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THEORETICAL AND PRACTICAL
ELECTRICAL ENGINEERING

PREFACE

For many years the Bliss Electrical School has felt the need of
a single text-book which would treat the fundamental principles
underlying the operation of all kinds of electrical devices, in a
simple and comprehensive manner, and set forth the practical
application of these principles in the engineering world today.
But no such book has been found.

Encouraged by the cordial manner in which the many former
students of the Bliss Electrical School have received the lectures
upon electrical engineering delivered during the past twenty-
eight years, and particularly through the urging and hearty co-
operation of Mr. Milton M. Flanders, who for the past ten years
has been in charge of the Department of Electrical Tests of the
Bliss Electrical School, I have ventured to put these lectures
into printed form in the belief that they will constitute a text-
book of real value for future classes, and with the hope that the
Alumni of the School and others generally who are merely
interested or actually engaged in the electrical profess1on may
find the information set forth herein useful.

In connection with this undertaking I wish to make further
grateful acknowledgment for the valuable assistance rendered
me by members of the Faculty and others.

To Mr. Skipwith P. Coale, who for sixteen years has been
closely identified with the theoretical part of the course. His
duties have consisted chiefly in reviewing, analyzing and dis-
cussing with the student body each and every lecture after it
was delivered. He has always advocated the most advanced
methods in the conduct of the work. He has contributed
considerable technical information and many helpful sugges-
tions in connection with the improvement of the lectures. He
has daily read the manuscript of each lecture as it was written,
and his constructive criticism of the text has been most valuable.

To Mr. Milton M. Flanders, for his daily reading of the manu-
script as each lecture was written, for his clear insight and splen-
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2 Theoretical and Practical Electrical Engineering

did advice as to the accuracy of the technical statements con-
tained therein, and for a considerable amount of additional infor-
mation which he has contributed to the text.

To Mr. William M. Johnson, Jr., for the painstaking care
with which he has produced a large number of the drawings
illustrating the text. _

To Mr. Mark H. Biser, for his valuable assistance in the
preparation of the material on Automobile Ignition and Starting
Systems. .

To Mr. E. F. Lewis of the Class of 1921, for the faithfulness
and endurance with which he daily wrote each lecture as it was
dictated, then transcribed it in the rough and finally re-wrote
the entire manuscript in its corrected form.

It is only through the cheerful cooperation of all these assist-
ants that the production of this book has been made possible.

Takoma Park, Washington, D. C. Louis D. BLiss.
September, 1921,



SECTION 1 CHAPTER 1
STATIC ELECTRICITY
NATURE OF ELECTRICITY

Electricity is an invisible agent through which certain effects
may be produced. It is not a source of power. Electricity may
best be defined as a medium for the transmission of power.
It is recognized as a form of energy, but wherever electrical
energy appears, an equivalent amount of energy must have been
previously supplied in some other form to generate it.

Originally it was supposed that there existed an electrical
fluid which pervaded all bodies. When two dissimilar sub-
stances were rubbed together it was supposed that an excess of
this imaginary electrical fluid was accumulated in one body while
the other one was robbed of a portion of its fluid. The one
having the excess was said to be positively charged, while the
one having less than normal was said to be negatively charged.
It is not now believed that there is any such thing as an electrical
fluid, at least not in the sense in which it was originally considered.

All space is filled with a weightless gas called ether. This
ether is composed of particles so minute that they pass with the
utmost freedom through solid substances and also fill interstellar
space. The transmission of light and heat from the sun to the
earth can only be accounted for on the assumption of the exist-
ence of this ether gas. According to this idea the ether is set in
vibration by disturbances on the surface of the sun, and waves
are propagated in every direction with the incredible velocity
of about 189,000 miles per second. ‘

If a stone is thrown into the smooth surface of a pond, minute
waves or ripples are projected in every direction through the
water. At the seashore waves of greater length may be seen,
and in the ocean, during a storm, waves can be observed which
are several hundred feet in length from the crest of one to the
crest of the next. Thus we see that in water waves of widely
different length and magnitude may be produced.

