000- PNNfALED IRON 

12,000 

Fm. 302.-R!/ curves (or iron and steel. 

NOTE -Ewinq's theory o! magnelism. A theory of magnetism advanced by Ewing, 
that molecular magnets are held together, not by friction but by mutual magnetic attraction, 
their poles, pointing in every direction till some outside magnetic force draws them into a 
common direction. 

TEST QUESTIONS 

1. What is magnetism? 
2. What is a lodestone (incorrectly spelled loadstone)? 
3. Describe two kinds of magnetism, explaining na- 

ture of each. 
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4. In what regions is the magnetism strongest? 
5. How are magnetic poles designated, and what is 

the feature of each? 
6. Describe a magnetic field, and define the magnetic 

lines of force. 
7. State two laws of magnetic force. 
8. What is a magnetic circuit? 
9. Define magnetic flux, and how it is ,neasured? 

10. Define magnetic flux; reluctance; oersted; max - 
well; gauss. 

1 1 . Describe Oersteds discovery. 
12. Give the following rules: corkscrew; right hand; 

Ampere's. 
13. What is a solenoid? 
14. Give the right hand rule and clock rule as applied 

to solenoids. 
15. Describe the action of an iron core in a solenoid. 
16. What is permeability and magnetic saturation? 
17. What are ampere turns and the rule relating to 

them? 
18. Define reluctance. 
19. Give analogy between electric and magnetic circuits. 
20. State rules for reluctance. 
21. What is hysteresis and its cause? 
22. What data did Ewing give? 
23. What is residual magnetism and what important 

use is made of same? 
24. State Ewing theory of magnetism. 
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CHAPTER 10 

Electro- Magnetic Induction 

The tendency of electric currents to flow in a conductor 
when it is moved in a magnetic field so as to "cut" lines of 
magnetic force is known as electro -magnetic induction. 

Fro. 303.-Faraday's discovery: If a loop of wire he connected to a galvanometer and 
a section of the wire AB, be moved through a magnetic field as shown, the galvanometer 
will be deflected indicating that an electric curimt is generated when a conductor is moved 
in a magnetic field so as to cut lines of force. A thorough understanding of the term cut 
lines of force is highly important. 

Faraday discovered that if lie took a wire, joined its 
ends and moved it in front of a magneto, a current would 
be induced in the wire. The current is called the induced 
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current and that part of the wire moved in the magnetic 
field, the inductor. 

All dynamos of whatever form, are based upon this dis- 
covery made by Faraday in 1831, which in rule form is as 
follows: 

FARADAY'S DISCOVERY-Electric currents are induced in inductors' 
by moving them in a magnetic field, so as to cut magnetic lines of force. 

Ques. Explain the expression "cut lines of force." 

Ans. A conductor, forming part of an electric circuit, cuts 
lines of force when it moves across a magnetic field in such 
manner as to alter the number of magnetic lines of force which 
are embraced by the circuit. 

It is important to clearly understand the meaning of this expression, 
which will be later explained in more detail. 

Faraday's Machine.-After various experiments, Faraday 
made his "new electrical machine" as shown in fig. 304. This 
piece of apparatus is preserved and was shown in perfect action 
by Prof. S. P. Thompson in a lecture delivered April 11th, 
1891, after an interval of sixty years. 

It consists of a horse shoe magnet and a copper disc attached to a 
shaft and supported so as to turn freely. The magnet is so placed that 

*NOTE.-A wire or other conductor moving in a magnetic field to induce an electric 
current is properly called an inductor. . 

NOTE-Michael Faraday. born 1791, died 1867. He was an English scientist, famous 
for his discoveries in chemistry, electricity and magnetism. He first produced the rotation 
of the magnetic needle around the electric circuit (1821) based upon Oersted's discovery of 
electro -magnetism in 1820; he discovered electro magnetic induction (1831), a principle upon 
which is founded the development of dynamo machinery; specific inductive capacity (1838); 
magnetic polarization of light (1845); diamagnetism (1846). Ile was a brilliant experimenter, 
and contributed greatly to the knowledge upon which is based present day practice of elec- 
tricity. 
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its inter -polar lines of force traverse the disc from side to side. There 
are two copper brushes, one hears against the shaft, and the other against 
the circumference of the disc. A handle serves to rotate the disc in the 
magnetic field. 

Now, if the north pole of the magnet he nearest the observer and the 
disc be rotated clockwise, the current induced in the circuit will flow out 
at the brush which touches the circumference, and return through the 
brush at the shaft. 

//-411Mal~r ',eeee 
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Fla. 304 -Faraday's dynamo which embodies his discovery in 1831 of electromagnetic induc- 
tion, the principle upon which all dynamos work, as well as induction coils, transformers, and 
other electrical apparatus. 

Faraday's Principle.-The principle deduced from Faraday's 
experiment may be stated as follows: 

When a conducting circuit is moved in a magnetic field 
so as to "cut," that is alter the number of lines of force 
passing through it, a current is induced therein, in a 
direction at right angles to the direction of the motion, and 
at right angles also to the direction of the lines of force, 
and to the right of the lines of force, as viewed from the 
point from which the motion originated. 
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Faraday's principle may be extended as follows to cover all 
cases of electromagnetic induction: - 

When a conducting circuit is moved in a magnetic field, so as to 
alter the number of lines of force passing through it, or when the 
strength of the field is varied so as to either increase or decrease the 
number of lines of force passing through the circuit, a current is 
induced therein which lasts only during the interval of change in 
the number of lines of force embraced by the circuit. 

Ques. Explain just what happens when a current is in- 
duced by electromagnetic induction. 

Fins. 307 and 308.-Current induced in conducting circuit by altering the field strength. 

Ans. In order to induce an electromotive force by moving a 
conductor across a uniform magnetic field, it is necessary that 
the conductor, in its motion, should so cut the magnetic lines 
as to alter the number of lines of force that pass through the 
circuit of which the moving conductor forms a part. 
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Ques. What is the proper name for a "conductor" which 
moves across the magnetic field? 

Ans. An inductor, because it is that part of the electric cir- 
cuit in which induction takes place. 

In the case of a dynamo, an inductor may be either a copper wire or 
copper bar. ' 

Ques. How may a conducting circuit be moved across a 
magnetic field without having a current induced therein? 

-4 

a 

Fta. 309.-Electromagnetic induction 1: In order to induce a current by electro -magnetic 
induction, an inductor must be so moved through a magnetic field that the number of lines 
of force passing through it (that is, embraced) is altered. if a coil be given a simple motion 
of translation in a uniform magnetic field as indicated in the figure, no current will be 
induced because the number of lines of force passing through it are not changed, that is, during 
the movement as many lines are lost as are gained. 

Ans. If a conducting circuit, for instance, a wire ring or 
single coil, be moved in a uniform magnetic field, as shown in 
fig. 309, so that only the same number of lines of force pass 
through it, no current will be generated, for since the coil is 
moved by a motion of translation to another part of the field, 
as many lines of force will be left behind as are gained in ad- 
vancing from its first to its second position. 
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Ques. Describe another movement by which no current 
will be induced. 

Ans. If the coil be merely rotated on itself around a central 
axis, that is, like a fly wheel rotating around a shaft, as in fig. 
310, the number of lines of force passing through the coil will 
not be altered, hence no current will be generated. 

Ques. State the essential condition for current induction 
in a uniform field. 

no. 310.-Rotation of coil without Inducing any current therein. 

Ans. The coil in which a current is to be induced, must be 
tilted in its motion across the uniform field, or rotated around 
any axis in its plane as in fig. 311, so as to alter the number of 
lines of force which pass through it. 

Ques. In what direction will the current flow in the coil, 
fig. 311? 
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Ans. The current induced in the coil will flow around it in 
a clockwise direction (as observed by looking along the mag- 
netic field in the direction in which the magnetic lines run) if 
the effect of the movement be to diminish the number of lines 
of force that pass through the coil. The current will flow in 
the opposite direction (counter -clockwise) if the movement be 
such as to increase the number of intercepted lines of force. 

hta.311.-Electro-magnetic induction 2: If a coil he given a motion of rotation from any point 
within its own plane in passing through a uniform magnetic field, a current will be induced 
in the coil because the number of lines of force passing through it is altered. 

Pta. 312.-Electro-magnetic induction 3: If a coil he given a simple motion of translation in a 
-uniform or rariabte magnet ic field, a current will be induced in the coil, whether the 

motion be from the dense to the less dense region of the field or the reverse, because the number of 
lines of force passing through the coil is altered. 
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Ques. If the magnetic field be not uniform, as in fig. 312, 
what will be the result? 

Ans. The effect of moving the coil by a simple motion of 
translation from a dense region of the field to one less dense, or 
vice versa, will be to induce a current because in either case, the 
number of lines of force passing through the coil is altered.* 

Laws of Electro -magnetic Induction.-There are certain 
laws of electro -magnetic induction which, on account of the 

COIL ROTATED 
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1 . 
nos. 313 and 314.-Lau I. Current induced 1, by rotation of coil (fig. 313). and 2, by rota- 

tion of field (fig. 314). Motion is purrly a relative matter, and it makes no difference 
electrically whether the coil rotate, or the field rotate. 

importance of the subject, it is well to carefully consider. The 
facts presented in the preceding paragraphs are embodied in 
the following fundamental laws: 

Law 1.-FARADAY'S DISCOVERY-To induce a current 
in a circuit, there must be a relative motion between the circuit 
and a magnetic field, of such a kind as to alter the number of 
nzagnelic lines embraced in the circuit. 

*NOTE.-The term altered should be understood. The lines of farce passing through a 
coil are altered when they are either increased or decreased in numbrr. 
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Law 2.- The voltage (or current) induced in a circuit is propor- 
tional to the rate of increase or decrease in the number of mag- 
netic lines embraced by the circuit. 

For instance, if n, equal the number of magnetic lines embraced by 
the circuit at the beginning of the movement, and n', the number em- 
braced after a very short interval of time 1, then 

the average induced voltage - 

SMALL CURRENT 
OR VOLTAGE 

n - n' 
t 

LARGE CURRENT 
OR VOLTAGE 

SMALL INCREASE. LARGE INCREASE 
(OR DECREASE) (OR DECREASE) 

Fins. 315 to 317.-Lars 2. Relation between increase (or decrease) of field and voltage or 
current induced. 

It would require the cutting of about 100,000,000 lines per second to 
produce voltage equal to that of one Daniell cell. 

The unit of electric pressure, called the volt, is the electric pressure 
produced by cutting 100,000,000 lines per second, usually expressed 108. 

Law 3.-When a straight wire cuts 100,000,000 lines of force 
at right angles per second, an electric pressure of one volt is induced. 

Law 4.-By joining in series a number of inductors or coils 
moving in a magnetic field, the electric pressures in the separate 
parts are added together. 



Electro -Magnetic Induction 207 

The reason for this is apparent by considering a coil of wire having 
several turns and moving in a magnetic field so as to cut magnetic lines. 
During the movement, the lines cut by the first turn are successively cut 
by all the other turns of the coil, hence, the total number of lines cut is 
equal to the number cut by a single turn multiplied by the number of 
turns. The pressures induced in the separate turns are therefore added. 

Example.-If a coil of wire of 50 turns cut 100,000 lines in t/,00 of 
a second, what will be the induced voltage? 

100, 000, 000 
LINES OF FORCE 

TIME OF ROTATION 
ONE SECOND 

,1 

Fun. 318 and 319.-Law 3. Conditions for generating one volt pressure. 

The number of lines cut per second per turn of the coil is 
100,000 X 100 =10,000,000 

The total number of lines cut by the coil of 50 turns is 
10,000,000 X50 = 500,000,000 

which will induce a pressure of 
. 500,000,000+10'3=5 volts 

Law 5.-A decrease in the number of magnetic lines which pass 
through a circuit induces a current around the circuit in the positive 
direction. 

NOTE.-The term positive direction is understood to be the direction along which a 
free N pole would tend to move. 
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Law 6.-An increase in the number of magnetic lines which 
pass through a circuit induces a current in the negative direction 
around the circuit. 

ONE TURN 

ROTATION 

ONE VOLT 

THREE TURNS 

1I1 - 

THREE VOLTS T "- - L 5 

Ftos. 320 and 321.-Law 1. Relation between number of turns of coil and voltage generated. 

}dos. 322 and 323.-Law 5. 
conducting circuit. 

DECREASE 

INÜUCE 
CURRENT 

/CLOCKWISE OR 

\POSITIVE DIRECTION) 

Effect of decrease in number of lines of force passing through a 
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The reason for the change of direction of the current for decrease or 
increase in the number of lines cut, as stated in the fourth and fifth laws, 
will be seen by aid of the formula given under the second law, viz: 

n - n' 
electromotive force - (1) 

but by Ohm's law 

current -electromotive force E 
(2) or, I = It 

Substituting (1) in (2) 

t 

resistance 

INCREASE 

Fists. 324 and 325.-Lam 6. Effect of in- 
crease in the number of lines of force 
passing through a conducting circuit. 

ft -1N 
t n -n' current - ll or. Itt 

MOVEMENT OF COIL 

INDUCED CURRENT 
COUNTER CLOCKrJISE 

kOR NEGATIVE DIRECTION/ 

(3) 

Now in equation (3) if there he a decrease in the number of lines cut, 
n', will he less than n. hence the current will he positive (+); again, if the 
lines increase, n', will he greater than n, which will give a minus value, 
that is. the current will be negative or in a reverse direction. 

Law 7.-The approach and recession of a conductor from a 
magnet pole will yield currents alternating in direction. 

NOTE.-The direction of fhe induced current in figs. 322 to 325 is easily determined 
by applying Lenz law and the right hand rule for polarity. Since there is opposition to the 
movement of the coil, there will he unlike poles when the coil recedes (fig. 323) and like poles 
when the coil approaches the magnetic pole. 
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Since the strength of the field depends on the proximity to the pole, 
the approach and recession of a conductor involve an increase and decrease 
in the rate of cutting of magnetic lines, hence a reversal of current. 

Law 8.-The more rapid the motion, the higher will be the 
induced electromotive force. 

In other words, the greater the number of lines cut per unit of time, 
the higher will be the voltage. 

ONE VOLT 

f00,000, 000 
LINES OF FORCE 

TIME OF ROTATION 
ONE SECOND 

FIVE VOLTS 

TIME OF ROTATION 
ONE- FIFTH SECOND 

FIGS. 326 and 327.-Law 7. Relation between rate of cutting the lines of force and voltage 
generated. 

Law 9.-Lenz's law. The direction of the induced current is 
always such that its magnetic field opposes the motion which 
produces it. 

This is illustrated in figs. 328 and 329. 
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Rules for Direction of Induced Current.-There are a num- 
ber of rules to quickly determine the direction of an induced 
current when the direction of the lines of force, and motion of 
the inductor are known. The first rule here given was de- 
vised by Fleming and is very useful. It is sometimes called 
the "dynamo rule." 

COIL 

'GALVANOMETER 

MOTION OF MAGNET 

bo,v)l 

Fin. 328.-Experiment illustrating Lenz's law which states that in all cases of electro -magnetic 
induction, the direction of the induced current is such as to tend to stop the motion producing 
it. In the experiment, in order to produce the induced current, energy must he expended 
in bringing the magnet to the coil and in taking it away, which is in accordance with the 
law of conservation of energy. 

Fin. 329.-Experiment illustrating Lenz's law. If a copper ring be held in front of an ordi- 
nary electro -magnet, and the current circulating through the coil of the magnet be in such 
a direction as to magnetize the core as indicated by the letters S,N, then as the current 
increases in the coil more and more of the lines of force proceeding from N, pass through 
the ring 00, from left to right. While the field is thus increasing, current will be induced 
in the copper ring in the direction indicated by the arrows, such currents tending to set up 
a field that would pass through the ring from right to left, and would therefore retard the 
growth of the field due to the electro -magnet M. 
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Fleming's Rule.-If the forefinger of the right hand be pointed 
in the direction of the magnetic lines, and the thumb (at right 

DIRECTION 
OF CURRENT 

F 
LINES OFTION S FORCE 

DIRECTION 
OF MOTION 

GALVANOMETER 

LINES OF 
FORCE 

FIGS. 330 and 331.-Fleming's rule for direction of induced current. Extend the thumb, fore 
finger and middle finger of the right hand so that each will be at right angles to the other two. 

Place the hand in such position that the thumb will point in the direction in which the inductor 

mores, the forefinger in the direction of the lines of force (N to S), then will the middle finger 
point in the direction in which the induced current flows. This is a very useful rule and the 

author recommends that it be thoroughly understood. 

GENERATOR 
OIRECTIOM TIO F , .4011011111 

at!CNDUCTOR. 

RIGHT HAND 

Mf\NDv 

CCqOPO\p.t .005fir 

Fla. 332.-A rule for direction of induced current which, in some cases, is more conveniently 
applied than Fleming's rule: Hold the thumb, forefinger and remaining fingers of the right 

hand at right angles lo each other; place the hand in such position that the forefinger points in 

the direction of motion of the inductor, the three fingers in the direction of the lines of force, then 

will the thumb point in the direction of the induced current. 
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angles to the forefinger) be turned in the direction of the motion 
of the conductor, then will the middle finger, bent at right angles to 
both thumb and forefinger, show the direction of the induced current. 

The application of this rule is shown in figs. 331 and 332. The right hand 
is so placed at the north pole of a magnet, that the forefinger points in 
the direction of the magnetic lines; the thumb in the direction of motion 
of the conductor; the middle finger pointed at right angles to the thumb 
and forefinger, indicates the direction of the current induced in the con- 
ductor. 

OiRECTiON 
OF CURRENT 

C55FTUCTOa 

á 

J 

jnr ! J 
MAGNETIC NEEDLE %oj-t 
TURNS TO LEFT 

Fro. 333.-Imaginative view of man swimming "in a conductor" illustrating Ampere's rule. 

Ampere's Rule.-If a man could swim in a conductor with the 
current, then the north seeking (+) pole of a magnetic needle 
placed directly ahead of him, will be deflected lo the left, while the 
south seeking (-) pole will be urged lo the right. 

For certain particular cases in which a fixed magnet pole acts on a 
movable circuit, the following converse to Ampere's rule will be found 
useful: If a man swim in the wire with the current, and turn so as to look 
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along the direction of the lines of force of the pole (that is, as the lines 
of force run, from the pole if it be north seeking, toward the pole if it be 
south seeking), then he and the conducting wire with him will be urged 
toward his left. 

The Palm Rule.-If the palm of the right hand be held facing 
or against the lines of force, and the thumb in the direction of the 

O 

o 

DIRECTION OF 
NOUCED CURRENT 

dIRECIION OF 
MOTION 

Fin. 334.-The palm rule for direction of induced current: If the palm of the right hand be 

held agains( the direction of the lines of force, the thumb in the direction of the motion, then the 

fingers will point in the direction of the induced current. 

motion, then the fingers will point in the direction of the induced 
current. 

Self-induction.-This term signifies the property of an electric 

current by virtue of which it tends to resist any change of value. 
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Self-induction is sometimes spoken of as electromagnetic inertia, 
and is analogous to the mechanical inertia of matter. 

It is on account of self-induction of the induced currents in the arm- 
ature winding of a dynamo, that sparks appear at the brushes when the 
latter are not properly adjusted, hence the importance of clearly under- 
standing the nature of this peculiar property of the current. 

Self-induction is fully explained in the chapter following. 

PRIMARY 
INDUCTION COIL 

FIG. 335.-Make and break ignition 
circuit illustrating self-induction. 
In operation, when the circuit is 
suddenly broken at L, the self-in- 
duction or electromagnetic inertia 
of the primary induction coil causes 
the current to bridge the gap be- 
tween the ~points of the ignitor, 
thus producing an arc* before com- 
ing to rest. 

*NOTE.-Careful distinction should be made between the terms arc and spark. An arc 
brrdges the gap; a spark jumps the gap. 
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TEST QUESTIONS 

1. Define elect ro -magnetic induction. 
2. What is the difference between a conductor and an 

inductor? 
3. Define precisely the term "cut lines of force.' 
4. State Faraday's discovery, and describe his ma- 

chine. 
5. Slate the principle deduced from 'Faraday's ex- 

periment . 

6. Explain how a current is induced by electro -mag- 
netic induction. 

7. Explain how an inductor nay be moved in a 
magnetic field, a, to induce, b, not to induce, a 
current. 

8. What is the direction of the induced current? 

9. State the laws of electro -magnetic induction; give: 
examples. 

10. Give the following rules for the direction of induced 
current: Flemings; Ampere's; palm. 

11. What is self induction? 

12. What causes sparks at the brush of a dynamo? 



Induction Coils 217 

CHAPTER 11 

Induction Coils 
The induction coil has always been a popular piece of ap- 

paratus with those interested in electrical science; the experi- 
ments which can be performed with its aid are very numerous. 

It is of considerable importance, especially in its application to such 
useful purposes as X-ray work, wireless telegraphy and ignition for gas 
engines. The latter has caused manufacturers to give much attention 
to the development of the induction coil, resulting in many refinements 

' of design and construction. 

Induction coils may he divided into two general classes: 

1. Primary coils; 

2. Secondary coils. 

The subject of electro -magnetic induction has been fully ex- 
plained in Chapter 10, but it may be.said, with special reference 
to induction coils, that the operation of the two classes just 
mentioned is respectively due to: 

1. Self induction; 

2. Mutual induction. 

Self Induction.-This is the property of an electric current 
by virtue of which *it tends to resist any change in its rate of flow. 
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It is sometimes spoken of as electromagnetic inertia and is 
analogous to the mechanical inertia of matter. 

Self-induction is due to the action of the current upon itself during 
variations in strength. 

It becomes especially marked in a coil of wiie, in which the adjacent 
turns act inductively upon each other upon the principle of mutual induc- 
tion arising between two separate adjacent circuits. 

Self-induction manifests itself by giving "momentum" to the 

2 GALVANOMETER 

SECONDARY CIRCUIT 

BATTERY 1 

PRIMARY CIRCUIT 

u 
KEY O 

Fro. 336 and 337.-Diagram showing the action of mutual induction between two circuits; the 
one including a source of electrical energy and a switch; the other including a galvanometer. 
but having no cell or other electrical source. During the increase or decrease in the strength 
of the current as on closing or opening the key a current is induced in the secondary circuit 
in a direction opposite to that of the primary current as indicated by the arrows. 

current so that it cannot be instantly stopped when the circuit is 
broken, the result being a bright spark at the moment of 
breaking the circuit. 

On account of this spark, a primary induction coil is used in low tension 
or "make and break" ignition systems. 

In a single circuit, consisting of a straight wire and a parallel 
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return wire there is little or no self-induction. When a circuit 
containing a primary induction coil and a battery is closed there 
is no spark because at the instant of closing the circuit the cur- 
rent is at rest and on account of self induction the current cannot 
at once rise to its full value. 

Mutual Induction.-This is a particular case of electro- 
magnetic induction in which the magnetic field producing an 
electric pressure in a circuit is due to the current in a neighboring 
circuit. 

The effect of mutual induction may be explained with the 
aid of fig. 336. 

If, as illustrated, a circuit including a battery and a switch, be placed 
near another circuit, formed by connecting the two terminals of a gal- 
vanometer by a wire, it will be found that whenever the first circuit 1, is 
closed by the switch, allowing a current to pass in a given direction, a 
momentary current will be induced in the second circuit 2, as shown by the 
galvanometer. A similar result will follow on the opening of the battery 
circuit, the difference being that the momentary induced current occurring 
at closure moves in a direction opposite to that in the battery circuit, 
while the momentary current at opening moves in the same direction. 

Currents, besides being induced in circuit 2, at snake or break of circuit 
1, are also induced when the current in 1, is fluctuating in intensity. 

The most marked results are observed when the make cc break is sud- 
den, the action being strongest al the break of the current in 1. 

The inductive effect of the current in the arrangement shown in figs. 336 
and 337 is very weak. 

Ques. What name is given to circuit 1? 

Ans. The primary circuit. 

Ques. What name is given to circuit 2? 

Ans. The secondary circuit. 
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Ques. What names are given respectively to the currents 
in circuits 1 and 2? 

Ans. The primary, and secondary or induced current. 

Primary Induction Coils.-These represent the simplest 
form of coil, and are used chiefly in low tension ignition to in- 
tensify the spark when a battery forms the current source. 

COVER COARSE 
IRON CORE 

INSULATED WIRE 

s.e lows .ow . e,, t.i i%i i we ilv ,.y1 III Is. 
%_. see *Ay 40.0~ tIthlu sw .iie ;sgiee,' 

-HEADS 
TERMINALS 

Flo. 338.-Primary induction coil as used for low tension ignition. Coils of this type are 
made in a great variety of form and size. Ordinarily the winding consists of about six 
layers of No. 14 copper wire. The winding is usually covered and the ends capped with 
ebonite so that the core and wires are not exposed. 

A primary coil consists of a long iron core 
wound with a considerable length of a low resis- 
tance insulated copper wire. 

The length of the core and the number of turns of the in- 
sulated wire winding determines the efficiency. The effect of 
the iron core is to increase the self induction. 
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The spark produced, as previously explained, is due to self 
induction, and it should be remembered that in the operation 
of the coil, the spark occurs al the instant of breaking the circuit, 
not at the instant of making. 

Secondary Induction Coils.-The arrangement shown in 

Pto. 339.-Product ion of spa k witl plain coil. Connec the ends or leads of the secondary 
winding to fixed insulators with ad ustablesparkpointssotheyarefromone -sixteenthtoone- 
eighth in. apart. Connect one end of the primary winding to an electric battery, and with the 
other lead of the primary winding brush against the other terminal of the battery, as in- 
dicated. When the contact is broken there will be a spark both at the point of rupture 
in the primary circuit and at the gap. An electric impulse is also induced in the secondary 
circuit when the primary circuit is closed and the current flowing in it gradually rises to its 
maximum value, but this impulse is too feeble to cause a spark to jump across the gap. 
Only the impulse induced in the secondary during the dying out of the current it the pri- 
mary is utilized. To avoid a spark at R, on break of primary circuit, place a condenser across 
this circuit as at M,S, as shown in dotted lines. 

fig. 339, may be considered as a very simple or rudimentary 
form of secondary induction coil. 
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A secondary coil consists of a long iron 
wire core upon which is wound a primary and 
secondary winding. 

In the actual coil, the primary and secondary circuits (cor- 
responding to heavy and fine wire, respectively as shown in 

SECONDARY WINDING 

LONG IRON WIRE CORE. 

S 

PRIMARY 
WINDING 

Fro. 340.-Elementary plain secondary coil showing essential parts. 

fig. 339) are made up of coils of insulated wire, as shown in 
fig. 340, the primary coil P, being wound over a core C, 
and the secondary coil S, being wound over the primary. 

The one property of such an arrangement that makes it of 
great value for most purposes is that the voltage of the induced 
current may be increased or diminished to any extent depending 
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on the relation between the number of turns in the primary and 
secondary winding. 

This relation may be expressed by the following rule: 

The voltage of the secondary current is (approximately) to the 

voltage of the primary current as the number of turns of the sec- 
ondary winding is to the number of turns of the primary winding. 

For instance, if the voltage of the primary current be 5 volts, the primary 
winding have 10 turns and the secondary 100 turns, then 

Secondary voltage: 5 :: 100 : 10 
from which 

Secondary voltage=50 volts (approximately) 

The watts in each circuit are approximately the same; hence, if, for 
instance, the current strength in the primary circuit he 5 amperes, the 
watts in primary circuit are 5X5=25. Accordingly, for the secondary 
circuit the current strength is: 

25 watts =50 volts = % ampere (approximately) 

From this, it is seen that where the voltage is raised in the secondary 
circuit, the current flow is small as compared to that in the primary cir- 
cuit; therefore, heavy wire is used in the primary winding and fine wire 
in the secondary, as indicated in figs. 339 and 340. 

For most purposes a very much higher secondary voltage is required 
than in the example just given: 

Secondary induction coils may be divided into two general 
classes: 

1. Plain coils; 

2. Vibrator and condenser coils. 

The plain coil gives but one spark when the primary circuit 
is made and broken, while the vibrator coil gives a series of 
sparks following each other in rapid succession. 
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Plain Secondary Induction Coils.-Coils of this class are 
very simple and consist of: 

1. Core; 
2. Primary winding; 
3. Secondary winding. 

- - , 
- 

f 

a 
S í 

,§!'v -A.,` 
` .. 

' .J... r' 
Flus. 341 to 313.-Knott lecture table primary secondary coil. Primary winding. 6Xl ? j 

few turns of coarse wire; secondary winding. 5X2;_ ins. large number of turns. Core cor._ 
sists of a bundle of soft iron wires molded by iron bands to form a nearly solid rod. ' 

The construction of a plain coil, such as would be suitable 
where a strong spark is not required, is about,as follows: 

The core is made of soft annealed iron wires (No. 20 B and S, gauge) 
from one-half to three-quarters of an inch in diameter and about six inches 
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long. Over this core is slipped a spool of insulating material (hard rub- 
ber or composition), on which is wound first the primary winding of the 
coil, which consists of several layers of about No. 18 B and S, gauge silk 
insulated magnet wire. 

After the primary winding has been wound over the insulated core, 
and the ends have been properly brought out through the heads of the 
spool to be connected to binding posts thereon, a layer of insulating ma- 
terial is applied over the primary wire, and the secondary winding is then 
wound on. 

The wire for the secondary winding consists of about,No. 36 B and 5, 
gauge silk covered magnet wire, the amount used varying considerably, 
depending on the desired voltage of the secondary Current. 

When all the wire has been wound on, the ends are brought out to 
the binding posts, the coil is soaked in shellac dissolved in alcohcl and 
baked, or in melted paraffin or a paraffin compound, and allowed to cool. 
It is then placed in either a cylindrical hard rubber shell or in a hard 
wood box. 

The proportions of such cols vary greatly: for motor cycle use they 
are made long and of small diameter (10X21., inches for instance), while 
for some other purposes short and thick coils are found more convenient. 

Ques. flow may the coil just described he connected for 
demonstrating purposes? 

Ans. Connect the ends of the secondary winding to fixed 
insulators and bend the ends so they are about s inch or less 
apart. Connect one end of the primary winding to a battery 
and brush the other end of the primary winding against the 
other terminal of the battery as indicated in fig. 339. 

Ques. What happens when the primary circuit is made? 

Ans. An electric pressure is induced in the secondary cir- 
cuit, but of not enough intensity to cause a spark to jump 
across the air gap. 

Ques. What happens when the primary circuit is sud- 
denly broken? 
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Ans. A spark is produced both at the point of break in the 
primary circuit and at the air gap in the secondary circuit. 

Ques. Why is a spark produced at the air gap at break 
and not at make of the primary current? 

Ans. Because when the current is flowing it cannot be 
stopped instantly on account of self induction, that is, it acts 
as though it .possessed weight. 

If the reader have charge of a gas engine with a make and break igni- 
tion system, he will often avoid vexatious delays in locating ignition 
troubles, if he remember that one of the most important conditions for 

OR 
F 

Fins. 344 and 345.-Conventional diagram of a condenser. A condenser is a device designed to 
absorb or hold an electric charge in about the same manner as a vessel will hold a liquid. 
Every conductor of electricity forms a condenser and its capacity (or holding a charge de- 
pends upon the extent of its surface. A condenser is therefore made of conductive material 
formed into such shape as to present the maximum surface for a given amount of material. 

obtaining a good spark is that the break take place with great rapidity. 
This, of course, involves that the ignition spring be adjusted to the proper 
tension. 

Secondary Induction Coils with Vibrator and Condenser.- 
A plain secondary coil. such as just described, will only give 
feeble sparks for its size because the inductive effect of the 
primary winding in the secondary, depends as previously ex- 
plained, on the rate at which the current in the primary winding 
decreases or dies out. 
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If a strong inductive effect is to he produced in the secondary, 
the current in the primary must stop suddenly. 

This is prevented by self induction in the primary winding, which op- 
poses any change in the current strength. The direct result is that, as the 
primary circuit is broken, a spark appears at the break, which means that 
the current continues to flow after the break has occurred, dying down 
comparatively slowly, hence, the inductive effect on the secondary winding 
is small. 

p"ortosos}Hri 

lomia~heAtA 

346.-Knott liquid interrupting induction coil without interrupter for 110 volt circuit. 
This coil has been designed to work on the 110 volt circuit and to withstand the entire 
current from a liquid interrupter, a heavy 7 in. discharge will be found must satisfactory 
for general work in X-ray and wireless experiments. 

The spark at the break in the primary circuit is even larger 
than that in the secondary circuit, and as this primary spark 
serves no useful purpose, but, an the contrary, quickly burns 
away the contact points, such an arrangement is obviously 
defective. 

The vibrator condenser coil is designed to overcome this 
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trouble and also to give a series of sparks following in rapid 
succession instead of one. 

It should be noted that a series of sparks following each other with 
considerable rapidity may be obtained with a plain coil by placing a 
mechanical vibrator in the primary circuit, as used on some motor cycle 
ignition circuits. 

The object of the vibrator, of a vibrator condenser coil, is to 

Pro. 347.-A Medical coil with armature and attachments consisting of electrodes, foot place. 
sponge, induction coil, etc. A current of any degree of intensity may he obtained. The 
currents furnished are: 1, primary, 2, secondary; and 3, primary and secondary combined. 

rapidly make and break the primary circuit during the time the 
primary circuit is closed externally. 

It consists of a flat steel spring secured at one end, with the other free 
to vibrate. At a point about midway between its ends, contact is made 
with the point of an adjusting screw, from which it springs away and 
returns in vibrating. The points of contact of blade and screw are tipped 
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with platinum. One wire of the primary circuit is connected to the blade 
and the other to the screw, hence, the circuit is made when the blade' is 
in contact with the screw and broken when it springs away. 

A condenser is used to absorb the self-induced current of the 
primary winding and thus prevent it opposing the rapid fall 
of the primary current. 

Every conductor of electricity forms a condenser and its capacity for 
absorbing a charge depends upon the extent of its surface. I lence, a con - 

CONDENSER 

FIGS. 31.3 and 349.-Detail of vibrator showing condenser connection and how it prevents 
arcing at the break in the primary current. 

denser is constructed of conductive material so arranged as to present the 
greatest surface for a given amount of material. 

The usual form of condenser for induction coils is composed 
of a number of layers of tin foil separated by paraffin paper, 
each alternate layer being connected at the ends. 

The symbols for a condenser in wiring diagrams are shown in figs. 344 
and 345. 
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Fig. 351 is a diagram of a vibrator coil. C, represents the core com- 
posed of soft iron wires. P, is the primary winding and S, the sec- 
ondary. There is no connection between these windings and they are 
carefully insulated. Y, is the vibrator and D, the center about which it 
vibrates. W, is a switch used for opening and closing the primary cir- 
cuit; B, a battery of several cells (four to six for ignition coils). The 
point of adjusting screw A, rests against a platinum point R, soldered 
upon the vibrator. 

If the switch W, be closed, the electric current generated by the bat- 
tery B, will flow through the primary winding. This will cause the core 
C, to become magnetized, and the vibrator I , will at once be drawn 
toward it. This will break the connection at R. The core, being made 

PARAFFINE0 PAPER 
INSULATOR 

TINFOIL CONDUCTOR, 

Fto. 350.-Construction of condenser for an induction coil. The conducting material used 
is tinfoil, of which a large number of sheets arc prepared, all cut to the same size. These 
are placed, one on top of the other, like the pages of a book, with a thin layer of insulating 
material between, usually two sheets of paraffined paper. Numbering the successive sheets 
of tinfoil serially, all sheets of even number are connected together and all sheets of odd 
number are connected together, these connections forming the terminals of the condenser. 
The condenser is then connected across the break in the primary circuit. 

of soft iron, immediately upon the interruption of the current, will again 
lose its magnetism, and the vibrator will return to its original position. 
This again closes the circuit, after which the operation of opening and 
closing it is repeated with great rapidity so long as the switch W, remains 
closed. 

The cycle of actions may be briefly stated as follows: 

1. A primary current flows and magnetizes the core; 
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2. The magnetized core attracts the vibrator which breaks 
the primary circuit; 

3. The core loses its magnetism and the vibrator springs back 
to its original position; 

4. The vibrator, by returning to its original position, closes 
the primary circuit and the cycle begins again. 

Magnetic Vibrators.-Many types of vibrator are used on 

SECONDARY 

CON DEN5ER 

F o. 351.-Diagram of a vibrator coil. The parts are as follows: A, contact screw; B. bat- 
tery; C. core; D, vibrator terminal; G, condenser; P, primary winding; S. secondary winding; 
W. switch; Y, vibrator. When the switch is closed, the following cycle of actions take 
place: 1, the primary current flows and magnetizes core; 2. magnetized core attracts the 
vibrator and breaks primary circuit; 3. the magnetism vanishes, including a momentary 
high tension current in the secondary winding; 4, magnetic attraction of the core having 
ceased, vibrator spring renews contact; 5, primary circuit is again completed and the cycle 
begins anew. 

induction coils, the most important requirement being that the 
break occur with great rapidity. In order to render the break 
as sudden as possible, different expedients have been resorted 
to, all tending to make the mechanism more complicated, yet 
having sufficient merit in some cases to warrant their adoption. 
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' In the plain vibrator, the circuit is broken at the instant the spring 
begins to move, hence, the operation must be comparatively slow. 

In order to render the break more abrupt some vibrators have two 
moving parts, one of which is attracted by the magnetic core of the coil 
and moved a certain distance before the break is effected. A vibrator of 
this type is shown in fig. 352 and described under the illustration. 

Vibrator Adjustment.-When a vibrator coil is used, the 

ihi lalllllfP 

Fro. 352.-A hammer vibrator. When at rest, the upward tension of the spring, which carries 
the armature A. holds the platinum points in contact and causes the upper spring C, to 
leave shoulder of adjusting screw D, and rest against the heavy brass plate above it. When 
the iron core B, attracts the armature A, the downward tension on the upper spring C, 
causes the latter to follow the armature down, holding the platinum point in contact. until 
the end of the upper spring C. strikes the lower shoulder of the adjusting screw D, which 
gives it a ,'hammer break." The adjusting screw is held firmly in position by a bronze 
spiral spring under shoulder D. 

Z ---_""_ 
_ . ; 

_ 
- 

Fro. 353.-Rhumkorff induction coil. A secondary coil with vibrator and condenser; a type 
generally used in the laboratory. The name Rhumkorff was formerly very widely applied 
to induction coils for the reason that some of the earliest coils were constructed by Rhum- 
korff. 
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quality of the spark depends largely upon the proper adjust- 
ment of the vibrator. 

The following general instructions for adjusting a plain 
vibrator should be carefully noted: 

1. Remove entirely the contact adjusting screw. 
2. See that the surfaces of the contact points are flat, clean 

and bright. 

ENGINE FRAME % 
GROUND-+. 

no. 354.-Circuit diagram of a master vibrator coil. B. is the battery; C, the unit coils: 
Cl. C2, etc., the condensers; I', the primary windings and S, the secondary windings. 
H1,1-12, etc.. the spark plugs: 1'. the timer: MP. the master primary; V, the vibrator; W. 
the common primary connection; 1. 2, etc., the stationary contact of the timer. 
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3. Adjust the vibrator spring so that the hammer or piece of 
iron on the end of the vibrator spring stands normally 
about one -sixteenth of an inch from the end of the coil. 

