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Dr. Mahlon Loomis

This book is dedicated to the memory of Dr. Mahlon Foomis, who,
in 1865, sent the first aerial telegraph messages.

A word frow Dr. Rogers.

“It was my pleasure to know Dr. Ioomis in the early days when
he was trying to convince a skeptical world of his new and wonder-
ful discovery. So impressed was 1 that I went to see Professor
Joseph Henry, then at the Smithsonian Institution, and unfolded to
him Dr, Loomis’ plans. Time has vindicated this great pioneer in
the art of wireless communication.

Very sincerely yours,
J. HArrIs RoOGERS,
Hyattsville, Md.,
July 13th, 1920.”
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Reproduction of drawing made in 1865 by Dr. Mahlon Loomis, showing his
idea of how setting up ‘‘disturbances in the atmosphere” would cause elec-
tric waves to travel through the atmosphere and the ground, thus estah-
lishing wireless telegraph communication between two distant points.
The aura around the earth represents what he termed the “static sea.”
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To all wehom it may concern:
De it known that I, ManLoN Looxts, den-
tist,of \Vuallill_gwll, District of Columbia, have

with the atmospheric stratum or ocean overly-
ing loral disturbances. Upon these mosatain.
tups I erect sui(al?lg towers od apparatus to

invenled or & new and lmp
Modeol Telegmphing and of Generating Light,
Heat, aiid Motive. Power; and I do hereby de-
clare that the following is a full deseription
thereol. .
The nature of my inveution or discovery con-
sists, in general terms, of utilizisg natural elec-
tricity and c‘tubﬁshiug an electrical curret or

attract the T, in other words, o
disturb the electrical riu, and thus ob-
tain a current of electricity, or shocks or pul
sations, which traverse or disturb tho positive
eleciricul bodly of the atmosphers abuve and
between two given poiuts by commnunicatin

it to the ucgative electrical body in the e&ng
electricul circuit.

below, to for the
circuit for ic uod other with. [ Ideem it ient to use an d wire
ont the aid of wircs, artiicial batteries, or ca- | or couductor as forming & partof tho local ap.

Llesto forur such clectrical circuit, and yet com-
raunicate frow oue coutinent of the globe to
another.

To vnable others skilled in electrical science
to make usc of my discovery, I will proceed to
describe the arrnngements and wode of oper.
ation.

As ju dispensing with the double wire,
(which was first used in telegrapling,) and
making use of but oue, substituting the earth
instead of a wire to forn one-half' the circuit,
50 [ now dispense with Loth wires, using the
carth as onc-half tbe circnit and the coutina-
ony clectiical element far above the eartl's
xurface for the otber part of tho circuit. I al.
#0 dispense with all artificial batteries, but use
the sree electricity of the atinosphere, co-oper-
5 with that of thie eartl, to supply the elec-
trical dynumic force or current for telegraph.

paratus and for conducting the electricity down
to the foot of the mouutsin, or a3 far away as
may be convenicnt for a telegrajih-oflice, or to
utilize it for other purposca,

1 danot chim any new key-board nor auy
new alphabet o sigials; I do not claim any
new register or secordi nstruroent; Lut*

What I ctaim as my inveation or discovery,
and desire 1o secure by Letters Pal i

The utilization of mutural cleectricit
elevated poiuts by connecting the opposite po-

larity of the celestial and terrestriat bodiea of
l eleetri at different points by suitable con-

ductors, and, for telegraplic purposes, relying
upon tle disturbance prodnced in the two elec.
tro-opposite bodies (of the catth aud atruos
l phere) by an interruption of the continnity of
ong of the conductors from the electrical body

§ 00 its opposito or corre-

el dy
ing and far other useful pur, such aslight,
heat, and motive power,

Asatmospheric clectricity is fonod mora and
wore abundant shen moisture, clouds, heated

urrents of air,aod other dissipating i

are Jeft below and a Emﬂﬂ altitude attained,
sy plan is to seek as
ticable ou the tops of high mountaius, and thus
penetrate or estabdlish clectrical coonection

igh an elevation as prac- |

beiog indicated

ding termi and thus prod Z & cir-
<ait or commuuication betweeu the two with.
out au artiticial battery.or the further use of

wires or cables to counect the co-operating
astations.
MAIILON LOOMIS,
‘Witnesses:

Boyp Erlor,
L. C, WiLseN.

Photographic Reproduction of First Patent for Wireless Telegraphy issued

in the United States.
-
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AUTHOR’S NOTE

progressive in plan; and the beginner should mot ezxpect o

understand the last chapters without having read the preced-
ing ones. Anyone mastering its cortents should be thoroughty quali-
fied to fulfil the duties of a practical radio operator on land or sea,
and to pass any examination given by the government for the first-
class commercial radio operator’s license.