Sound is another illustration of wave motion. Here the
waves cannot be seen, but the air, through which sound waves
are propagated, is a tangible thing. If a man speaks in a low
tone the rate of vibration in the air is low and the length of the

3



4 Theoretical and Practical Eiectrical Engineering

sound waves produced is great. But if a person sings or a
musical instrument is played at a high pitch, the rate of vibra-
tion of the sound waves in the air is great and the distance from
the crest of one to the crest of the next is small. Thus sound
waves may be produced of varying length although invisible.

Now the ether is capable of being set in vibration so that
waves of different length will result. If the rate of vibration is
very great the resulting wave length is very small, and a condi-
tion is produced which .we call light. Light waves sometimes
are no greater than one fifty-thousandth of an inch in length.
If, by suitable means, the rate of vibration is made less and the
wave length, therefore, longer, the result is a condition which is
called heat. Thus while vibrations from the sun reach us,
producing the condition of light, there are other vibrations
simultaneously transmitted, which produce heat. A blind man
sitting in the sun’s rays can detect the heat even though he can-
not see the light.

If, by certain means, still longer vibrations in the ether are
produced, another condition results which is called electricity.
‘Light, heat and electricity are one and the same thing funda-
mentally. That is, they all consist of vibrations in the ether.
The only difference lies in the wave length. They are all pro-
jected with the velocity of light, which is, about 189,000 miles
per second.

The ancients discovered that when amber was rubbed it
developed the property of attracting light bits of chaff. The
Greek word for amber is “Elektron.” When another substance
developed a similar property they said it had the property of
amber, that is, the property of ‘“Elektron,” or an electrical
property. From this word the term “electricity’ is derived.
It has been used rather loosely and has sometimes been erro-
neously employed to designate certain things. .

When two very dissimilar bodies, such as a hard rubber rod
and a woolen cloth are rubbed briskly together, the rod becomes
electrified. Moreover it acquires a negative electrical charge.
Experiment will further show that the cloth at the same time
acquires a positive electrical charge. What is really meant by
these expressions is that the friction has caused the ether to be
disturbed; a strain has been produced between the surface of
the woolen cloth and the rubber rod. What are called opposite



Static Electricity 5

electrical charges are really nothing but the two ends of the same
strain in the ether. This fact may be illustrated by a stretched
rubber band held in the hands, Fig. 1. It might be said that
the hand A is charged negatively and the hand B is charged

Fic. 1.

positively. What is meant is that the medium, which is the
rubber band connecting the two hands, has been strained, and as
a result of the strain the two hands are drawn together. A
similar condition results when the rubber rod and the woolen
cloth are rubbed together. If, now, the two hands holding the
rubber band are allowed to approach each other, the strain will
disappear.

Lines of electric force emanate from the surface of a positively
electrified body. By definition, a line of force is an imaginary
line in space along which force acts. The space occupied by
these lines is called a field of force, or an electro-static field.
If a body is isolated in space and is positively electrified, these
lines will emanate in a direction always perpendicular to the
surface of the body. When two oppositely electrified bodies are
placed near one another, lines of force emanate from the surface
of the positively electrified body,
whence they diverge and then as they
approach the negatively electrified
body they converge toward it, termi-
nating upon its surface.

An electroscope is a device for
detecting the presence of an electrical
charge. The simplest form of electro-
s:ope is a wooden need'e mounted on a
pivot so that it may turn about freely. ;
Also a light feather suspended by a silk gleiiic')s_cf em;eht;:,i(l;’glgclt‘f;f
thread, or a pith ball suspended in  of electrified body on gold
a similar manner, may be employed. leaves.

One of the most sensitive electroscopes is that devised bv
Bennett, Fig. 2. This consists of a glass jar, the mouth of
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which is closed by a cork. Through this cork passes a wire to
about the center of the jar, where it terminates in a stirrup, in
which is hung a piece of gold leaf, extending down on each side,
forming two leaves. The upper end of the wire terminates in a
brass knob or a button. If an electrified body is approached to
this terminal the gold leaves will diverge sharply.