4. Adjust the contact screw until it just touches the platinum 
contact on the vibrator spring-be sure that it touches, 
but very lightly. Now start the engine; if it miss at 
all, tighten up, or screw in the contact screw a trifle 
further-just a trifle at a time, until the engine will run 
without missing explosions. 

Table of Induction Coil Dimensions 

Length of spark á inch 1 inch 1 inch 2 inches 
Size ofbobbinends 21X1} 21X, 3X6 4X21X1 
Length of bobbin 4 51 61 61 
Length and diameter 

of core 41X 6X1 61X1 - 
Size of base 7}X3}X11 9X5X2 141X6X11 12X71X31 
Size of tinfoil sheets 4X2 51X3} 6X4 6X6 Number of tinfoil 

sheets 36 40 40 60 
Size of paper sheets 5X3 61X41 9X5 -- 
Primary coil No. 18 No. 18 2 layers No. 2layers 14Es. 

16, silk W. G. silk 
covered. covered. 

Secondary coil 1 lb. No. 40 1 lb. No. 40 11 lbs.No.38 21 lbs. No. 36. 

Table of Sparking Distances in Air* 

Volts. 
Distance. 
(Inches.) Volts. 

Distance. 
(Inches.) 

5000 .225 60000 4.65 
10000 .47 70000 4.85 
20000 1.00 80000 7.1 
30000 1.625 100000 9.6 
35000 2.00 130000 12.95 
45000 2.95 150000 15.00 

*NOTE .-These values are correct for effective sinusoidal voltages. 
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Points Relating to Ignition Coils. -1. Most ignition induc- 
tion coils or "spark coils" as they are called, have terminals 
marked "battery," "ground," etc., and to short circuit the 
timer for the purpose of testing the vibrator, it is only neces- 
sary to bridge with a screw driver from the "battery" binding 
post to the "ground" binding post.. 
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Fut. 335.-Diagram of battery a td coil connections for jump spark ignition as applied to a 

motor cycle. Coils are usually plainly labeled with the abbreviations: "fiat.," "Ground" 
or "Pri.." "Sec.." indicating that the wires are to be connected to the battery, the primary 
circuit or contact maker, and the spark plug. The battery and primary wires being for the 
low tension circuit are easily distinguished front the secondary wire by the small amount of 
insulation surrounding them. 

2. In adjusting the vibrator of an ignition coil, the latter 
should not require over one-half ampere of current. 
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3. A half turn of the adjusting screw on a coil will often in- 
crease the strength of the current four or five times the original 
amount, hence, the necessity of carefully adjusting the vibrator. 
When the adjustment is not properly made it causes, 1, short 
life of the battery, 2, burned contact points, and 3, poor run- 
ning of the engine. 

4. In adjusting a multi -unit coil, if any misfiring be noticed, 
hold down one vibrator after another until the faulty one is 
located, then screw in its contact screw very slightly. 

reD 

Fro. 356.-Ziegler vibrator induction coil designed for heavy discharge rather than length 
of spark. This is obtained by use of exceptionally heavy primaries in conjunction with 
extra insulation. 

5. The number of cells in the circuit should he proportioned 
to the design of the coil. 

tithe coil be described by the maker as a 4 volt coil, it should be worked 
by two cells of a storage battery or four dry cells. The voltage of the 
latter will be somewhat higher, but since their internal resistance is also 
greater, the current delivery will be about the same. Most coils are made 
to operate on from 4 to 6 volts. 
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6. It is a mistake to use a higher voltage than that for which 
the coil is designed, because it does not improve the spark and 
the contact points of the vibrator will be burned more rapidly, 
moreover, the life of the battery will be shortened. 

Fins. 357 to 359.-Acme ignition' coils. These coils are wound with paper between layers of 
enameled wire and with flexible terminal wires attached. If so specified, they are impreg- 
nated under vacuum and finally tested to meet all requirements. 

Fins. 350 to 365.-Acme Transformer coils. Audio frequency transformers are generally ad- 
mitted to be the best amplifiers yet developed for radio circuits. Much has been done in a short time to bring transformer amplification to a high degree of perfection. Experience has 
shown that windings for these transformers must be wound with accuracy. 

NOTE.-An increasing number of manufacturers of electrical apparatus are purchasing 
their wire, tape. sleeving. etc. in the form of finished windings. By doing this .hey get the 
advantage of the low costs of a concern which specializes in winding, saving the expense of putting the raw materials into packages suitable for the market, not to mention the smaller 
items of transportatiion charges on reels and spools and the cost of those which are broken or lost. To concerns whose business is seasonal, the purchase of finished windings is of particular 
advantage, as it saves the interest charges on an investment which is idle, a large part of the 
time, as well as the expense involved in periodic training of a force of operators. 
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Cost Factors in Coil Design.-In cases where low initial cost 
is an object, the designer should consider the following points 
which bear upon the economical productions of coils in large 
quantities. 

1. Wherever possible plenty of room should be allowed for the coil. 
With engineers who are unfamiliar with the necessary allowances required 
in quantity production, there is a tendency to crowd the winding into such 
a small space that considerable difficulty is experienced in getting the 
number of turns, or specified resistance within the dimensional limits. 
This, of course, results in an increase in the cost of winding. 

Fto. 366.-Knott electrolytic interrupter for coils from 4 to 6 in. spark discharge. Electro- 
lytic breaks have been expensive and often a failure by reason of the difficulty in adjusting 
the size of the gas tube to the line voltage and the amperage which is to be drawn from 
the break. In construction, the interrupter contains a porcelain cylinder in which the 
size of the opening is carefully adjusted to the ampérage of the current to be drawn. This 
cylinder is carried on a lead shelf, being part of the inner lead cylinder. The terminals 
are carried well out on the ends of long lead bars as shown in the illustration. The acid 
jar is placed in an iron receptacle which acts as a radiator and serves to retain the acid in 
case the acid jar is accidentally broken. 

2. Where design conditions permit, a round coil should be adopted. 
Square and rectangular shapes require winding at lower speeds and a cor- 
respondingly increased cost. This is especially true of bobbin or form 
wound coils. 

3. Enameled wire is gradually replacing textile covered wires for most 
magnet windings and invariably results in a saving. 

4. The additional cost of equipping a coil with flexible leads is an item 
sometimes not fully appreciated. While windings of wire, sizes from No. 30 
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to 44, should have flexible leads, coils wound with larger sizes _an often 
he used as effectively with ,eacis of winding wire itself. 

5. Wherever the operation of a direct current coil is not materially af- 
fected by a variation of from 10% to 20% in strength, a sligit saving 
can be effected by winding to a given number of turns instead of a speci- 
fied resistance. 

Coil Winding Calculations.-The following formulae are 
being given without the usual individual illustrations, the re - 

1,0 
_,;x1 

' nrt - 
Fins. 367 and 368.-Knott lecture table secondary vibrator induction coil showing removable 

core and primary winding. The secondary winding is mounted on a polished hardwood 
base connected in series with a simple electro -magnetic vibrator added to give positive uni- 
form "make and break" in the circuit. Demonstrates a simple induction coil without 
condenser. 

lations being sufficiently clear to those requiring their use. It 
should be noted that it is impossible to accurately state the 
value of turns per sq. in. ohms per cu. in., etc. These values 
are dependent upon winding conditions, and will therefore, 
vary considerably between different types of machines, and 
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even between different sizes of coils. The tables as given are 
average values and results derived therefrom do not under or- 
dinary conditions vary more than 5% either way. All re- 
sistance data is based on 68° F. or 20° C. 

Referring to fig. 369, the following is the 

- 
I 

C] 
- - 

---1- 

notation: 

L 
369.-Diagram of coil to accompany coil winding calculations. 

L = Length of winding space 
D =Outside diameter of winding 
d = Diameter of insulated core 
M = Mean diameter 
T =Thickness of winding 
V =Winding volume 
R =Total resistance 
r = Resistance per cu. in. (Table B) 

Resistance Per Inch 
Table A 

B.&S. 10I1MS B.'& S. OHMS B. & S. OHMS 

8 19 ,0006698 30 ,008583 
1 9 

.0000552 
;0000659 20 ,0008450 31 .01082 

10 .0000831 21 ,001065 32 .01365. 

11 .0001047 22 ,001343 33 .01722 

12 .0001322 23 . ,001693 34 .02171 

13 .0001666 24 ,002136 35 .02736 

14 .0002101 25 ,002692 36 . .03452 

15 .0002649 26 :003396 37 .04352 

16 .0003341 27 .004281 38 .05487 

17 .0004212 28 .005399 39 .06920 

18 .0005312 29 ...00680') 40 0872; 

s = Resistance per lineal in. (Table A) 
p = Resistance per lb. 
N =Total number of turns 
n =Turns per sq. in. (Table D) 
W=Total weight of insulated wire 
w =Weight per cu. in. (Table I3) 
m -.Weight per 1000 ft. (Table F) 

Formula showing the 
relations between above 
factors. 

T- D -d 
2 

IZ = Vr =,rNILTr = 
vrMNs=«p 
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M= D2 d -T-Fd N=LTn= R 
AMs 

D -_I 4V LI,d= W= M 
R 

yI 

V = irMLT -7r I, (Dz -d=) R W 

4 r w 

MNm 
12,000 

To find size of wire, take the size having in the following tables a value 
nearest corresponding to that determined by either of the following for- 
mulx: 

V 

N n= 
LT 

The following examples show the easiest method of working 
out the three principal forms of coil winding problems: 

Example. -liven bobbin and wire-to find the winding data. 

L=4" 
Given: 
D =4 
d =1.125 subtracting 

2)2.875 dividing 
T =1.438 (D -d 

2 

d =1.125 adding 

M=2.563 (T -I-d) 
7rM =3.1416X2.563 

= 8.038 
V =8.038X4X1.438 

=46.23 cu. in. (wAILT) 

Example. --Given bobbin, 
size of wire. 

D =4" d=1'" No. 24 Enamel. 

R =46.23X4.488 
=207.4 ohms. 

N =4X1.438 X2,100 

=12,090 

(Vr) 

(LTn) 

Also N = 207.4 - (8.038 X.002136) 
=12,060 turns 

\V=46.23X.2178 (Vw) 
=10.07 lb. 

Also W=207.4 -20.60 
=10.07 lb. 

resistance and insulation of wire-to find 
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Given: L = 2%" D =11/ " d = % " 400 ohms. Silk enamel 

By the above method: r=400±8.635 R 
V=8.635 cu. in. =46.29 ohms. V 

Table B indicates No. 30 Silk enamel as being nearest in value to that 
required. 

Example.-Given winding length and diameter of insulated core, re- 
sistance and wire-to find the number of turns. 

Given: L =2 d = .4" It =125 ohms. No. 30 S. S. 

V =125 =58.45 ¡ R ) 
=2.140 cu. in. ` r 

Then by the first method: 

D 1(4X2.140)+(3.1416X2X.4) 
3.1416X2 

=1.235" 

T = .4175 
N=2 X.4175 X6810 

=5,693 turns 

To the frame To the negative polo 
Connection of the battery 

(LTn) 

18 .24 

13 

4 

Foos. 370 and 371.-Bosch type C horizontal secondary coil. The parts are: 1. switch handle; 2, movable cover; 3, coil housing; 4, starting press button; 6, fixed connection plate; 7, movable switch plate; 8, cable cover; 9, milled edge nut; 10, iron ccTe; 11, plate carrying the starting arrangement and the condenser; 12, condenser; 13, contact spring; 14. vibrator; 15-16, auxiliary contact breaker; 17, vibrator spring; 18, stop screw for switch handle; 24, locking key. 

NOTE.-The accompanying calculations and tables are furnished by Belden Mfg. Co. 
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TEST QUESTIONS 

1 What is an induction coil? 
2. Name some uses for induction coils. 
3. What are the two general classes of coils? 
4. Upon what does the action of each class depend? 
5. Define self induction. 
G. What other name is sometimes given to self induction? 
7. What is self induction due to and under what conditions does it become espe- 

cially marked? 
8. //ow does self induction manifest itself? 

9. What important use should be made of self induction? 
10. What kind of a circuit contains little or no self induction? 
11. What is mutual induction, and what important uses are made of same? 
12. Describe in detail the effect of mutual induction. 
13. When is the action of mutual induction strongest? 
14. What is a primary induction coil, and what important use is made of same? 
15. In the operation of a primary induction coil when does the spark occur? 
16. Describe the essential features of a secondary induction coil. 
17. What property of the secondary induction coil makes it of great value for most 

purposes? 
18. Upon what does the induced voltage depend, and what is the rule? 
19. Name three classes of secondary induction coils. 
20. /low many sparks does a plain coil give when the main circuit is made and 

broken? 

21. Describe the construction and operation of a plain secondary coil. 
22. Why is the spark produced at "break" and not at "make"? 
23. Why is a condenser used with a secondary coil? 
24. Describe the construction and operation of a secondary coil with vibrator and 

condenser. 
25. What is the usual form of condenser used with coil? 
26. State the cycle of operation of a vibrator coil. 
27. What is a magnetic vibrator? 

28. Give instructions for vibrator adjustment. 
29. Mention some points relating to ignition coils. 

30. //ow is a coil winding calculated? give examples. 
31. Describe a few experiments with an induction coil. 
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CHAPTER 12 

The Dynamo 
The dynamo is a machine which .converts mechanical energy 

into electrical energy by electro -magnetic induction. 

1 

'. .. 

r. . 

1 . ..f' . 
1p. 
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. 

° 
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Fea. 372.-Ridgway 150 k.w. 250 volt belted dynamo. 
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The word dynamo is used to designate a machine which pro- 
duces direct current as distinguished from alternator or machine 
generating an alternating current. 

In a broader sense, the word generator is used to denote any machine 
generating electric current by electro -magnetic induction; the term there- 
fore includes both dynamos and alternators. 

The author objects to the word "generator," as the machine 
does not generate or create electricity but simply produces a 
pressure which causes the electricity (which already existed) to 
flow. 

.,« ..- 
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Flo. 375.-General Electric RC, dynamo with solid pulley end shield frame. Designed for lighting and power purposes in office buildings, factories, mills, hotels, residences, and other locations where the feeder length falls within reasonable limits, where Central Station current is not available, or partial d.c. service is required as, for example, in manufacturing plants, machine shops, laundries, etc., in which a proportion of the machines used demand a variation in working speeds not readily or economically obtainable with a.c. motors. 

Operation of a Dynamo.-A dynamo does not create elec- 
tricity, but generates or produces an induced pressure which 
causes a current of electricity to flow through a circuit of con- 
ductors in much the same way as a force pump causes a current 
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of water to flow in pipes. The pressure generated in the 
dynamo causes the current of electricity to pass from a lower 
to a higher pressure in the machine, and from the higher, back to 
the lower pressure in the external circuit; that is, the dynamo 
generates electrical pressure which overcomes the resistance or 
opposition to the current flow in the circuit. The pump produces 

J ó`, ' 
J-*bl y 

Ftos. 376 to 378.-General Electric RC, dynamo construction. Fig. 376, solid pulley end 
shield frame; fig. 377, split pulley end shield; fig. 378, field assembly: A, laminated poles; 
B, wiring connections and terminals; C, cast feet. 
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a mechanical pressure which, for instance, may be used to 
force water into an elevated reservoir against the back pres- 
sure clue to its weight. 

The point to be emphasized is that the dynamo does 
not create electricity (nor the pump water) but sets into 

c 

.r 

4 .ttntorremcatr 

A 5 

pl 

FIG. 379. General Electric RC. dynamo armature construction. The part.., are: A. punched 
laminations; B, outside punchings of extra thickness prevent vibration and flaring of inner 
discs; C, recessing for binding wire; D, heavy steel shaft ground to gauge. 

f3 áj 
E -F-i ' A 

Flo. 380.-GGeneral Electric RC, dynamo armature complete. A. ventilating air ducts; B.. 
shaft (removable); C. thrust collar; D. ventilating fan; E. coils held in toothed slots; F, 
binding wires. 

B 

motion something already existing by generating sufficient 
pressure to overcome the opposition to its movement. 

Essential Parts of a Dynamo.-The dynamo in its simplest 
form consists of two principal parts: 

NOTE.-The author objects to the standard terms direct current generator and alternating 
current generator in place of dynamo and alternator. Wily use three words when one will do? 
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Ans. A collection of inductors mounted on a shaft and ar- 
ranged to rotate in a magnetic field with provision for col- 
lecting the currents induced in the inductors. 

A simple loop or turn or wire connected to a commutator may be 
considered as the simplest form of armature. 

Ques. IIow do armatures and field magnets differ in dy- 
namos and alternators? 

Ans. A characteristic feature is that in the dynamo the field 
magnets are the stationary parts and the armature the rotating 

' 

( 
Ws 

It...:11%11 ,t,... e 

.t: '.J2 , 
,7119:3'' , lea 

r _ 
_ , . - tvHí.1T. 4J 

FIG. 384 -Armature of ideal three wire dynamo. The three wire system of direct current 
distribution has, in many places certain advantages ove: the two wire. 

.t 
. ,y, i 

' part, while in the alternator the reverse conditions usually ob- 
tain. 

Ques. With respect to this feature, what names are some- 
times given to the armature and field magnets? 

Ans. The stator and the rotor depending on which moves. 
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Ques. What is the real distinction between an armature 
and a field magnet? 

Ans. The name field magnet is properly given to that part 
which, whether stationary or revolving, maintains its magnetism 

no. 386.-Scheme of winding connections of Ridgway three wire dynamo with ha ance coil. The diagram shows a two pole machine. From electrically opposite points A,A. on the arma- ture winding. connections arc made to the terminals of balance coil DD. At the center of the balance coil a connection is made to a slip ring C. and the neutral is taken directly from this ring through the brush B. The balance coil is wound on a laminated core bolted to the back of the armature spider and protected by a heavy cast iron shield. The slip ring is bolt, d to the commutator shell and the holder for the carbon brush is mounted on the adjacent outboard hearing. The details of construction of the three wire dynamo are exactly the same as the two wire dynamo, except for the addition of the balance coil and connections as just described, and a slight change in the compensating coil connections, whereby they are divided into two parts, one of which is connected into the positive and the other into the negative lead. 

steady during operation; the náme armature is properly given 
to that part which, whether revolving or fixed, has its magnet- 
ism changed in a regularly repeated fashion when the machine is 
in motion. 
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Construction of Dynamos.-In the make up of a dynamo, 
as actually constructed, there are five principal parts, as fol- 
lows: 

1. Bed plate; 
2. Field magnets; 
3. Armature; 
4. Commutator; 
5. Brushes. 

TEST QUESTIONS 

1. What is a dynamo? 
2. What is the objection to the use of the word "gen- 

erator- ? 

3. Does a dynamo create electricity? 
4. Describe in detail the operation of a dynamo. 
5. What points should be emphasized in. explaining 

the action of a dynamo? 
6. What are the essential parts of a dynamo? 
7. What is the object of the field magnet and armature? 
8. What is the real distinction between an armature 

and a field magnet? 
9. Name five principal parts in the construction of a 

dynamo. 
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CHAPTER 13 

The Dynamo; Basic Principles 

A dynamo is a machine for converting mechanical energy into 

electrical energy, by means of electro -magnetic induction, the 

amount of electric energy thus obtained depending upon the me- 

chanical energy originally supplied. 
The word dynamo is properly applied to a machine which 

"generates"* direct current, as distinguished from the alter- 
nator, which "generates" alternating current. 

Ques. Define a dynamo with respect to its principle of 

operation. 

Ans. A dynamo is a machine for filling and emptying con- 

ducting loops with magnetic flux, and utilizing the electric pressure 
thus induced in them for the production of current in the external 
circuit. 

The fitness of this definition is apparent, having in mind the principles 
of electro -magnetic induction, 

Ques. What are the three essential parts of a dynamo? 

Ans. The field magnet, armature, and commutator. 

*NOTE. -1t should be understood that a dynamo does not generate electricity, for if it 
were only the quantity of electricity that is desired, it would be of no tse, as the earth may 
be regarded as a vast reservoir of electricity. However, electricity without pressure is in- 

capable of doing work, hence a dynamo, or so called "generator," is necessary to create an 

electric pressure by electro -magnetic induction in order to cause the electricity -to flow against the 

resistance of the circuit and do useful work. The author objects to the term generator, although 
it is now commonly but erroneously used. A so-called "generator" does not generate electricity. 
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Ques. What is the object of the field magnet? 
Ans. To provide a magnetic field, through which the con- 

ducting loops arranged on a central hub and forming the arma- 
ture are carried, or the 'lux carried through them, so that they 
are successively filled and emptied of magnetic lines. 

Ques. What is a commutator? 

F,os. 387 to 390.-Alternating current. The rariat ion', of such a current may be represented by the speed variations in the pendulum of a clock. The pendulum swings first in one direc- tion and then in the other. At the end of each swing it slows down to a complete stop and then gradually speeds up in the opposite direction. As it passes through the lowest point it travels at a maximum speed. Traveling toward the center its speed increases continually, and traveling away from the center its speed decreases continually. If a curve be made by plotting the speed with time, and plotting the curve for a right swing above a reference line and the curve for a left swing below it, a diagram such as shown will be produced. The point O. indicates zero speed when the pendulum is at the extreme left and is just about to start on the right swing. The point A. represents the speed of the pendulum as it passes through the center. The point B, represents the end of the right swing with the pendulum stopped and ready to start the left swing and so on. Immediate points represent the speed at cor- responding times throughout the swing. Electricians use the same form of curve plotted with time to show the variations of current, current being substituted for speed. 

Ans. A device for causing the alternating current generated 
in the armature to flow in the same direction in the external 
circuit. 

Ques. Upon what does the voltage depend? 
Ans. - Upon the rate at which each conducting loop is filled 

and emptied of lines of force and the number of such loops with 
their grouping or connection. 
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Ques. Ilow is the operation of a dynamo best explained? 

Ans. By considering first the action of the simplest form 
of current generator, or elementary alternator. 

Ques. Describe an elementary alternator. 

E7.TERRAL GIRr.U1T 

Fro. 3íl.-Simple elementary alternator. lls parts are a single conducting loop. A[3CD% 
placed between the poles of a permanent magnet, and having its ends connected with a 
ring F. and shaft G, upon which bear brushes NI and S. connected with the ext. rnal circuit. 
When the loop is rotated clockwise the induced current will flow in the direction indicated 
by the arrows during the first half of the revolution. 

Ans. It consists, as shown in fig. 391, of a single rectangular 
loop of wire ABCI), one end being attached to a ring F, and 
the other to the shaft G, and arranged so as to revolve around 
the axis XX', which is located midway between the two poles 
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of the magnet. Two metallic strips or brushes M and S, con- 
nected with the external circuit, bear on the ring F and shaft G, 
respectively, in order to "collect" the current generated in the 
armature when the machine is in operation. The long, straight, 
horizontal arrows joining the two poles of the magnet, represent 
the lines of force which make up the magnetic field between the 
poles. The field is here assumed to be uniform, as indicated 
by the equal spacing of the arrows. 

Ques. What happens when the loop is rotated? 

Ans. According to the law of electro -magnetic induction, 
when the loop is rotated around its horizontal axis in the direc- 
tion indicated by the curved arrow, an electric pressure will 
be induced in the loop, the magnitude of which depends on the 
rate of change of the number of lines of force threading through, 
or embraced by the loop. 

That is, if the number of lines embraced by the loop be increased from, 
say, 0 to 1,000, or decreased from 1,000 to 0, in one second, the electric 
pressure generated will be two times as great as if the increasé or 
decrease were only 500 lines per second. 

Ques. Upon what does the direction of the induced cur- 
rent depend? 

Ans. Upon the direction of the lines of force and direction 
of rotation of the loop. 

Ques. How is Fleming's rule applied to determine the 
direction of current? 

Ans. In applying this rule, the horizontal portion of the 
loop, such as AB or CD (fig. 391), is to be considered as moving 
up or down; that is, the component of its motion at right angles 
to the lines of force is taken as the direction of motion. When 
the loop is in the position ABCD, such that its plane is vertical 
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or perpendicular to the lines of force; the maximum number of 
magnetic lines thread through it, but when it is in a horizontal 
position A'B'C'D', so that its plane is parallel to the lines 
of force, no lines pass through the loop. During the rotation 
from position ABCD to A'B'C'D', the number of lines 
passing through the loop is reduced from the maximum to zero, 

- l \ 

N -POLE' 

8 X, 

Flo. 392.-Simple elementary alternator, showing reversal of current when the loop has made 
one half revolution from the position of fig. 391. It should be noted that AB, for instance, 
which has been moving downward during the first half of the revolution (fig. 391), moves 
upward during the second half (fig. 392); hence, the current during the latter interval flows 
in the opposite direction. 

S-POLe 

EST ERHAL CIRCUIT 

the '-eduction taking place with increasing rapidity as the loop 
approaches the horizontal position, the electric pressure thus 
induced increasing in like proportion. Continuing the rotation 
from the horizontal position A'B'C'D', to the inverted 
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vertical position ABCD (fig. 392), the number of lines passing 
through the loop is increased from zero to the maximum, the 
increase taking place with decreasing 'rapidity as the loop ap- 
proaches the inverted vertical position, the elecric pressure 
thus induced decreasing in like proportion. 

Ques. How does the current flow during the first half of 
the revolution of the loop? 

Ans. It flows in the direction ABCD (fig. 391), as is easily 
ascertained by aid of Fleming's rule. 

Ques. What is the path of the current to the external 
circuit? 

Ans. It flows out through brush M (fig. 391), and returns 
through brush S, thus making M, positive and S negative. 

Ques. What occurs during the second half of the revo- 
lution? 

Ans. The wire AB (fig. 392), which before was moving in 
a downward direction, moves in an upward direction; hence, 
the current is reversed and flows around the loop in the direc- 
tion ADCIi (fig. 392), going out through brush S, and returning 
through brush M. This makes M, negative and S, positive. 

Ques. What may be said of the pressure during the sec- 
ond half of the revolution? 

Ans. It varies in a similar manner as in the first half of the 
revolution: that is, the magnetic lines are cut with increasing 
rapidity during the third quarter, and with decreasing rapidity 
during the fourth quarter of the revolution, which causes the 
electric pressure to increase and decrease during these intervals. 
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The cycle of events just described may he summed up as 
follows: During the revolution of the loop: 

1. From 0° to 90°, pressure increases 
from 0 to maximum; fig. 393, L to A. 

2. From 90° to 180°, pressure decreases 
o 

I from maximum to zero; fig. 394, A to 
R. 

by 3. From 180° to 270°, current reverses 

r, ,th AI, 
't, w ,ry:. : ;-.- ;, 

11".t,< k:, 

and the pressure increases from zero to 
maximum; fig. 396, P to F. 

4. From 270° to 360°, the 
pressure decreases from 
maximum to zero; fig. 396 
F to G. 

A It was stated 
that, during the 

i+l revolution of the 
loop, the magnetic 
lines were cut 

.ty.l "with increasing 
or decreasing 
rapidity," causing 
the electric press- 
ure to rise or fall. 
The reason for 

F this is illustrated 
. in fig. 397. 

FIGS. 393 to 396.-Automobile on hilly road illus- 
trating the sine corre as applied to a.c. cycle. Fig. 
393, car rises from level, ground L. to maximum elevation: - d' ii-'" (1 
fig. 394, descends from A, back to initial level 12, fig. 395. F `L1 
descends from initial level R. to lowest point F: fig. 396, 
rises from lowest point F, to initial level G. The pressure, or current reverses at the point R. 
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The loop is here shown in a horizontal position at right angles to the 
direction of the magnetic field; the latter, as indicated by the even spacing 
of the vertical arrows representing the magnetic lines, is assumed to be 
uniform. 

The wire CD, of the loop, as it rotates at constant speed, cuts the mag- 
netic lines at the points 0, 1, 2, 3, etc., but the distances 01, 12, 23, etc., 

7 8 
6 7 

5 -6 
4 -5 
3 -4 

2 3 

1 2 

o I 

Fra. 397.-Illustrating the increase and decrease in the rate magnetic lines are cut by a revolv- 
ing loop. The initial position of the loop is taken at right angles to the direction of the lines 
of force. Since the loop rotates at a constant speed, it is evident that it does not cut the 
magnetic lines at uniform rate, because the intercepted arcs 01, 12, etc., are unequal. These 
arcs rectified at the right by the horizontal lines 01, 12, etc., show more clearly the increase 
and decrease in the rate at which the magnetic lines are cut. 

between these points, are unequal; that is, the wire CD, travels farther 
in cutting the lines 0 and 1, than it does in cutting 1 and 2, and still less 
in cutting the lines 2 and 3. After cutting the line 4, which passes through 
the axis of revolution, the opposite conditions obtain. 

If the arcs 01, 12, etc., of the dotted circle, which are intercepted by 
the magnetic lines and passed through by the wire, be rectified and laid 
down under each other, as lines 01, 12, etc., the time of passage of the 
wire between successive magnetic lines will vary as the length, since the 
speed is uniform. Thus the wire in passing from line 0 to line 1, takes 
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much more time than in passing from 1 to 2, as indicated at the left of 
the figure by 01 and 12, and still less in passing from 2 to 3; that is, the 
rate of cutting the lines increases as CD, rotates from 0 to 4 and decreases 
from 4 to 8. 

Since similar conditions prevail with respect to AB, for its corresponding 
movement, it is evident that the number of lines which thread through 
the loop are decreased with increasing rapidity as the loop rotates through 
the first quarter of a revolution, and increased with decreasing rapidity 
during the second quarter of the revolution. Moreover, it must be evi- 
dent that the reverse conditions obtain for the third and fourth quarters 
of the revolution. 

The Sine Curve.-In the preceding paragraph it was shown 
that an alternating current is induced in the armature of either 
an alternator or dynamo; that is, the current: 

1. Begins with zero pressure; 
2. Rises to a maximum; 
3. Decreases again to zero; 

4. Increases to a maximum in the opposite direction, and 
5. Decreases to zero. 

A wave like curve, as shown in fig. 399, is used to represent 
these several changes, in which the horizontal distances repre- 
sent time, and the vertical distances, the varying values of the 
electric pressure 

It is called the sine curve because a perpendicular at any point to its 
axis is proportional to the sine of the angle corresponding to that point. 

Ques. Describe the construction and application of the 
sine curve. 

Ans. In fig. 398, at the left, is shown an elementary arma- 
ture in the horizontal position, but at right angles to the mag- 
netic field. The dotted circle indicates the circular path de- 
scribed by AB, or CD, during the revolution of the loop.- Now, 
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as the loop rotates, the induced pressure will vary in such a 
manner that its intensity al any point of the rotation is propor- 
tional to the sine of the angle corresponding to that point. Hence, 
on the horizontal line which passes through the center of the 
dotted circle, take any length, as 08, and divide it into any 
number of parts representing fractions of a revolution, as 0°, 
90°, 180°, etc. Erect perpendiculars at these points, and 

Ir- CYCLE OR PERIOD 3'.,"--F' 'POINT OFMAXIMUM PRE55UREI 
OF ----- LINF1 ZERO PRESSURE, 

' "-- -HALF PERIOD -4-1e______ 
I d It-- s I180 270 160% 

90 
ter- 

'S 
¡ -+iALF PERIOD --+i 

I 
5 Ei 3J 

%e 

ONE REVOLUTION .¡ 

Fins. 398 and 399.-Application and construction of the sine curve. The sine curve is a wave- 
like curve used to represent the changes in strength and direction of an alternating current. An 
elementary alternator is shown at the left to illustrate the application of the sine curve to 
the alternating current cycle. It consists of a loop of wire ABCD, whose ends are attached 
to the ring F and shaft G. being arranged to revolve in a uniform magnetic field indicated 
by the vertical arrows which represent magnetic lines at equi-distances. The alternating. 
current induced in the loop is carried to the external circuit through the brushes M and S. 
Now, as the loop rotates, the induced electromotive force will vary in such a manner that 

-its intensity at any point of the rotation is proportional to the sine of the angle corresponding 
to that point, this is represented by the wave -like curve. The mean value of the sine curve, 
or average electromotive force developed during the revolution. or period, is equal to 2 - ,r, 
or .637 of that of the maximum ordinate, that is, average electromotive force = .637 X 
amplitude. The sine curve lies above the horizontal axis during the first half of the revolu- 
tion and below it during the second half, which indicates that the current (lows in one direc- 
tion for a half revolution and in the opposite direction during the remainder of the revolu- 
tion. 

from the corresponding points on the dotted circle project lines 
parallel to 08. The intersections with the perpendiculars give 
points on the sine curve. Thus the loop passes through 2, at 
the 90° point of its revolution, hence, projecting over to the 
corresponding perpendicular gives 22', a point whose eleva- 
tion from the axis is proportional to the electric pressure at 
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that point. In like manner other points are obtained, and the 
curved line through them will represent the variation in the elec- 
tric pressure for all points of the revolution. 

At 90°, the pressure is at a maximum; hence, by using a pressure scale 
such that the length of the perpendicular 22' for 90` wi!1 measure the 
maximum voltage the length of the perpendicular at any other point 
will represent the actual pressure at that point. 

The curve lies above the horizontal axis during the first half of the 
revolution, and below it during the second half, which indicates that 

Po _g 

ci 

Y b o . ' 4 .w 

f. 
¿` 

:91 .4 91` 
, dF`` 

u.7i -a^; . . :i iG.a 
1 

d <^.:. o, 'r" ".4Y -g. 

. s . - . ' , . 

1800 a70`' " 360° 

Fin. 400.-Sine curve and voltage scale illustrating variation and reversal of pressure during 
the alternating cycle as measared by the sine of the angle. 

the current flows in ore direction for a half revolution and in the opposite 
direction during the remainder of the revolution. 

The application of the sine curve to represent the alternating 
cycle, is further illustrated in figs. 401 to 407, which show the 
position of the armature at each quarter of the revolution. 

In fig. 401, the loop ABCD, is in the vertical position at the 
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As the loop rotates past the horizontal position of fig. 402, 
the electric pressure gradually decreases in intensity, reach- 
ing the zero point at the end of the second quarter, that is, 
when the loop has turned one half revolution. This is indicated 
by the gradual fall of the curve from F, to G. 

When the loop turns out of the vertical position shown in 
fig. 403, the current reverses, because the movement of AB, 

NORMAL NEUTRAL PLAN£ JUST BEFORE 
REVERSAL - 

DIRECTION OF 
ROTATION 

REVERSAL 

`hAV 
"VW MOW 
"Wi 

dD 
Fin. 408.-Reversal of armature current. For flluwrraIion. assuming no field distortion or self 

induction in the coil, the current will flow in the direction L, until the coil shown reaches the 
normal neutral plane HD. Here the current or pressure is zero, and for position beyond 
HD. as R. the current flows in the reverse direction F. In the actual machine, the current 
does not reverse at HD, but at some later position as lid, owing to field distortion and self- 
induction. 

and CD, is reversed; at this instant the brush M, becomes nega- 
tive, and S, positive. This reversal of current is indicated by 
the curve falling below the axis from G, to I. 

During the second half of the revolution, figs. 403 to 405, 
the changes that occur are the same as in the first half, with 
the exception that the current is in the reverse direction; these 
changes are as shown by the curve from G, to I. 
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TEST QUESTIONS 

1. Define a dynamo with respect to its principle of 
operation. 

2. What are the three essential parts of a dynamo? 
3. What is the object of the field magnet? 
4. What is a commutator? 
5. Describe in detail the operation of an elementary 

alternator. 
b. Ilow is the Fleming's rule applied to determine the 

direction of current? 
7. What is the sine curve? 
S. Describe the construction and application of the 

sine curve. 
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CHAPTER 14 

The Dynamo; 
Current Commutation 
How the Dynamo Produces Direct Current: The Commu- 

tator.-The essential difference between an alternator and a 
dynano is that the alternator delivers alternating current to the 
external circuit while the dynamo delivers direct current. 

In both machines, as before stated, alternating current is 
induced in the armature; but the kind of current delivered to 
the external circuit depends on the manner in which the arma- 
ture current is collected. 

In the case of an alternator, the method is quite simple. As previously 
explained, each end of the loop is connected with an insulated collector 
ring carried by the shaft, the current being collected by means of brushes 
which bear against the rings. This principle, rather than the actual 
construction, is' shown in the preceding illustrations. Its important 
point, as distinguished from other methods of collecting the current, is 
that each end of the loop is always in connection with the same brush. 

Ques. How is direct current obtained in a dynamo? 

Ans. A form of rotating switch called the commutator is 
placed between the armature and the external circuit and so 
arranged that it will reverse the connections with the external 
circuit at the instant of each reversal of current in the armature. 
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Ques. How is a commutator constructed? 

Ans. It consists of a series of copper bars or segments ar- 
ranged side by side forming a cylinder, and insulated from 
each other by sheets of mica or other insulating material. 

Ques. Where is the commutator placed? 

Ans. It is attached to the shaft at the front end of the 
armature. 

A 
E 

/ \ 

nos. 409 and 410.-Rectified current. The a ternating current generated in the armature 
of a dynamo is rectified by reversing every other half wave. Variations in speed which cor- 
respond with variations in rectified current might be produced by a car on a scenic railway, 
as shown. The car gradually increases in speed as it moves down a d5p, attaining maximum 
speed at the bottom, then gradually losing speed until it comes to a practical stop at the 
top of the following rise, after which the same cycle is repeated. If the speed of the car be 

plotted with time, at the start of the rise, the speed is zero as represented by the points O,B,D, 
etc. At the top of the curve where the speed is minimum, the corresponding point on the 
curve is A,C,E, etc. Any points in between these represent the speed at corresponding 
points on the inclines of the railway. It will he seen that the shape of these waves is exactly 
the same as those drawn for the pendulum, except that they are all on the same side of the 
reference line; that is, there is no reversal of direction, the car is always running in the 
same direction but at continually varying speed. If the car should swing back upon reaching, 
the start of the second rise which corresponds to B, instead of continuing on the same side, the 
speed curve would be represented by the dotted curve B F D, and would represent an alter- 
ating current. By continuing on instead of backing up, the curve B C D. is obtained. This 
is exactly what happens with the rectified current. When the current has increased to a maxi- 

mum and then decreases to zero, instead of reversing, it increases to a maximum again in 

the same direction. The curve representing a rectified current has the same shape as the 
alternating current which is rectified, except that it is all in the same direction. Therefore, 
it is continually fluctuating from zero to a maximum value-a condition very unfavorable from 

the standpoint of steady light. 
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Ques. What are inductors? 

Ans. The insulated wires wound on the armature core, and 
in which the electric current is induced. 

Ques. How are the inductors connected to the commu- 
tator? 

Ans. The ends of each conducting loop or coil must be con- 
nected with the commutator segments in a certain order to 
correspond with the type of winding. 

Ques. Explain in detail how direct current is obtained in 
a dynamo. 