Within the last few years the discovery of radium and other
radio-active substances has resulted in the development of a new
theory regarding the construction of matter. It has been the
custom to call the smallest conceivable particle of substance
which could be obtained without losing the identity of the
substance a molecule. But the chemist is capable of resolving
most molecules by chemical analysis into two or more essentially
different substances. These are called atoms. The atom was
then regarded as the ultimate particle of matter. Investigation
in late years has developed the fact that each atom is composed
of minute particles incredibly smaller than the atom. Accord-
ing to this theory every atom is a planetary system on a minia-
ture scale. In the center there is supposed to reside what
corresponds to a positive electrical charge or nucleus. Now this
charge has never been isolated. Around this positive nucleus
are rotating in micro-astronomical orbits, minute particles of
matter which, for want of a better name, are called “‘electrons.”’
The only difference between different kinds of matter is in the
number of electrons which the atoms contain. An atom of
hydrogen contains a positive nucleus and just one single nega-
tive electron rotating around it, even as our moon rotates around
the earth. An atom of uranium contains ninety-two electrons
in its solar system. There are ninety-two different elementary
substances, each differing from the others by one in the number
of electrons which it contains.

The electron may then be regarded as a newly discovered form
of matter, thousands of times smaller than the hydrogen atom.
It carries a negative charge; in fact, all electrons are negative.
It has been called an atom of electricity, but electri¢ity is a
rather vague term. There is no objection to giving the name
“electricity’”’ or ‘‘electron” to this newly discovered form of
matter, but it does not explain auything. The electron is cer-
tainly not electrical quantity nor is it electrical energy, but it is a
form of matter which carries electrical energy.
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Consider a partially exhausted vacuum tube, Fig. 3, in which
are sealed a positive electrode A, and a negative electrode B,
connected to sources of high potential charges. Through the
rarefied atmosphere in the glass bulb C a luminous discharge
will pass from A to B. Now under certain conditions when a
discharge takes place between A and B there will emanate from
the negative electrode B a beam of greenish light, which is

F1G6. 3.—Vacuum tube showing cathode ray of radiant

matter emanating from negative electrode.
called the cathode ray. This is so termed because the electrode
B is designated as the cathode of the tube. This cathode ray
consists of a stream of radiant matter and is projected with a
velocity of about 160,000 miles per second. It consists wholly
of electrons. It may not reach or come anywhere near the
positive terminal, which may be at one side or even behind the
cathode.

Summing up this matter then it may be stated that what
is commonly called electricity is a condition resulting from a
strain in the ether. It is manifested in vibrations which are
propagated through the ether. These vibrations may be di-
rected by means of conductors. By suitable machinery these
vibrations may be generated. Well established laws govern the
generation, transmission and utilization of this form of energy.
The electronic theory simply proposes to explain the construc-
tion of matter and the well known laws of attraction and repul-
sion concerning opposite and similar electrical charges. It is
also found to apply to the atomic structure of all other elements
which constitute the various known forms of matter.
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SECTION 1 CHAPTER I
STATIC ELECTRICITY
NATURE OF ELECTRICITY

1. Is electricity a source of energy? Isit a natural and inexhaustible source
of power? .

2. Give two practical definitions of electricity.

3. Explain the one-fluid theory of electricity.

4. Explain the various conditions resulting from vibrations in the ether.

5. Mention some of the early discoveries with reference to friction and the
resulting electrical effects.

6. Distinguish between positive and negative electrical charges.

7. Defidle an electro-static line of force. What constitutes a field of force?

8. Explain the construction and principle of operation of the gold-leaf
electroscope.

9. Distinguish between the molecule, the atom and the electron. What is
the modern idea of the precise nature of electricity?



SECTION 1 CHAPTER 11
STATIC ELECTRICITY

ELECTRO-STATIC INDUCTION

Electrical charges are not known to exist except in or on
material bodies. They naturally reside only on the surface of
conducting bodies. This may be illustrated by the fact that a
hollow metal ball will contain precisely the same charge as a
solid metal ball of the same diameter. Faraday constructed a
cubical box twelve feet each way, which he covered with tin
foil. This he electrified from powerful sources of static electri--
ity. Into this box he carried his most delicate electroscopes, but
once inside the electroscopes failed to show the presence of any
electrical charge.

If a piece of wool be rubbed on a rubber rod, the rod will
acquire a negative charge. If now, the rod is brought in contact
with a suspended pith ball, A, Fig. 4, it will become charged by

S

F1G. 4.—Pith balls charged negatively by contact with negatively electrified
rubber rod. When 4 is approached by negatively electrified rod R, repul-
sion ensues; when B is approached by positively charged rod, G, attraction
ensues.

conduction. If the rod is brought into contact with another
pith ball, B, Fig. 4, it also will be negatively charged. If the
two pith balls are .now approached to each other it will be found
that they repel each other. If, now, a glass rod, G, is electrified
by rubbing it with silk, the glass rod will acquire a positive charge.
If such a glass rod be approached to either A or B attraction will
ensue.
9
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These actions illustrate the first law of electro-statics, which is:

“‘Like charges repel each other; unlike charges attract each

other.”

If a hollow brass ball, A, Fig. 5, is charged positively, the
separate portions of the charge
repel each other in accordance with
the first law of electro-statics.
They will naturally occupy the sur-
face of the body, for they are
farther away from each other on
the outside than they could possi-
bly be on the inside.

If an electrified ball, A, Fig. 6,

\ mounted on an insulated support
and containing ten positive units,

is approached to an uncharged

insulated body, B-C, the charge

on the body A will induce a nega-

tive charge at the point B, and a positive charge at the
point C. If pith balls be mounted on wires and suspended by
cotton threads, as shown, the presence of these charges will be
manifested. The ball D, electrified by contact with B, acquires

Fi1G. 5.

F16. 6.—Illustration of charges produced by
electro-static induction.

a negative charge. It is repelled from B and attracted toward
A. and stands off at some distance. The ball E, charged by
contact positively, is repelled from C a lesser distance because
there is no opposite charge in the vicinity to attract it, while
the ball F, at the center of the body, remains in its original
position, indicating the absence of any charge at this point.
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This action is known as electro-static induction. It represents
the way in which a strain in the ether is transmitted through the
intervening air G, between A and B, and reappears again at the
point C. A similar condition would occur in a cylinder A, Fig.
7, in which a piston operating under pressure, communicates
through a connecting rod B, with another cylinder C, filled with

F1G. 7.—Mechanical analogy illustrating nega-
tive charge by concave diaphragm and posi-
tive charge by convex diaphragm.

water. If the ends of this cylinder were closed with flexible
rubber diaphrams, the application of a pressure through B
would cause the diaphram D to be forced inward, and the
diaphram E to be forced outward. The end of the cylinder
which was concave might be said to be negatively charged, while
the end E which was convex would then represert the positive
charge.

The air occupying the space G, Fig. 6, between A and B is
called a ‘‘dielectric.” By definition, a dielectric is any sub-
stance which permits induction to take place through its mass.
It must be remembered that a dielectric is not a conductor. In
fact all dielectrics are insulators, although the dielectric prop-
erty and the insulating property of a substance are not directly
related. A dielectric is simply a transmitter of a strain. This
is represented by the rod B in Fig. 7.

If the ball A, Fig. 6, is withdrawn from its position, the strain
is removed. It is customary to say that the charge at B and
the charge at C are now free to attract each other and flow to-
gether, thus neutralizing each other. Equilibrium is thus
restored. The body then reverts to its original uncharged
condition. This would be equivalent in Fig. 7 to removing the
cylinder A and the rod B, in which case the diaphrams D and E
would again straighten out.