Fta. 411.-Production of direct current. A dynamo consists in reality of a number of elemental 
alternators, each one connected to a pair of segments which are assembled with a large num- ber of similar ones to form a ring known as a commutator. This commutator is connected to the outside circuit through a pair of brushes and as it revolves the brushes connect first one of these elemental generators and then the next to the outside circuit. If each one of the generating systems connected to a pair of segments be represented, as producing an alter- nating current wave as shown in fig. 390, then a number of these elements would produce a corresponding number of waves as here shown. When the machine revolves, the circuit is then connected to one wave after another, the shift being made when the brush 
passes from one segment to the next. The points of shifting are where the waves intersect 
each other. Therefore, the current in the outside circuit would be produced by the tops of the individual waves and represented by the heavy line shown in the curve system. 

Ans. It will be easily seen by the aid of a series of illustra- 
tions just how the alternating armature currents are trans- 
formed into direct current. When the loop is in the vertical 
position, as shown in fig. 412, brush M, is in contact with seg- 
ment F, and S with G. As the armature rotates, the current 
flows for one half revolution in the direction AB, through 
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Ques. Ilow is this indicated by the sine curve? 

Ans. The sine curve, instead of falling -below the axis, as 
in figs. 401 to 407,again rises as in the first half of the period, 
that is G'H'I', is identical with E'F'G'. 

Ques. Is the direct current indicated by the sine curve 
in figs. 412 to 417 continuous? 

Ans. No; it is properly described as a pulsating current, 
or one,,constant in direction, but periodically varying in inten- 
sity so as to progress in a series of throbbings or pulsations in- 
stead of with uniform strength. 

A 

" r 
r« - 

nos. 418 and 419.-Comparison of large and small commutators. Fig. 419 shows effect of 
reducing the number of segments one half. The difference in fluctuation in the current is 
shown by heavy lines which joins the tops of the curves. The A. ,section shown in fig. 418 
represents the larger number of segments. 

Ques. What is generally understood by the word "con- 
tinuous" as applied to the current obtained from a dynamo? 

Ans. It is usually accepted as meaning a steady or non - 
pulsating direct current; one that has a uniform pressure and 
constant direction of flow as opposed to an alternating current. 

Ques. Is a continuous current ever obtained with a dy- 
namo? 

Ans. No. 
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It should be clearly understood at the outset that it is impossible to 
obtain a continuous current with a dynamo. The so called continuous 
current which it, is said to produce is in reality a pulsating current, but 
with pulsations so minute and following each other with such rapidity 
that the current is practically continuous, and as such is generally called 
continuous. 

Ques. How is the so called continuous current produced 
by a dynamo? 

Ans. In order to obtain a large number of small pulsations 
per revolution of the armature instead of two large pulsations, 
as with the single loop armature, the latter must be replaced 
by one having a great number of loops properly connected to 

Fla. 420.-Direct current fluctuations. The current in the circuit fed from a dynamo fluctuates 
continually in value, but with a large number of commutator segments the magnitude of 
these fluctuations is entirely negligible. The disturbance that might be produced by such 
fluctuations may be compared to the changes in speed that would be produced in a car by 
waves in the track of an inclined railway; that is, a few large waves would produce greater 
disturbances than a large number of small waves. Likewise a large diameter commutator 
will produce a steadier current, and consequently a steadier light than a small commutator 
with a smaller number of segments. 

commutator segments and so arranged that the successive 
loops begin the cycle progressively. 

The difficulties encountered in connecting up numerous loops were 
overcome by Gramme, who, in 1871 invented a "ring" armature. His 
method consists in winding a ring with a continuous coil of wire, con- 
nections being made at suitable intervals with the commutator. 

In order to understand the action of such an arrangement, it will be 
well to first consider four separate coils wound on a ring as shown in fig. 
421. These coils are all similar, but at the momert occupy different 
magnetic positions on the ring. The rotation being clockwise, 1, is about 
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to enter the field adjacent to the north pole, while 2, is emerging from the field in the region of the south pole. Again, 3, is approaching the south pole and 4, receding from the north pole. 

Ques. Describe in detail the action of the four coils wound 
around the ring as in fig. 421. 

Ans. According to the laws of electro -magnetic induction, 
pressures are set up at the ends of the coils such as tend to 
produce currents in the directions indicated by the arrows. 
Now, assuming the pressures in coils 1 and 2, to be equal, if 

Fia. 421.-Four separate coils wound on ring to illustrate the action of a Gramme ring arma- ture. It the ring be rotated the electric pressure induced in adjacent coils will he equal and tend to produce currents in opposite directions; hence, if the inner ends be joined, the junctions would be at a higher pressure (4- or -) than the loose ends. With proper connec- tions current may be collected at the junctions. 

the adjacent ends be joined, no flow of current will take place, but the junction will be at a higher pressure than the loose ends 
of the coils and if a wire be attached to this junction, and the 
necessary circuits completed, a current will flow along the wire 
outward from the junction. Similarly, if the adjacent ends of 
coils 3 and 4, be joined, there will be no flow of current, but the 
junction will be at a lower pressure than the loose ends, and if a wire be attached to the junction aid the necessary circuits 
completed, current will flow from the junction around the coils. 
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Quest. What may he said with respect to the four coil 

'Gramme' ring armature shown in fig. 429? 

Ans. According to the laws of electromagnetic induction, 
with the north pole of the field at the left and clockwise rota- 
tion, the induced currents flow upward on both sides of the ring, 
hence, the pressures oppose each other al only Iwo of the junctions, 

Fins. 422 to 424.-Elementary dynamo armatures. Fig. 422; single turn loop; fig. 423, coil of 
two turns in series; fig. 424, coil of two turns in parallel. In operation the amplitude or 
maximum pressure induced with the two turn coil, fig. 423, is double that of a single turn 
loop, fig. 422. In fig. 423; the pressure isdouble that induced in fig. 421, while the amount 
of current generated With series turn's, fig. 423, is only half that generated with turns in 
parallel fig. 424. " 

Fras. 425 and 426.-Gramme ring armature with one coil, and characteristic sine curve below. 
With one coil as shown, there are two pulsations of the current per revolution of the arma- 
ture. 
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namely; at the one connected to brush M, where the pressures on 
either side are both directed toward the junction and the other al 
the junction connected lo brush S, at which the pressures are both 
directed from the junction. 

It is evident, then, that the pressure at M, is higher than at S; that is, 
M, is positive and S, negative; consequently, the current flows from M, 
to the external circuit and returns through S. 

Ques. In what other way may the four coils of the arma- 
ture in fig. 429 he regarded? 

FIGS. 427 and 428.-Gramme ring armature with two coils placed 180° apart. This arrange- ment gives double the pressure of the one coil armature, fig. 425. 

Ans. They may be considered as two pairs AA' and BB`, 
the action of either pair being identical with the two coil ar- 
mature shown in fig. 427; this, in turn, produces the same effect 
as the one coil armature of fig. 425, with the exception that 
the amplitude of the current generated with two coils is twice 
as great as that with one coil of the same number of turns. 

Again considering the action of the four ring coil shown in fig. 429, and starting at the beginning of the revolution, the variation of pressure in- duced in coils AA', is indicated by the dotted sine curve 1, and of BB', by dotted curve 2. It will be seen that 1, begins at the axis or line of no 
pressure, and 2. at maximum pressure.. 
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The two curves overlap each other, and in order to determine the effect 
'of this it is necessary to trace the resultant curve 3. This is easily done, 
as the resultant pressure induced at any point in the revolution of the 
armature is. equal to the sum of the pressures induced -in AA' and. BB'. 
Thus, at the beginning of the revolution the pressure induced in AA,' is 

at zero point, and in BB' at its maximum J, hence, the resultant curve 
begins at the point J. Again, for any point in the revolution, as N, the 
height of the resultant curve is equal to N13 -1 -NT =NV. For 45° or 
revolution, the resultant curve reaches its amplitude, which is equal to 
2XRZ=RR', and at 90° it again reaches its minimum, XY. 

Ques. State the conditions upon which the steadiness of 

the current depends. 

0* N 45' 30' 160' 270' 360' 

Fitts. 429 and 430. Gramme ring armature with four coils. The pressure induced in coils A 
A'. reaches the zero point at the instant that of coils B, B' is at a maximum; hence, sine 

curve No. 1. beginning at zero, and No. 2, at the maximum, show the pressure changes for 

A. A' and B, B', respectively. The summation of these curves gives the resultant curse No. 3, 

showing changes in pressure of current delivered to the external circuit. 

Ans. It depends on the number of coils and the manner in 
which they are connected. 

Comparing curves 1 and 3, in fig. 430, it will be noted that with four 

. coils the variation of pressure or amplitude of the pulsations is less than 
half that obtained with two; moreover, with four coils the number of 
pulsations per cycle is doubled. 
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In order to further observe the approach to continuous current ob- 
tained by increasing the number of coils, the effect of a six coil armature 
is shown in fig. 432, the resultant curve being obtained in the same manner 
as just explained. For comparison, the curves for the three cases of two, 
four, and six coils are reproduced under each other in fig. 433. 

FtoS. 431 and 432.-Gramme ring armature u ith six toils. The sine curves 1, 2 and 3, repre- sent the conditions due to coils AA', 1113' and CC', respectively, and 4, the resultant pulsa- tions. 

4 4 V ' 4 Y_ I p \ 
2 
\ . -'2 `2`., . 

180' 

6 

GO" 800 38D' 
Fio. 433.-The resultant curves of figs. 428, 430 and 433 are here shown for comparison to illus- trate the approach to uniform pressure as the number of coils are increas?d. It should he noted that the number of pulsations per cycle depends on the number of coils, and that as the pulsations increase in number, the variation in pressurs decreases. 
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As the number of coils is further -increased, -the amplitude of the pul- 
sations decreases so that the resultant curve approaches nearer the form 

'of a straight line. 

In the actual dynamo there are a great,many coils, hence the amplitude 
of the pulsations is exceedingly small; accordingly, it is customary to 
speak of the current as "continuous," although as previously mentioned 
such is not the case. 

TEST QUESTIQNS 

1. What device is used to obtain direct current in a 
dynamo? 

2. What is the construction of a commutator? 

3. flow are the inductors connected to the commu- 
tator? - 

4. Explain at length how direct current is Obtained in 
a dynamo? 

5. What is generally understood by the term "con- 
tinuous current"? 

6. How is the so called continuous current produced 
in a dynamo? 

7. Upon what condition does the steadiness of the 
current depend? 
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CHAPTER 15 

Classes óf Dynamo 
In order to adapt the dynamo to the varied conditions of 

service, its design is modified in numerous ways, giving rise 
to the different "types." These may be classified with respect 
to: 

1. Field magnets; 
2. Field excitation; 
3. Field winding. 

The first division relates to the number of magnetic poles as 
unipolar, bipolar, and multipolar dynamos; also interpolar 
dynamos. 

Under the second division are, included the following: . i:) 
a. Sell -exciting machines of which the magneto is the simplest: Its - 

magnetic field is obtained from permanent magnets, hence the voltage 
generated is comparatively small. , The more important type of seif- 
exciting machine is provided with electro -magnets in which the field of 
force is "built up" from the residual magnetism of the soft iron or sfeél 
cores of the field magnets of the dy namo itself. Nearly all commercial 
types of dynamo are of this class. 

b. Separately excited machines in which the field magnets are mag- 
netized when the machine is in Operation by cúrrent supplied from a 
separate source such as a battery or magneto. 
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With respect to the t,hird division, based on the field wind- 
ing, dynamos are classed as: 

a. Series wound; 
b. Shunt wound. 
c. Compound wound. 

In addition to the foregoing there are further distinctions with respect 
to the mechanical features.. Most dynamos have a revolving armature 
and stationary field magnets; however, in some cases, both the armature 
and field magnets are stationary, a revolving iron conductor being pro- 
vided to intercept the magnetic lines intermittently which produces the 
same effect 'as is obtained in cutting the magnetic lines by a revolving 
armature. 

Ques. What may be said of bipolar and multipolar dy- 
namos? 

Ans. Dynamos with bipolar field magnets were universally 
used prior to 1890, but since that time machines of this type 
are only made in very small sizes; the multipolar dynamo is 
the type now ín general use. 

Ques. State some of the features of the multipolar dy- 
namo. 

Ans. In this class of machine, the armature and field mag- 
nets are surrounded by a circular frame, or ring yoke to which 
the field magnets are attached. This ring arrangement has the 
advantages of strength, simplicity, symmetrical appearance, 
and minimum magnetic leakage, since the pole pieces have the 
least possible surface and the path of the magnetic flux is 
shorter. 

Ques. What important advantage is gained by the use of 
multi -pole field magnets? 
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Ans. Commercial voltages are obtained at moderate arma- 
ture speed. 

The difficulty experienced with bipolar machines is that, with a dynamo 
of large output, the speed at which its armature would have to rotate 
to generate commercial voltages would be excessive. . 

MAGNETO 

DYNAMO 

OuT.J1De' 
CI RCVrT 

Fins. 434 and 435.-Circuit diagrams to illustrate the difference between a dynamo and a 
magneto. The dynamo has its field magnets FF, magnetized by means of a srrr ll current 
flowing around a shunt circuit. In a magneto the field magnets are permanently magnet- 
ized. The strength of the magnet field of a magneto is constant while that of a dynamo 
varies with the output. 

It is evident that with two or more magnetic fields, secured by in- 
creasing the number of poles, the armature inductors revolving between 
them cut more magnetic lines in one revolution than with a single field, 
hence, a given voltage is obtained with less speed of the armature than in 
the bipolar machine. 
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For instance, if a bipolar dynamo be required to run at say 900 rev- 
olutions per minute to generate 125 volts, a four pole machine of equal 
output will require only 450 revolutions, and one of eight poles only 225 
revolutions per minute. 

Ques. What is a self -exciting dynamo? 

Ans. A machine in which the initial excitation. of the field 
is due to the residual magnetism retained by the cores. 

Ques. What may be said of the field due to this residual 
magnetism? 

Ans. It presents a very weak field, and the voltage that 
could be generated by the armature revolving in such a field 
would be only about two to ten volts. 

Ques. IIow then can commercial voltages such as 100 or 
more volts be obtained with a self -exciting dynamo? 

Ans. Part or all of the current induced in the armature is 
passed through.the windings of the field magnets, thus strength- 
ening the field. The voltage, therefore, will "build up," in- 
creasing.until the maximum has been reached. 

The maximum voltage will depend upon the capacity of the field mag, 
nets ás determined by the construction, and upon the strength of current 
used to excite them. 

Ques. IIow long does the process of "building up" re- 
quire? 

Ans. The time required to fully excite the field magnets is 
from ten to twenty seconds, the rise in field strength being 
indicated on the volt meter or by the gradual increase in the 
brilliancy of the pilot lamp. 
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Ques. Name three important classes of dynamo. . 

Ans. Series wound, shunt wound, and compound wound. 

Ques. Describe the winding of a series dynamo. 
Ans. In this machine, the field magnets are wound with a 

few turns of thick wire joined in series with the armature 
brushes .as shown in fig. 436. 

Fto. 436.-Series wound dynamo, used for series arc lighting, and as a booster for increasing 
the pressure on a feeder carrying current furnished by some other dynamo. The coils 
of the field magnet are in series with those of the armature and external circuit. and con- 
sists of a few turns of heavy wire. The characteristic of the series dynamo is to furnish 
current with increasing voltage as the load increases. If overloaded, the voltage will drop. 

Ques. What is the effect of this arrangement? 
Ans. All of the current generated by the machine passes 

through the coils of the field magnets to the external circuit. 
The current in passing through the field magnets, energizes them and 

strengthens the weak field clue to the residual magnetism of the magnet 
cores, resulting in the gradual building up of the field. 
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Ques. For what service is the series dynamo adapted? 

Ans. It may be used for series arc lighting, series incan- 
descent lighting, and as a booster for increasing the pressure 
on a feeder carrying current furnished by some other dynamo. 

Ques. What is the effect of the series winding in the op- 
eration of the machine? 

Ans. Its characteristic is to furnish current at an increased 

RHEOSTAT 
MAIN 

CIRCUIT 

Fin. 437.-The two path method of regulating a series dynamo. The ends of the series winding 
are connected by a shunt containing a rheostat. The current induced in the armature 
divides and flows through the two paths thus offered, the amount flowing through the shunt 
being regulated by the rheostat. In this way the field strength is easily regulated. 

voltage as the load increases. If sufficient current be drawn 
to overload the machine, the voltage will drop. 

Since the armature coils, field magnets and external circuits are in 
series, any increase in the resistance of the external circuit lessens the 
power of the machine to supply current, because it diminishes the cur- 
rent in the coils of the field magnets and therefore diminishes the ef- 
fective magnetism. 
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Again, a decrease in the resistance of the external circuit will increase 
the voltage because more current will flow through the field magnets. 
Accordingly, when the external circuit has lamps in series (as is common 
in an arc light circuit) the switching on of an additional lamp both adds 
to the resistance of the circuit and diminishes the power of the machine 
to supply current. 

When the lamps are in parallel, the switching on of additional lamps 
not only diminishes the resistance of the circuit, but causes the field 
magnets to be further excited by the increased current, so that the greater 
the number of lamps put on, the greater becomes the risk of inducing too 
much current. 

MAIN 
CIRCUIT 

FIG. 438.-Regulation of series dynamo by variable field. A multi -point switch is provided 
with connections to the field winding at various sections, thus permitting more or less of 
the field winding to be cut out to regulate its strength. 

o 

The series dynamo has also the disadvantage of not starting action 
until a certain speed has been attained, or unless the resistance of the 
external circuit be below a certain limit. 

Ques. What is the objection to the variable field method 
of regulation of series dynamos? 
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Ans. This arrangement is undesirable for magnets of large 
size, because of the tendency to flashing at the contacts of the 
regulating switch. 

The Shunt Dynamo.-This type dynamo differs from the 
Series wound machine, io that an independent circuit is used 
for exciting its field magnet. 
. The field circuit is composed of a large number of turns of 
fine insulated copper wire, which is wound round the field 
magnets and connected to the brushes, so as to form a shunt 

Fut. 439.-Shunt wound dynamo for paralle circuit incandescent lighting, and for mill and 
factory power. The coil.. of the field magnet form a shunt to the main circuit; they con- 
sist of many turns of line wire and consequently absorb only a small fraction of the current 
induced in the armature. The characteristic of the shunt dynamo is that it gives practically 
constant voltage for all loads within its range. If overloaded the preure will drop and the 
machine cease to generate current. M, shunt field coils; it, field rheostat. 

or. "by pass" to the brushes and external circuit, as shown in 
fig. 439. 

Two paths are thus presented to the current as it leaves the armature. 
between which it divides in the inverse ratio of the resstance. One part 
of the current flows through the magnetizing coils, and the other portion 
through the external circuit. 

In all well designed shunt dynamos, the resistance of thé shunt cificuit 
is always very great, as compared with the, resistance oLthe armature 
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- and external circuit, the strength of the current tlbwing in the shunt coils 
being very small even in the largest machines. 

Ques. For what service is. the shunt dynamo adapted? 

Ans. It is used for constant voltage' circuits, as in incan- 
descent lighting. 

Ques. In the operation of a shunt dynamo what is its. 
characteristic feature? 

Ans. The voltage at the dynamo remains pract.cally un- 
changed, and the current varies according to the load. 

Ques. Does the voltage remain constant for all loads? 

Ans. There is a certain maximum load current that the 
shunt dynamo is capable of supplying at constant voltage; 
beyond this, the voltage will decrease, the machine finally 
demagnetizing itself, and ceasing to generate current. 

Ques. Why does the voltage not remain constant for all 

loads? 

Ans. Because there is a drop in the voltage in forcing the 
current through the armature windings which increases with 
the load. 

Ques. hat is the usual method of regulation for shunt 
dynamos? 

Ans. The method of varying.the current through the field 
coils by means of a rheostat inserted in series with the field 
winding as shown in lig. 439. 

Moving the lever of the rheostat to the right increases the resistance 
in series with the field winding, and this reduces the amount of current 
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in that winding, thus reducing the strength of the magnet and conse- 
quently the voltage at the brushes. The contrary movement of the lever, 
by cutting out the resistance, produces the opposite effect. 

The Compound Dynamo.-This type machine is designed to 
automatically give a better regulation of voltage on constant 
pressure circuits than is possible with a shunt machine. It 
possesses the characteristics of both the series and shunt machines, 
of which it is in fact a combination. 

The field magnets of the compound dynamo, as shown in fig. 441, 

MAIN CIRCUIT 

RHEOSTAT 

0 

Zc O 0 
Z 

LLi C 

Fro. 440.-Regulation of shunt dynamo by method of varying the field strength. A rheostat is placed in series with the field coils, and by varying the resistance, more or less current will flow through the coils, thus regulating the field 4trength. 

are wound with two sets of coils, one set being connected in series, 
and the other set in parallel, with the armature and external circuit. 

The purpose of the series winding is to strengthen the magnets by the 
current supplied from the armature to the circuit, and thus automatically 
sustain the pressure. If the series winding were not present, the pressure at the terminals would fall as the load increased. This fall of pressure 
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is counteracted by the excitation of the series winding, which increases 
with the load and causes the pressure to rise. 

The number of turns and relative current strengths of the series and 
shunt windings are so adjusted that the pressure at the terminals is main- 
tained practically constant under varying loads. 

With respect to the ratio between the number of turns of 
the two field windings, the dynamo is spoken of as: 

1. Compound; 
2. Over compounded. 

R 

o 

COMPOUND 

Fin. 44I. --Compound wound dynamo, used when better automatic regulation of voltage on 
constant pressure circuits is desired than is possible with the shunt machine. The com- 
pound dynamo is a combination of the series and shunt types, that is, the field magnet 
is excited by both series and shunt. windings. With a proper selection of the numb_r of 
turns in the series coils, the voltage may be kept automatically constant for wide fluctuations 
on the load. When the machine is over compounded its characteristic is to slightly increase the 
voltage with increase of load, a desirable feature for long transmission lines in order to com- 
pensate for the line drop. 

Ques. What is the difference between a compound and an 
over compounded dynamo? 

Ans. In the first instance, there are just enough turns in 
the series winding to maintain the voltage constant at the 
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brushes for variable load. If a greater number of turns be 
used in the series winding than is required for constant voltage 
at the brushes for all loads, the voltage will rise as the load 
is increased, and thus make up for the loss or drop in the trans- 
mission lines, so that a constant voltage will be maintained 
at some distant point from the dynamo. The machine is then 
said to be over compounded. 

Ques. For what service is over compounding desirable? 

Ans. For incandescent lighting where there is considerable 
length of transmission.lines. - _ . 

Ques. What is the usual degree of over compounding? 

Ans. Generally for a rise of voltage of from five to ten per 
cent. 

In construction', the field coils are wound with a greater number of turns 
than actually required; the machine being accurately adjusted by a run- 
ning load test after completion. 

Ques. How is the degree of over compounding varied? 

Ans. A rheostat is placed in shunt with the series winding 
so that the current passing through the winding may be regu- 
lated to control the voltage of the machine. 

Ques. How are the ends of the shunt winding of a com- 
pound dynamo connected? 

Ans. There are two methods of connection, being known as 
the short shunt and the long shunt. 

Ques. Describe the short shúnt. 
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Ans. In the short shunt, the ends of the shunt winding are 
connected directly to the brushes as in fig: 442. 

Ques. Describe the long shunt. 

Ans. In the long shunt, one end of.the shunt winding is 

connected to one of the brushes and the other end to the ter- 
minal connecting the series winding with the external circuit. 
as in fig. 443. 

MAIN CIRCUIT MAIN CIRCUIT 

FIGS. 442 and 443.-Short and long shunt types of compound wound dynamos. The dis- 
tinction. between the two is that the ends of the short shunt connect direct with the brush 

terminals, while in the long shunt type, lie. 443. one end of the shunt connects with one 

brush terminal and the other with the terminal connecting the series winding with the 

external circuit. tt; is the shunt field rheostat for regulating the current through the shunt. 

Ques. Which is -the more desirable? 

Ans. Theoreticálly, the long shunt is preferable as being 
the more efficient; however, ,in practice, the gain is not very 
appreciable and the short. shunt. is. generally., used... 
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Ques. What may be said regarding the voltage in short, 
and long shunt machines? 

Ans. In a short shunt machine, the shunt winding is sub- 
jected to a higher voltage than with a long shunt. The pressure 
applied through a shunt winding with a long shunt, for any 
particular load, is equal to the voltage at the brushes plus the 
drop in the series winding. 

Ques. For what other ,service besides incandescent light- 
ing are compound dynamos adapted? 

Ans. They are employed in electric railway power stations 
where the load is very fluctuating. 

Ques. What is the effect of a short circuit on a compound 
dynamo? 

Ans. It overloads the machine, since the excessive current 
flowing through the series field tends to keep the voltage at 
its normal value. 

Unless the line be automatically opened under such a condition either 
by a fuse or circuit breaker, the machine and its driving engine may be 
damaged. To avoid this danger fuses or automatic circuit breakers are 
employed. 

Ques. Mention another service for which the compound 
dynamo is used. 

Ans. In some isolated plants, as small country residences 
where it is frequently necessary to have a dynamo capable of 
charging a storage battery during the day, and of furnishing 
current for lighting during a certain portion of the evening. 

Under such conditions the compound machine with slight modification 
is used, the ordinary shunt dynamo not being capable of maintaining 
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the necessary consistency of voltage, without attention to the shunt reg- 
ulator in driving the lamps direct, the ordinary compound dynamo on the 
other hand, being unsatisfactory for charging storage batteries. 

Ques. How is the compound dynamo modified to adapt it 
to the dual service of lighting and battery charging? 

SW ITCH 

4 m. 44.-Alternative compound winding. 

Ans. It is furnished with alternative compound winding, in 
which the series winding is provided with a switch, which may 
be fixed either upon the machine itself or upon the switchboard. 
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This switch permits the series coils to be either short circuited in part 
or cut out of the circuit entirely while the machine is charging the storage 
battery, being again cut into circuit when the machine is required to 
furnish current for the lamps. 

Separately Excited Dynamos.-In this class of machine the 
current required to excite the field magnets is obtained from some 
independent external source. 

EXCITER 

MAIN CIRCUIT 
Fio. 445.-Separately excited dynamo. Current for field excitation is supplied by a second 

and smaller dynamo. 

Though used by Faraday, the separately excited dynamo 
did not come into favor until, in 1866, Wilde employed a small 
auxiliary magneto machine to furnish current to excite the 
field magnets of a larger dynamo. 

A separately excited dynamo is shown in fig. 445. This method of field 
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excitation is seldom used except for alternators; it is, however, to be 
found occasionally in street railway power houses, the shunt fields of all 
the dynamos being separately excited by one dynamo. 

In common with the magneto, the separately excited machine possesses 
the property that, with the exception of armature reaction, the mag- 
netism in its field and therefore the total voltage of the machine is inde- 
pendent of variations in the load. 

Dobrowolsky Three Wire Dynamo.-This type of dynamo 
wás designed to operate a three wire system of distribution 

o'j^ - 
- 7 

Fin. 446.-Armature of Westinghouse three wire dynamo. Collector rings are mounted at 
one end of the armature as shown, and the leads to them with the armature winding' are 
similar to those employed on the alternating current side of a rotary converter armature. 
The connections from the armature o collector rings may be either single phase, two phase, 
or three phase. The two phase connection with four collector rings and two balance coils is 

-used in the -Westinghouse three -wire -dynamo. - 

without a balancer. The armature is provided with insulated 
slip rings connected to suitable points.in the armature winding 
and (by means of brushes) with choking coils meeting at a com- 
mon point, to which the neutral wire of the system is connected, 
the main terminals being connected with. the outside wires. 

The machine is capable of feeding unbalanced loads without 
serious disturbance of the pressure on either side of the system. 
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The principle of the Dobrowolski three wire dynamo is illustrated in 
fig. 447. The armature A is tapped at two points, B and B', and con- 
nected to slip rings CC'. A compensator or reactance coil D, between 
the two halves of which there is minimum magnetic leakage, is connected 
to C and C', by brushes, and has its middle point tapped and connected 
to the neutral wire E. 

It is clear, from the symmetry of the arrangement, that the center 
point of the coil must always be approximately midway in pressure be- 
tween that of the brushes, and hence any unbalanced current will return 
into the armature, dividing equally between the two halves of the coil. 

E 

NEUTRAL WIRE 

Ftc. 447.-Diagram showing principle of Dobrowolski three wire dynamo. 

The arrangement forms a cheap and effective substitute for a balancer 
set, but lacks the adjustable properties of the latter. 

There are various modifications of the arrangement. Thus more than 
two slip rings may he used. The compensator windings, however, should 
always he arranged so that the magnetizing effect of the neutral current 
is self -neutralized in the windings, as otherwise saturation occurs causing 
a very heavy alternating magnetizing component. 
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TEST QUESTIONS 

1. How are dynamos modified to adapt them to the 
various conditions of service? 

2. What is the adaptation of bipolar and multipolar 
dynamos? 

3. Mention some features of the multipolar dynamo. 
4. What is the difficulty experienced with the bipolar 

machine? 
5. What is a self -exciting dynamo? 
6. Is the field due to residual magnetism .strong? 
7. How much voltage could be generated by the re- 

sidual magnetism? 
8. How are the high voltages obtained in a self - 

exciting machine? 
9. Explain the term "building up." 

10. Name three important classes of dynamos. 
11. Describe the winding and operation of series 

dynamo. 
12. For what service is the series dynamo adapted? 
13. Give two methods of regulating a series dynamo. 
14. What happens if load increases with series dynamo? 
15. What is the objection. to the variable field coil 

method of regulation? 
16. Describe the winding and operation of a shunt 

dynamo. 
17. For what service is a shunt dynamo adapted? 
18. How is a shunt dynamo regulated? 
19. Describe the windings and operation of a com- 

pound dynamo. 
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20. What is the difference 'between a compound and 
an over compounded dynamo? 

21. What is the operation of over compounded dynamo? 
22. What is the usual degree of over compounding? 
23. What is the difference between the long and the 

short shunt? 
24. Is a short or a long shunt subjected to a higher 

voltage?. . 

25. What is the effect of a short circuit.on a compound 
dynamo.? 

2G. What is alternative compounding? 
Z7, Describe a separately excited dynano. 
28. Describe the construction and operation of the 

.D_obrowolshi three wire dynamo. 
29. For what service' is the Dobrowolsri three wire 

dynamo adapted? 
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CHAPTER 16 

Experiments Illustrating 
Dynamo .and Motor Principles 

In this chapter a number of simple experiments are shown 
which will be very helpful to the student in showing in a 
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FIG. 448.-Gilley Gramme machine. I)e..igned to show the lines of force in a working model 
of the dynamo and motor with the armature in position and in actual operation. Both the 
field and armature are designed and made in flat form, so that the upper surfaces of both 
are level, permitting the paper or glass upon which the lines of (orce by the filings method 
are to be mapped, to take a smooth, horizontal position. The lines en force are thus per- 
mitt.d to arrange themselves under no other influence than that of the magnetic force a-jst- 
ing in the armature and field. 

simple way "how it works." The two elementary machines 
used in making the experiments are: 

1. Gilley Gramme machine; 
2. Miller -Cowen Dynamo. 
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The Gilley -Gramme machine is a modification of a type of machine 
now generally used for large units for power and lighting stations, so worked 
out that the lines of force may easily be plotted by the compass and filings 
methods. 

The Miller -Cowen attachment is an outgrowth of the Gilley Gramme 
machine and was built meeting the requirements of Professors Miller and 
Cowen of Boston schools. Their purpose was to design a machine of 
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Ems. 449 to 451.-Gilley Gramme machine disassembled showing the three basic parts of the 
apparatus: 1, armature with the commutator; 2, the field magnet with base; 3, the brush 
holder. The instrument is readily dissected, as the illustrations show. Each part can be 
studied separately, as will be noted. The four part armature has four segment commutator. The connections of the coils to the commutator segments, being on the under side of the 
armature, are not shown in the illustration. The field coil is easily removed from its base 
so designed that 6 in. permanent magnets can be substituted for the field coil, thus teaching 
the fundamental principle of the magneto. 

large open construction, using the same field magnets as are used in the 
Gilley Gramme machine, and by eliminating the feature of plotting the 
lines of force by the iron filings method they were enabled to design a ma- 
chine which could be used in lecture table demonstration and used to 
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develop all of the fundamental principles of both direct and alternating 
current machines. 

Directions for Experiments with Gilley Gramme Ma- 
chine.-The following experiments are fundamental. 
They are the experiments usually selected for secondary 
school work. N 'any modifications and additions to this 
list will suggest themselves to the teacher. 

Fto. 452.-M illerCowen machine for study of both d.c. and c.c. In order to enable the student 
tc see clearly the working of the essential parts of the instrument, the split commutator for 
the direct current and tl e collecting rings for the alternating current are greatly enlarged 
and separated from the armature winding. In order to make clear the effect of the iron core 
in the moving armature, the instrument is designed so that the iron core, which tot the sake 
of efficiency is laminated, is made easily removable, so that the instrument may be used 
either with or without the core. The field magnet may be easily remov_d and small per- 
manent magnets clamped under the same screws. The Miller -Cowen machineaerves to 
demonstrate; 1, use of commutator; 2. effect of speed of rotation; 3, separately and self 
excited alternators; 4, series, shunt and compound dynamos. The galvanometer used should 
not be of high sensibility. Any milli -ampere meter in good working order may be used to 
advantage. 
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The experiments here described have been compiled by a 
teacher of long experience in one of the larger Middle West 
Iligh Schools, the selection and sequence of the work being 
such as he has found most helpful to his students in developing 
a clear understanding of the principle and operation of the 
dynamo and motor. 

Exercise 1. Nature of the Field Magnet. 
Part 1.-Remove the electromagnet (usually called the field magnet) 

from the machine and lay it on a page of a note book (fig. 454). Mark its 
outline on the paper. Connect wires from the poles of a battery to the 
binding posts and indicate on the paper the direction of the current in 

Fins. 453 to 455.-Exercise 1. Gilley Gramme machine with field magnet removed il ustral- 
log the nature of the field magnet. 

the wires by arrows, remembering that the current is assumed to come 
from the copper or carbon pole of the battery. Show by an arrow the 
direction of the current on the top side of the coil. From the direction 
of the current in the coil determine the North and South poles of the mag- 
net, using Ampere's rule for the purpose. Mark large letters N and S, 
on these poles in the diagram. 

Now place a small compass between the poles and trace several lines of 
force in the following way: Place the compass near to one pole piece, and 
directly under the compass mark the direction in which its North end 
points. Move the compass ahead in that direction. Mark the direction 
in which it now points, and so on until the line is traced. Several lines 
traced in this way, each starting from a different point on the pole piece, 
will show the distribution of lines ir. the circular space between the poles. 
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To get an idea of the strength of this field, which has just been mapped, 
notice how fast the compass needle vibrates after being tipped or jarred 
when it is between the pole pieces. The stronger the field, the more rap- 
idly the needle.vibrates. The field strength is proportional to the square 
of the number of vibrations per minute. 

Part 2.-With the compass still remaining between the poles disconnect 
the wires from the electromagnet. Notice how fast the compass needle 
vibrates, and from this compare the strength of the magnetic field when 
current is and is not flowing through the coil. Notice whether the needle 
indicates that the iron has retained any of its magnetism. The small 
amount of magnetism «hick remains in iron after the current stops flowing 
is called "residual magnetism." 

Part 3.-Again connect the electromagnet with the cell, but this time 

FIGS. 456 and 457.-Exercise 2. Gilley Gramme machine as connected to illustrate the effect of 
iron ring of armature. 

with the current in the coil reversed. With the aid of the compass needle, 
notice what change has been made in the lines of force. 

Part 4.-Plot the lines of force by the iron filings method as follows: 
I -laving the coil connected with the battery, lay a sheet of note book paper 
over the pole pieces and sprinkle iron filings until, with gentle tapping, 
the lines are distinctly formed. Draw a diagram showing the pole pieces 
and these iron filing lines. 

Exercise 2. Effect of Iron Ring of Armature. 
Part 1.-Place the armature between the pole pieces of the field magnet 

as shown in fig. 457. Send current from a cell through the field magnet 
coil and with the compass needle find what alteration in the lines of force 
of the field magnet has been made by the presence of the iron ring of the 
armature. 
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Part Q.-Plot the lines of force under these new conditions by the iron 
filings method and make a diagram of field magnet, iron ring and lines of 
force as shown by the filings. The presence of this iron ring between the 
pole pieces has changed the shape of the lines of fq[ce. Notice also 
whether the presence of the iron has increased or decreased the strength 
of the magnetic field between the pole pieces. (Compare this diagram 
with the diagram in Part 4 of Exercise 1.) 

Notice that the compass and the iron filings both indicate no definite 
lines of force in the space inside of the ring, and that, therefore, when the 
armature is moving, only that portion of its winding that is on the out- 
side can cut across the lines of force. Consequently, the inside portion of 
the winding does not help to generate current when the machine is used 
as a dynamo, nor help to turn the armature when the machine is used as 
a motor. Partly for this reason armatures of large machines are wound 
"drum fashion." 

Fins. 458 and 459.-Exereise 3. Gilley Gramme machine armature with nuts uppermost illustrating the nature of the armature. 

Exercise 3. Nature of the Armature. 
Part 1.-Examine the armature. It consists of an iron ring around 

which there is a continuous winding of wire. At four points on this wind- 
ing, equally spaced, short wires are soldered on, each of which leads to a 
nut. Each nut is connected to one of the quarter sectors of brass which 
comprise the commutator. Set the armature on a shallow box or other 
support with the four nuts uppermost (fig. 958). Connect the wires from 
the cell to two diagonally opposite núts. As these nuts are joined to 
the sections of the commutator below, this method of connection is the 
same as if made directly to two opposite sections of the commutator. 

Draw a diagram of the ring, the continuous winding (representing only 
a few turns, evenly distributed), the four wires leading to the nuts, and 
the battery wires. Trace the paths of the current through the two halves 
of the winding, and mark this path with a number of arrows on the dia- 
gram. 
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Now test for lines of force with the compass, 
marking the position of the double North and double 
South poles. Obtain also the lines of force by the 
iron filings on a cardboard placed above the arma- 
ture. Mark these lines on the diagram. This iron 
ring with its winding is now acting like a double, 
curved electro -magnet. as shown in the diagram. 

Part 2.-Change the cell wires to the other two 
nuts and see whether the armature is still a double 
electro -magnet. Notice where the poles are situated 
with reference to their position in Part 1 preceding. 
Observe in both Part 1 and Part 2 where the poles 
are situated with reference to the places where the 
current enters and leaves the coil. It will be seen 
that there are only two separate currents in the 
armature and that these are in parallel with each 
other. 

Exercise 4. What the Commutator ¡loes. 
Part 1.-Remove the field magnet and place the 

armature on its pivotal bearing as shown in fig. 
461. Send current through the armature winding 
by connecting the cell wires to the binding posts 
which lead to the brushes. 

Move a compass around outside of the armature 
and find a place where the compass need e points 
in a line with the center of the armature. The 
compass is now at one of the poles of the armature. 
Rest the compass on some convenient support in 
this position and on a level with the armature. 
Begin turning the armature slowly and keep watch 
of the compass. 

Stop the armature at the exact point where the 
needle makes a sudden jump. 

Look at the commutator and see whether the 
brushes slide from one section to another at that 
instant. Turn the armature through one complete 
revolution and find how many times the jumping 
of the needle indicates that the poles of the arma- 
ture shift. 

Figs. 460 to 563. Exercise 4. Glley Gramme machine disassembled illustrating what the 
eonuaulalor does. 
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While the armature is being rotated notice whether the North pole of 
the armature stays on one side of the armature or shits to the opposite 
side. 

Part 2.-Remove the armature and lay it down with the commutator 
on the upper side. Place the compass near it, and by taking the cell ter- 
minals as shown in fig. 462, in the hands, attempt to verify the facts 
just found in fart 1. In doing this, keep the commutator still but move 
the cell wires just as if they were the brushes, always keeping them in 
contact with opposite, not adjacent, sections of the commutator. 

Exercise 5. Why the Armature of a Motor Rotates. 
Part I.-Send current from the cell through the field magnet winding 

by connecting it as shown in fig. 464. Test the poles of the magnet with 
the compass. Draw a diagram of the field magnet and mark on it the 

Fta. 464.-Exercise 5. Gilley Gramme machine as connected to illustrate why the armature 
of a motor rotates. 

poles as indicated by the compass and mark with a plus (+) sign the 
binding post by which the current enters the field coil. 

Part 2.-Send current from the cell through the armature winding by 
connecting it as shown in fig. 461. Turn the brush holder until the points 
of the brushes that touch the commutator are in a line parallel to the 
two arms of the field magnet (when the latter is in position). Test with 
the compass and mark the poles of the armature on the diagram made 
for Part 1. 

Put a plus sign on the diagram near the binding post by which the current 
enters the armature winding. From a study of the diagram thus made, 
assuming that currents were to flow simultaneously in both the field and 
the armature in the directions indicated, decide and mark on the diagram 
the direction in which the North pole of the armature would begin to turn. 
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Part 3.-Place both armature and field magnet on the stand and make 
the connections shown in fig. 464, being sure that the current flows in the 
armature and in the field magnet in the same direction that it did in Parts 1 

and 2 of this exercise. Notice whether the armature rotate in the direc- 
tion to be expected from Part 2. Make a new diagram of the connections 
showing the direction of the current by arrows, mark the poles of the 
field, the poles of the armature and mark the direction of rotation of the 
armature. 

Part 4.-Turn the brush holder through 180° or half circle, and notice 
that the armature rotates in the opposite direction. On a new diagram 
show whether the direction of the current has been thus reversed in the 
armature or field or both, and explain why the direction of rotation has 
changed. While the armature is turning or held stationary, but while 
the current is still 'lowing, place a sheet of smooth cardboard over the 
machine and sprinkle iron filings upon it. Compare the lines of force 

465.-Exercise 6. Gilley Gramme machine as connected to illustrate a magneto used as 
a 110101. 

with those obtained in Exercise 2. Observe whether the armature rotates 
in the direction to be expected if the lines of force were stretched elastic 
threads. 

Part 5.-Turn the brush holder through 90° and explain why there is no 
tendency for the armature to rotate. 

Exercise 6. The Magneto Machine as a Motor. 
Remove the field magnet and connect the battery directly with the 

brush holder. Dave the latter in the proper position for rotation of the 
armature. Put one or more strong, permanent magnets in the place of the 
field magnet, arranging them as shown in fig. 465. (If two magnets be 
used to form one stronger magnet they should have like poles in contact 
with each other.) Notice that the motor is now operating with per- 
manent magnets to provide the magnetic field instead of with the 
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electro -magnet used in Exercise 5. The principal difference is that the 
electro -magnet is the stronger. Curved pole pieces may be used with 
either kind. Permanent field magnets are never used in large prac- 
tical machines. Why? 

Exercise 7. The Dynamo. 
Part 1.-The magneto machine operated as a motor in Exercise 6 when it 

was supplied with a current from a battery. In order to use the same 
machine as a dynamo no battery is needed. Make the connections shown 
in fig. 466, in which the galvanometer is used merely to indicate whether 
the machine is generating a current of electricity. Adjust the galvanometer 
properly for use. Then rotate the armature by hand in the same direction 
in which it was rotating in Exercise 6. 

Observe that the galvanometer indicates that a current of electricity 
is being produced in the rotating armature. Notice whether this current 

Flo. 466.-Exercise 7. Gilley Gramme m chine as connected to illustrate a magneto used 
fur producing ca enl. 

is always of the same strength and whether it is always in the same direc- 
tion. Compare the direction of this induced current in the armature` 
with the direction in Exercise 6. 

Part 2.-Replace the permanent magnets by the electro -magnet and 
connect the latter with the cell as shown in fig. 467. Rotate the arma- 
ture by hand and notice the evidence which the galvanometer gives of a 

*NOTE .-In order to tell which way the current is flowing. it is necessary to notice whether 
the zero of the O'Arsonval galvanometer is deflected to right or left. Then by sending a very 
weak current, the direction of which is known, into the galvanometer and noting the deflection 
caused by the known current the direction of the unknown current may ye found. 
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current which is being produced in the armature. Rotate the armature 
very slowly, then more rapidly, and compare the strength of the current 
obtained under these conditions. 

The machine is now being operated as a dynamo; that is, the result of 
rotating the armature by some mechanical means is the production of a 
current in the armature. In commercial machines, the current generated 
in the armature may be many times greater than the cu -rent needed to 
excite the field magnet. When the field magnet is excited by a current 
from some outside source (such as the battery in this case) the dynamo is 
said to be separately excited. 

Part 3.-Without removing the field magnet, disconnect it from the 
battery, remembering that there may he a small amount of residual 
magnetism left now in the iron core of the field magnet (see Exercise 1). 

Fta. 467.-Exercise 7-Part 2. Gilley Gramme machine as connected to illustrate a separately 
excited dynamo. 

Try rotating the armature to see if a current of electricity is induced in the 
armature. "Building Up." In commercial machines there is always more 
or less residual magnetism in the iron of the field magnet. Under these 
conditions if the armature he made to revolve rapidly, a very weak cur- 
rent will be generated in the armature: If this weak current be passed 
through the coil of the field magnet, the latter becomes a stronger magnet 
than before. 

For this reason the current in the armature grows stronger, and this 
stronger current in passing through the field coil, will consequently produce 
a still stronger field magnet. This process of mutual "building up" goes 
on until a maximum is reached, when the iron of the field magnet is sat- 
urated and carries all the lines of force it can. Such a dynamo is self - 
exciting,. because it provides its own current for exciting its field magnet. 
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Most commercial dynamos are self -exciting. Alternators are separately 
excited by a small dynamo. 

Exercise 8. Series and Shunt Motors. 
Part 1.-Make the proper connections to operate the machine with the 

armature in series with the field magnet coil. Notice the direction of 
rotation of the armature. Reverse the connections at the battery. Ex- 
plain why there is no reversal of the direction of rotation; also how to 
change the connections in order to have the armature rotate in the op- 
posite direction. (See Exercise 5 for a suggestion, but there is also an- 
other method.) 

Fta. 468.-Exercise 8. Gilley Gramme machine as connected to illustrate series and shunt 
motors. 

Part Q.-Make the proper connections to operate the machine with the 
armature in shunt with the field magnet coil. Make a diagram of these 
connections. Notice the direction of rotation of the armature. (Use two 
cells in series if necessary.) Reverse the connections at the battery. 
Explain why there is no reversal of the direction of rotation. Consider 
whether this shunt machine may have the direction of rotation of the 
armature reversed by a proper change of connections. 

Exercise 9. A Problem on Rotation. 
Remove the armature and place a bar magnet on the pivot as shown in 

fig. 469 so that it may revolve between the pole pieces of the field magnet. 
Turn on the current in the field winding. Observe the behavior of the 
magnet when this is repeated several times and consider one reason why 
an electro -magnet is more advantageous than a permanent magnet for 
an armature. 

Consider a possible method of making the magnet rotate always in the 
same direction by changing the direction of the current in the field winding. 
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In order to accomplish this, the reversal of the current must be made 
when the magnet is in a certain position. Decide what that position is. 
How many reversals of the current would be needed during one complete 
revolution of the magnet? 

Experiments with the Miller -Cowen Dynamo.- 
Before commencing the work outlined below, study the 
instrument itself. Note the relation of the different 
parts to the whole. 

Pros. 469 to 471.-(alley Gramme machine with armature replacea by a bar magnet illustrat- 
ing a Problem on rotation. 

Trace the electrical circuit from the armature coil through 
the split commutator or collecting rings to the brushes and 
binding posts. 

The rings and sections of commutator should be clean and 
it is well to occasionally polish them with sand paper as im- 
perfect contact with the brushes would give poor results, 
especially in the experiments in which the iron is left out of 
the armature since the voltage generated is small. The gal- 
vanometer used should not be of high sensibility. Ahy 
milli-amperemeter in good working order may be used to 
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advantage. A lecture table galvanometer having a suitable 
range for the work should be used. 

Experiment l.-Remove the laminated iron core from the armature 
coil. Connect one cell or battery to the field winding; attach brushes so 
that they will make contact with the collecting rings; connect a galvan- 
ometer of rather low resistance and sensibility across the brushes (as 
shown in fig. 472). 

Turn the armature coil slowly. Note movement of the galvanometer 
needle. Does the needle move continuously in one direction or does it 
move first in one direction then in the reverse direction? Note relation 
of armature coil to the field magnet at time of change. 

Fio. 472.-Miller-Cowen dynamo as connected for experiment 1. 

Turn the armature coil sharply one quarter turn in one direction and 
note movement of galvanometer needle.. 

Move armature coil back to original position by another sharp turn. 
Test the polarity of both poles of field magnet and of both ends of the 
armature coil just before and just after it passes the paint where a change 
of current direction is indicated by the galvanometer needle. What con- 
nection is there between change oÍ polarity in the armature coil and 
change of direction in the current? Why is the current produced called 
an alternating current? 

Experiment 2.-Replace the laminated iron core in the armature coil 
Follow same steps as before. What effect has iron in the armature coil 
upon strength of current? 
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Experiment 3.-Attach brushes so that they make contact with the 
commutator (as shown in fig. 473). Turn armature at a moderate speed. 
Observe the movement of the galvanometer needle. IIow is this current' 
different from that observed above? Why is it known as a direct current? 

Experiment 4.-Describe the commutator. Note how it is connected 
to the armature coil and its relation to the brushes as the armature coil 
is rotated. Rotate the armature coil slowly and test the polarity of the 
ends as the brush contact changes on segments of the commutator. What 
is the office of the commutator? Describe action completely. 

Experiment 5.-Rotate armature coil at different speeds. What is 
the effect of speed of rotation on strength of current? 

Fin. 473 .-Miller -Cowen dynamo as connected for experiment 3. 

Experiment 6.-Note that in figs. 472 and 473 the armature coil is 
not electr'cally connected with the field coil. Why would apparatus of 
this class be known as separately excited dynamos? 

Experiment 7.-How do the connections of figs. 474 to 476 differ 
from those of figs. 472 and 473? \Vhy is the battery unnecessary? Your 
conclusion should give you the definition of a self-excited dynamo. Why 
are many large alternators of the separately excited type? Why are 
practically all dynamos self-excited? 

Experiment 8.-Connect the apparatus as in fig. 475. How is the field 
coil excited? What form of connection is this? Why does such an arrange- 
ment show a shunt dynamo? What effect has this winding upon flow of 
current generated? 
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Experiment 9. Connect apparatus as in fig. 474.. Ilow is the field 
excited? What form of connection is this? Why does such an arrange- 
ment show a series dynamo? What effect has this winding upon flow of 
current produced? 

Fin. 474 .-Miller -Cowen dynamo as connected for experiments 7 and 9. 

Fro. 475.-Miller-Cowen dynamo as connected for experiment 8. 

Experiment 10.-Wind a few turns of wire about the field coil and 
connect the apparatus as in fig. 476. How is the field excited? Why 
does such an arrangement show a compound wound dynamo? What effect 
has this winding upon flow of current generated? A well designed dynamo 
of the shunt, series, or compound type will usually operate as a motor when 
connected to a source of electrical energy having sufficient power. Its 
speed of rotation will be fixed, for in rotating, the armature generates a 
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current the same as though it were turned mechanically. This generated 
current is always opposed to the direction of current flow from the outside 
source. 

A constant point will therefore be reached in which the current gener- 
ated by the moving armature plus the energy wasted in keeping up rota- 
tion plus friction, etc., balance the pressure of the current flow from the 
outside source. 

Fro. 476.-Miller-Cowen dynamo connected as a compound machine experiment 10. 

Fia. 477.-Miller-Cowen dynamo connected to run as a motor experiment 11. 

Experiment 11.-The apparatus connected as in fig. 477 shows the 
dynamo run as a motor. Explain the operation. What is the direction of 
the current flow from the outside source? Disconnect and determine the 
direction of current flow when the armature is turned by hand. Are these 
currents opposed to each other or do they flow in the same direction? 
What effect would this have on the rotation of the armature? 
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TEST QUESTIONS 

1. What is the object of the experiments made in this 
chapter? 

2. Describe the Gilley Gramme machine. 
3. Demonstrate with the machine: 1, nature of the 

field magnet; 2, effect of iron ring of armature; 
3, nature of the armature; 4, what the armature 
does; 5, why the armature of a motor rótates; 
6, the. magneto machine as a motor; 7, the 
dynamo; '8, series and shunt motors; 9, a 
problem on rotation. 

4. Demonstrate with the Miller Cowen dynamo: 1, 
change of polarity in the armature; 2, effect of 
iron on the armature_ coil; 3, direct current; 4, 
office of the commutator; 5, effect of speed of 
rotation; 6, separately excited dynamo; 7, self 
excited dynamo; 8, series dynamo; 9, effect of 
series winding; 10, compound wound dynamo; 
11, dynamo run as a motor. 
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CHAPTER 17 

Field Magnets 
The object of the field magnet is to produce an intense niag- 

nelic field within which the armature revolves. 

It is constructed in carious forms, due in a large measure to considera- 

tions of economy, and also to the special conditions under which the ma- 

chine is required to work. 

Electro -magnets are generally used in place of permanent 

magnets on account of: 

1. The greater magnetic effect obtained, and 

2. The ability to regulate thé strength of the magnetic field 

by suitably adjusting the strength of the magnetizing current 

flowing through the magnet coils. 

The field magnet, in addition to furnishing the magnetic field, has to do 

duty as a framework which often involves considerations other than those 

respecting maximum economy. 

The Make Up of a Field Magnet.-In construction, the 

electro -magnet, used for creating a field in which the armature 

of a dynamo revolves, consists of four parts: 

1. Yoke; 
2. Cores; _ .. . 
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3. Pole pieces; 
4. Coils. 

These are shown assembled in figs. 478 to 481. 

Ques. What is the object of the yoke? 

Ans. The } oke serves to connect the two "limbs," that 
is, the cores and pole pieces, and thus provide a continuous 
metallic circuit up to the faces of the pole pieces. 

Fio. 478.-Salient pole. bipolar field magnet with single coil wound around the yoke. 

Ques. - How is the yoke constructed? 
Ans. It usually forms the frame of the dynamo as shown 

in figs. 482 and 483. 

Ques. What may he said of the cores? 

Ans. The cores, which are usually of circular form, carry 
the coils of insulated wire used to excite the magnets. 

Classes of Field Magnet.-Although numerous forms of 
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field magnet have been devised, they can be classed into two 
groups according to the type of pole, as: 

1. Salient pole; 
2. Consequent pole. 

The distinction between these two types of pole is shown in figs. 478 
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Fro. 479.-Salient pole, bipolar field magnet with two coils wound around the cores. 
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Fro. 480.-Consequent pole bipolar field magnet with two coils on the cores. This is known 

as the "Manchester" type in which the cores are connected at the ends by two yokes- 
so named from its original place of manufacture at Manchester, England. 
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to 480. By inspection of the figures, it will be seen that the term salient 
applies to poles produced when the pole pieces form the ends of the mag- 
net, as distinguished from consequent poles, or those formed by coils wound 
on a continuous metal ring or equivalent. 

In the salient pole bipolar magnet, the winding may he either upon 
the limbs, 1\11í1, fig. 479, or upon the yoke, Y, as shown in fig. 478. The 
magnetic circuit of salient and consequent poles is indicated in the figures 
by the dotted lines. 

Multi -Polar Field Magnets.-In the multi -polar machine, 

Fin. 481.-Modern dynamo with four consequent pole field magnets. In this construction 
the ring shaped yoke also serves as a frame; the circular form of yoke gives the least chance 
for magnetic leakage. 

the subdivision of the magnetic flux reduces the amount of 
material of both magnet and armature. Moreover, there is less 
heating on account of the greater capability of dissipating the 
heat, offered by the increased area of surface per unit of volume 
in each magnet pole and winding. 

There may be four, six, eight, or more poles, arranged in alternate 
order around the armature. Fig. 481 shows a four pole field magnet 
having a common yoke or iron ring, with four pole pieces projecting in- 
wardly, and over which the exciting coils are slipped. 
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In the larger machines the yoke is made in two parts bolted together 
as shown in fig. 483, so that the upper portion may be lifted off for ex- 
amination of the armature. 

Ques. Can the number of poles in a multi -polar machine 
be advantageously increased to 16, 32, or more? 

Ans. A large number of poles is not advisable except in 
very large machines, since it involves an increase in the expense 
Qf machine work, fittings, etc., somewhat out of proportion 
fo the reduction in cost of material and increase in efficiency. 

Ques. What materials are generally used for field magnets? 

Ans. Wrought iron, cast iron, steel and copper. 

There are a number of considerations which govern the selection of the 
materials to be used in a particular machine, such as initial cost, weight, 
efficiency, etc. 

Ques. In the construction of field magnets, what governs 
the choice of materials? 

Ans. For cores, wrought iron is most desirable, as requiring 
the smallest amount of material for a given flux. There is a 
saving in copper due to using wrought iron for the core since, 
on account of its small size, the length of each turn of the 
magnetizing coil is reduced. For heavy yokes, where lightness 
is not essential, but very often the reverse, cast iron is used, as 
its cross section can be made larger than that of the cores, this 
increase in area serving to give strength and rigidity to the 
machine. Cast steel occupies a place intermediate between 
cast iron and wrought iron both in cost and magnetic prop- 
erties. 

Ques. Name two forms of yoke in general use.. 
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Ans. The solid, and divided types as shown in figs. 482 
and 483. 

Ques. What is the object of dividing a yoke? 
Ans. To permit access to the armature, where the con- 

struction does not admit of removal of the latter from the side. 

Ftas. 482 and 483.-Solid and split construction of yoke for multi -polar dynamos. /n the latter type, the yoke is in two halves joined along a horizontal diameter; while the upper halt may be conveniently removed to give access to the armature. it has the disadvantages of the joint, which, no matter how well made, will add to the reluctance of the magnetic circuit. The figures also illustrate the circular and segmental forms of yoke construction. 

Ques. IIow is the yoke usually divided? 

Ans. Across its horizontal diameter into an upper and 
lower half, as shown in fig. 483, the lower half being seated on, 
or more frequently cast in one piece with the bed plate. 

Ques. What is the objection to dividing a yoke? 
Ans. The joints introduced, even if carefully faced and 
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well bolted together, add a little reluctance to the magnetic 
circuit. 

Ques. How does this affect the poles adjacent to the 
points, and what provision is made? 

Ans. It weakens them, and in order to overcome this, the 
coils of these poles are given a few extra turns. 

Ftas. 484 to 486.-Various sections of cast i on yok,.. In for n, these yokes may be either 
circular or segmental as shown in figs. 462 -old 433. 
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nos. 487 to 489.-Various sections of cast steel yoke. The ribs shown in figs. 487 and 488 are 
provided to secure stiffness. 

Ques. How is the reluctance of a yoke joint reduced? 

Ans. By enlarging the area of contact; the flange for the - 

bolts furnishes the necessary increase. 

Ques. What determines chiefly the cost of field magnets? 

Ans. The material used in making the cores and their shape. 

Ques. Ilow does this affect the cost? 
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Ans. Since considerable cross sectional area of core is re- 
quired, the problem confronting the designer is to design the 
core by judicious selection of material and shape, that the re- 
quired number of turns in the magnetizing coil is obtained 
with the shortest length of wire. 

Ques. What is the principal objection to the use of cast 
iron for core construction? 

Ans. Since its sectional area must he considerably more 

,." ''/ 
FIGS. 490 to 492.-Some methods of attaching detachable cores. The core seat 's machined to receive the core. it being necessary to secure good contact in order to avoid a large increase in the reluctance of the magnetic circuit. 

than wrought iron, a much greater quantity of copper is re- 
quired for the magnetizing coils. 

Copper is expensive, while cast iron cores are less expensive than equiv- alent ones of wrought iron; in this connection, it is interesting to observe 
how different designers aim at true economy in construction. 

Steel is sometimes used in place of wrought iron, and though less effi- 
cient magnetically, it can he cast into the desired sletpe, thus avoiding 
the somewhat expensive processes of forging and machining, which are 
necessary in the case of wrought iron. 

Ques. What form of core requires the least amount of 
copper for the magnetizing coils, and why? 

Ans. The cylindrical core, because it has the shortest per- 
iphery or boundary ,for a giyen area enclosed. . 
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Figs. 493 to 498, show a series of cross sections, all of the same area. 

The number marked on each section indicates the length of the boundary 

line, that of the circle being taken for convenience as 100. 

Ques. What are the pole pieces? 

Ans. These are the end portions of the field magnets, joined 

to, or cast together with the core and placed adjacent to the 

armature. 

/4/ 

Etas. 493 to 428.--C-comparison of field magnet core sections. The sharter the perimeter or 

outside boundary of the core for a given cross sectional area, the 1,<,t will be the amount 

of copper required for the magnetizing coils. All the above sections are of equal area, and 

the figures marked on each represent relative values for the perimeters, the circle for con- 

venience being taken at 100. 

The faces of the pole pieces are of circular shape, thus forming the sides 

of the so called armature chamber within which the armature rotates. 

Ques. Why are the pole faces made larger than the coils? 

Ans. In order to reduce the reluctance of the air gap between 
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the face and the armature, thus enabling fewer magnetizing 
coils to be used. i 

It is important that the field should be magnetically rigid, that is, not 
easily distorted. This stiffness of field can be partially secured by judi- 
cious shaping of the pole pieces., few forms of pole piece are shown 
in figs. 512 to 514. 

If the projecting tips of the pol i i ces, or horns as they are called, he 
widely separated, as in fig. 499, tt ey are not always good, even though 
thin. It is better ti t they ould In extended as in fig. 500 so that they 
may be saturated by e eakage fiOld or else cut off as in fig. 501. 
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Fins. 499 to 502.-Several fofms of pole piece. where the extremities project as in figs. 499 
and 500, they are called horns. The object of these is to reduce the reluctance of the air 
gap. The width of "fringe" of the magnetic field is influenced by the shake of the pole 
piece; the margin of fringe should be such that the flux density will vary froto zero to a high 
value where the inductors enter. 

An extreme design, suggested by Dobrowolsky, as shown in fig. 502, 
surrounds the armature with iron. 

Another scheme, proposed by Gravier, employed the unsymmetrical 
form shown in fig. 503. In this pole piece the forward horn is elongated. 
The action due to this arrangement is such that when the machine is 
working at small loads, the field in the gap is nearly uniform, but at heavy 
loads with distorting reactions which have a tendency to drive the flux 
into the forward horn, the small section of the latter causes it to become 
saturated, thus reducing the distortion to a minimum. 
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Eddy Currents, Laminated Fields.-The field magnet cores 
and pole pieces, as well as the armature of a dynamo are specially 

Fto. 503.-Unsymmetrical pole piece introduced by Gravier to concentrate the magnetic field. 

When the dynamo is working at small loads, the flux in the gap is nearly uniform, but at 
heavy loads, the distortion due to the armature current foxes the flux forward and satur- 
ates the forward horn, thus preventing much change in its flux density, on account of the 
saturation. and the diminishing atea. Lundell combined the unsymmetrical and slotted 
forms of pole piece as shown in fig. 516. 

Fro. 504.-Pole piece with oblique slots; a modification of Lundell's form of pole piece as 
suggested by Thompson. /n operation, the neck of the casting becomes saturated and 
offers considerable reluctance, which tends to prevent distortion of the magnetic field. 

Fro. 505.-Non-concentric pole faces; one method of securing suitable magnetic "fringe" 
with fair magnetic rigidity of field. 
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Fros. 506 to F108.-Illustrating the alteration of magnetic field due to movement of mass of iron in 
the armature. If the masses of iron in the armature he so disposed that as it rotates, the dis- 
tribution of the lines of force in the narrow field between the armature and the pole piece is 
being continually altered, then, even though the total amount of magnetism of the field magnet 
remain unchanged, eddy currents will be set up in the pole piece and will heat it. This is 
shown in the above figures, which represent the effect of a projecting tooth, such as that 
of a l'acinotti ring, in changing the distribution of magnetism in the pole piece. 

G 

Fro. 509 to 511 -Eddy currents induced in pole pieces by movement of masses of iron. These 
diagrams, which correspond to those of figs. 5,6 to 508, show the eddy currents in pairs 
of vortices. The strongest current flows between the vortices and is situated just below 
the projecting tooth, where the magnetism is most intense: it moves onward.following the 
tooth. At C, is shown what occurs during the final retreat of the tooth from the pole piece. 
These eddy currents penetrate into the interior of the iron, although to no great depth. 
Clearly the greatest amount of such eddy currents will be generated at that part of the 
pole piece where the magnetic perturbations are greatest and most sudden. A glance at 
the figures shows that this should be at the forward (torn of the pole piece. However, when 
a dynamo, with horned pole pieces, has been running for some time as a motor the for- 
ward horns arc cool and the hindward horns hot. 
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subject to eddy currents, that is, induced electric currents 
occurring where a solid metallic mass is rotated in a magnetic 
field. These currents consume a large amount of energy and 
often occasion harmful rise in temperature. 

This loss may be almost entirely avoided by laminating the 
pole piece, or both pole piece and core; in the latter case, 
both form one part without any joint. 

Ques. What is a laminated pole? 

Ans. One built up of layers of iron sheets, stamped from 
sheet metal and insulated, as shown in fig. 531. 

nos. 512 to 514.-Various shapes of pole piece for securing a gradual entrance of the armature 
inductors into the magnetic field. 

Ques. What mode of construction can be used to reduce 
the reluctance of the magnetic circuit when laminated poles 
are used? 

Ans. The reluctance can be reduced by cast welding the 
poles into the panel. 

The frame end of the core when designed for cast welding has irregularities 
in the heights of the different sheets, as well as grooved undercut sur- 
faces, in order to enable the molten metal of the frame to key well into 
the laminations of the core, making a good joint, both mechanically and 
electrically. By this construction, the continuity of the magnetic circuit 
is practically unbroken save for the air gap between the pole piece and 
armature. 
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Ques. What may be said of this construction? 

Ans. Although an efficient method, the prevailing practice 
is to bolt the poles to the frame. 

Fig. 531 shows a combined core and pole piece made entirely of sheet 
iron punchings assembled and riveted together. In some cases there is a 
longitudinal slot extending from the end into the core. This was first sug- 
gested by Lundell, the object being to prevent, as far as possible, the dis- 
tortion of the magnetic field due to armature reaction especially on heavy 
overloads. 
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Fro. 515.-Ideal dynamo, detail of field showing main, and interpole field magnets. 

NOTE.-Characteristics of field coils.-The shunt field coil is placed directly across 
the line, and as it has a constant resistance, the amperes flowing, and therefore its ampere 
turns, are dependent solely upon the voltage between its terminals, which voltage is very little 
changed by the load placed on the machine. Therefore, shunt field coils are constant in their 
strength with variable loads. Rheostats are placed in series with shunt field coils, in order to 
weaken or strengthen the field strength, and thereby change the performance of the machine. 
Series field coils are placed in series with the main armature leads of the machine, and as the 
current in the armature lead varies according to load required of the machine, the strength 
of this type of field coil varies directly with the load. For this reason, series field coils are used 
for street car motors and hoist motors, which require a very heavy torque, and therefore heavy 
fields when the loads are heavy. Motors with series fields must always be direct connected to 
a load, as under very light loads they would have a very light field, which would cause them 
to run away. Motors and dynamos both are built with a combination of shunt field coils and 
series field coils, and are then termed "compound wound machines." Motors built this way 
will have a higher starting torque and dynamos built with compound fields may have a con- 
stant or changed voltage characteristic, according to change of load. 
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Ques. What is the disadvantage of laminating a core? 

Ans. It necessitates a nearly square or rectangular section 
which requires more copper for the winding than the cylindrical 
form. 

The Magnetizing Coils.-The object of the magnetizing 
coils, is to provide, under the various conditions of operation, the 
number of ampere turns of excitation required to give the proper 
flux through the armature lo produce the desired pressure. 

Fro. 516.-Lundell type of combined core and pole piece; a combination of Gravier's un- 
symmetrical horns and longitudinal ,slot designed to prevent distortion of field. 

With respect to the manner in which magnetizing coils are 
wound they are said to be: 

1. Spool wound; 
2. Former wound. 

Ques. Describe the methods of constructing spool wound 
coils. 

Ans. The spool is made in various ways, sometimes entirely 
of brass, or of sheet iron with brass flanges, or of very thin cast 
iron. Some builders use sheet metal with a flange of hard- 
wood, such as teak. 
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If a spool be simply put upon a lathe to be wound, the inner end of the 
wire, which must be properly secured, should be brought out in such a 
way that it cannot possibly make a short circuit with any of the wires 
in the upper layers. To avoid this difficulty, the wire is sometimes wound 
on the spool in two separate halves, the two inner ends of which are united, 
so that both the working ends of the coil conic to the outside as shown 
in fig. 517. 

Ques. Describe the construction of former wound coils. 

Ans. Former wound coils are wound upon a block of wood 
having temporary flanges to hbld the wire together during the 

Flo. 517.-Method of winding magnet spool so that the two ends of the coil will come to the 
outside. This method has also been used for induction coils, where it is desirable to keep 
the ends of the wire away from the core and primary coil. 

Ftos. 518 to 521.-Core and edge strip winding for shunt field coils of large multipolar dynamo 
The winding consists of a copper strap S. carefully insulated and placed edgewise on the core 
C. in a single layer of winding. With this arrangement, the space occupied by insulation 
is reduced to a minimum, and, although the cooling surface is small, each turn of the wind- 
ing has one edge on the outer surface, being ample for adequate cooling. 
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winding. Such coils have pieces of strong tape inserted between 
the layers and lapped at intervals over the windings to bind 
them together. Coils are usually soaked with insulating var- 
nish and stove dried. 

Ques. What may be said with respect to the coil ends? 
Ans. Several methods of bringing out the ends of coils are 

shown in figs. 517 to 523. In figs. 518 to 521 copper strip, 
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Fin. 522.-Oae mode of bringing out the coil ends, in which copper strip is laid in behind an 
end sheet of insulating material. 

Fro. 523.-Another mode of bringing out the coil ends. A narrow insulated strip of thin paper 
G, leading to terminal hl, is connected with the end e, of the coil before winding. 
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laid in behind an end sheet of insulating material, makes 
connection to the inner end, while another strip, similarly 
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Ft a. 524.-Ridgway 400 k.w. field ready to wind. In construction, the field ring proper is 
constructed of laminated steel, the punchings being securely held between heavy cast iron 
clamping rings having a modified I beam section. The pole pieces are also laminated and 
are built in two separate parts. One part forms the core for the field coil while the other is 
the pole face, or, as it is sometimes termed, the pole shoe. The two parts are fi: mly bolted 
to the field ring by heavy cap bolts which pass through the field core and screw into the pole 
face. Between the pole faces are placed commutating or inter poles. These poles are built 
of -laminated steel in the same manner as the pole pieces. The commutating poles are sup- 
ported from the pole pieces by brass keys driven into slots in the sides of the commutating 
poles and the adjacent pole pieces. The pole pieces are provided with three slots, through 
which are wound the "compensating coils." 
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inlaid, serves as a mechanical and electrical attachment for 
the outer end of the winding. 

Two other methods are sh \n in figs 522' and . A simple device 
for securing the outer end is,to ashion'a terming piece so that it can be 
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Flo. 525.-Ridgway 200 k.w. field complete; front view. 
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Fro. 526.-Ridgway 250 k.w. field complete; rear view. In construction, the shunt field 
coils are wound on horns, and after removal they are taped and dipped in insulating varnish. 
After baking, they are wound with heavy cotton cord 'and again varnished. Numerous 
fiber buttons project from the surface of the coil and add to its ventilation and insulation. 
Any coil may be removed without disturbing any other coil or part. This is done by taking 
out the two cap bolts which hold the pole piece in place, and driving out one of the brass 
keys holding the commutating pole. The coil and its core may than be taken out at either side 
of the field. The compensating coils correspond to the series coils of the ordinary compound 
wound dynamo. These coils lie parallel to the armature bars. bat they are so wound that the 
current in Glens flow3 in the opposite direction to that in the armature bars. Beag in series. the 
current in the compensating coils and armature is the same. Due to the current flowing in 
them. the balancing coils set up a local magnetic field which is opposite in direction to that 
set up by the armature bars. These two fields neutralize or balance each other, and the 
distorting effect of the armature current is reduced to zero. The result of this is to hold 
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laid upon the winding, the last three or four turns of which are wound 
over its base, and after winding, are bared at the place and securely sol- 
dered. 

(lees. How are the coils insulated? 

Ans. The spools upon which the coils are wound are.usually 
insulated with several layers of paper preparations; a thickness 
of one -tenth of an inch made up of several superposed layers 
is generally sufficient. 

Varnished canvas is useful as an underlay, and vulcanized fibre for 
lining the flanges. It is important to protect the joint between the cylin- 
drical part and the flanges. A core paper may he laid upon every four 
layers of winding. Between series and shunt coils, in compound wound 
machines there should be an insulation as efficient as that on the cores. 

"Ave.* _ 
Fros. 527 and 528.-Square and hexagonal order of "bedding." The term bedding is an ex- 

pression used to indicate the relation between the cross sectional area of the winding when 
wound square, as in fig. 527, and where wound in some other way, as in fig. 528. In the 
square order of bedding, the degree of bedding equals zero. 

Fig. 525.-Text continued. 
stationary the field due to the shunt coils, and give a fixed plane of commutation. As the 
load increases, the neutralizing effxt of the compensating coils increase; proportionately and 
the commutation plane remains as before. The central portion of each compensating coil 
is wound around the commutating pole and sets up a secondary field between the pule faces. 
It is in this field that the short circuiting of each armature coil takes place as it passes from a 
positive to a negative pole, or vice versa. This field being the result of the current output 
of the dynamo is likewise proportional to the load. This is the correct condition far spark - 
less commutation. 

NOTE.-A third function of compensating coils is to build up the field a3 the load in- 
creases, in order to obtain a compounding effect. This is secured by winding the coil; eccen- 
trically and by adding a few extra turns. Likewise, the design of the magnetic circuits has an 
influence on the result. Tne de; ee of compounding may be varied somewhat by simply 
shifting the brushes. To sum up, the compensating coils serve the followin; purposes: they 
neutralize armature reaction, giving fixed brushes; they provide a commutating fief pro- 
portional to the load, giving sparkless commutation, with its resulting low commutator tem- 
perature, and heavy overload capacity; and lastly, they provide a degree of compounding 
which is entirely in the hands of the designer. 
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When the winding is completed, two layers of pressed hoard or equiv- 
alent are laid over and bound with an external winding of hard rope or tape. 
This protective external lagging covering the outer surface of the com- 
pleted coils is not altogether a benefit for it tends to prevent dissipation 
of heat. 

Ques. How are the coils attached? 

Ans. Where the pole pieces are simply extensions of the 
cores without enlargement, the coils can be slipped over the 

Fro. 529.-Method of securing coils in position when the pole pieces are simply extensions of 

the core without enlargement. 

530.-Western Electric set of former wound field coils for four pole dynamo. These coils 

are wound around a former or template, and are then slipped over the cores before the 

latter are bolted to the yokes or frame. 
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ends, but some kind of clamping device is necessary to hold 
them in place, as for instance, the method shown in fig. 529. 

In case the pole piece he made larger than the core and separate there- 
from, it is put into position after the coils are in place, thus serving the 
double purpose of pole piece and clamp. 

Ques. Describe the coil connections. 

Ans. Coils are generally united in series so that the same 

0 

Flo. 531. --General Electric main pole piece of bolted construction. 

0 

magnetizing current may flow through all of them. The coils 
should be so connected that they produce alternate north and 
south poles. 

If all the coils be similarly wound with respect to the terminals, and 
similarly placed; that is, so placed that the winding, considered from the 
coil terminal nearest the pole face, starts in all the coils in the same di- 
rection, then the connections will come at the north end and at the south 
end of the spools. 
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Heating.-The heat generated in the magnetizing coils is 
dissipated in three ways; by: 

1. Conduction; 
2. Radiation; 
3. Convection. 

Pro. 532.-Rectangular type laminated magnet core for dynamo. The laminations are of soft 
mica or steel sheets to reduce hysteresis and eddy current losses. 

...G. .ilL.iln ' IW C8C 

i91MMillry'.IWII"'HVI mNll1J'.:'iHb. , y= 

Fro. 533-Assembly of laminated magnet core and coil. 



Field Magnets 345 

In the first instance, it passes through the copper and the 
insulation, either to the external surface, whence it passes off 
by radiation and convection into the air, or to the magnet 
core and yoke, which in turn conduct it away. In large multi- 
polar machines the masses of metal in the pole cores and frame 
are more efficient in dissipating heat than the external surface 
of the coil. 

Fta. 534.-Compound wound rectangular ventilated spool field coil. The series and shunt 
coils are wound side by side, ventilating passages bvjpg provided lengthwise through each 

coil and between the shunt and series coils as shown. 

Ventilation.-Sometimes provision is made for ventilation of 
the field magnet coils as shown in fig. 534. Here the series 
and shunt coils are wound side by side, ample ventilation being 
provided lengthwise through and between the coils. 
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TEST QUESTIONS 

1. What is the object of the field magnets? 

2. Why are electro field magnets used in place of per- 
manent field magnets? 

3. What are the four essential parts of a field mag- 
net? 

4. What is the object of the yoke and how is it con- 
structed? 

5. What is carried by the cores? 

6. Name two general classes of field magnets, and 
give distinction. 

7. What result is obtained by the use of multipolar 
field magnets? 

8. How are multipolar field magnets arranged around 
the armature? 

9. What materials are used for field magnets and 
what governs the choice of materials? 

10. What is the object of dividing a yoke and the 
objection? 

11. How is the reluctance of the yoke joint reduced? 

12. Why are pole faces made larger than the coils? 

,13. What are eddy currents and how are they overcome? 