If in Fig. 6 air filled the space G while the ball A was acting
upon B-C, there might be induced as much as four negative
units at B and four positive units at C. The amount of induced
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negative charge at B will always be exactly equal to the induce-
charge at C, but both will be less than the charge on A. If a
slab of glass is interposed at G the amount of charge induced
would be increased. Thus there might be five units induced at
B and five at C. If the glass plate were replaced by a slab of
mica, there might be six or seven units induced at B and an
equal number at C. This is because glass is a better dielectric
than air, and mica still better than glass. This quality is
referred to as the dielectric power of a substance. A slab of
shellac would permit a very small amount of induction to take
place across it, although shellac is an excellent insulator. Mica
is an excellent insulator and also a fine dielectric. This varying
ability of different substances to transmit the electrical strain
might be illustrated by supposing that the rod B in Fig. 7 was
a very slender wooden stick which would bend and thus not
readily transmit the strain from A to B, while if it were replaced
by a stout steel rod a much greater strain could be transmitted.

Suppose that while the body B-C is under the influence of A
it is separated into two parts as in Fig. 8. Now if the inducing
body A is removed, the negative charge on B cannot neutralize

ITT

F16. 8.—Showing isolation of two induced
charges if separated while under induction.

with the positive charge on C, because of the insulated space.
The two charges thus remain separated until they are gradually
dissipated through the air.

It was early found that the presence of moisture greatly
facilitated the escape of an electrical charge. The particles of
moisture and dust in the atmosphere come in contact with a
charged body and acquire some of the charge which it contains.
Repulsion then ensues and the particles are violently thrown off.
Thousands of these particles are thus constantly engaged in
dissipating the original charge which the body possessed.
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In the next place suppose that the charged body A is brought
into the vicinity of the uncharged body B-C, Fig. 6, and induc-
tion results as before. The charge which is attracted to the
point B is called the ‘‘bound” charge. The charge which is
repelled to the point C is called the ‘‘free” charge. The latter
is repelled as far away as it can get. If now the body under
induction is touched by the hand the repelled free charge will
escape into the earth. The earth is regarded as a common
reservoir toward which all charges naturally gravitate just as
water naturally seeks the ocean level. A similar condition might
be obtained in the illustration given in Fig. 7. If a pipe were
attached to the cylinder C at the point F and the pipe connected
to an open tank, the diaphram E would immediately straighten °
itself, while the diaphram D would remain under tension due to
the strain transmitted through B. So in Fig. 9 the presence of
A maintains the strain across the dielectric, and the negative
charge which is thus bound remains at B, while the positive

Cs -

F16. 9.—Showing how an earth-connected body
under induction acquires a charge opposite in sign
to that possessed by the inducing body.

charge at C disappears. If now the hand is removed and the
charged ball A is taken away, the body B-C is found to retain
a negative charge. Thus if an insulated body be touched while
under the influence of a charged body it will acquire a charge of
opposite sign to that possessed by the inducing body.

The way in which an electrified rubber rod comes to attract a
bit of tissue paper or chaff can now be understood. Let a rod,
A, Fig. 10, which has been negatively charged by rubbing it
with a piece of fur, be approached to a table on which there
rests a bit of tissue paper, B. The charge acts inductively upon
the paper, inducing a positive charge at the point nearest the
rod and repelling a negative charge to the point farthest away.
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The positive charge is attracted by the rod and the negative
charge is repelled, but because the positive charge is nearer to
the rod than the negative, the attraction is greater than the

repulsion, and the bit of paper flies up to the rod. As soon as
the paper comes in contact therewith, the positive charge on
the paper neutralizes some of the negative charge in its vicinity
on the rod. This requires a few seconds because of the poor
conductivity of the paper and the surface of the rod. When,
however, it has taken place, the paper B possesses only a nega-
tive charge, which is repelled by the negative charge on A and
the paper is violently shot away from the rod.

The gold leaf electroscope may be similarly chai‘ged by in-
duction, Fig. 11. Let the negatively charged rod A be brought

.F1G. 10.

F1G. 11.—Showing Gold Leaf electroscope charged
by electro-static induction.

in the vicinity of the knob B. Induction ensues and a positive
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