14. How are the magnet coils wound, attached, and 
connected? 

15. How is heat in magnet coils dissipated? 
16. /low is ventilation secured? 
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CHAPTER 18 

The Armature 
The armature of a namo consists of coils of insulated wire 

wound around an iron core, and so arranged that electric cur- 
rents are induced in the wire when the armature is rotated in a 

COIL RETAINER 

FIG. 535.-Armature with names of parts. 

OPEN SLOT 
NOTCHED SLOT 

SEMI -CLOSED 
SLOT 

CLOSED 
SLOT PULLEY. 

COIL 
RETAINER 

LAMINATION51 

SPIDER 

DOVETAIL JOINT 

LAMINATED CORE 

EGMENT5 

COMMUTATOR 

magnetic field or the field magnets rotated and armature held 
stationary. 

The commutator is in fact a part of the armature, but is of sufficient 
importance to be considered in a separate chapter. 
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Ques. What are the practical objections to the elementary 
armature, described in fig. 427? 

Ans. It induces a very feeble current, which is not of con- 
stant pressure, but pulsating; that is, it consists of two pro- 
nounced impulses in each revolution as shown in fig. 428. 

2 P.' 
4. op , - 

POLES 

4 
POLES 

16 
POLES 

nos. 536 to 539.-Sine curves illustrating effect of increasing number of poles. The two 
pole curve is reproduced in each diagram for comparison. 

Ques. Why does the elementary armature produce a pul- 
sating current? 

Ans. The pulsations are due to the coil moving alternately 
into, and out of, the positions of best and least action in the 
magnetic field. 

Ques. How is a continuous current, or one of uniform 
pressure obtained? 
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Ans. If two additional coils be added to the elementary ar- 
mature, at right angles to the existing coils, and the ends suit- 
ably connected to a four part commutator, as in fig. 429, so 
that one pair is in the position of best action, while the other is in 
the position of least action, the pulsations of the resulting 
current will he of less magnitude. By increasing the coils 
and suitably altering the construction of the commutator to 

x 

Fm. 540.-Early form of Gramme ring armature, the core being shown cut through, and some 
of the coils displaced to make is clearer. The core, F, consists of a quantity of iron wire 
wound continuously to form a ring of the shape shown by the section. Over this is wound 

about thirty coils of insulated copper wire, 1 CD, etc., the direction of the winding of 
each being the same, and their adjacent ends connected together. The commutator 
segments consist of corresponding number of brass angle pieces, rn, n. which are fixed against 
the wooden boss o, carried on the driving shaft. The junction of every two adjacent coils 
is connected to one of the commutator segments, as shown at n. 

accommodate the ends of these coils, the resultant current may 
be represented by practically a straight line, indicating the 
so called continuous current, instead of the wavy resultant 
curve No. 6, as illustrated in fig. 433, 

An armature for practical use has a large number of coils, suitably ar- 
ranged upon an iron core, so that a large proportion of them are always 
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actively cutting the lines of force, or moving into the positions of best 
action in the magnetic field. 

Types of Armature.-Although there are many forms of 
armature, all may be divided into three classes, according to 
the arrangement of the coils or winding on the core, as: 

1. Ring armatures; 
2. Drum armatures; 
3. Disc armatures. 

Fto. 54I.-Later form of Gramme ring armature. The core consists of a number of thin flat rings of well annealed charcoal iron, the outer diameter of each ring or disc being 11 ys inches, and its inner diameter 9% inches. Sheets of thin paper insulate each disc from its neighbors to prevent the flow of eddy currents. The armature is mounted on a steel shaft to which is keyed a four armed metal "spider," the extremities of whose arms fit into notches cut in the inner edges of the soft iron core rings, so that a good mechanical connection is obtained between the core and the shaft. The spider is made of a non-magnetic metal. to reduce the tendency to leakage of lines of force across the interior of the armature. The armature inductors consist of cotton covered copper wire of No. 9 standard wire gauge, wound around the core in one layer, and offering a resistance, from brush to brush, of .048 ohm. There are two convolutions in each section, the adjacent ends of neighboring sections being soldered to radial lugs projecting from the commutator bars. 

Each of these forms of armature has its own special advantages for 
particular purposes, the disc type being least in favor and not having 
had any extensive application in this country being now obsolete. 

At present practically the only type of armature in commer- 
cial use is the drum type; however, the actions within the core 
and winding of an armature can be illustrated best by diagrams 
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of the ring type, which accordingly are sometimes used in ex- 
plaining principles. The same principles apply equally well to 
drum armatures. 

Ques. What is the comparison between ring and drum 
armatures? 

Ans. The drum armature is electrically and mechanically 
the more efficient, possessing, as it does, possibilities in the 
way of better mechanical construction of the core, and in the 
arrangement and fixing of the inductors thereon not 'to be 

NO CONNECTION 
DETWE£rr COILS 

Fio. 542.-Open coil ring armature in which separate coils or sections of the winding are not 
united in one closed circuit. Formerly when series arc lighting was the prevailing method of 
street illumination open coils were used as the air insulated commutators employed with the 
coils were well adapted to collecting current at the high pressure necessary for the arc system. 

found in the ring form. Less wire and magnetizing current 
are required for the field magnets for a given output than with 
the ring armature. Drum winding is not so simple as ring 
winding, and it is more difficult to ventilate a drum than a ring 
armature, it being necessary to provide special ventilating ducts. 

Ques. Describe a ring armature. 

Ans. It consists essentially of an iron ring, around which 
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is wound a number of coils. These various coils are wound on 
separately, the wire being carried over the outside of the ring, 
then through the center opening and again around the outside, 
this operation being repeated until the winding for that indi- 
vidual section is completed. The adjacent coil is then wound 

Ftc. 543.-Ring armature of four pole dynamo; diagram of winding and connection showing 
direction of the induced currents. The Currents in the windings under the upper N and S, 
poles are opposed to each other and flow to the external circuit by the positive brush 1, 
and back to this half of the armature by the negative brushes 3 and 4. At the same instant 
the opposed currents in the lower windings flow to the external circuit by positive brush 2, 
and return to the armature through negative brushes 3 and 4. The armature is thus divided 
into four circuits and four brushes are required which must be placed between the poles 
so as to short circuit the coils as they pass through the neutral space. In this form of wind- 
ing there is no difference of pressure between the + brushes, so that they are connected in 
parallel, as are also the negative brushes, and then to the external circuit. In multipolar 
machines there are as many brushes as pole pieces. Since opposite commutator bars are of the 
same pressure on this four pole dynamo they may be joined by a cross connecting wire and 
two brushes, as 2 and 4, dispensed with. This can only be done when there is an even num- 
ber of coils. The armature is said to be "cross connected." 

in the same way, the ends of each being brought out to the 
commutator side of the armature, the arrangement of the 
coils on the ring and connections with the commutator being 
shown in fig. 542, examples of actual construction being shown 
in figs. 540 and 541. 
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Ques. For what conditions of operation is the ring arma- 
ture specially adapted, and why? 

Ans. It is well suited to the generation of small currents at 
high voltage, as for series arc lighting, because the numerous 
coils can be very well insulated. 

Ques. Why does a ring armature require more copper in 
the winding than a drum armature? 

>414. i - - --'LO " 
11K,\ WI 

Rrow 

DEAD f`, - ;' 
n - Ir:T 

4141, 

INSIDE OF RING 
SCREENED LINES OF FORCE 

FOLLOW RING 
FIG. 544.-Distribution of magnetic lines of force through a Gramme ring. Since the metal 

of the ring furnishes a path of least reluctance, most of the magnetic lines will follow the 
metal of the ring and very few will penetrate into the aperture of the interior. This condi- 
tion causes a serious defect in the action of ring armatures, rendering the winding around 
the interior useless for the production of electric pressure. Hence, in ring at matures only 
about half of the winding is effective, the rest or "dead wire," adding its resistance to the 
circuit, thus decreasing the efficiency of the machine. 

Ans. For the reason that those inductors which lie on the 
inner side of the iron ring, being screened from practically 
all the lines of force, as shown in .figs. 544 and 548, do not. 
generate any current. 

Numerous attempts have been made to utilize this part of the winding 
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by making the pole pieces extend around the ring in such a manner that 
lines of force will pass to the inside of the ring, also by arranging an ad- 
ditional pole piece on the inside of the armature, but mechanical con- 
siderations have shown these methods to be impractical. 

Ques. Is any portion of the winding of a drum armáture 
inactive? 

Ans. Yes; the end connectors do not generate any current. 

*o::111:1:;,5==f LIVE WIRE 
".. 't,° DEAD WIRE 

Fins. 545 and 548. -Comparison of ring and drum armatures showing relative amount of 
dead wire, that is, portions of the windings in which induction does not take place. 

Ques. What is the chief advantage of the drum armature? 

Ans. It reduces considerably the large amount of dead wire 
necessary with the ring type. 

Ques. How is this accomplished? 
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Ans. By winding the wire entirely on the outer surface of 
a cylinder or drum, as it ís called, none of the wire is screened 
by the metal of the core. Fig. 547 indicates this; compare 
with fig. 548. 

Fig. 550 shows an elementary four coil drum armature. Starting from 

the faint a and following the winding around without reference at first 
to the commutator, it will be found that the rectangular turns of the wire 
form a closed circuit, and are electrically in series with one another in 
the order of the numbers marked on them. 

Fta. 549.-Illustrating the principle of diametrical or Siemens' drum winding. In order to make 
the winding and connections clear. one coil and the commutator is shown assembled, although 
the latter is not put in place until after all the sections have been wound, the ends of the 
wires being temporarily twisted together until all can be soldered to the risers. The cores 

of these early machines were of wood overspun circumferentially with iron wire before re- 
ceiving the longitudinal copper windings. 

NOTE.-Siemens, Ernest IVerner Von.-Born 1816. died 1892. A German electrical 

engineer, brother of Sir William Siemens. He early applied himself to the study of chemistry 
and electromagnetism, inventing a process of electroplating in 1841. In 1848 he exploded a 

submarine mine for the first time by means of an electric current. The following year he began 

to devote himself to establishing telegraph systems in various parts of Europe. He invented an 

improved form of shuttle armature in 1856, which was known as the Siemens armature, and 

was the promoter of electric traction in Germany (1879) establishing the famous engineering firm 
of Siemens & Halske. His experiments resulted in the discovery of many facts of great value in 

electrical practice, and the development of important apparatus. In 1884 he contributed a 

large sum of money to establish the Imperial 1'hysico-Technieal Institute which has been a 

great fa, or in German engineering progress. 
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With respect to the connections to the four segments w,x,y,z, of the 
commutator it will be found that at two of these, x and y, the pressures 
in the windings are both directed from, or both directed toward the junc- 
tion with the connecting wire. At the other two segments, z and te, one 
pressure is toward the junction and the other directed front it. If, there- 
fore, the brushes be placed on x and y, they will supply current to an 
external circuit z and w, for the moment being idle segments. 

Disc Armatures.-The inductors of a disc armature prove 
in a plaice, perpendicular to the direction of the lines of force, 
about an axis parallel to therm as shown in fig. 551. 

Fta. 550.-Elementary four coil drum winding, showing the connections with the commutatcr 
segments, and direction of currents in the several coils. Th2 action of this type of arma- 
ture is fully explained in the text. 

The main difficulty with this type has been in constructing 
it so that it will he strong and capable of resisting wear and 
tear. It was introduced in an effort to avoid the losses due to 
eddy currents and hysteresis present in the other types of 
armature. 

On account of the nature of the construction of a disc armature, it is 
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necessary that the coils subject to induction occupy as small a space as 

possible in the direction of their axes. This requirement, as well as the 
connection of the inductors with each other and with the commutator, 
prevented the general adoption of this form of armature, and subsequent 
experience failed to justify the existence of the type. 

Flo. 551.-Disc armature of Niaudet. It is equivalent to a ring armature, having the coils 
turned through an angle of 90°, so that all the coils lie in a plane perpendicular to the axis 
of rotation. The connections of the coils with each other and with the commutaor remain 
the same, the beginning and the end of adjacent coils leading to a common commutator 
har as shown. The magnetic field is arranged by the use of two magnets, so arranged as 
to present the north pole of one to the south pole of the other, and rice verso. In the figure 
one of these magnets is considered as above the paper, and the other below. If this arma- 
ture he rotated through the magnetic field as shown, a reversal of current takes place in 
each coil when it is in such a position that one of its diameters conicides with the pale line 
NS. If the brushes be set so as to short circuit the coils that arc in this position, the arma- 
ture will be divided into two hranchings, the current flowing in an opposite direction in 
each, and a direct current will flow in the exterior circuit. 

TEST QUESTIONS 

1. What is the construction of the armature of a 
dynamo? 

2. What are the practical objections to armatures with 
hut Jew coils? 
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3. Why is a pulsating current produced in an ele- 
mentary armature? 

4. How is a current of uniform pressure obtained? 
5. Name three general classes of armatures. 
6. What is the prevailing type of armature? 
7. Compare ring and drum armatures. 
8. Describe in detail ring and drum armatures. 
9. For what service are ring armatures adapted, and 

why? 
10. What is the chief defect of a ring armature? 
11. How is the amount of dead wire reduced..in drum 

armatures? 
12. Describe the operation of a disc armature. 
13. What is the vain difficulty of the disc type, and 

why was this type introduced? 
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CHAPTER 19 

Armature Windings 
To connect up rightly the inductors on an armature so as 

to produce a desired result is a simple matter in the case of ring, 
winding, for bipolar or multipolar machines. It is a less easy 
matter in the case of drum winding, especially for multipolar 
machines. 

Often there are several different ways of arriving at the same result, 
and the fact that methods which are electrically equivalent may be geo- 
metrically and mechanically different makes it desirable to have a sys- 
tematic method of treating the subject. 

The elementary arrangement of drum and disc armatures has already 
been considered, which is sufficient explanation for small armature coils 
of only a few turns of wire, but in the case of larger machines which require 
many coils, further treatment of the subject is necessary. 

For example, in order to direct the winder how to make the connections 
for, say a four pole machine having 100 bars spaced around its armature, 
some plain method of representing all the connections so that they may 
be easily understood is necessary. From this the workman finds out 
whether he is to connect the front* end of bar No. 1 across to 50 or across 
a quarter of the circumference to 25, or across three quarters of it to 
bar 75. Again, he ascertains to which bar he is to connect the back* 
end of the bar, and how the bars are to be connected to the commutator. 

*NOTE.-The "front" end means the end at which the commutator is located. Arma- 
tures are most conveniently regarded from this end, the opposite end bung known as the 
"back" end. 
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Winding Diagrams and Winding Tables.-In the construc- 
tion of armatures, instructions to winders are given in the 
form of diagrams and tables. In the tables the letters F and B 
stand for front and back, meaning toward the front end, 'and 
from the front end respectively. The letters U and D stand 
for up and down. 

There are three kinds of winding diagram: 

Flo. 552.-End view of ring winding for a four pole machine. An end view is simply a view 
showing the arrangement of the armature inductors and connections looking from the front of commutator end. A developed view of the above winding is shown in fig. 554. 

1. End view diagram; 
2: Radial diagram; 
3. Developed diagram. 

The end view is simply a view showing the arrangement of 
the armature inductors and connections looking from the front 
or commutator end, such as shown in fig. 552. 
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In the radial diagram the inductors of the armature are rep- 
resented by short radial lines, while the end connectors are 
represented by curves or zigzags, those at one end of the arma- 
ture being drawn within, those at the other end, without the 
circumference of the armature. With the radial diagram it is 
easier to follow the circuits and to distinguish the back and 
front pitch of the winding. 

The developed diagram is a mode of representation, originally 
suggested by Fritsche of Berlin, in which the armature winding 

Fin. 553.-Partial sketch of a four pole machin2 laid on its side. It the observer imagine 
himself placed at the center. and the panorama of the four poles to be *hen laid out flat, 
the developed view thus obtained would appear as in fig. 55.1. 

is considered as though the entire structure had been developed 
out of a flat surface. This is best explained by aid of figs. 554 
and 555. 

If in fig. 554, which represents an armature core and a four pole field, wires 
a and c, be placed parallel to the axis of the armature to represent two of 
the armature inductors, and moved along the air gap space clockwise 
past the S, poles, they will cut magnetic lines inducing electromotive 
forces in the directions indicated. To attempt to show a large number 
of inductors in a drawing of this kind would be unintelligible. Accord- 
ingly, the observer is considered as being placed at the center of the arma- 
ture, and the panorama of the four poles surrounding him to be then 
laid out flat or "developed" as in fig. 555. 
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The faces of the N and S, poles are shaded obliquely for distinction. 
By choosing the proper directions for these oblique lines, a piece of paper 
having a narrow slit to represent the wire may be laid over the drawing 
of the pole and when moved, as indicated by the clotted arrows to the right, the slit in passing over the oblique lines will cause an apparent 
motion in the direction in which the current in reality tends to flow. It 
is easily remembered which way the oblique lines must slope, for those on 
the N pole slope parallel to the oblique part of the letter N. 

Lap Winding and Wave Winding.-In winding armatures 
there are two distinct methods employed, known respectively 

°A 
..i G.._._... 

,dV .... 
no. 554.-Developed view of the lour pole field shown in perspective in fig. 553. 

as lap and wave winding. The distinction arises in the following 
manner: 

Since the inductors, in passing a north pole generate electromotive 
forces in one direction, and in passing a south pole generate electromotive 
forces in the opposite direction, it is evident that an inductor in one of 
these groups ought to he connected to one in nearly a corresponding posi- 
tion in the other group, so that the current may flow down one and up the 
other in agreement with the directions of the electromotive forces. The 
order followed in making these connections gives rise to lap and wave 
windings. 

Ques. What is lap winding? 
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Ans. One in Which the ends of the coils come back to adjacent 
segments of the commutator; the coils of such a winding lap over 
each other. 

Ques. What is a wave winding? 

Ans. One in which the coil ends diverge and go to segments 
widely separated, the winding to a certain extent resembling a 

wave. 

Fm. 555.-De,elopment of ring winding of four pole machine shown in fig. 552. The dead 
wire or inactive inductors on the inside of the ring are shown ip dotted lines, the full lines 
representing the active portion of the winding. 

Angular Pitch or Spread of Drum Coils.-Before taking up 
the winding as a whole, the form of the individual coil should 
be considered. Fig. 558 shows an end view of one coil in posi- 
tion on a drum armature of a multipolar machine. 

The two slots a and b, contain the sides of the coil and the 
distance between them on the surface of the drum is called the 
angular pitch or spread of the coil. Theoretically this is equal 
to the pitch of the poles, represented by the angle M, which 
is the angle between the pole centers. 
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For instance, on a four pole machine the pitch would be 90°, on a six 
pole machine, 60°, etc. Usually the angular pitch of the coil is made 
just a little less than the pole pitch of the machine, in order to shorten 
the end connections of the coils from slot to slot. However, if the angular 
pitch be made too small, trouble will be encountered in commutation. 

In addition to the angular pitch there is the commutator pitch which 
relates to the distance around the commutator bridged by the ends of 
the coil. Thus, if the commutator segments were numbered consecutively 
1, 2, 3, etc., and the commutator pitch say be 10, it would signify that 
one end of the coil was connected to segment 1, and the other end to seg- 
ment 11; the ends of the next coil in order then would be connected 
to segments 2 and 12, in each case there would be ten segments between 
the two segments connecting with the coil ends. 

Pta. 558.-End view of drum armature of a multipolar machine showing one coil in position to 
illustrate the angular pitch or spread of drum coils. 

Parallel or Lap Drum Winding.-In order to avoid much 
of the difficulty usually experienced by students of drum wind- 
ing, the beginner should construct for himself a wooden arma- 
ture core upon which he can wind strings of various colors, or 
wires with distinctive insulation, to represent the numerous 
coils that are used on real armatures. 

A few windings attempted in this way will make clear many 
points that cannot be so easily grasped from a written de - 
script ion . 
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The type of drum core best'adapted fors work is e slotted 
variety as showli in fig,. 556, as it will facilitate,t e winding. 
The core as shown iñ the illustration has twelve. slots and six 
commutator segments, the -number of each "required for the 
example of lap winding indicated in the -Winding table fig. 557. 

In making the wooden core, the slots Inv be formed by nailing a series 
of thin strips around a cylindrical piece of thus avoiding the trouble 
of cutting grooves. In the trations the 'commutator segments are 

+ 

18 

Flo. 559 -Devetopted 'ew of a typical lap wi 
of the arms ure ch inductor is, united to 
8, etc.. andl, t the front end of th winding¡ 
d -7-12-e, th .t to a gecond ele nt e 
around until`thie ndii returns n i 

shortened ( éa1.ring no room for brushes)lin order 4 show 
as clearly as posible. ! 

Ques. ,Describe the\ simple lap winding fig. 557. 

Ans. As given in the table, it consists of six loops of wire 
presenting twelve inductors on the cylindrical surface of the 
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after iavingmade 
-I4-f whk:h "laps" 

1. 

ure it is seen that at the back 
h r on, that is. 1 to 6, 3 to 
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e1 the first, and so on all 

the connections 
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core or drum. In the table, six wires are shown, having dis- 
tinctive and varied insulation so as to readily distinguish the 
different coils. Opposite these are letters and figures designat- 
ing the path and connections of each coil. 

Ques. What is the path of the first coil? 

Ans. According to the table it is: 

A -1-6-B 

1l i 
i / /' , 

/ 

`V -C / 
.- i 

/ ,, 
".1- . ' ,, / 

8 ,.._:-.1.--</__ 
6 

Flo. 560.-Skeleton view of wooden armature core showing in position the first two coils of 
the winding indicated in the table fig. 557. 

that is, one end of the wire is connected to commutator segment 
A, (fig. 560) and then wound to the back of the drum through 
slot 1, across the back of the drum to slot 6, returning through 
this slot, and then connected with commutator segment B. 

Ques. Describe the path of the second coil. 
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Ans. The second coil, having the black insulation, is wound 
according to the table, in the order: 

B -3-8-C 
that is, beginning at segment B, thence to back of drum through 
slot 3, across the hack to slot 8, returning through this slot and 
ending at segment C. 

7 

Fro. 561 -View of completed winding as indicated in the table fig. 557. Thus the path of the 

first coil, according to the table, is A -l -6-B which means that the coil b gins at segment A, of 

the commutator, rises to slot 1, and proceeds through the slot to the back of the drum; 
thence across the back to slot 6, through the slot and ending at segment B. The other coils 
are wound in similar order as indicated in the table. 

The completed winding of the first two coils is shown in fig. 560, the 
drum being shown in dotted linee so that all of each coil may be visible. 

Ques. How are the remaining coils wound on the drum? 

Ans. Each of the succeeding coils is wound as indicated 
in the table, the last connection being made to segment A, the 
one from which the winding started. 
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(hues. What is the general form of the completed windiñg? 

Ans. It may be considered simply as a wire wound spirally, 
around the drum, with loops brought down to the comriautator 
segments, and ending at the segment from which the start.was 
made. 

The completed winding as indicated by the table is shown in fig. 561. 
Here the path of each coil is easily distinguished by Means of the váried 
insulations although in part hidden by the drum. Fig. 562 shows a de-,, 

veloped view of the winding. 

Ques. What condition must obtain in winding an even 
number of coils? 

Fia. 562.-Developed view of the winding shown in perspective in fig. 561. 

Ans. The wire must not be wound around the drum to 
diametrically opposite positions, as for instance 1 to 7 in fig. 563. 

Ques. Why is this? 

Ans. The reason will be clearly seen by attempting the 
winding on the wooden core. A winding of this kind on the 
drum fig. 556, would proceed as follows: 

A -1-7-B 
B-3-9 C 
C-5-11-ll 
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In order now to continue winding in a regular way, the wire 
from segment D, should pass to the rear of the armature along 
space 7, but this space is already occupied by the return of the 
first coil. Continuing the winding from this point, it would be 
necessary to carry the wire from segment D to 6 or 8, resulting 
in an unbalanced winding. 

Ques. How is a symmetrical winding obtained having an 
even number of coils? 

Fro. 563.-Lap winding for bipolar machine. with uneven number of coils; in this case the 
rear connectors may be made directly across a diameter as shown. 

Ans. The inductors, in passing from the front to the year 
of the armature, fig. 556, must occupy positions 1, 3, 5, 7, 9, 11, 
and the even numbered positions will then serve as the returns 
for these wires. 

In the example here shown there are six coils, comprising twelve in- 
ductors and six commutator segments; it should be noted, however, that 
if there were an uneven number of coils, the rear connections could be 
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made directly across a diameter as shown ín fig. 563, which would give 
a symmetrical winding. 

With ten slots as shown in the figure, the drum would be wound, for 

a bipolar machine, according to the following table: 
A-1- 6-B 
B-3- 8-C 
C-5- 10-D 
D-7- 2-E 
E-9-- 4-A 

Fra. 564.-Developed view of a typical wave winding. This winding, instead of lapping back 
toward the commutator segment from whence it came, as in lap winding, turns the other 
way. For instance. d-7-12 does not return directly to e, but goes on to i, whence another 
element i -17-4-e continues in a sort of zigzag wove. 

Ques. Are coils such as shown in figs. 561 and 563 used 
in practice? 

Ans. No, for practical use each coil would consist of several 
turns, the diagram then merely indicates the end connections 
and slots for the several turns of each coil. 

Series or Wave Drum Winding.-In this mode of winding, 
the inductors are arranged around the armature so that they 
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do.ñot turn back, thus describing a zigzag or wave -like path; that is, the coil ends instead of connecting with adjacent seg- ínents of the commutator, are attached to segments more or 
less remote. 

Ques. Describe the circuits of a simple or simplex wave 
winding. 

Ans. Only two sets of brushes are required for such a wind- 
ing, büüt as many brushes as there are poles can be, used. 

Flo. 565.-Five coil wave winding for a four pole machine. In this winding only two brushes are used, there being only two paths through the armature. 

Ques. For what service are wave windings adapted? 
Ans. They are generally used on armatures designed to 

furnish a current of ,high voltage and low amperage. 
An, example of wave drum winding_ for a four pole machine is shown in fig. 565. ' For simplicity, very few 'coils are taken, there being only five as shown in the illústration. To make the winding, one strip should '"'c, ,..;,<,,, . 
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be removed from the wooden core and the others spaced equally around 
the cylindrical surface. This will give ten slots, the number required. 
for the five coils. The winding is indicated in the following table: 

A-1- 4-C 
B-3- 6-D 
C-5- 8 E 
D -7-10-A 
E-9 2-B 

Accordingly the first coil starting at segment A, is carried to the 'back 
of the drum through slot 1, thence across the back and returning through 
slot 4, ending at segment C, the starting point of the second coil. Each 
coil is wound on in similar manner, the last coil ending at segment A, 
the starting point of the first coil. A developed view of the winding is. 
shown in fig. 566. 

566.-Developed view of the five coil wave winding shown in fig. 565. 

Double Windings.-In the various drum windings thus far 
considered, each coil had its individual slots, that is, no two - 
occupied the same two slots. This arrangement gave twice: 
the number of slots as commutator segments. 

In a double winding there are as many segments as slots, each. 
of the latter containing two inductors, comprising part of two coils. 

The Diametrical or Siemens Winding.-In winding drum. 
armatures for bipolar dynamos of two horse power or less, 
and especially for very small fan or sewing machine motors;, a 
form of winding, known as the diametrical or Siemens winding, 
as shown in fig. 574, is largely used. It consists in dividing the 
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surface of the arniature core in an equal number of slots, say 16, 
and using a 16 part commutator. 

In the diametrical winding, the end of the wire used at the start is 
:onnected to the first commutator bar, but must be fastened to the 
armature core out of the way so as not to interfere with the winding of 
the coils. 

If eight turns of wire be required to fill a slot with one layer, then the 
wire is carried from front to back and bent aside so as to clear the shaft; 

Flo. 567. Series connected wave wound ring armature for a four pole machine: The coils 
are so connected that only two brushes are necessary. 

after passing across the back or pulley end of the armature, it is wound 
in the diametrically opposite section and brought to the front, then across 
the commutator end and up close to the beginning of the coil. 

Since eight turns are to be used, the process of winding is continued 
until the section is full and the end of the coil will lie in a position ready 
to begin the next section. Sometimes the wire is cut at this part of the 
coil leaving 3 or 4 inches projecting for connecting to the commutator 
bar 2, or next to the first bar where the winding was started. 

The usual practice is, however, to make a loop of the wire of sufficient 



Armature Windings 375 

length to make the connection of the commutator and it has the advan- 
tage that since all of the coils on the armature are joined in series, the 
ending of one coil is joined to the beginning of the next which avoids 
making mistakes in making the commutator connections. 

If the ends be cut they should be marked "beginning" and "end" to avoid 
trouble, because if they get mixed, it will be necessary to test each coil 
with a battery and compass needle in order to determine the polarity 
produced and find which is the beginning of the coil and which the end. 
With 32 ends of the wire projecting from the end of the armature, it is 
confusing and mistakes are often made in the connections, so that one 
or more coils may oppose each other and ptoduce bad sparking and 
burning on the commutator under load somewhat similar to that produced 

U._11 Ú U 
I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

iiiimimiirnuiuiiiiiimi 
moYYYYYYYYY!Y ___.__..__-_ 
m" 9 r0-r©v®m®_ 0 6 

10© 
10 

Fro. 568.-Developed view of the series connected wave wound ring armature shown in fig. 567. 

by an open intermittent open circuit, but more confusing as tests show 
that no open circuit is present. 

After the surface of the armature is covered with one layer it will be no- 
ticed that the number of leads from the coils to the commutator bars is 
only one-half the number of bars and that they lie on one-half of the 
armature. 

In order to complete the winding the first layer should be insulated 
and the second layer wound on. The beginning of the new coil will be 
directly over the first coil put on, but the beginning of the new coil will 
be diametrically opposite the beginning of the first coil wound. 

The winding is now continued section by section and as each coil is 
finished a loop or pair of leads is left to connect to each bar. When the 
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last coil is wound, its end will he found lying next to the wire used in 
starting and should be joined to it and finally connected to bar number 
one where the start was made. 

With the Winding and commutator connected, all of the coils are in 
series and the beginning of the first coil joins the end of .the last coil. 

If a pair of brushes be now placed on the commutator at opposite points 
the current will flow into the bar and then divide between the two leads 
connected to it, half of the current flowing around one side and the other 
half flowing around the other half of the armature or in other words, the 
two halves of the armature are joined in parallel. 

Ftas. 569 and 570.-Right and left hand windings. These consist respectively of turns which 
pass around the core in a right or left handed fashion. Thus in fig. 569. in passing around 
tht circle clockwise from a to b, the path of the winding is a right handed spiral. In fig. 570, 
which shows one coil of a drum armature. if a be taken as the starting point, in going to 
b, a must be connected by a spiral connector across the front end of the drum to one of the 
descending inductors such as M, from which at the back end another connector must join 
it to one of the ascending inductors, such as S, where it is led to b, thus making one left 
handed turn. 

Ques. What is the objection to the diametrical winding 
just described? 

Ans. It produces an unsightly head where the wires pass 
-around the shaft and requires considerable skill to make it 
appear workmanlike. 

Ques. . How may this be avoided? 
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Ans. By using the cord windings of Froehlich or Breguet, 
which are improvements over the Siemens in appearance and 
are more easily carried out. 

Chord Winding.-In cases where the front and back pitches 
are so taken that the average pitch differs considerably from 
the value obtained by dividing the number of inductors by the 
number of poles, the arrangement is called a chord winding. 

UNSATISFACTORY PITCH 

CHORD WINDING 

DIAMETRICAL OR SIEMENS 

Fro. 574.-End view of an armature, showing the distinction between the diametrical or 
Siemens' winding and chord winding. In the chord winding a smaller pitch is taken than 
would be desirable in practice to emphasize the difference between diametrical and chord 
windings. 

In this method each coil is laid on the drum so as to cover 
an arc of the armature surface nearly equal to the angular 
pitch of the poles; it is sometimes called short pitch winding. 

. NOTE.-The term back pitch means the number of spaces between the two inductors of 
a coil. For instance, in fig. 565, the pitch is 3; that is, there are three spaces between say in- 
ductors 1 and 4 which form part of the coil A -1-4-C. It is called the back pitch in dis- 
tinction from the front or commutator pitch which in this instance is 2. 
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Ques. What is the difference between the Siemens or 
diametrical winding and the chord winding? 

Ans. This is illustrated in fig. 574, which shows one end of 
an armature. In the diametrical winding, a wire starting, say 
at A, crosses the head and enters the slot marked B. If it 
enter slot C, it is a chord winding. 

18 

Flo. 575.-A progressive wave winding. If the front and back pitches of a wave winding be suck 
that in tracing the course of the winding through as many coils as there are pairs of poles, a 
segment is reached in advance of the one from which the start was made, the winding is said to 
be progressive. The figure shows three coils of a winding having 18 inductors. From the 
definition, the number of coils to consider to determine if the winding be progressive is 

equal to the number of poles divided by 2, which in this case is equal to 2. These coils are 

shown in the figure as follows: A -1-4-F and F -11-14-B. The second coil ends at segment 
B, which is in advance of segment A from whch the winding began, indicating that the 
winding is progressive. Fig. 575 is given simply to illustrate the definition of a progressive 
winding, and not to represent a practical winding. 

Ques. Describe a chord winding. 

Ans. The wíndíng ís started ín the same manner as described 
in the Siemens method, only instead of crossing the head and 
returning in the section diametrically opposite, the section AC, 
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fig..574, next to it is used for the return of the wire to the front 
end. Leads for connecting to the commutator are left at the 
beginning and end of each section as before stated and the only 
difference between the two methods will be noticed when the 
first layer is nearly complete in that two sections lying next 
to each other have no wire in them. This will cause the winder 
to think he has made a mistake, but by continuing the winding 
and filling in these blank spaces in regular order when the two 

10 

7 
Flo. 576.-A retrogressive wave winding. If the pitches be such that in tracing the winding 

through as many coils as there are pairs of pales. the first segment of the commutator is uo( en- 
countered or passed over, the winding is said to he retrogressive. The number of coils, to con- sider is two, as follows: A-1-4-1) and D -7-10-G. The second coil ends at G, hence, since the segment A where the start was made has not been reached or passed over the winding 
is retrogressive. Fig. 576 is given simply to illustrate the definition of retrogressive wind- ing, and not to represent a practical winding. 

layers are completed, all the sections will he filled with an equal 
number of turns and there will be the required number of leads 
from the coils to connect up to the commutator bars. 

Ques. How many paths in the chord winding just de- 
scribed? 
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Ans. Two. 

Multiplex Windings.-An armature may be wound with tu'o 
or more independent sets of coils. 

Instead of independent commutators for the several windings, 

they are combined into one having two or more sets of segments 

interplaced around the circumference. Thus, in the case of 

two windings, the brush comes in contact alternately with 
segments of each set. The brush then must be large enough 

to overlap at least two segments, so as to collect current from 

both windings simultaneously. Both windings then are always 

in the circuit in parallel. 

Ques. What is the effect of a multiplex winding? 

Ans. It reduces the tendency to sparking, because only half 
of the current is commutated at a time, and also because ad- 

jacent commutator bars belong to different windings. 

Ques. Does an accident to one winding disable the ma- 

chine? 

fns. No, it simply reduces its current capacity. 

Ques. Can multiplex windings have more than two wind- 

ings? 

Ans. Yes, there may be three or four windings. 

Ques. What is the objection to increasing the number of 

windings? 

NOTE.-One out !writ y on windings states that his experience leads him to believe that 

multiplex windings are very likely to spark more, at least they are more tricky and spark worse 

under anything but the most favorable conditions. They are also likely to heat from cross cur- 

ren .s through the toe of the brush due to the [act that both windings are usually slightly out 

of phase with each other. H.: has seen a good many machines in which this winding was used, 

nine cases out of ten the machines were bad actors. Of tours: the designer might take the 

characteristics of that tenth machine and make a successful line of it.-Chapman. 
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Ans. It involves an increased number of inductors and com- 
mutator segments, which is undesirable in small machines, but 
for large ones might be allowable. 

When theré are two independent windings the arrangement is called 
duplex, with three windings, triplex, and with four, quadruplex. 

Ques. What loss is reduced with multiplex windings? 
Ans. In these windings, the division of what otherwise 

would be very stout inductors into several smaller ones, has 
the effect of reducing eddy current loss. 

Ques. For what service are machines with multiplex wind- 
ings specially adapted? 

Ans. Multiplex windings are used in machines intended to 
supply large currents at low voltages, such as are required in 
electrolytic work. 

Number of Brushes Required.-The number of places on 
the commutator at which it is necessary or advisable to place 
a set of collecting brushes can he ascertained from the winding 
diagrams. 

All that is necessary is to draw arrows marking the directions of the 
induced electromotive forces. Wherever two arrow heads meet at any 
segment of the commutator, a positive brush is to he placed, and at every 
point from which two arrows start in opposed directions along the winding, 
a negative brush should be placed. 

Ques. How many brushes are required for lap windings 
and ordinary parallel ring windings? 

Ans. There will be as many brushes as poles, and they will 
be situated symmetrically around the commutator in regular 
order and at angular distances apart equal to the pole pitch. 
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It should be noted that the number of brush sets does not necessarily 
show the number of circuits through the armature. 

Ques. How many brushes are required for wave windings? 

Ans. If arrows be drawn marking the direction of the in- 
duced electromotive forces to determine the number of brushes, 
it will be found that only two brushes are required for any 
number of poles. 

120 AMPERES GO 

120 AMPERES 

577.-Distribution of 
armature currents in a 
four pole lap wound dy- 
namo having four brushes GO 

and generating 120 am- 
peres. 

GO 

If 
GO `t.- 

l 
Ques. What is the angle between these two brushes? 

Ans. It is the same as the angle between any north and 
south pole. 

For instance, in a ten pole machine with wave winding the pitch be- 
tween the brushes may be any of the following angles: 

360 =10 = 36° 
3 X36° =108° 
5 X36° =180° 
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-.. Sometimes with lap winding it is desirable to reduce the 
number of brushes. 

In:fiK.,577, is shown 'the distribution of currents in a four pole lap wound machine having four brushes and generating 120 amperes. In each of the -f four ;circuits the flow is 30 amperes, and the current delivered to each brush is 60 amperes. 
120 AMPERES 

120 AMPERES 

Fin. 578.-Showing effect of removing two of the brushes in fig..577. If no spark difficulties occur in collecting the current with only two brushes, the arrangement will work satisfactor- ily, but the heat losses will be greater than with four brushes. 

If,now two of the brushes he removed, the current through each of the remaining two will be 120 amperes, while internally there will be only 
. two circuits as shown in fig. 578. It should be noted, however, that these two circuits do not take equal shares of the current since, though the - sum of the electromotive forces in each circuit is the same, the resistance of one is three. times that. of the other, giving 90 amperes in one and 30 
amperes in the other, as indicated in the figure: - - 

If no spark difficulties occur in collecting all the current with only two brushes, the arrangement will work satisfactorily, but the heat losses will be greater than with four brushes 
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Ques. Are more than two brushes ever used with wave 
winding? 

Ans. Commutation is usually better with more than two 
brushes, therefore it is advisable to use one brush per pole or a 
full set. 

For instance, in the case of a single re-entrant* simplex wave winding 
for an eight pole machine, whenever any batch bridges adjacent bars of 
the commutator, it short circuits one round of the wave winding and this 
round is connected at three intermediate points to other bars of the com- 
mutator. Hence, if the short circuiting brush be a positive brush, no 
harm will he done by three other positive brushes touching at the other 
points. If these other brushes be broad enough to bridge across two 
commutator bars, they may effect commutation, that is, three rounds 
instead of one undergoing commutation together. 

Number of Armature Circuits.-It is possible to.have wind- 
ings that give any desired even number of circuits in machines 
having any number of poles. 

Ques. How many paths are possible in parallel? 

Ans. For a simplex spirally wound ring, the number of paths 
in parallel is equal to the number of poles, and for a simplex series 
wound ring, there will be two paths. In the case of multiplex 
windings the number of paths is equal to that of the simplex wind- 
ing multiplied by the number of independent windings. 

In large multipolar dynamos it is, as a rule, inadvisable to have more 
than 100 or 150 amperes in any one circuit, except in the case of special 
machines for electro -chemical work. Such considerations are factors 
which govern the choice of number of circuits. 

Equalizer Rings.-These are rings resembling a series: of 
hoops provided in a parallel wound armature to eliminate the 

SN0?E=A ie-entrant winding' is one in which both ends re-enter or lead back to the 
starting point; a closed winding. 
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effects of "unbalancing," by which the current divides unequally 
among the several paths through the armature. By means of 
leads, equalizer rings connect points of equal pressure in the 
winding and so preserve an equalization of current. 

Ques. In multipolar machines what points are connected 
by equalizer rings? 

UPPER LAYER SIDE 
OF COIL 

Flo. 579.-Two layer formed coils. In a two layer winding there are as shown two coil sides 
in each slot. It will be seen that the left hand coil sides (odd numbered) form the upper layer. 
and the right hand coil sides (even numbered) the lower layer. The kinks in the coils per- 
mit the end connections to properly pass over each other. 

Ans. Any two or more points in the winding, that during 
.the rotation, are at nearly equal pressures. 

The connecting points must be at equal pressure points, or the armature 
will run hot. 

If there were perfect symmetry in the field system, no currents would 
flow along such connectors; however., owing to imperfect symmetry, the 
induction in the various sections of the winding may be unequal and the 
currents not equally distributed. 



Armature Windings 387 

TEST QUESTIONS 

1. What is the difference between the front and back 
of an armature? 

2. Describe three kinds of winding diagrams. 
3. How are inductors represented in the radial dia- 

gram? 
4. What ís the feature of the radial diagram? 
5. What is a winding table? 
6. How is a winding table used? 
7. What two distinct methods are employed in arma- 

ture winding? 
8. What is the difference between a lap and a wave 

winding? 
9. What is angular pitch and how is it determined? 

10. What is commutator pitch? 
11. What other name is given to lap winding? 
12. Describe a simple lap winding. 
13. What is the general form of the completed winding? 
14. Describe in detail wave winding. 
15. What other name is given to wave winding? 
16. What is a double winding? 
17. What is a diametrical or Siemens winding? 
18. What is the objection to the diametrical winding 

and how avoided? 
19. Describe the chord winding. 
20. What name is sometimes given to the chord wind- 

ing? 
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21. //ow does a diametrical winding differ from a 
chord winding? 

22. Describe a multiplex winding. 
23. What is the object of a multiplex winding? 
24. For what service are multiplex windings used? 
25. How is the required number of brushes obtained? 
26. flow many brushes are required for: a, lap wind- 

ings; h, wave windings? 
27. Are more than two brushes ever used for wave 

windings? 
28. What are equalizer rings? 
29. What points are connected by equalizer rings? 
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CHAPTER 20 

Armature Calculations 
In the design of a dynamo or motor, ít is usual to first design 

the armature and make the other parts fit around it. 

Accurate design is a matter of both calculation and experiment because 
many of the factors involved cannot be determined by calculation alone. 

The principal item to be considered is the size of the wire. 
In order to deliver a certain current, the number of poles, etc., being 

fixed, a certain size wire must be used. As must be evident, the heating 
of the wire is what governs the size. For a given current the smaller the 
wire, the greater the heating. 

Example in Design.-Deterrnine size of wire, num- 
ber of turns, etc., for an 8x8 in. armature, for a flux 
of 30,000 lines per sq. in., 110 volts, 1,200 r.p.m., 5 
horse power. 

Cross sectional area of armature = 8X8 = 64 sq. ins. 
Total flux through armature = 30,000X64 = 1,920,000 lines. 
Now, since it requires 108 or 100,000,000 lines of force cut per second 

to generate one volt, for the given 110 volts, the required rate of cutting is 
required rate of cutting 110 X100.000,000 

total flux' 1 ,920,000 - 5,729 lines per sec. 

The number of inductors (wires) necessary to place on the armature to 
cut 5,729 lines per second will depend on the speed, thus 

slumber of inductors = total lines per wire per sec. 5.729 - 286 revolutions per sec. 1/60 of 1,200 
For five horse power, at 110 volts 

watts = 746X5 = 3,730; amperes = 3110 = 34 
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Now, since the diameter of the core is 8 ins. 

its circumference = 8X3.1416 = 25 ins. 

and the number of inductors per inch of circumference is 

for single layer winding 286 ± 25 = 11.4 
for double layer winding :} of 286 _ 25 = 5.7 

Al owing 3 sq. ins. radiating surface per watt, the size of inductor re- 
quired to carry 17 amperes is (from Table I on page 390.) 

for single layer winding, No. 11, B. & S. gauge 
for double layer winding, No. 9, II. & S. gauge 

Example.-With the armature of the previous example rut.ning at same 
speed and same flux conditions what is the maximum capacity that could 
be obtained with a two layer winding of larger size wire and same number 
of inductors? As calculated, the number of inductors.per inch of core 
circumference is 5.7, hence, from table 1, for 5.5, inductors per inch a No. 6 
wire may be used, and for a two layer winding it may carry 28.28 am- 
peres. Now since there are two paths in parallel through the armature 

total current = 2 X 28.28 = 56.6 amperes 

and capacity at 110 volts, or 

watts = 56.6 X 110 = 6,226 

Since 1 horse powe` = 716 watts, 

capacity = 6,226 ± 746 = 8.4 horse power 

In the case of slotted armatures, which is the prevailing type, 
a considerable portion of the circumference is taken up with the 
teeth that cannot be used for the winding, hence it is necessary 
to allow for this in figuring the number of inductors per inch of 
circumference. 

To calculate the size wire for a slotted armature a single slot should 
he considered, and the wire chosen if possible with reference as to how it 
will fit in the slot, that is, the size should be such as to fill the slot with 
the least amount of waste space. In design, the approximate width of the 
slot is obtained by multiplying the diameter of the wire over insulation by 
the number of turns per layer, and the depth of slot obtained by multiplying 
the number of layers by .86. . 
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To find the number of inductors per slot when the speed and 
flux are fixed, the following formula may be used: 

inductors per slot = 108 X volts 
flux X slots X rev. per sec. 

Example.-How many inductors per slot are required, to generate 110 
volts, with a total flux of 1,920,000 lines, 24 slots and 1,200 revolutions per 
minute? 

108 = 100,000,000 
and 

1,200 rev. per minute = 
1,200 ± 60 = 20 rev. per sec. 
Substituting in (1) 

f 
,r/9 ` k 

f 9115, 
Fro. 5131.-Fairbanks Morse type TR machine armature construction. The armature core. 

is built up of thin sheet steel laminations with notches in the circumference, which, when the 
discs arc placed together, form grooves or slots to receive the armature coils. With specially 
designed tools these notches are so accurately spaced that nofilin,q of the slots is required. 
The armature cores for the Nos. 23, 24, 25. 26, 27, 28 and 29. machines are mounted on a 
cast iron spider, which also carries the commutator, making the two parts entirely self- 
contained, and with this construction, it is possible to remove the armature shaft, without 
disturbing the core, commutator or windings. 

inductors per slot = 100,000,000X 110 - 
1,920,000 X24X20 

Example.-If the slots of a 24 slot armature be 3,1 in. wide, and there 
be 12 inductors per slot arranged as a three layer single coil winding., 
what is the maximum size wire that can be used, and current capacity for 
a four pole machine? If flux be provided to generate 110 volts what horse 
power will be developed? 

Table 3 gives relation between slot sizes and various practical arrangements 
of standard double cotton wires B. & S. gauge. Allowance is made in 
the slot widths for % in. total insulation besides the cotton wrapping 
on the wire, when there is only one coil per slot. 

For each additional coil per slot, % in. of extra insulation is allowed. 
In slot depths, .17 in. beside the cotton on the wire is provided. 
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In the example since there are 12 inductors per slot and the winding is in 3 layers 
number of wires abreast = 12 - 3 = 4 

Referring to the table it will be found that a slot .42 in. wide will ac- commodate four No. 10 inductors abreast. Allowing 3 sq. in. radiation per watt, the carrying capacity (from table No. 1) for a 3 layer winding of No. 10 wire is 11.7 amperes. 
Since the number of paths is equal to the number of poles 

total current output = 11.7 X 4 = 47 amperes 

At 110 volts 
watts = 47 X 110 = 5,170, and 
horse power = 5,170 ± 746 = 6.9 

FIGS. .582 and 583.-Fairbanks Morse wire wound armature coils of type Tr machine. In coma the coils are form wound and are thoroughly insulated and baked before assembling in the slots. Material of great mechanical strength as well as high Insulating value is used, and the coils are subjected to repeated dippings in insulating compound and to repeated bakings, thus thoroughly driving out all moisture and making a coil which is prac- tically water proof and which will withstand rough handling. These coils when completed, are placed in the slots, where they are retained by bands on thethree smaller sizes and by hardwood wedges on the larger sizes. Cores of all sizes are provided with ventilating spaces. running from the surface to the central opening of the core, so that air is drawn through the core and blown out over the windings by the revolution of the armature. 

After having determined the size of wire, number of turns 
per coil, the drop or loss voltage due to the resistance of the 
winding should be determined to see if this loss be within 
limit. 

Exanple.-If the average length per turn of the coils in the armature of the previous example be 2 ft., what is the drop or loss of voltage in the armature? 
Since the winding is of the single coil type each coil will occupy two slots, 

hence 
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total number of coils =24 -4-2=12 

For 12 turns per coil, 

length of each Coil =12X2=24 ft. 

Now, since the machine has 4 poles, there are 4 paths in parallel, hence, 
only % of the coils or 3 coils need be considered in determining the drop. 
Accordingly, _ 

length of 3 coils =24 X3 =72 ft. 

According to table 1 (page 390), the resistance of No. 10 wire at 140° 
Fahr. is .001137 ohm per foot, hence 

resistance of 3 coils =72X .00113 7 = ,08 ohm 

According to Ohms law 

current= volts 
or volts =current Xohms 

ohms 
J 

Substituting in the expression for volts, 

volts or "drop" = 11.7 X .08 =..94 volt 

which may be considered within satisfactory limit. 

Magnet Calculations.-In figuring field magnets, the unit 
ampere turn is frequently employed and is defined as the magnetic 
force due to a current of one ampere flowing through one turn of a 

NOTE.-To find the speed when the vólts, flux, and number of inductors are fixed, use 

this formula: 

IOC,000,000 X volts . 

rev. per sec. 
flux X number of slots X inductors per slut 

NOTE.-To find the strength of field when the volts, inductors and speed are, fixed, 
use the formula: 

flux 
100,000,000 volts 

inductors per slot X number of slots X rev, per sec. 

NOTE..-To find the rolls when the inductors, flux, and speed are fixed use the formula: 

volts 
flux X inductors per slot. X number of slots X rev. pzr sec. 

100,000,000 
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magnet winding; numerically it is equal to the product of one turn 
multiplied by one ampere. 

Thus, one ampere flowing through 10 turns, gives 1 X 10 = 10 ampere 
turns. Again, 10 amperes flowing through 10 turns gives 10 X 10 = 100 
ampere turns. Having fixed the voltage and size of wire it makes no 
difference in 'the magnetic effect how many turns are contained in the 
winding, that is, for a given voltage and size of wire the ampere turns 
remain the same regardless of the number of turns in the winding. 

Thus, if 10 amperes flow through 10 turns of the winding the result is 
10 X 10 = 100 ampere turns. Now, if the number of turns be doubled, 
the resistance of the winding will be doubled which will cut down the 
current one half, that is, 5 amperes X 20 turns = 100 ampere turns. 
Of course, this is not strictly true where the magnet is made up of more 

. VA ,.r.., 

. 

584.-Fairbanks Morse field coils of type Tr machine. In construction, the coils 
are wound upon iron forms, each layer treated with insulating compound. Afterward they 
are removed from the forms and baked hard and dry and finally wrapped with insulating 
materials and finished with black insulating enamel. 

than one layer, because the diameter of an outer turn being greater than 
that of an inner turn, its length and resistance is greater, the resulting 
effect being to slightly decrease the ampere turns as each layer is added. 
The reason then for increasing the number of 'turns in a magnet winding 
is to cut down the current sufficiently to prevent overheating of the winding. 

Example.-If the winding on a spool 8 ins. in diameter be one inch thick, 
what is the average diameter of the turns? 

The diameter of the inner layer turns is 8 ins., and the outer layer 
turns, 8 + 2 = 10 ins., hence, ' 

average diameter of the turns = 14 (8 + 10) = 9 ins. 
Example.-If the magnet of the previous example contain 500 turns, 

what is the length of the winding? 

The average diameter of the turns; as obtained, being 9 ins:, 
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length of winding - 9 X 3.1412 X 500 - 1,178 ft. 

Example.-If a winding one inch deep be placed on an 8 in. spool, 
what is the smallest size wire that will give 10,000 ampere turns with 
110 volts? 

average diameter of turns = % (8 + 10) = 9 ins. 
9 length of average turn = X 

1 
1416 

2.36 ft. 

The sectional area of the smallest wire (in circular mils) is obtained 
from the formula 

*area wire 
12 X length average turn in feet X ampere turns 

volts 
(1) 

Fics. 585 and 586.-Magnet spool with essential dimensions necessary for calculation. 
Formulae: d= (LXN)=T; LXN=d=XT; 1=(D=-B2)L=k; W'=(D'-B')LXc; R= 
(Di -B2) L Xa; rs =D X3.14 XL. In the formula:, d =diam. of wire over insulation; 1= 
length of wire on spool; T =number of turns; r =resistance of one foot of wire; rs =radiating 
surface; B =diam. of core and insulation; D =diam. over outside of completed winding; 
L=length of winding space on spool; N =depth of winding core to outside; W =weight of 
wire; a,c,k, constants whose values are given on page 399. All dimensions are in inches. 

Substituting ' 

area wire = 12 X 2.36 OX 10,000 
2,575 circular mils 

11 

nearest size wire from table is No. 16 B. & S. gauge. 

Having determined the minimum size of wire, the next step 

NOTE.-In the formula, 12 is the resistance of 1 mil foot of copper at 130° Fahr. 
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is to find how many turns must be placed on the spool to prevent 
undue heating. 

The watts lost by the current neating the winding is equal to 
the square of the current multiplied by the resistance, that is 

watts lost=arnperes2Xoltms. 

Table of Constants 

e) 4 
k Constant for Length. C Constant for Weight. O Constant for Ronle4 

knee. 

Double 
Cotton 

Single 
Cotton 

Single 
Silk 

Double 
Cotton 

Single 
Cotton 

Single 
Silk 

Double 
Cotton 

Single 
Cotton 

Single 
Silk 

20 40.9 50.4 56.7 .137 .162 .177 .415 .512 .576 
21 60.4 64.1 727 .638 .812 .920 
22 60.2 78.0 89.7 .97 1.257 1.445 
23 68.3 89.7 104.7 1.387. 1.82 2.08 
24 83.6 113.5 135. .1115 .149 .169 2.14 2.91 3.46 

25 97.2 135. 163. 8.14 4.36 5.27 
26 Ill. 163. 202. 4.65 6.65 8.24 
27 135. 202. 255. 6.94 11.75 13.1 
28 148. 226. 291. .0845 .122 .143 9.60 14.62 18.82 
29 182. 291. Sr. 14.85 23.7 31.6 

30 201. 3.44. 454. 20.7 34.4 46.8 
31 
32 

226. 
255. 

887. 
454. 

542. 
655. .0687 .1045 .132 

29.36 
41.8 

50.25 
74.5 

70.4 
107.2 

33 291. 642. 812. 60.33 114.5 168. 
34 334. 655. 1023. 87.1 170.5 268.5 

35 354. 712. 1140. 116.2 234. 374.8 
36 
37 

387 ' 
422. 

811. 
897. 

1340 
1582. 

A .0492 .0815 1115 160. 
20.5 

315.5 
468. 

615. 
806. 

88 
39 

457. 
196. 

1523. 
1170. 

1825. 
2165. 

308. 
412. 

671. 
972. 

1192. 
1795. 

40 632 1300. 2525. .015 .0615 .0888 657. 1360. 2645. 

In proportioning the winding for depth and length, the depth of the 
winding must be such that there Will be from 1 to 2 sq. ins. of surface 
per watt. \Vith 1 sq. in. per watt, the magnet in operation will be "hot," 
and with 2 sq. ins., "warm." 

Example. -How much radiating surface (neglecting the ends) on a 
magnet whose outside dimensions are 9 ins. diameter, 6 ins. long 

area outer cylindrical surface = 9 X 3.1416 X 6 = 169.6 sq. ins. 
Example. -An 8 in. spool is to be wound with No. 16 wire to a depth 

of 1 in., which, as calculated in a previous example, is the smallest size 
wire that will give a required 10,000 ampere turns with 110 volts. How 
many turns of wire must be wound on the spool to prevent undue heating? 

For winding magnets what is known as magnet wire is used, the wire 
generally having a single cotton covered insulation. 

By reference to the table on page 400, the number of turns per linear 
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TABLE III. -Properties of Insulated Wires, . 

(According to Horslmann and Tousley) 

Single silk Double silk Dble cotton 
°' u I' IE I= 

el ú c m 
c 

cu., ú o g m 3 sry. ir. 2 sq. in. loth in. 

43 e n E _ á á 
N 

per per per ' o': ta watt. watt. watt. 
PO F1 1ri Fq, Q ám Cool Warm Hot 

40 193 .016 143 .022 90 .11:135 .273 .027 .04 .08 

39 181 .017 133 .024 87 .047 .216 .036 .055 .11 

38 169 .018 126 .025 84 .037 .172 .046 .07 .14 

37 156 .020 119 .026 81 .039 .136 .070 .10 .20 

36 143 .022 111 .028 77 .041 .108 .086 .13 .26 

35 131 .024 104 .030 73 .043 .075 .13 .20 .40 

34 120 .026 97 .032 69 .045 .068 .15 .23 .46 

33 111 .028 91 .035 66 .047 .054 .22 .32 .64 

32 101 .031 83 .038 63 .050 .043 .29 .44 .88 

31 91 .034 77 .041 59 .053 .034 .87 .56 1.12 

30 83 .038 71 .044 55 .056 .027 .54 .81 1.62 

29 76 .041 67 .047 53 .059 .022 ,.,72 1.07 2.14 

28 68 .046 60 .052 48 .065 .017 1.0 1.5 3.00 

27 63 .050 55 .056 45 .069 .014 1.3 2.0 4.00 

26 56 .055 50 .062 41 .075 .011 1.9 2.8 5.60 
25 50 .062 46 .069 38 .081 .0084 2.7 4.1 8.2 

24 45 .069 42 .075 35 .088 .0070 3.5 5.3 10.6 

23 41 .077 37 .083 32 .095 .0053 5.2 7.8 15.6 

22 36 .086 34 .092 30 .104 .0042 7.3 11.0 22. 

21 33 .094 31 .101 28 .113 .0034,10. 15.0 30. 

20 29 .106 27 .113 25 .126 .0026 14. 21. 42. 

19 26 .119 25 .126 22 .138 .0021 20. 30. 60. 

18 24 .132 22 .138 21 .151 :0017 27. 40. 80. 

17 21 .148. 20 .154 19 .166 .0013 39. 59. 118. 

16 19 .166 18 .173 17 .185 .0011 52. 78. 156. 

15 16 .191 15 .204 .00083 70. 105. 210.. 

14 15 .213 14 .226 .00066 107. 161. 322. 

13 13 .238 12 .251 .00053 14.9. 224. 448. 

12 12 .267 11' .279 .00042 217. 325. 650. 

11 11 .298 10 .311 .00033 301. 451. 902: 

10 9.5.329 9.1 .342 .00026 421. 632. 1264. 
9 8.4 .370 8.1 .383 .00021587. 880. 1760. 

8 '7.5.414 7.3 .428 .00016 842. 1262. 2524. 

7 ' 6;9'.455 6.8 .468 .000131167. 1750. 3500. 

6 I 6;0.521 5.8 .534 .00010 1680. 2521. 5042. 
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inch or per sq. in. of cross sectional area is obtained. Taking a portion of the 
winding covering an inch length of spool, 1 in. deep, the sectional area of 
this portion is 1 sq. in. Referring to the table of magnet wire, No. 16 wire 
single covered, will wind 31i1 turns per sq. in., that is, per inch length of 
spool. The length of the average turn being 2.36 ft. (as calculated in a 
previous example) 

length of winding per inch of spool = 361 X 2.3'6 = 852 ft. 

and from table its resistance being 4.01)9 ohms per 1,001) ft. 

resistance of winding per inch of spool = 
852 

of 4.009 = 3.42 ohms 
1,01)0 

The outside diameter of the winding being 10 ins., 

radiating surface per inch of spool = 10 X 3.1416 = 31.4 sq. ins. 

Now, in any electric circuit, the energy lost by heating the wire, or 

watts = amperes= X ohms (1) 

but by Ohm's law 
volts 

amperes = 
ohms 

Substituting this value for amperes in equation (I) 
volts2 volts2 

watts lost = ohms2X ohms = ohms 

And if the coil he designed for "warm" working by allowing 2 sq. in. 
radiating surface per watt, then it must he so proportioned that 

volts2 
radiating surface = 2 X watts lost = 2 X ohms (2) 

In order to determine the length of the coil, first find what resistance 
would be necessary if the winding were to consist of only the one inch 
portion just considered. To do this, solve equation (2) for resistance. 

thus 

ohms = radiating surface 

This will give a resistance much greater than the 3.42 ohms as calculated 
for that portion of the winding, hence, the spool length of the winding 
must be increased until the resistance of the winding has a value as ob- 
ta'ned by equation (3). 'Thus, substituting in equation (3), 110 volts, and 
31.4 sq. ins. radiating surface in equation (3), the necessary resistance of 
the winding'for "warm" working, is 

2 X volts 

ohms=2X110_7 31.4 

(3) 



402 Armature Calculations 

Accordingly, since the resistance of the winding is proportional to its 
length, 

length of winding = 1 in. X 3 = 2 ins. 

SINGLE LAYER CONTACT DOUBLE LAYER CONTACT 

Fras. 587 and 588.-Square and hexagonal order of "bedding." The term bedding is an 
expression used to indicate the relation between the cross sectional area of the winding when 
wound square, as in fig. 587, and when wound in some other way, as in fig. 588. In the 
square order of bedding, the degree of bedding equals zero. 

NOTE.-Number of armature slots. As a rule there are not less than ten slots per 
pole. In multi -polar machines there arc at least three or four slots in the space between ad- 
jacent pole tips. The area per slot on machines above five horse power is approximately 
one sq. in. and roughly the capacity of a slot of this area is about 1,000 ampere turns for machines 
designed to work on less than 500 volts. 

NOTE.-Number of commutator bars. This depends on the voltage between the 
bars. The number of bars may be a multiple of the number of slots. A large number of com- 
mutator bars improves the commutation but this advantage is offset by increased difficulties 
encountered in construction. 

NOTE.-Current density in armature inductors. In determining the intensity of 
current much depends upon the provision for ventilation and operating conditions. In gen- 
eral. fí00 to 700 circular mils per ampere is safe. For short overloads or for operation in hot 
engine rooms, 1,000 circular mils per ampere may be used. 

NOTE.-Magnetic densities. In small machines the density in the air gap is rarely 
over 32,000 lines per sq. in.; in large machines the density may be as high as 90,000 lines per 
sq. in. Density in teeth is usually about 100,000 lines per sq. in. being somewhat less in very 
small machines. Density in magnet core: cast iron may be worked up to about 40,000 
or 50,000 lines per sq. in.; wrought iron and cast steel bein,_ about 95,000 to 105,000 or more 
lines per sq. in. Density in yoke: for cast iron the density should be about 30,000 lines per 
sq. in.; for cast steel, about 75.000 lines, and for wrought iron forgings about 85,000 lines. 
Density in armature core: this may be taken at from 85,000 to 90,000 lines per sy ir.. for 
drum armatures 

NOTE.-Dynamo losses. These are the mechanical losses due to friction, and elec- 
trical losses in the core, field and armature. Friction loss. This ranges from 3 tc 5% in respec- 
tively small and large machines of good design. Core loss. In well designed machines this 
should not exceed 2% of the output at full load. Field loss. A portion of the electrical 
energy generated in the armature is lost in exciting the field magnets. Armature loss. This 
is usually termed the copper loss since it is due to the resistance of the winding; it is a very 
variable quantity and is equal to the square of the current multiplied by the resistance of a 
section of the winding between brushes. 

NOTE.-Armature paths in ware and lap windings. A wave winding has but two 
paths through the armature, regardless of the number of poles; whereas a lap winding has 
as many paths as there are poles. This distinction is important in figuring the size of wire 
for the winding to carry the current without undue heating. 
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TEST QUESTIONS 

1. In re -winding an armature what problems must be 
solved by the repair man? 

2. In what case are the difficulties indicated in Ques- 
tion No. 1 not encountered? 

3. What is the usual procedure in designing a dy- 
namo or motor? 

4. What is the principal item to be considered? 
5. How is the total flux through an armature deter- 

mined? 
6. How many lines of force must be cut per second 

to generate one volt? 
7. How is the number of inductors calculated for a 

given output? 
8. Upon what is the size of wire based? 
9. What allowance for radiating surface is made per 

watt? 
10. In the case of slotted armature what allowance 

must be made in figuring the number of in- 
ductors per inch of circumference? 

11. What must be considered in calculating the size of 
wire for a slotted armature? 

12. What should be done after making the various cal- 
culations? 

13. How is the speed determined? 
14. With volts, inductors and speed given, how is the 

strength of field determined? 
15. With inductors, flux and speed given how is the 

voltage determined 
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16. What is the basis for figuring field magnets? 
17. After determining the minimum size of wire for 

field magnets, what is the next step? 
18. Describe the calculation of a field magnet in full. 
19. What are the usual magnetic densities? 
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CHAPTER 21 

Practical Armature Winding 
and Repairs. Shop Methods 

The author is indebted to Mr. P. E. Chapman, of St. Louis, Mo., 
authority on armature windings, for considerable assistance 

in the preparation of this chapter. 

The repair man and shop worker who must wind armatures 
will need additional information to that contained in the 
preceding chapter, which gives only an elementary treatment of 
the subject. In this chapter practical matters or shop methods 
are presented. 

Armature Types.-There are a number of distinct types of 
armatures and each of these types uses different methods of 
winding. 

The principal types are: 

Bipolar.-Smaller or fractional sizes using wire from No. 20 B & S and 
finer nearly always wound by machine. 

Medium sizes using wire to about No. 16 sometimes encountered in auto- 
motive work. Wound both by hand and machine. 

Large bipolar from 1 h.p. up seldom made over 3 h.p. occasionally 
machine wound, mostly hand wound, sometimes form wound and toils 
assembled. 
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Four Pole.-Smaller armatures principally automotive using wires from 
No. 16 to No. 18 both hand and machine wound, usually random. Wound 
directly on the core, or prewound and coils assembled. 

Larger types nearly always using preformed and more or less preinsulated 
coils. 

Winding Data Required.-It is necessary to have winding 
data whether an armature be new or old no matter what the 
type. Much of this data reads the same for all armatures and 
is absolutely essential. 

If the armature he old the data should be obtained before and 
while stripping off the old winding. The following is a list of 
the data required; 

Maker's Name Class Type Spec. No. 
Voltage Capacity D.C. or A.C. Phase cycles 
Amperes Speed Armature or stator 
Number of turns per coil Size and covering of wire 

Number of coils per bundle or slot 
Number of teeth the coils go around (usually expressed as "8 teeth"), or 
Number of the slots the coils go in (usually counted as one more than the 

enclosed number of teeth as "1 and 9") 
Lead between the armature winding and the commutator 
Number of poles Insulation of core (if complex) 

The above data applies to practically all types of armatures. 
If the armature be form wound or multipolar the following should also 

be obtained: 

Save a sample coil 

Insulation on the coil (if formed) 

Number of commutator bars. 
Span of the leads 
Sundry data as to whether multiplex; connection of equalizer rings if 

any, and such unusual items. 

NOTE.-A "coil" may be defined as the wire or turns from one commutator bar to the bar 
connected to its other end. 

NOTE.-A "bill-idle" is a number of single coils grouped together in a slot. 
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Dismantling.-When an armature is brought into the shop to 
be rewound, it must first he stripped of the old winding and re - 
insulated throughout. Before doing this the winding should 
be examined and a complete winding data sheet made out as 
outlined in the preceding section so that in rewinding, the 
workman will know what size wire to use, number of turns per 
slot, pitch of coil and the numerous other items necessary to 
duplicate the former winding. 

In dismantling, the first operation is to remove the banding wires, being 
careful if these be cut with a chisel not to dent the teeth. 

STEEL DRIVING TOOL 

WEDGE 13EIriG 
REMOVED FROM 
SLOT 

wuuumuiwumóíúmuúi 

SLOT 

lli0////l///l///i 
;Is... 

///////.//////////// 
1//,///////////////// 

Ftos. 589 and 590.-Operation of removing wedge from slot of armature by use of steel driving 
tool. 

Next, unsolder the commutator leads and remove slot wedges with a 
steel drive of the same size as the wedge. Now remove coils by raising the 
top sides for a distance of the throw, when the bottom side of each coil can 
be reached and the others taken out. 

Take out one coil as carefully as possible without disturbing its shape so 
that it will serve as a guide in forming the new coils. 

After all coils have been removed, the slots should be cleaned of the old 
insulation, by burning with a torch and any burrs or rough places smoothed 
with a file. 

Repairing the Commutator.-Whether new or old, commu- 
tators should he tested for grounds and short circuits, and 
repaired if necessary. 
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If necessary to replace the mica, use only soft amber mica or 
plate for the segments, never use any kind of paper fibre or 
moulded compositions. If hard mica be used between the seg- 
ments it wilt usually result in high mica, and consequent bad 
sparking when the machine has run a while, if not under cut. 
Under cutting is to be avoided on high voltage machines where 
possible; but must he done on low voltage machines and ma- 
chines using graphite brushes. 

Fitts. 591 and 592.-Peerless portable hydraulic pinion puller for removing pinions from armature 
shafts. l'he machine is used in connection with special cast steel split jaws which clamp 
ever the pinion, pulling in a straight line, and therefore can be applied to the armature 
without removing the latter from the motor, it being unnecessary to either block up the 
puller or the motor. Capa 'ity ample to remove pinions of any size used in electric railway 

'service; a few strokes on the operating lever will remove the most obstinate pinion, and 
as a light oil is used as the hydraulic medium, there is no danger of freezing. 

The best thickness for segment mica and ordinary voltage machines such 
as 110 to 550 voltage is .032". It almost seems strange that a reduction to 
.025 will result in about four times as many break downs. An increase to 
say .040" will result in high mica and accompanying sparking troubles. 
On low voltage machines thinner mica is successfully employed. 

The clamping toes and foot of the mica must be thinned down a few 

thousandths of an inch as shown in fig. 606 to allow for giving of the copper 
segments, otherwise the inside of the commutator will he tight and the 
outside loose. 

For the clamping rings, sleeves. etc., use only a hard India mica, as 
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amber mica is too soft, and will crush when enough strain is applied to make 
good commutation. 

If the insulation be burnt away, but can be thoroughly cleaned out so 

as to present a perfectly new surface of mica, the hole may be plugged 
with some of the commutator repairing compounds, a number of which are 
now on the market, some of which will stand up better than the original 
mica. 

Riveted commutators can be opened up by grinding a lathe tool to a 
very fine point, with the sides at an angle of about 15° and turning or 
"sticking" the upset or burr off the sleeve. This will leave the sleeve the 

Pao. 593.-Insulation shears; bench type. It consists of a shear with 
foot clamp only, without table or scales, and is designed to he bolted to a 
suitable table or bench. There are two castings to which upper and tower 
knives are bolted and balance weight hung ready for cutting. ' 

original length. Make a small countersink in the commu- 
tator washer which will receive the new upset, head or 
burr made when re -riveting. 

All commutators should be clamped very hard and 
tight by their own spools so much so that they give a 
distinct hard sounding note when lightly tapped with a 
small hammer. If they sound dead or mushy they are not 
tight enough to stand up well. If the mica between the 
segments be not tight, it will act just like a paint brush, 
pick up oil, carbon and dirt, which will first show itself as 

bright white flashes going around the commutator. Occasionally these 
flashes are spectacular, but do little damage beyond wasting energy; they 
are, however, succeeded by dull red fire like that on the end of a cigar, 
which does the real damage of short circuiting the commutator, finally burn- 
ing out the armature. It is therefore important that commutators be tight. 
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Where built up mica is used commutators should be baked at a tem- 
perature high enough to melt shellac, from 2 to 4 hours and very large 
ones longer and tightened two or three times during this process of baking, 
they should be tightened hot. 

In the repair shop it sometimes helps to turn the flame of a torch through 
the sleeve or inside of the commutator getting it hot while the segments 
remain cold, and tightening it up very firmly whereupon the contraction 
of the sleeve will lend its aid. 

1111111111 11 !II] 
7J,!,'111111111111111.1: 

FIn5. 594 and 595.-Ring or clamp for holding commutator bars together when assembling 
and method of using. The clamp should be slightly smaller than the diameter of the com- 
mutator. In using, wooden blocks C, may be used as distance pieces to align the clamp 
at the middle of the commutator. D. is an iron face plate. The distance pieces C. and 
clamp B. are placed on the plate D, as shown, and the bars and mica segments stacked 
in a circular form within it. Be careful not to omit any of the mica segments, so that each 
bar is insulated. Carefully count the bars to be sure that the correct number are in posi- 
tion. Take several pieces of copper wire (about No. 9 B. & S. gauge) and remove the in- 
sulation. Place these around the commutator near the top and lower ends to act as band 
wires, and twist them tight. The clamp may then be removed, and the commutator straight- 
ened. Bring out the mica segments even with the surface of the bars by holding the fin- 
gers against the inside edge of the segments and tapping the bars on the outside with a 
small mallet. Place a square or steel scale on the face plate, examine and see that the 
bars line up perpendicularly with one edge of the square. If they do not, a gentle pressure 
one way or the other on the top end of the commutator with the palm of the hand will bring 
them in line. See that each bar and segment is down flat against the surface of the plate, 
since that end will be fastened to the face plate on the lathe facing off the ends of the bars. 
Tap each bar and segment down solid with a square ended punch, a little narrower than 
the thickness of the bar. When this has been done, the band wires can be drawn a little 
tighter and the surface of the commutator, where the clamp will fit, should be filed to re- 
move any protruding mica, and present a smooth surface for the clamp. Replace each sec- 
tion of the clamp about the commutator again using the wooden blocks mentioned before. 
Draw the clamp tight, being sure to leave the same amount of space between each clamp 
section. A small gas burner, or some other source of heat should be handy, and the com- 
mutator placed over it and heated. When it is good and hot to the hand, tighten the clamp, 
allow it to cool, and again tighten. Flame should not play on the commutator continuously. 

Commutators held together by the present day insulating compositions 
unless the trouble is very minor are irreparable. At the present time no 
insulation has been found to stand up on commutators as well as mica, 
which as stated above should be tightly clamped. 
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Truing of Commutators.-When a new or reassembled 
armature has been in use some time, the shrinkage of the insula- 
tion may cause commutator bars to settle resulting in an uneven 
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Fto. 596.- Peerless commutator press. This tool is hand operated and is suitable for pressing 
on or pushing off commutators, armature cork, pulleys, gears, etc. It has a capacity of 
15 tons, operated by one man. 

J 
uJ 
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SLEEVE {ZI- 
FOP. -`"t+- 

PRESSING 
ON 

Pt. ATE B 

Fios. 597 to 599.-Press for forcing on and removing a commutator. Small commutators 
are pressed on to the shaft by a hand press. All of the larger commutators are pressed on by 
means of a power press. In the above figure is shown a hand press. The plate B. is used in 
removing old commutators. It is placel back of the commutator as at x,y, with the slot C, 
over the shaft. Bolts 0,6, are passed through the holes in the plate and secured by nuts. 
The commutator can then be forced off the shaft. In pressing on a commutator, a sleeve 
is placed over the shaft at O. and against the commutator. The rear end of the shaft is 
secured so it will withstand the pressure, and the commutator is forced on. The power 
presses are built on the principle of a hydraulic press. In pressing on a commutator a piece 
of babbit metal or soft brass should be used against the end of the shaft. The shaft should 
be painted with white lead before having the commutator pressed on. in order to lubri- 
cate the shaft so that the commutator will press on easily. The wiper rings are pressed 
on after the commutator and then the armature is ready to be connected. 
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surface. -This must be trued up by turning in a lathe when in 
very bad condition, but otherwise a grinding tool, or simply an 
application of medium sand paper No. 1 or 13/2 will do. 

Pressure on the sand paper may be applied with a fiat stick, opr 

wig 
; 

_ 

V,: . 

'. 

/ 
t 

601.-Application of Cass commutator smoothing stone. These stones consist of 
compounded abrasive material for grinding out scores or roughened and flat surfaces on 
commutators. Their application ki extremely simple. With the machine in full 'operation 
the smoothing stone is held against the revolving commutator and moved very slowly from side 
to side. A coarse texture should first be used when truing the commutator, after which 
a stone of finer texture should be applied to secure the desired finish. With the surface 
true and smooth the occasional app:ication of the finer texture stone will keep the com- 
mutator in excellent condition. 

am' 



414 Practical Armature Winding 

brush, utilizing the brush tension to press the paper against the 
commutator, but on larger machines the brushes should be lifted 
to prevent the dust becoming imbedded in the brush contact 
surface, which ténds to cause poor commutation. 

Fta. 602.-Rotary hand tool for undercutting mica and method of using. The saw is mounted between two handles and adjustable shoes are provided on each side so that the depth of the slot may be gauged and kept uniform. The saw may be driven by a small stationary motor through a flexible shaft or by a compressed air drill. In this case the armature is simply placed on a pair of V supports and clamped to prevent it turning if necessary. 

9,13 

;ATA I o: 
Fta. 603 -Motor driven mica cutting tool in which the cutting tool is mounted on a slide and moved back and forth by hand. The drive is through a flexible shaft as shown, or a belt may be used. 

CONNECTION FOR 
FLEXIBLE SHAFT 

High Mica.-This condition obtains after some wear if mica 
be too hard or brushes too soft and results in heating and burn- 
ing of the commutator bars due to arcing. 

In severe cases the solder melts resulting in open circuits due 
to leads becoming disconnected. To remedy this condition the 
mica must be under cut. 
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Under Cutting of ,Mica.-The mica insulation between the 
commutator bars should be under cut from I/2 to l6 in. below 

the surface of the bars, when necessary. 
In doing this be careful to avoid leaving thin slivers of mica 

MOOTH FILLET IN CORNER 

CRAM PER 
EDGE 

PLAN 
NO SHARP OR 

OUGH INSIDE 
CORNERS 

BREAK 
CORNERS 
WITH FILE 

END OF TOOL 
GROUND TO 
Vh,4 IN. RADIUS 

PLENTY OF TOP 
CLEARANCE 

PLENTY OF 
BOTTOM, 

CLEARANCE 

Flo. 604. -Correct setting and shape for commutator turning tool. All commutator surfaces 

must be smooth. If the tool be ground to a long radius point so common in turning steel 

and with a flat top clearance so proper for brass work, the speed of production on the job will 

run down about 5 to 1, a job that should take ten minutes with a properly ground tool, will 

take an hour and even 1H hours, the speed of turning w ill be much slower, and the chattering 
will be very severe, necessitating the use of a steady rest on many armatures that otherwise 

would not require it. Whereas if the tool be ground as here shown with the two bevels on 

the side very sharp say about 30°. with plenty of bottom clearance, and lots of top clear- 

ance, in fact the cutting edge should almost rise into a hook, and the radius of the point not 
to exceed r/e," set at an angle of about 30° pointing forward in the direction of feed, the 

commutator can be run at high speed, and only in severe cases will a steady rest be neces- 

sary, the job will be smooth, free from burrs, will require little or no sand paper, it will only 

require running a few hours before the commutator sing is nearly eliminated, it will not 
start off with high mica. With improperly ground cutting tool, short circuits are quite prev- 

alent. 

NOTE.-In turning commutators whether inside or outside, internal or external angles, 

all angles should be well rounded, this particularly applies to the outside corner which should 

be turned to a radius of about 3¢" a little more or less according to the size of the commutator. 
The reason for this is, that if the outside corner of the commutator be sharp, short circuits will 
start at this point about four times as often as at any other part of the commutator even in. 
eluding the brush path. The principal reason for rounding the rest of the corners internal 
and external and seeing that they are smooth, is about the same, but in addition to this if the 

corners be not made smooth, and round, there seems to be a strong tendency [or break downs 

to occur, and to drag chips, dirt, etc. across the rough places. 
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next to the bars. Special motor driven saws are available for 
cutting the mica. Small commutators m'ay be machine cut on a 
milling machine. Various hand tools also have been devised 
for cutting the mica. 

High and Low Commutator Bars.-When a commutator is 
hot the shellac in the mica being in a soft state will allow the 
bars to move more or less under centrifugal force due to rota- 
tion which is frequently the cause of high or low bars. 

COMMUTATOR BAR 

L 

MICA INSULATION _ . 
::: ,,:::;. F.;,..._ 

Ftos. 605 and 606.-Mica segment F, cut from sheet using bar L, as pattern. Such a seg- ment is cut large at top and at ends so as to turn down evenly with copper bars when com- mutator is finally surfaced. Clamping toes and foot must be thinned to allow for give of copper bars and to obtain tight clamping of mica on the outside of commutator. Make toes .003 to .004 ins. thinner; lower edge .002 thinner. 

To remedy this defect let machine run till hot, then take up on com- mutator ring, repeating the process several times if necessary. High or 
low bars can sometimes be re -aligned by respectively tapping' down, or 
prying up and inserting underneath a narrow strip of mica. 

Burn Outs.-The trouble which occurs between commutator 
bars is usually due to loosely clamped mica which collects oil 
and dust, causing leakage of current from bar to bar with result- 
ing carbonizing of the mica and finally a short circuit. 

NOTE.-Commutator Slotting. For slotting, a home made outfit is frequently used. A good cutting tool consists of a circular saw or miller 3, to 134 in. in diameter with from 15 to 30 teeth. The thickness of the saw should be slightly greater than that of the mica. that is for mica .03 in. thick a .035 in. saw should be used. In this way the mica can be removed com- pletely with no thin layers lett at the sides. This saw may be easily mounted on the tool carriage of a lathe, and driven at from 1,200 to 1.800 r.p.m. by a belt from the line shift or by a small motor mounted on the carriage. With a spacer of the same width as the commutator bars two saws may be used and the slotting operation be performed in half the time. Instead of the circular saw, a lathe tool ground to fit the slots may be used by mounting it in the tool post and moving back and forth across the commutator by operating the carriage. It may also be mounted on a special stationary post and moved back and forth by a hand lever. These meth- ods require a lathe which is not always available, and several types of machines avoiding this are in use. 
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Plugging.-When the mica is not burned too deep, clean out 
the hole thoroughly and plug with a filling made of some good 
plugging compound, such as plus mica; there are several good 
compounds on the market. 

In emergency when these are 
not available a compound mica of 
plaster of paris, one part powdered 
mica and enough glue to make a 
thick paste may be used, but this is 
not a good compound as the plaster 
of paris is a sulphate which attacks 
copper. 

Dismantling Commutator for 
Repairs.-If a burned commu- 
tator bar or mica strip is to be 
removed for repairs, loosen 
clamping ring bolts and mark 
ring so that it can be replaced 
in the same position. 

Fto. 607.-Commutator clamp. It consists of an outer steel ring having a number of radial 
tappings for set screws. These set screws hear against an inner ring split into a number of 
sections. In making the segments and mica strips are inserted through 
the inner ring and the screws tightened so that the segments are firmly joined together. V 
grooves are then turned therein and clamping rings of corresponding shape are fitted. These are 
bolted on and the clamp removed, the segments now being retained in position by the rings. 
The ends of inner ring segments should be skewed. 

Remove clamping ring and if the mica he stuck to commutator it should 
be carefully pried loose with a knife or thin tool. After the ring is taken 
off it is easy to remove any of the bars. In replacing a bar the mica seg- 
ment should be put in first, being careful to first see that there is no dust or 
solder lodged on the back of mica ring. 

Tightening a Repaired Commutator.-When assembled put 
on clamp ring and screw up bolts. Bake in oven to drive out 
the shellac, let cool and again take up on ring bolts. 

Repeat operation one or more times until there is no slack 
in the bolts. 
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Insulating the Cores.-The heads of small bipolar and most 
multipolar armatures should have fibre punchings on them. If 
on repair jobs these heads have been destroyed, a fair substitute 
may he made by cutting fibre washers to %6" thick about 
132 to 1/(6" larger than the bottom diameter of the slots allowing 
the slot insulation to rest on the same. 

Fins. 608 and 609.-Jig and block for building up laminated core with skewed slots. The 
jig has a concave block fitted with a key which gives uniform skewing as the laminations 
are slipped on the shaft. The object of skewing is to reduce the magnetic hum. However, 
it also reduces the output of the machine from 15 to 20%. 

Ftc. 610.-Insulating cotton sleeving used for insulating and protecting armature coil leads. 

It usually comes in gray, but can be obtained in red, blue or black. 

Washers may be cut to cover any other bare portions of any 
suitable material, and should he snugly fitted over the shaft 
insulation that the wire may not work down between them, or 
the shaft insulation should be tightly fitted against the head 
insulation. 
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Never use friction tape on the shaft. It makes the heads too 
big, as the wire does not readily slide over such a surface. Use 
something that will let it slide readily, as paper, empire, fibre or 
glued paper used for fastening packages. 

Friction tapes around a piece of electrical machinery are open to several 
serious objections and should not be used. Oil cuts the gums thereon, they 
absorb dirt and become conductors, making a nasty mess. Friction tapes 
have low dielectric strength. Most of them contain sulphur which in 
time corrodes through fine wires. 
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611.-View Fia. 611. View of mica vein. 
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Insulation of Slots.-Probably the best of all around insulat- 
ing material for armature slots is some form of tough fibrous 
paper which will withstand considerable rough usage and will 
form up pretty well. Such paper may be purchased under 
many names, but was originally called "Leatheroid." This 
material has high dielectric strength -250 to 350 volts per mil 
thickness. 

For slots to %" deep 110 volt range of insulation, wire sizes No. 28 B & S 
and finer, .007" or .010 paper is ample, if fibre heads be intact. If not, for 
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220 volts and for deep slots to %" and heavy 
wires to say No. 18; increase the thickness to 
say .010" or .015". For higher voltages or 
coarse wires, more insulation is needed. 

One of the best all around methods of in- 
sulating the slots, for either machine or hand 
winding is the continuous strip method, as 
shown in figs. 614 and 616. It has the ad- 
vantages that the wire can never get down 
behind the insulation, choking the slot and 
grounding, is free from grounds no matter 
to what degree the slot may be filled. 

It is not necessary to stop and adjust 
the insulation at starting, permitting con- 
tinuous winding at high speeds without 

Fie. 612 .-Mica Insulator Co. m:canite 
commutator rings as applied to rail- 
way motor commutator. y 
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Fta. 613.-Mica Insulator Co. micanite commutator rings, various sizes. 
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stopping for further adjustment of the insulation; permits of any kind of 
winding, tight or loose being applied, and is itself easy to apply. If done 
per directions, requires no pasting, sticking or gluing, few tools, and also 
allows the ends of the insulation to be "tucked" saving the cost of ar- 
mature sticks, and what is very important, prevents the sharp edge of the 
tooth injuring the wire. , 

Where it is desired to insulate between the top and bottom coils, this 
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Fins 614.-Method of insulating armatures. Cut a long strip lengthwise of the grain as 

this gives the greatest resistance to tearing at the edge by the tension of the wire a little 
wider than the length of the' armature to be insulated. tFor twisted slots reuch wider.) 
Insert the first end of the paper into a slot far enough to cover about ;j of the slot, slip in a 

peg just fitting the slot, which will shafe the paper as shown in figs. 614 and 616. Pull 
tight over the corner of the slot, rub paper with a drift tool where it emerges from the slot 
on both sides in a manner to give it a slight crease at this point: insert the insulation in the 
next slot. which is best done by "blistering" the insulation slightly over the tooth which is 
just to be covered, pressing it into the slot with a drift tool such as shown in the figure. the 
edges of which are rounded, the "blistering" allowing a little slack on the fixed end of the 
insulation for this purpose. Before pressing the tool to the bottom of the slot, hold the long 
end of the paper against the back of the tool, and press downwardly and angularly toward 
the slot which has just been insulated, in a manner to crease the insulation over the edge 
of the slot. After forming this crease as described, release the long end of the insulation, 
press it downward into the slot, when it will be found to curl around and more or less fit the 
slot. The drift tool having been removed, a pin may be inserted. When the second pin 
has been removed, a pin may be used again, etc. Two pins are all that are necessary. Some 
use only one. , When the first slot is reached again. cut the insulation long enough to reach 
down into the slot and lap well over the first end, and the armature is ready for winding. 

Ftc. 615.-Peg for forming and anchoring insulation in slots while applying insulation. 
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same continuous strip method may be used to advantage, by simply using 
a smaller and appropriately shaped peg. It should be noted, in making 
these pegs, that the first coils usually lay in the slot diagonally, and that the 
shape of the peg should therefore approximate the slope of the first coil. 
Either empire or leatheroid may be used for separator. Where it is desired 
to use more insulation between coils, strips may be cut which exactly match 
the width of the slot, and be driven home on top of the coil in a manner to 
compress the coil and wedge into the slots. 

It is better not to attempt to use two thicknesses of insulating material 
for increased dielectric strength, but to increase the thickness of the insu- 
lation as the thinner insulations tear more readily at least in deep slots. 

Fin. 616.-Detail of armature slot showing method of insulation. 

Where it is necessary to use a layer of oiled muslin or other materials in 
addition to the "leatheroid" it is best to insert slot size pieces of oiled muslin 
under the paper. 

The finer the wire with which the armature is to be wound, the more 
care is necessary in fitting the insulation to the slot, as fine wires are not 
strong enough to crowd it into place. 

Where the slot insulation required is very thick or slot openings too 
narrow, and sometimes for other reasons it may be necessary or desirable 
to use cut to size insulation, as shown in fig. 617. The correct size can be 
easily obtained by inserting the first piece in the slot around a pin or 
mandrel, marking along the edges of the slot with a knife, taking out, cut- 
ting to size, and making the balance to match this sample. The grain of 
the paper should run around the slot, and not length 'ise, for it is obvious 
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that thus it will best resist tearing. Allow the insulation to stick out a little 
beyond the end of the core, and wing or "dog ear" the corners thereof away 
from the slots, as shown. With insulation cut to size and placed in round 
slots, it is occasionally necessary to cement the insulation in the slots, but 
don't use liquid glues, many of them contain acid. 

Magnet Wires.-Most small armatures including fan motor, 
fractional horse power, universal and a few automobile dynamo 
armatures using wires No. 20 and finer may be and usually are 

Flo. 617.-Armature insulated with thick cut insulation or common vulcanized fibre, cut to 
exact size of the slots. 

wound random, that is not in layers. They are best wound by 
machine, as machine windings are more nearly parallel, take up 
less space, are freer from short circuits and mistakes, and are 
put on from six to thirty times faster. 

Armatures requiring wires coarser than No. 20 B & S gauge 
should be wound in layers, or have insulation inserted between 
the coils, or wound with triple covered wires, or wound on 
forms and assembled with auxiliary insulation. The auxiliary 
insulation is required for mechanical reasons on all armatures 
and for dielectric reasons on higher voltage armatures as well. 

Armatures of any kind and particularly where the wire is 
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wound directly on the cores should never be wound with any- 
thing but double or heavier covered wires if durability in use 
and freedom from troubles be a consideration, for the life of an 
armature wound with a single covered wire of any type is 
limited. 

Wires which may be classed as double covered are in order 
of their thermo-mechanically desirable qualities for armature 
winding, and their range of usefulness for random windings 
placed directly on the armature, are about as here given. 

Double covered 

Triple covered 

Types of Covering Usual Sizes 

cotton (and an) enamel 
double cotton 
silk (and an) enamel 
double silk 

two cotton one enamel 
triple cotton 
triple silk 

21 to 30 
20 to 30 
28 and finer 

16 to 20 
14 to 20 
Not used 

NOTE.-Double cotton covered or cotton and enamel covered wires are the best all 
around wires for winding armatures. They stand a reasonable amount of heat, stand the 
handling, stand up under prolonged and continuous use, work nicely, and are comparatively 
cheap. Hence use a double cotton or cotton and enamel covered wire for ordinary armature 
purposes, except where the size of the wire is pretty fine, say No. 28 and finer, and even then, if the room can he spared. 

NOTE. Silk covered wire is delicate, and stands the least heat, burns out quickest by 
slow roasting, but takes little room. Silk covered wires are highly useful where a large num- 
ber of turns are required of fine size, and when cotton would require an excessive volume in 
the slots. Either silk or silk enamel should be avoided for armature work on those sizes coarser 
than about No. 27 or No. 28 gauge. Above this size they are very delicate, require to be 
carefully insulated between coils and sometimes between layers, and, if the armature be small, 
they will frequently take up more room in the slots than double cotton wire if the latter be 
machine wound. 

NOTE;-Wires with single insulation are only suitable for magnet and field coils, and 
even these 'are not suitable when the size of the wire is considerable, as for instance, No. 12 
and coarser. 
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FIG,. 618 and 619. -American Steel & Wire Co. single and double cotton covered magnet wire. 

Fig. 618, single covered; fig. 619, double covered. 

Properties of Round Cotton Covered Magnet Wire 

American 
Wire Gauge 

(B & S.) 

. 

o 

2 
3 
4 
5 
6 
7. 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

29 
21 

22 

23 
24 
25 
26 
27 
28 
29 
30 
31 
3'2 

33 
34 
35 
36 

Diameter 
Inches 

Allowable 
Variation 

Either Way 
In Per Cent 

Rated Arce 
'n Cie. Mita 

Single Cot on -covered 
Approximate Value, 

Double Cotton covered 
Approximate Value, 

outride 
Diameter 

Inches 

Approá3mate 
Pounds 

Peet 

Outside 
Diameter 

Inches 

Appeonl mate P nds per 
1000 Peet 

0.3249 of 1 105,625 .333 321 ,339 323 

.2893 3,4 of 1 83,694 .297 255 .303 258 

.2576 54 of 1 66,358 .266 202 .272 203 

.2294 % of 1 52,624 .237 160 .243 181 

.2043 % of 1 41,738 .212 127 ,218 128 

.1819 % of 1 33,088 .190 101 .196 102 

.1620 1( of 1 26,244 .170 80 .176 81 

.1443 % of I 20,822 .152 64 .158 64 

.1285 16,512 .137 50.4 .142 51 

.1144 1 13,087 .120 40.1 .125 40.4 

.1019 10,384 ,108 31.8 .113 32.1 

.0907 8,226 ,097 25.3 .102 25.5 

.0808 1y 6,528 .087 20 .092 20.3 

.0720 ly 5,184 .078 16 ,0.3 18.2 

.0641 4,108 .070 12.6 .075 12.9 

.0571 1y4 3,260 .063 10.1 .068 10:3 

.0508 2,580 .0553 7.96 .0598 8.13 

.0453 2,052 ,0198 6.35 ,0543 6.49 

.0403 1,624 0448 5.04 ,0493 5.18 

.0359 I?. 1.288 _.4104. 4.01 -0419 4.12 

0.0320 1% 1,024 0.0365 3.20 .0410 3.30 

.0285 1% 812.2 ',0330 2.55 .0375 2.64 

.0253 1'.á 640.0 ,0298 2.02 .0343 2.10 

.0226 2 510.7 .0271 1.62 .0318 1.69 

.0201 2 404.0 .0246 1.29 .0291 1.36 

.0179 2 320.4 .0224 1.03 .0269 1.10 

.0159 2 252.8 .0204 .82 .0249 .883 

.0142 2 201.8 .0187 .66 ,0232 .718 

.0126 2 158.7 .0171 .524 .0218 .580 

.0113 2 127 6 .0158 .427 .0203 .477 

.0100 214 100.0 '.0140 .336 .0185 .382 

:0089 3 79.74 .0129 .272 .0174 .318 

.0080 3 63.20 .0120 .220 .0165 .260 

.0071 3 50.13 .0111 .178 .015fi .216 

.0063 314 39.69 .0103 .144 .0148 .179 

.0056 4 31.47 .0096, .119 .0141 ,150 

.0050 414 25 .0090 .099 .0135 .127 
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Fine Sizes Silk Covered Round Magnet Wire 

Asnertean 
wMO.,., 08. k S.F 

1 

Di: eter 
Inches 

Area 
CU. AIiIs 

Sint/le SA Double Silk 

Maximum 0tsld 
D6me.er 
lnchn 

n te DDP«t s 
per Pound 

A t 
Fo nJ a a pe 
I000 Peet 

Afasimum 
Outnd 
Di'meter 
lobo 

n tin 9DF et 
per Pound 

ApprostmNc 
Po ds pe' 
1000 Peet 

20 :03211 1,024 .0338 316 3.14 ' '.0356 313 3.181 
21 ..0285 812.2 ..0303 398 2.496 .0321 393, 2.533 
22 '.0253 640.0 .0272 502 1.97 ,0200 492 2.004 
23 .0226 510.7 .0244 632 1.576 .0262 623 1.606 
24 .0201 404 .0219' 796 1.25 '.0237 781 1.277 
'25 :,0179 320.4 '.0197 1000 ,994 .0215 977 1.018 
26 90159 252.8 .0177 . 1258 .786.5 '.0195 1233 .8085 
27 .0142 201.6 ..0160 1545 .6297 1,0178 1531 ..6177 
28 t0126 158.7 ;.01.14 1996 :497 ',0162 193-1 '.514 
29 '.0113 127.6 ..0131 2463 .4023 '1,0149 2360 .4162 
30 '.0100 100.0 .0118 3125 ,3163 ..0136 3(103 .3291 
31 .0089 .79.70 '.0107 3906 .2539 .0125 3731 .2661 
32 .0080 63.20 I.0098 4878 .2022 .0116 4651 .213 
33 :.0071 50.13 .0089 6060 ;162 ,0107 5711 .1723 
3 .0063 39.69 '.0081 7575 ,1301 .0099 7092 .1397 
35 ',0056 31.47 .0074 9433 '.1013 .CC92 8695 .1138 
36 .11051 25. (1068 11627 0637 0086 . 111637 0030 

Enameled,. Single and Double ;Colton Covered 
Enameled, Magnet Wire 

PLAIN ENAMELED ENAMELED AND " SINGLE COTTON COVERED 
ENAMELED AND 

DOUBLE COTTON COVERED 

She 
Ameri Net 

Wnoht 
Net 

Wei St 
No 

W,yhI Reel 
9.rt. 

care 
Appear. 
Oubl 1n 

Appra. 
Pound. 

01 

Copper NN' Q 
Ó k 

Appros. 
found. Copper únds 

.Apps.. Anpros. 
Pounds Copps Pounh 

No. 

(BAS.) DQem 

Inch,' 

per 
1,000 
Feet 

per 
100IM. 

M41r 

S 
Pp1d 

D'....' 
; Inches 

Iwr 
1000 
Feet 

1011114 
of 

per 
Spool 

Diem 
1 

Inohe 
1,001 
Feet 

IOO IEt, 
oi 

Der 
' Spool 

. 

Fini.hed 
Won 

Pooio Fni.hed 
(fire 

Finished 
Wire 

16 .05.33 7.92 98.5 50 .0578 8.095 96.4 ' 50 .0623 8.265 94.4 50 460 
17 0.306 98.4 50 .0522 .6.481 96.0 50 .0567 6.617 93.8 .50 460 ..0477 
18 .0426 4.907 98.3 50 .0471 5.136 95.6 50 .0516 5.272 93.1 50 460 
19 .0381 3.971 98.1 1331 .0426' 4.094'.95.2 1314 .0471 4.203 92.7 1314 443 
20 .0340 3.159 98.0 13 .0385 3.270 94.7 13 .0430 3.369 91.9 13 443 

' 21' .0305 2.510 97.9 12°f .0350 2.613 94.0 12'4 .0395 2.705 90.8 1114 443 
22 .0271 1.978 97.8 1214 .0316 2.069 93.5 1213 .0361 2.155 ,89.6 1.111 443 
23 .0243 1.580 97:7 .12 ,0288 .1.662. 92.9 12 .0333 1.738 88.8 II 443 
24 .0216 1.251 97.7 1131 .0261 1.324 92.3 1131 .0306 1.397 87.5 1014 443 
25 .0193 .993 97.6 314 .0238 1.060 91.4 3 .0283 1.125 86.2 3 447 
26 .0171 97.7 3 .0216 '.843 90.7 31/1 ,0261 : .910 64.0 231 447 
27 ' .0154 

,.782 
.626 97.4 3 4. .0199 680 89.7' 314 .0244 1 ,742 82.2 231 447 

28 ' .0136 .492 97.8 3 .0181 ',540 88,8 3 " .0226 '.597 80.5 2114 447 
29 ;0123 .397 97.3 . 3 ,0168 ,441 87.6 3 .0213 .495' 78.0 21 447: 
30' '.0100 .311 97.2 3 .0154 '_351 86.3 3 .0199 ,400 75 5 231 447. 
31 '.0097 .248 97.2 234 .0137 ,281 '85.7 234 .0187 .328' t3.5 2 447. 
32 .0087 .197 97,1 211 .0127 .227 '84.1 23,34 .0172 .2701 ,70.7 2 447 
33 t .0078 .157 96 9 '2 .0118 .185 82 0 2 .0163 .225 67 4 1134 .447 
34 .0069 .124 97.1 2 .0109 I .149 80 3 2 .0154 <187 64 2 131 447. 

NOTE. -For field work, good enameled wires stand up as good or better than wires with 
other single insulation, if the coils be wound on spools or equivalent. Winding armatures with 
plain enameled wires or for that matter any other single covered wire may be regarded in the 

'same light as tight rope walking -it is done, but not recommended as approved or safe prac- 
tice. To wind them there are about a dozen factors that must be right all at once; among 
which are, that the wire must be fed to the armature under no tension requiring a spool handling 
device such as Chapman's dereeler, as shown in fig. 665, page 454. 



Practical Armature Winding 427 

Hand Winding.-To illustrate the process of winding an ar- 

mature by hand, the familiar two layer drum winding is selected. 

Fig. 624 shows the appearance of a completed drum winding, from the 
front side of the armature. The particular drum winding here considered is 

for an armature having 12 slots. The winding is put on as indicated by the 
following table: 

CARDBOARD OR TIN 
TEETH DISCS 

THUMB TACK 

THUMB TACK 

WOODEN 
CORE 

HUBS TO CENTER DISCS 

Fro. 620-Wooden armature for practice in hand winding. It consists of a wooden core of suit- 

able size with a hub at each end. Heavy bristol board will answer for the discs. Cut out a num- 

ber of discs, a pair each for the various numbers of slots desired. Cut hole in center of the discs 

same size of hub. Slip over the hubs a pair of discs having desired number in slots and secure in 

position with one or more thumb tacks. Use string in place of wire for practice in winding. 

NOTE -Enaniefed wires, in general, may be considered as equivalent to single covered 

wires. Enameled wire takes the least room, stands almost no handling, stands a good deal 

of heat (about 280° Fahr.) continuously and 80° more for a short while, and is useful in the 

small sizes for field and other work where single covered wire will suffice. The enamels should 

be oil and ordinary solvent proof, but seldom or never are fully so, varnishing is therefore a 

problem, and they must not be lett in it longer than absolutely necessary. Enameled wires 

should stand bending without cracking, be tough, and hard to scrape off. 

NOTE.-Good grades of asbestos covered wire stand the most heat, some manufacturers 

claim a very high heat, even to redness. The insulation, however, is usually thicker, and 

comparatively delicate, for these reasons it is seldom used for armature winding. 
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Winding table (12 slots. Pitch 1-6) 

Coil 1 2 3 4 5 6 7 8 9 10 11 12 

Start in Slot 1 2 3 4 5 6 7 8 9 10 11 12 

Finish in Slot 6 7 8 9 10 11 12 1 2 3 4 5 

WIRE RUN THROUGH 
SLOT I 

SLOT 1 

BEGINNING OF 
WI RE 

WIRE. RETURNS THROUGH 
SLOT G 

SLOT 6 , 
Fio. 621.-Hand winding 1. Start of winding in slots 1 and 6. 

Using the table as a guide the wire is started in slot 1 (com- 
mutator end), run through slot 1, returning through slot 6, as 
shown in fig. 621, continuing in slots 1 and 6, till the required 
number of turns have been put on, ending at the starting point, 
that is at the beginning of .slat 1, and a loop made in the wire 
as shown in fig. 622, long enough to reach the commutator. 
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After making the loop, the wire is not cut, but continued 
through the next pair of slots and so on according to the winding 
table. When all the slots are filled the beginning and ending 
of the winding is connected, as shown in fig. 624. 

It should be noted that the bottom half of all the slots except slot No. 12 
are filled when half the number of coils have been wound. 

SLOT 1 S LOT 2 

BEGINNING OF WIRE - 

END OF FIRST COIL 

START OF. 
SECOND COIL 

FIRST COIL 

SECOND COIL 

FIRST LOOP 

SLOT 7 
FIG. 622.-Hand winding 2. Two coils completed showing beginning of winding first loop 

between the first and second coil. 

It should he noted that coil No. 6 which begins the upper layer, lies in 
both upper and lower layers. In completing the winding all the slots are again 
traversed by a second or upper layer (coils 7 to 12) . The winding just described 
is for an armature having the same number of commutator bars as slots. 

Now if the commutator have 24 bars (twice as many bars as slots) the 
winding would be put on so that there would be tw,.) loops projecting from 
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each slot, thus: Start as before in slot one, wind half the number of turns, 
make a loop, then continue to wind the remaining turns in the same slot 
and make a second loop. The process is repeated for the next pair of slots, 
continuing in accordance with the winding table till the winding is com- 
pleted. Fig. 630 shows two coils wound with the double looping. 

In order to avoid confusion, especially when there are more than two coils 
per slot, colored sleeving should be put on the loops so that they may be 
connected to the commutator bars in the correct sequence. 

FIRST LOOP 

FIRST COIL 

SECOND COIL 

THIRD COIL 

SLOT 8 

SECOND LOOP 

SLOT 3 

Fin. 623.-Hand winding 3. Three coils completed showing first and second loops joining 
them. 

Armatures with commutators having two, three or more bars 
per slot are adapted to multi -wire winding, and facilitates hand 
winding as the winder takes wires from several reels and 
winds them simultaneously, thus, for each turn he makes, 
there are two, three or more turns of wire wound, depending 
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sR -°-s 

3-, I -. 

T.5 ' 
-.!"\ 

no. 625.-Partially 
wound barrel armature 
showing arrangement 
of coils. The core is 
built up of thin discs 
of soft annealed steel. 
which are slotted to 
allow the wire to sink 
below the surface, 
this being sometimes 
called iron clad con- 
struction. The discs 
are held by end plates, 
clamped.without 

. through bolts. The 
coils are machine 
formed of round rib- 
bon, or bar copper de- 
pending on the size 
and purpose of the 
machine, usually with- 
out joint except at 
the commutator. 
They lie in insulated 
troughs, the upper 
layers being insulated 
from the lower layers 
by fibre. 

Fro. 626.-Method of placing two layer lap winding coils in armature slots. In a two layer 
winding one side of a coil will he at the bottom of a slot and the other at the top of another 
slot. To place coils in slot, put in the lower sides first as. 1. 2, 3, 4, of coils A, B. C. D, leav- 
ing the other side of each coil outside its slot. Evidently when enough coils to make up 
the inner layer have been placed this way, the upper layer side of the last coil so placed can be 
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BAND-- , ,", .VENTILATING *x. , OUGS ° 
¢' - i :41.,-_,..-7.- 7, ',:"--NU 
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^^111 
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CORE DISC.5 

INSULATION 
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75 -LOT 

......e.,.c 
~14FY2~- 

. : .y ,. bt, 

Fins. 627 and 628.-.ommutator and rear ends of General Electric Standard type R.C. 
wave wound armature using strap coils. 

Fig. 626.-Text continued 
put into the slot. Thus. after lower layer side 4, of coil D, Is put in the slot, the upper I yer 
side 5, may be put in pwition on top of aide 1, of coil A, thus moving the last coil from point 
D, to D', indicated by the dotted line. 



1S
T

 
C

O
IL

 
IS

T
 
LO

O
P

 

B
E

G
IN

N
IN

G
 

O
F

 
. 

W
IN

D
IN

G
 

1S
T

 
S

E
C

T
IO

N
 

O
F

 
IS

T
 
C

O
IL

 

2"
° 

S
E

C
T

IO
N

 
O

F
 

F
IR

S
T

 C
O

IL
 

1 S 
S

E
C

T
IO

N
 

O
F

 
2"

 C
O

IL
. 

O
F

2.
o2

H
D

 
S

E
C

,T
O

IN
 

`2
N

o 
L

O
O

P 
-2

N
D

 .
C

O
IL

 
S

T
A

R
T

 
O

F
 

IS
T

 S
E

C
T

IO
N

 
O

F
 

2N
0 

C
O

IL
 

L
O

O
P 

JO
IN

IN
G

 1
S

T
 

A
N

D
 

2N
D

 
S

E
C

T
IO

N
S

. 
O

F
 

2N
D

 
C

O
IL

 

S
T

A
R

T
 

O
F

 
1S

T
 

SE
C

T
IO

N
 

O
F

 
3R

o 
C

O
IL

 
F

lo
. 6

29
.-

La
p 

w
in

di
ng

 w
ith

 tw
o 

le
ad

s 
pa

r 
sl

ot
 f

or
 th

e 
ty

pe
 o

f 
w

in
di

ng
 u

se
d 

w
he

re
 

th
er

e 
ar

e 
tw

ic
e 

as
 
m

an
y 

co
m

m
ut

at
or

 
ba

rs
 a

s 
sl

ot
s.

 

up
on

 t
he

 n
um

be
r 

of
 r

ee
ls

 
in

 u
se

. 
If

 t
he

re
 b

e 
sa

y 
th

re
e 

co
m

m
ut

at
or

 
ba

rs
 p

er
 s

lo
t 

th
re

e 
w

ir
es

 a
re

 w
ou

nd
, t

ha
t i

s 
on

e 
w

ir
e 

fo
r 

ea
ch

 c
om

m
ut

at
or

 b
ar

. 
Fi

g.
 6

30
 

ill
us

tr
at

es
 

th
e 

pr
oc

es
s 

an
d 

sh
ow

s 
th

e 
si

m
ul

ta
ne

ou
s 

w
in

di
ng

 o
f 

tw
o 

w
ir

es
 c

al
le

d 
tw

o 
w

ir
es

 i
n 

ha
nd

. 
T

he
 n

um
be

r 
of

 w
ir

es
 i

n 
ha

nd
 w

ill
 d

ep
en

d 
on

 t
he

 n
um

be
r 

of
 t

im
es

 t
he

 c
om

m
ut

at
or

 b
ar

s 
ex

ce
ed

 t
he

 
ar

m
at

ur
e 

sl
ot

s.
 

T
hu

s,
 

fo
r 

a 
12

 s
lo

t 
ar

m
at

ur
e 

an
d 

36
 c

om
m

ut
at

or
 b

ar
s,

 t
he

re
 w

ill
 b

e 
36

 -
 12

 
=

 3
. 



Practical Armature Winding 435 



436 Practical Armature Winding 



Practical Armature Winding 437 

C 

FIGS. 637 to 642.-Armature repair tools. A, coil tamping tool; B, wedge driver; C, insulation 
scraper; D, fibre fuse puller pliers; E, armature air gap gauge; F, air gap and feeder gauge. 
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Foe. 6S1. --Chapman style 3 adjustable bipolar drum armature winding machine. 
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Machine Winding.-As practically all the fractional or 
smaller size bipolar armatures are wound on machines, this 
method of winding such armatures is- here presented. ' 

. .' 5.1E..g: 

Flo. 652.-Method of placing armature in Chapman machine. - Point the,pl>trhdutator end 

of the core toward you and select a pair of slots which give the correct span for 'the coils 

"spotting" them with the .thumb and fingers as shown. -Set the core in the jawswith.their 
edges aligned, the jaws overhanging the slot about .005 to .010 of an in. the slots projecting: 
See that both sides are.clear and free. Tighten up with the left hand. Let the larger part 

of the armature project in cord winding. (It will hold them.) The illustration shows the 

winding machine or head proper, equipped with 3 in. jaws, carrying the lead former and 

twister. When setting open slot cores, set about j, of the width of the slot under the jaws, 
that is, allow about ys of the slot to project. This is especially desirable where the care is 

small in diameter. 

To illustrate the process of winding armatures by machine, the 
Chapman (style 3) adjustable bipolar drum armature winding 
machine, as shown in fig. 651 is here presented as an example. 
This machine is usually made for winding one wire at a time as 
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owing to the fact that when armatures are wound on such a 
machine with one wire at a time no subsequent sorting and 
pairing of the leads is necessary; this operation taking more 
time than it does to wind the armature. 

Over 90% of the bipolar armatures wound in the United States - 

. 

Y. 
1, r,.ly 

Fin. 653 =Armature placed in Chapman winding machine head. Move the depth stop 
against core, by turning the knob as here shown. It will both square up the armature and 
hold it at the proper depth. Now check the setting of the slots with the jaws, and see that 
the slots are clear, and that the jaws are parallel with them. After it is set correctly do not 
bother about the lower slot, it will hereafter take care of itself In resetting. Adjustments 
for - paralleling -are easily made, as explained In fig. 664, . and accompanying direc- 
tions for setting the machine to handle twisted slots; this takes about a minute. 

have right hand windings thereon, and this is the type of 
winding that is turned out on this machine, although it is of 
course possible to wind left hand windings. 
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After the armature has been insulated as previously de- 
scribed it is ready for winding and is placed in the machine as 
shown in. fig. 652. kfter the armature has been placed in the 
head, as in fig. 653 and adjustments made as directed, slip the 

._.,. p 

.. ,. - - 

ti ,; 
f', 

,, 

7t_ 

1 1, 

`rr 
é ' 

Ftc. 654. -Chapman winding head with wire threaded ready for winding. After the wire 
has been fed through the tension device, snub it by a turn around the snubbing pin, which is 
so porportioned that you can break o.1 the excess wire by giving it a jerk. It holds firmly 
against the winding tension, but is quickly disengaged when wanted. Drop it, for it will go 
where ft belongs. 

spool on the spindle provided for it at the lower left-hand side 
of the machine, as shown in fig. 651. Screw the knurled cone 
nut home against the spool. 

Carry the wire up and over the take up arm at left, thence 
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(unless it be No. 28 B & S or finer wire) down, and loop it 
around the lower tension pulley, crossing it (it will not rub 
itself, for the pulleys are set to prevent); then.up, and loop 

A 

1. 

Fro. 655 -Ciapman armature winding, moving picture 1. Machine in operation winding 
coil. When the machine is in operation watch the turn counter shown at the top of fig. 
651, being careful to stop the machine by releasing the treadle at the right place whereupon 
the brakes will do most of the work of stopping. Treadle should be released from three to 
seven revolutions ahead. Caution, be sure and get the exact number of turns as a variation 
always makes a difference and sometimes a surprising difference in i he behavior of the fin- 
ished armature, particularly if it has few teeth or few turns. 

around the upper pulley, crossing it, thence down, and loop 
around the right hand or tension pulley, crossing it again, 
thence up, under and around the little spring mounted form- 
ing roller. 

The position of this roller laterally has some influence on the 
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length of the head. Moving it to the left shortens it slightly 
and increases the tendency to pile up in the corner of the slot. 

For wires No. 28 B & S and finer the tension device should be 

threaded as shown by the dotted line on fig. 651 cutting out the 
upper and lower pulleys. 

--- 

-- `. -14"' 

.. ... . 
1 '' 

Fto. 656.-Chapman moving picture 2. When the proper number of turns are on, place 

the finger on the head of the armature; over the first lead. Pull it off the snubbing pin, it will 
come easily. Pull it down to tlx: left, and slightly upward as shown. 

After threading the wire under and around the little forming 
roller, adjust tension on -it by turning the little crank in the 
center. 

Ascertain the tension on the wire by pulling on it after it 
leaves the forming roller, for this little roller, sometimes given 
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considerable tension. As a rule, the best tension will (except 
for plain enamel wire) be IM lbs. per 100 circular mils area 
of the wire. This is close to the elastic limit (stretching point). 

It is best to ascertain the tension by means Of a spring' scale, 

I 

Fin. 657.-Chapman moving picture 3. Loosen the armature core, and turn it one tooth 
, to the left. Set the top slot properly with the top jaw. As the back stop has been pre- 

viously set, pay no attention to the lower slot, for it will now take care of itself. This opera- 
tion takes only about 3 to 5 seconds. 

á fair approximation can be made by increasing the tension till 
the wire can be felt to stretch, then releasing the tension till the 
.wire does not seem to stretch. 

When the correct' tension for the particular job is found, a 
%ark may be made on the gear face through the little window, 
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to aid repetition in setting, which, however, may vary -with the 
temper or hardness of the wire. 

The machine winds on the left side of the shaft, not on the 
right. Now put your foot on the pedal which starts the 

Fta. 658.-Chapman moving picture 4. Pull the wire up through the slot in the winding 
machine jaw, with the right hand, in the meantime backing up with the left until you 
can hook the wire over the snubbing pin, and let go of it. It will drop in the right place 
without attention. 

machine winding. The rapidity of the winding is indicated in 
fig. 655. 

The* accómpanying series of *illustrations .will serve' as a 
moving picture showing the.operations of machine"winding front 
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start to finish using wire with one or more textile (cotton or 
silk) coverings. - 

'The' turn cóunter dial at top of fig. 651 is quickly released for resetting 
by a simple pressure on the screw head in the center thereof. In watching 
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Fro. 659.-Chapman moving picture 5. 'Now twist the lead after the coil following it is 
wound. (To catch the Idea, view this and the next two pictures rapidly.) The pressure of 
the thumb tip will automatically unlock the snubbing pin shaft, the skirt of the handle 

. recedes in doing so. It is not necessary to pay any attention to the unlock. Roll the handle 
by moving the thumb toward the right. 

it one should fix in mind the point at which the winding is to stop and 
not the point at which it begins. 

When winding armatures having two sections per slot the 
middle lead is thrown out exactly as shown in fig. 658, when 
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the slot is half wound, . and of course without indexing the 
armature. 

If these leads be properly brought out, the lead between the slots will 
come out on the right hand side of a coil and that between the top and 
bottom coils on the left hand side, in other words they will come out in 
succession for connecting to the commutator. 

i 

,..- 
, : ' tl 

rw.y.r r.54p 
;141' 
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no. 660.-Chapman mooing picture 6. Keep going. Hold the pressure on the scirt of 
the handle until after the first turn is completed, then - (see fig. 661). 

If commutators be crowded tight against the windings it is necessary 
to remove them before winding, if there be a little clearance between the 
winding and the commutator it is unnecessary to remove them. Should 
the commutator then interfere with the winding wire, cover it with a 
piece of paper, or better still, half coated tape, dry side out to keep it 
from scratching the wire. 
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Points Relaitng to Enameled 
Wire Windings 

1.-The enamel must be a good grade, for if it be a little under standard, 
it cannot be used for winding armatures. 

2.-The wire must be wound on the armature without tension (as near 
as possible). There must be no jerks, as by starting the spool to rotating. 
Therefore the spool can not be revolved by the pull of the wire, for the 

x.x.. 

` 
ao 

"11 

ta 

Fro. 661.-Chapman moving picture 7. About the finish of the last turn, the pressure of 
the hand will be almost automatically transferred to the tip end of the handle, when at will 
again lock up. Time for twisting the leads, as shown in this and the previous two pictures, 
about one second. On coarser wires, say 20-26, twisting is unnecessary. Pull the lead off 
the snubbing pin, the same way Is shown in fig. 656, it will come easily, as.the pin is care- 
fully proportioned to accomplish this end, and has been automatically stretched during the 
twisting. Pull the lead down under the jaw to the left, and upward as shown. ' Move.arma- 
ture over another tooth, and hook the wire on the snubbing pin, as before, thq operations 
of course are repeated until ready to finish filling the first slot, as shown in fig".'642. 
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pull due to inertia at starting gets high enough not only to damage the 
insulation but to actually break the wire. The friction of the best bearings even gives too much pull. 

3.-A space factor must be used, that is, there must be plenty of room both in the slot and on the head. 

Fin. 662.-Chapman moving picture 8. By pulling the first end out at this time, It will meet the last one at the finish and close up perfectly, then resume winding. 

4. -There must be no manipulation of the wire after it is wound; it must not be pressed, pushed, moved, crowded, pounded or hammered, not even lightly with the fingers. 

5.-That the wire must not slip or slide into place, which means that only the chord type of winding can be applied to enameled wire wound armatures. 
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6.-This chord must be short enough so that the shaft practically does 
not interfere with the winding, but the chord must not be so short as to 
approach the span of the pole piece. 

7.-The proportion of the winding must be such that the wire may be 
féd to the slots with very little contact against the winding machine guides, 
which means fed straight to the armature slots. 
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Fin. 663-Claapman moving picture 9.. When the last coil is in, cut the wire, a nd twist 
the final end with the first end. If the first end has pulled put at the proper point, they will 

match up as shown, completing the winding, and will be in proper succession for connecting 
to the commutator. 

8.-The wire must be fine, No. 32 B & S being about the largest; coarse 
wire armatures cannot be successfully wound with enamél wire made at 
the present date. 

9.-There must be no criss cross turns or loose wires. 

10.-Auxiliary insulation between top and bottom coils on the heads is 

always desirable and will increase the life of the armature. Sometimes 
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it is absolutely necessary, the same is true of insulation between the coils 
on the heads. 

11.-Armatures are best when thoroughly impregnated with varnish 
and preferably baked. This is however a difficult problem and some 
makers side step it and don't varnish them at all. 

12.-The varnish must be selected to fit each type of enamel, as their 
solvents must attact the enamel slowly enough (if at all) to permit of 
its application. r 

11, 

r 

Flo. fiól .hapman winding machine adjusted for twisted slots. To adjust, loosen set screws 
with a screw driver as shown, but let the cap screw alone, it is a pin and is purposely made 
with a different head to prevent it becoming loosened and working out. After the two set 
screws are loose, the jaws can be moved around to match the bevel in the slots of the arma- 
ture, after which tighten them. In the base of the wings will be noticed two slots playing 
over the retaining screws; loosen them and move the wing in the same direction that the jaws 
have been moved that is to say, if the jaw be twisted to the right, then move the wing 
to the right; if jaw be twisted to the left, then move the wing to the left. If the wire do 
not behave on entering the slot draw it across the wing, when the remedy will readily suggest 
itself. If the wing be too far in, no damage will be done except where it is desired to pack 
the slots full, then the wire in passing over the steel jaw may receive a slight belly, which 
of course, will be in the wrong direction and tend toward filling the slots with "s. ind.' 
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r 

z 

Fia. 665-The Chapman style 3 adjustable bipolar drum armature winding machine fitted 
with a Chapman compensating tensionl-ss dereeler with hand rest and self threading wire 
directing guides for winding armatures with enamel wire. In winding enameled wire arma- 
tures the tension must be almost nil and it requires a radically different reel handling device 
than that required when winding wires with textile covering where a high tension is required. 
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13.-Armatures must not remain in the varnish 
longer than absolutely necessary to penetrate the 
windings for the enamel is nearly always attacked 
by the solvents of the varnish. 

14.-Core insulation should fit the slots pretty 
closely; the wire will not pull it into place, if it did 
it would injure itself. Sharp crosses between the 
coils should be avoided, therefore it is better not 
to design armatures with a very small number of 
slots as 5 or 7. 

15.-Other unexpected things are liable to show 
up, watch out for them. 

Commutator Connection.-Before wind- 
ing, the commutator should be tested for 
grounds and short circuits. After winding, 
the next operation is to connect ít to the 
commutator. On armatures, there are two 
general types of windings, commonly called 
"diametrical" and "chord." In the bipolar 
diametrical type, the two sides of a coil are 
laced in slots located on a diameter of the 
core, that is located on any line passing 
through the center of the core, and 
through the center of the slots as in fig. 
673. 

If the commutator be connected up with- 
out lead, connecting this type of winding is 
very simple, for all that is necessary is to 
remember that the mica between any two 
segments corresponds to the center of the 
coil that is connected between the two 
segments in question. This mica, then, 
for straight out winding, should be di- 
rectly in line with the average center of 
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the slot. This rule is so stated, because in twisted armatures, 
the slot at the end of the core is not the average center. The 
mica should in this case be set in line with the center of the slot 
at the center of the core. 

Of course, if the commutator have "lead," that is, if thé 

CONNE TOR ON 
DIAMETER OF DRUM 

Fio. 673.-Diametrical winding connected straight out for brushes between the poles. The. 
illustration indicates that the coil ends are on diameters of the drum; of course, in the, 
actual machine, the coils of necessity pass to one side of the shaft. 

brushes he not placed in the polar gap or between the pole tips, 
this rule should be modified by moving the commutator the 
amount of this lead, using the points mentioned as a measuring 
point. This of course will place the commutator mica for 90° 
lead directly in the middle of the coil. 
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The "chord" or second type of winding, sometimes called 
"short coil," is the prevalent type on small armatures. 

It is one wherein the two sides of the coil lays in two slots which are not 
on a diameter, but are on a chord, that is a line passing through the center 

SET MICA R (SEPARATING 
SEGMENTS H AND D) 
ON O A , BISECTING 
ANGLE L.0 F 
Flo. 674.-Connection of commutator for 

brushes at 90 degrees or opposite the poles. to 
of the two slots in which a coil is placed, but not passing through the center 
of the armature. l'he above rule for setting a commutator does not apply 
in this case. Let the reader remember that a chord wound coil will behave 
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(as far as commutation is concerned) exactly the same as if it were on a 
diameter which is parallel to the chord on which said coil is wound. 

It therefore follows that the mica corresponding to the coil in question, 
must not be placed opposite the average center of the slots in chord wound 
armatures, but on a diameter paralleling the chord. In other words, as the 
ordinary chord winding is one tooth off the diameter, the mica must be 
placed one-half tooth away from the slot accommodating the coil, for 

CHORD OF COIL MUST BE- PARALLEL WITH DIAMETER.Lr 
WHICH PASSES THROUGH E _. TH 
MICA WHICH SEPARATES THE SEGMENTS CONNECTING WITH THE 
ENDS OF THE COIL. 

CHORO OF COIL 

Fla. 675.-Chord winding connected "straight out" for brushes between the poles. Even 
number of teeth. Displacement of roil, one section; of commutator, one-half section. 

straight out connection as in fig. 675 and of course directly opposite the 
middle of the coil for 90° lead as in fig. 674. These simple rules, if carefully 
mastered, will solve the problem of connecting any type of at mature what- 
ever, including all freak types, as well as the more ordinary drum and ring 
armatures. It also applies, whether the commutator have many or few 
sections. 
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If there be an odd number of teeth in an armature, and the chord be t,? 

tooth off the diameter, then the commutator will be placed only % tooth 
away from the coil (see fig. 676). An easy rule is as follows, the mica of the 
commutator should be moved away from its coil one-half of the displacement of 
the coil from a diametrical position. 

In a properly wound armature the leads will come out oppo- 
site the teeth or between the coils, as shown in fig. 677. 

Flo. 676. Chord winding connected "straight out" for brushes between the poles. Odd 
number of teeth. Displacement of coil, one-half tooth; of commutator. one-fourth tooth. 

It is best to use the top coil as a starting point because it is easier to 
positively identify the two leads from it. 

The foregoing explanations have been made assuming that 
there is only one section of the commutator and one section of 
winding per slot in the armature. Where there are more sec- 
tions of winding per slot in" the armature, the point of the 
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commutator that corresponds to t e middle of the coils in a 
slot, is the point to which the meas ring should be done. 

A r E , 

14 

Fro. 677.-An actual armature with co ncction started, straight out connection. Connected 
for chord wound coils. 

If there be two sections, en it is the segment connected to the middle 
lead. If there be three sect ns, the middle mica between the middle leads 
is the measuring point, if t ere be four, the middle lead again is the measur- 
ing point. 

Again if there be two s10 s in the core per section of the commutator, the 
mica is again the measuring point. In all cases, measure from the average 
center of the slot. 
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Split chord windings or windings in which one side of the coil 
is placed in two slots making the ends of the coils look like the 
letter V, are connected straight out, that is, with the mica 
opposite the average center of the slot accommodating the full 
half of the coil. 

If the commutator should have a lead, measure the angle 
from the point specified. 

The symptoms of incorrect commutator lead are sparking and fusing at 
the brushes, an irregularity in the torque of the armature from tooth to 
tooth. It seems to want to hang up or stick on every tooth, the torque goes 
down, and if the lead be 90 degrees off, it goes to nothing, and will not pull 
at all. 1 he current, in all cases, goes up, and the efficiency down. If the 
lead be backward, that is, the neutral is carried back under the brushes, 
it may flash over. 

If it be a shunt or compound motor, the speed goes up, and if badly off, 
may run away. 

In case of a series motor, it will run slow (when loaded). The armature 
and fields get hot, and it will not come up to speed. Except for the flashing, 
these symptoms are usually more apparent in cores of a few teeth. 

These comments apply in general to toothed armatures, but the same 
rules apply to surface wound armatures. 

Universal and very high speed commutators frequently have 
considerable lead. Owing to the fact that they work in very 
weak fields the shifting of the neutral point or brush lead is 
excessive. 

The lead of the commutator then being shifted instead of shifting the 
brushes with the consequent non -symmetrical appearance. Great pains 
should he taken in getting this lead correct. 

Soldering the Commutator.-In connecting the leads to a 
commutator be very careful that no tension is applied 
to the leads either by soldering them tight or by subsequent 
hooding or handling. If they he tight, they will break off at 
the commutator after a few hours' or clays' run without any 
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apparent cause. If the armature he a very high speed geared 
one, twist the leads tightly before connecting, otherwise do not. 

Solder .-The 
40-60, meaning 

most popular solder for electrical purposes is 
40% tin and 60% lead. This has a little 

higher melting point than 
ordinary tinner's "half 
and half" but still works 
freely and costs a little 
less. 

Flux.-Raw or diluted 
muriatic acid or raw 
muriatic acid cut with 
zinc should never be used 
as a flux. 

Use for coarser wires 
a solution of any of the 
commercial soldering 
salts which are mostly 
chloride of zinc. Will 
not corrode after heating; 
will work where other 
fluxes fail; cannot be 
burnt by too hot solder 
and the solder never cor- 
rodes loose from the 
copper. 

"Soldering pastes" are 
used for coarser wires and 
consist of chloride of zinc, 
but .carried by a greasy 
vehicle. They must not he 

Fia. 678.-Chapman "allatonce" commutator solder'ng machine. It will solder all sections of a 
commutator at once, whether fluxed with rosin or any other flux. 
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greatly overheated or they are liable to carbonize and insulate the joint.. 
Work must be fairly clean. 

For fine wires No. 30 and smaller. Use nothing but rosin. 
Rosin does not corrode under any circumstances, and it is an 
insulator. It requires more care in use than other flux. Make a 
solution of it with alcohol or any one of a number of solvents. 

Work must be good and clean; rosin will not work on dirty surface. Care 
must be exercised not to burn it for it burns into charcoal readily, making a 
bad joint which must then be cleaned mechanically before it can be sol- 
dered. Likewise the temperature must not be too low, else an insulated 
joint may occur instead of a soldered one. 

Rosin is slower in action and requires that the solder be "sweated in" 
for a longer time. Where rosin is required, it is better to solder commutators 
on a machine, although the volume of production might not otherwise 
warrant one. 

The time honored method is of course to solder with a solder- 
ing copper erroneously called a soldering "iron" sometimes aided 
on large work by directing a clean flame against the commu- 
tator if it can be done without the flame touching insulation 
(except segment mica) . Machine soldering is, however, superior 
and faster. 

Varnishing.-If the weather be damp or wire and insulating 
materials be stored in a damp place, the armature should he 
baked or dried before varnishing. 

Just before varnishing an armature it should be tested for 
balance and if out, the heavy side should be placed up to drain 
and bake, the varnish will then tend to correct the unbalance. 
After baking the armature should of course be balanced. 

Thoroughly impregnate the armature with some good baking varnish and 
bake per directions of the makers. The reason the modern small armature 
with high voltage and no auxiliary insulation in each slot, stands up so well 
is largely due to the excellent insulating properties of modern baking 
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varnishes, but the varnishes must penetrate the armature completely or 
the voltage will be sure to break down the insulation of the unimpregnated 
part sooner or later. The high dielectric strength of enameled wires helps 
very greatly and those smaller than No. 23 having one of their covers of 
enamel are to be preferred for this reason as well as their heat resisting 
qualities. There are many good varnishes but owing to the fact that 
enamels are themselves applied as a liquid varnish to the wires, the varnish 
should be purchased for the purpose from the manufacturers, or the 
varnish solvent may cut the enamel. Do not soak enameled wires in the 
varnish longer than absolutely necessary. 

Ftc. 679.-Chapman style C am- 
meter. It indicates the condi- 
tion of all parts of a wound 
armature simultaneously; will 
test the armatures it was built 
for as specified, will also indi- 
cate shorts in double voltage 
and open circuits on half volt- 
age windings at equal speed. 
The operator cannot ignore de- 
fects. The indications stand out 
and command attention. A 
pilot lamp is provided to show 
the correct reading of the indi- 
cators. To operate, the com- 
mutator is inserted in the fin- 
gers in the center of the top 
whereupon the indicators will 
light up half way if everything 
be O.K.; if not, there will be 
an irregularity in their illumi- 
nation. This irregularity is 
what the operator looks for. If 
a bare commutator be tested, 
no response is made by the Indi- 
cator unless a short or ground 
be present. The odd indicator 
is assigned to reading ground? 
at the working voltage of the; 
armature. 

Points on Armature Design and Winding.-It is always 
advisable in designing armatures to allow plenty of room on the 
heads, particularly when winding with coarser sizes or delicate 
insulations, as they do not stand hammering very well, and 
more time is required where it is necessary to pound heads 
than to wind the wire. 
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This pounding again reacts in an increased number of short ciresits, to 
prevent which insulation between the coils, and sometimes between layers 
is required, etc., to prevent this extra cost and trouble design heads with 
plenty of room. 

Excessively deep slots ("all slot" armatures) are to be 
avoided if possible, they usually have insufficient room between 
the slot and the shaft for the heads of coils. 

An aggravated instance was one having a slot %" deep %" wide with 
14" space between shaft and slot in which to put insulation and the wire 
from four coils. To overcome this it is necessary to subdivide the winding. 
going around more than once, sorting and paring leads after winding (not 
necessary with regular windings), or use some other objectionable stunt. 
In one instance the coils were wound in the top of the slots, leaving the 
bottom clear. 

Round slots are seldom used now. 
In selecting the number of teeth for very small and medium 

armatures, it is always best (in fact on any of them) to select 
an odd number of teeth, as this arrangement has only one section 
of the core and the commutator commutating at a time, the 
action then is smoother, This gives a chord winding, the heads 
will go on without piling up excessively. 

Long experience has dictated that .100" to .125" is about the best all 
around width for armature slots at the surface of the core on all sizes from 

horse power and even larger, down to the smallest. This width works 
nicely on a winding machine, is wide enough to give a little leeway, to 
accommodate the insulation, prevent excessive magnetic slot leakage, and 
makes inappreciable difference in the effective air gap between this size and 
a narrower one. Designers can unhesitatingly use this size of slot on all 
the smaller sized cores. 

If the magnetic field were a perfect sine field, the effect of a 
chord winding would be to reduce its effectiveness by angle 
enclosed by coil, that is, 

effectiveness - 2 sin X effect of a diametrically wound coil 

2 
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2 Fins. 680 to 2.- 
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preformed armature` 
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(angle referred to circle of reference) but with polar fields, 
practically the effect cannot be found so long as the pole pieces 
do not span about the same angle as the coil on the armature or 
more; if they do so or nearly so, then the magnetic leakage 
around the coil begins to have a decided effect, more than is 
indicated by the formula, in fact the effect is tremendous, 
especially on cores with a few teeth, but in 99 cases out of 100, 
the performance of chord windings test out the same as dia- 
metrical winding. 

Very short chords should be avoided, for they cut down the capacity of 
the machine, increase magnetic leakage, and sometimes make them mis- 
behave decidedly. While a very short chord has a tendency to make small 
heads, if it be too short, nothing will be gained, for the windings will pile 
up in a ring, and leave a hollow space around the shaft, also pile up on the 
side of the slot interfering with coils in the bottom of neighboring slots. 

Designers have frequently made their armatures with excessively short 
chords, in order to make it possible to wind the armature on some crude 
winding device. This is unnecessary with a good winding machine, except 
possibly when using plain enameled wire. 

Straight chord windings, that is, those which occupy only two slots 
whether having one or more leads, if properly connected, are superior to 
split chord windings, that is, all the coil in one slot one side of the arma- 
ture, the other side of the coil in two separate slots, passing on two sides 
of the shaft making the end of the coils look like the letter V. 

Cases have been known where a V winding reduced the output 50%. 
They are slightly more noisy, with accompanying "lumpy" torque. If the 
winding be subdivided into two coils per slot it may make everything worse, 
the coils and the commutator then being badly out of phase, for example, 
position with each other producing vicious sparking on every other segment 
of the commutator. Armature heads are usually the same size. V windings 
require special armature winding machinery. 

Initial or uncorrected balance (mechanical) seems to be the same except 
in the case of small numbers of teeth, say 7 or less, when the V winding 
exhibits its only good quality. 

Owing to the very great dielectric strength of modern baking armature 
varnishes it is seldom that insulation is inserted between top and bottom 
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coils in the same slot on small armatures. On 500 volt armatures it is, how- 
ever, absolutely necessary, as well as between the top and bottom coils on 
the heads and sleeving required on the leads. 

FIGS. 684 to 686.-Forming of short coil. Fig. 684, shape of winding 
before pulling, figs. 685 and 686, same after pulling. This type of 
coil is extensively used in 
Westinghouse apparatus. 

Fta. 687.-Peerless coil winder 
lathe combined with head for 
winding armature, stator, and 
field magnet coils of medium 
sizes. 
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Fins. 688 and 689.-Method of making Eichmeyer coils. The coil is first wound to the shape 
1, and then the second operation which requires special tools for its performance, shapes 
it as shown by (lotted line 2. The coil is then pulled out angularly to the shape 3. A better 
and faster method where quantities of Eichmeyer coils are needed, is to make a jig with 
stepped pin; for the two inner corners and wind the coildirectly to shape in fig. 639, (2) then 
pulling them to their final shape. This method does not strain the insulation so severely 
and is much faster. After the coils are pulled, they are usually taped where they go in open 
topped slots; where they are threaded in slots with narrow openings one wire at a time they 
cannot be pre -taped to any extent. Practice varies as to varnishing the coils before assembl- 
ing in the armature. Sometimes they are varnished before pulling on the machine; frequently 
after pulling and before taping, occasionally after taping and before assembling and some- 
times not till after assembly. Threaded in coils cannot be pre -varnished- Varnishing before 
assembly usually requires that the coils be heated enough to soften the varnish and then 
pressed in a cold forming die in order to get them small enough to go into the slots. For this 
reason it is seldom that repair shops varnish the coils before assembly. 

NOTE.-Most preformed arma / ure coils and many stator coils are taped with a layer of 
cotton tape "in the white" that is not varnished, oiled or gummed. Most popular size is 
á;" X.007". This tape is usually applied half lap. Where, however, some of the slot insulation 
is applied to the coil the tape is usually over it and then w frequently applied "but lapped." 
or a single thickness over this slot insulation. Machines are almost universally used for taping 
coils now both in the job shop and factories. After the coils are taped the factories usually 
varnish them before assembling. Repair shops usually assemble them in the white, as pre - 
varnished coils sometimes require pressing before assembling. 
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Fro. 690.-Chapman kickfess self feed armature coil taping machine. Takes a considerable 
amount of the "kick" off the operator's hands. Eliminates the excessive fatigue of operator 
due to this kick. Does not interfere with the handling of the coil around the loops. Self 
feed is as nearly positive as can be (about 80%) and still allow the operator to increase 
or decrease lap at will while running. Feed can be varied to obtaii a variety of laps, but 
is set at half lap for IX' tape applied to the average armature coil when it leaves the factory. 

691.-Chapman field coil taping machine for taping 
field coils, meter coils and magnet coils of all kinds, / made in several sizes. 
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RE -CONNECTING D.C. 
MACHINES 

Repairmen are frequently called upon to make changes in 
a dynamo or motor such that the machine can be operated at a 
different voltage or speed, and sometimes to adapt a dynamo 
for use as a motor, etc. 

Flo. 692.-Peerless portable band wire tension machine applied to a lathe. /t consists of 
a friction tapered drum so designed that it neutralizes the tendency of the wire to creep. 
The amount of tension is under perfect control of the operator and is regulated by ten point 
index. /n operation, each pound applied, to the brake drum is multiplied by means of 
gearing to 3 lbs. at the band wire drum, which is tapered to compensate for the tendency 
of the wire to crowd up against the flange. On account of this gear reduction, a compara- 
tively small braking effect produces a very great tension on the band wire, and any change. 
intension can be secured by regulating the hand nut, directly in front of the operator. 

Voltage Changes.-In making changes for motors or dyna- 
mos to operate on different voltages it should be noted that the 
speed of a motor varies directly with the voltage provided the 
field remains constant. 
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The variation of voltage affects the excitation of the fields, and until 
saturation is reached, the speed varies little with change of voltage. Small 
speed changes may be effected by changing the length of the air gap. 

Changes for half Voltage Operation.-Arrange the shunt 
field coils in two groups and connect the groups in parallel. 

SERIES CONNECTION 
220 VOLT OPERATION 

SERIES PARALLEL CONNECTION 
110 VOLT OPERATION 

FIGS. 693 and 694.-Changes in field connection for half voltage operation. Connect shunt 
field coils in series parallel as shown in fig. 694. Here, as is evident, the shunt field resistance 
is reduced one-half permitting the same field current to flow at half voltage. 

With this arrangement evidently on half voltage' circuit, the voltage 
per field coil will be the same, hence the flux will be the same but the 
speed will be only half what it was before the changes were made. 
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NNDING 
` SPACE Me 

Armature Winding Changes for Voltage Changes.-An arma- 
ture can usually be adapted to a lower voltage either by re- 
connecting or by rewinding. 

In making changes it should he noted that the sectional area of the wire 
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Fr,s. 695 and 696.-Duplex lap winding for 120 volts, and method of reconnecting for 240 
volts. On armatures having duplex windings there are usually twice as many commutator 
bars as there are slots and each of the two wires is connected to separate bars. The brush 
will however cover at least 114 to 2 bars. To change from 120 to 240 volts, reconnect the 
winding so that adjacent pairs of coils will be in series as in fig. 696 instead of in parallel 
as in fig. 695, and reduce width of brushes to that of one commutator bar. 

for the coils varies inversely and the number of turns directly as the old 
to the new voltage. In determining the form of coil and number of turns 
to be used in rewinding, the slot space available must be considered. 

Changes for Double Voltage Operation.-The shunt field coils 
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must be rewound in this case using wire of half the cross 
sectional area (three sizes finer) and twice the number of turns. 

The compound series fields, if any, willwork as they are, hut to preserve 
same regulation as before, must be given the same treatment; the shunt 
fields remaining in series. however, the armature is used without al- 
teration. 

LARGE 
AIR GAP ) 

5MALL 
AIR GAP 

z 
HIGH SPEED LOW SPEED 

Fics. 697 and 698.-Method of changing the speed of a motor by adjusting the air gaps. 

1.-NORMAL NEUTRAL 
PLANE 

TORWARD LEAD- 
COMMUTATING 

PLANE. 

BACKWARD LEAD 

RUN AS RUN AS 

DYNAMO MOTOR 
FIGS. 699 and 700.-Machine operated as dynamo and as motor. When the machine is op- 

erated as dynamo the brushes should be given forward (positive) lead, and when operated 
as a motor, backward (negative) lead. 

k NORMAL NEUTRAL 
PLANE 

COM MUTATING 1 
PLANE 
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Speed Changes.-Major changes must be made by changing 
the number of turns and the size of wire on the armature. 
Speed with a fixed voltage will vary inversely as the turns. 

Minor speed changes may sometimes be made by adjusting the air gap 
of the motor. The variation in speed obtained by this method is from 10 

to 15%. To increase speed, increase air gap; to reduce speed, reduce air 
gap, but don't get it too small or the commutator action will be rendered 
unsatisfactory and other troubles will develop. 

Dynamo Operated as a Motor.-The machine will run in the 
same direction, but in the case of a compound machine, the 
series winding should either be cut out or reversed, and the 
field rheostat removed. When the load comes, move brushes 
backward that is, opposite to the direction of rotation. 

If the series field be not cut out, it must be connected in the same di- 
rection as the shunt coils, usually requiring them to be reversed. When 
the load is applied, the brushes will require shifting in the direction of 
rotation. 

Direction of Rotation.-Reversing the armature connections 
will reverse either a dynamo or motor unless it be a machine 
with interpoles; in this case the interpoles and the armature 
must be reversed together. 

Reversing the shunt and if compound, the series field (but not any inter- 
pole field) will reverse the rotation. 

If either the rotation of the armature, or shunt field connections of a 
dynamo, be reversed without an accompanying reversal of another ele- 
ment, the magnetism induced by the winding will oppose the residual 
magnetism and the machine will not build up. A multipolar machine can 
be reversed by reversing the brushes on the studs and then relocating them. 

Wrong Field Connections.-Sometimes due to error in the 
shop a motor may have one or more magnets reversed, resulting 
in little or no torque. Trace out connections or test polarity 
of magnets by means of a compass, the little ones used by 
watch makers are the best. 
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TEST QUESTIONS 

1. What winding data is required by the repairman? 
2. How is an armature dismantled? 
3. What should be done after the coils have been re- 

moved? 
4. What kind of mica should be used between the seg- 

ments? 
5. What is the objection to hard mica between segments? 
6. What kind of mica should be used for clamping 

rings, sleeves, etc.? 
7. How are riveted commutators opened up? 
8. Describe the methods of truing a commutator. 
9. What causes high mica? 

10. Describe the operation of undercutting mica. 
11. What is the cause of high and low commutator bars? 
12. What is the remedy for burn outs? 
13. Explain how a commutator is dismantled for repairs? 
14. How is a repaired commutator tightened? 
15. Describe the construction of a commutator clamp. 
16: How are cores insulated? 
17. Describe the insulation of slots. 
18. How are slots insulated when thick insulation is 

required? 
19. Mention a few points relating to magnet wires. 
20. What are the objections to hand winding of armatures? 
21 . Describe the operations of putting on a two layer lap 

winding by hand. 
22. What is used on the leads to avoid confusion? 
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23. Upon what does the "number of wires.' depend? 
24. Describe the operations in winding: 1, two layer lap 

winding; 2, split V winding; 3, chorded split 
winding. 

25. Describe in detail machine winding. 
26. Explain how the commutator connections are made. 
27. Describe the operations in making a preformed coil. 
28. What are the symptoms of incorrect commutator 

leads? 
29. Describe the methods of soldering the coil leads to the 

commutator. 
30. What kind of soldering flux should be used? 
31. What should be done before varnishing the armature? 
32. Give a few points on armature design. 
33. How are d.c. machines re -connected for: 1, voltage 

changes; 2, half voltage operation; 3, double 
voltage operation. 

34. Describe the armature winding changes for voltage 
changes. 

35. Ilow are speed changes made? 
36. What is done to operate a dynamo as a motor? 
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"READ ALL AROUND THE CLOCK" 

Here are the answers to your questions, giving 
you the real dope that every Electrician must 
know. "Audels New Electric Library" supplies 
the great need for new, practical, concise infor- 
mation that is easily and quickly grasped. 

Not too technical but comprehensive and easily 
understood, giving the reader a thorough mastery 
of this mighty force. Every electrical worker can 
easily advance his knowledge by spare time study 
of this library -15 to 30 minutes a day will in- 

crease your knowledge. 



YOU are interested in your own 
success and really want to get to the 
top in your line of work-if you 
want to improve the position you 
have and increase your earning 
power-if you want the expert in- 

formation and knowledge of the master minds of 
electrical industry at hand at all times, we strong- 
ly recommend that you read carefnlly all that is 
written herein; it may prove to be just what you 
are looking for. 

AUDELS NEW ELECTRIC LIBRARY is a 
complete work in 12 handsome volumes, printed 
on thin paper and bound in red artcraft flexible 
binding, with gold leaf edges; they are only 6% 

in. high by 5 in. wide and 
about 34 in. thick; they 
slip easily into the pocket. 

Written in plain lan- 
guage and simple terms; 
the illustrations are as 

plain as the language. 

Those who already have 
the "New Electrics" can- 

not praise them 
too highly - 
both for their 
contents and 
their appear- 

ance. r::.... .... tt. '::.. ......... 
o -o . , 



We take pleasure in announcing; 
"AUDELS NEW ELECTRIC LIBRARY" 

New and More Uses for Elec- 
tricity offer great opportunities 
to men who can handle this 
power correctly and accurately. 
Modern electrification of indus- 
try calls for trained men who 
know how to handle electricity. 

Simple as A B C.-"Audels 
New Electric Library" gives lat- 
eat, exact information from foun- 
dations of electrical practice to 
latest modern applications. This 
ís a NEW practical and theoret- 
ical course in electricity for 
home study and ready 'reference. 

I ¡' 
Volume I-Fundamental Principles and Rules of Ap- 

plied Electricity, Magnetism, Armature Winging, Voltage 
Changes and Repairs, 480 pages, 700 illustrations. A home 
study course of the rules, laws and principle of electricity 
and magnetism; a real test book for studr/nts. Simple as 
A B C, very comprehensive and very plain (Price $1.50.) 

II 1 , 

Volume II-D. C. Generators and D.C. Motors, Con- 
struction, Installation. Maintenance and Trouble Shoot 
ing, 418 pages, 573 illustrations. A real trouble shooter 
and educator for those who design, or operate D. 
electric machinery. (Price $1.50.) 

III 
Volume I1I-Electrical Testing Instruments and Tests, 

Storage Battery Construction and Repairs, 474 pages, 630 
illustrations. A Meterntan's Helper, describing in plain 
language the various meters, electrical testing and measur- 
ing instruments and methods in use and a complete edu- 
cator on storage battery work. (Price $1.50.) 

The opportunities in Electricity are good. Any man 
wherever Electricity is used can be helped by /hide's 
Nome Study Course. 



IV 
Volume IV-Alternating Current, Principles and Dia. 

grams, Alternators, Transformers, Power Factor, 483 pages, 

789 illustrations. Original and easily understood methods 
of knowing alternating current principles and formulas. 
This difficult part of electricity now made simple as A B C. 

(Price $1.50.) 

V 
Volume V-A. C. Motors, Windings, Reconnecting, 

Maintenance, Converters, Switches, Fuses, Circuit Break- 
ers, 497 pages, 1498 illustrations. A. C. Motors, ALL 
TYPES, including their theory and design, construction, 
operation and maintenance, presentee in a forceful and 
simple manner, so that all may understand. (Price $1.50.) 

VI 
Volume VI-Relays, Condensers, Regulators, Rectí 

fiers, Meters, Switchboards, Power Station Practice, 547 

pages, 688 illustrations. This A. C. illustrated book is di. 

vided into logically progressiNe and instructive sections, 
clearly outlining and giving real "dope" together with 
many side lights of information on these subjects. (Price 
$1.50.) 

VII 
Volume VII-Wiring Diagrams, Tables, Calculations, 

Plan Reading, House Wiring, Power Circuits, High Ten. 
sion, Transmission, Underground Work, Cable Splicing, 
Underwriter's Code, 729 pages, 1218 illustrations and dia- 

grams. Wiring information according to the Underwriter's 
Code together with over 1000 instructive illustrated helps 
and hints that will save trouble, money and time. A coin 
plete instructor and adviser for Wiremen and Linemen 
that can he carted in the tool kit-wiring tables and calcu 
lations for ready reference. (Price $1.50.) 

"Audels NEW Electric Library" is a gold mine of 
concise, reliable electrical knowledge. 



VIII 
Volume VIII-Electric Railways, Signals, Elevators, 

Hoists, Cranes, Gas Engines, Auto ignition, Starting and 
Lighting, Aeronautics, Marine, 810 pages of text, 1000 
illustrations. Audels New Electric Library presents the 
latest technical information on these subjects. (Price 
$1.50.) 

IX 
Volume IX-Covering Radio, Telephone, Telegraph, 

Motion Pictures, Talkies. (Price $1.50.) 

X (IN WORK) 
Volume X-Covering Electric Refrigeration, Bells, 

Signals, Lighting Illumination, Heating, X -Ray, Thera- 
peutics, Plating, Soldering, Brazing, Welding, Pumps, 
Compressors, Domestic and Farm Appliances. This volume 
of Audels New Electric Library corers modern electrical 
appliances, inside practical data on their theory, construc- 
tion and operation. (Price $1.50.) 

XI (IN WORK) 
Volume XI-Will contain an Outline and Review of 

Practical Applied Mathematics. Very fully illustrated with 
examples and tests for practice. 1n Electrical Calculator 
for Electricians, Engineers, Machinists, Technicians, Me- 
chanics and Students arranged for home study and ready 
reference. (Price $1.50.) 

XII (IN .YORK) 
Volume XII-This Volume of Audels New Electric 

Library is to be Audels New Electric Dictionary and 
Cyclopedia of Applied Electricity, Words, Definitions, 
Terms and Phrases in Current Use. (Price $1.50.) 

Generously good printing and 
binding (Audel Standard). All in- 
formation simplified - easy to 
understand. Clear and accurate 
illustrations and diagrams. 
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$1.50 
A VOL. 

LARGE TYPE. 
FINE PAPER. 
BEAUTIFUL 
BINDING. 
PROFUSELY 
ILLUSTRATED- 
PHOTOS. 
DIAGRAmS. 
VALUABLE 
TABLES. 

BOOK - A -MONTH STUDY PLAN 
The newest, easiest way to study. Only one book a 
month to read. Every subject made as simple and 
clear as A B C. Even poor students find it intensely 
interesting, are amazed at the ease of it and the 
speed with which they learn. What you start the 
Audel Way you can finish. 

COSTS 6c A DAY 
The money cost-the price of one mild cigar per diem-is nothing: 
The price in time is a few hours per week, spent as enjoyably as 
in reading fiction. 

PLUS NOT TOO MUCH SWEAT 
The cost in effort is something. No one ever got anywhere with- 
out lifting a finger. But-we have been helping men to overcome 
the handicaps of education for FIFTY YEARS. Let us help you I 



ORDER BLANK 
MAIL/ Check the plan you want 

TODAY, Fill in the Blanks --Tear 

P:4>> 
Off on Dotted line-Mail 
Today! -+ 

BUY ON YOUR OWN TERMS 
No electrical man can afford to pass up this opportunity. 
No risk in ordering, as this offer is backed by a fifty year 
record as educational book publishers. 

Date 
THEO. AUDEL & CO., 65 W. 23rd St., New York City. 
You may ship me on plan marked (X) 

AUDELS NEW ELECTRIC LIBRARY 

PLAN 1-ONE BOOK A MONTH 
Please enter my subscription to "Audels New Electric 

Library," price $1.50 a volume. Mail one volume each 
month and as they are received, I will mail you $1.50 
promptly. 

PLAN 2-PAY 50c OR MORE A WEEK 
Please ship me for one week's free trial "Audels New 

Electric Library," price $1.50 each. If satisfied, I will mail 
you 50c or more each week as payment. 

Name 

Address_ 

Occupation 

Employed by 