THIS book is the result of successful teaching experience. It 8

\Wireless telegraphy, or radio as we prefer to call it, this being a
more descriptive and less cumbersome name, marks the beginning
of a new era of civilization. Radio communication has robbed the
submarine of its terror and placed the scouting aeroplane on speak-
ing terms with its base. The character of war has been changed.
There can be no more surprise attacks. For on land and under
the water and high in the air are prying ears, and little tongues
of metal which speak on the vibrating breath of electricity ; and
all the world may hear.

Radio communication holds a unique place in the activities of man-
kind. It is a subject of the greatest popular interest; but is never-
theless based upon the profoundest of scientific principles. Students
of radio should not be satisfied with merely a superficial knowledge
of its operation.

Two distinct subjects must be mastered to qualify one for the .
duties of a practical radio operator, namely, the code and the
“theory.” The latter is covered in this text book. The code requires
patient application; and for the attainment of the speed and accu-
racy necessary for obtaining the Government license as a first-class
radio operator, it requires individual instruction. The code, and
some hints regarding learning ir, are given in the appendix.

Mary Texanna Looats, President,

Loomis Radio College,
‘Washington, D. C.
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PART ONE
PRINCIPLES OF TRANSMITTING
CHAPTER 1

History and Function of the Antenna

Properties of Electricity—Origin of Word Electricity—Dr. Mahlon Loomis’s
Iarly Aerial and Theory of Electromagnetic Waves and Wireless
Telegraph Communication—Various "Types of Antennwe
and Materials Used—Antenna Insulafors—

Function of the Auntenna

1. Electricity is the motive power of all radio apparatus.
Although we are beginning to understand some things about
what electricity is, we can only prove its existence by its
effects. 'The best known effects are heat and light. Mag-
netism is also an important property of electricity, and is
thie basis of all electric power machinery. There is a pro-
nounced chemical action to electricity when it is given appro-
priate vehicles, and this is the principle on which wet cells,
dry cells and storage batteries are based. Besides these,
electricity, under certain conditions, will radiate vibrations
which are generally called clectromagynetic waves; and it is
these waves that are used in communicating through space.
Because we employ electricity in various ways in different
parts of the apparatus used for creating the electromagnetic
waves, we can only gain an intelligent understanding of this
process by taking the various effects of electricity singly and
giving them careful consideration one at a time; and by
thoroughly studying their functicns in their various prac-
tical applications.

2. Klectrivity, as produced by rubbing amber, was known
to the cultured races of remote antiquity. The word comes
from the Latin clectrum, and Greek clektron, meaning amber.
In 1600 the first important beok on the subject, entitled De
Magnete, was published by Wm. Gilbert. The first known
electrical machine was invented in 1672 by Otto von Guericke,
of Amsierdam. It consisted of a sulphur ball revolved on a
shaft by hand. After this was revolved for some time it was
possible to detect the presence of a charge of electricity on
the ball by passing the hand over it. The famous experiment
of Benjamin Franklin, when he attached a brass key to an
elevated kite and demonstrated some of the effects of elec
tricity, was in 1752. There were many early attempts to
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invent some method of wireless- telegraphy employing elec-
tricity as the motive power, In 1795 a Spanish scientist
named Salva appears to have succeeded in transmitting mes-
sages under water by the conduction of a direct electric cur-
rent. In 1842 Samuel Morse did the same thing with slightly
different apparatus. Under water seems to have been the
first idea in connection with wireless telegraphy. A Scotch-
man, J. B. Lindsay, in 1860, secured a patent for a somewhat
similar system of telegraphing without connecting wires, by
which he was able to *‘send messages by the aid of artificial
batteries, short distances, near Dundee” In 1862 John
Haworth patented a method of conveying electrie signaly,
“without the intervention of any artificial conductor.” This
also conveyed the signals under water orv earth, by means of
buried copper and zine plates and buried coils supplied with
weak battery power.* At about the same period in history
several other men are on record as having accomplished
more or less along these lines, among whom were Prof.
Joseph Henry, of the Smithsonian Institution, Messrs. Vail
and Rogers, Professor Trowbridge, of Harvard University,
and Alexander Graham Bell. That none of these persons
conceived the idea of an antenna, or of radiated electric
waves, is quite certain. A, T. Story, an eminent ¥nglish
author, in his “Story of Wireless Telegraphy,” says that
“With the experiments of A/ahlon Loomis we first hear of the
application of vertical conductors, or antennae. as they are
sometimes called, for the transmission of signals to a great
distance.”

3. Dr. Mahlon Loomis’s antenna, or aerial, was first heard
of in 18G5. Dr. Elisha Loomis, of Berea, Ohio, states that in
1866 he “demonstrated it beyond controversy, in the presence
of eminent scientists and electricians, by sending many mes-
sages between two stations in Virginia, eighteen miles apart,
and at sea, on Chesapeake Bay, between two ships two miles
apart.” In 1872 he obtained a patent for his system of
“aerial telegraphy,” employing an “aerial” which he used to
radiate or to receive “pulsations” caused by producing a dis-
turbance in the “electrical equilibrium of the atmosphere.”
Mr. Conger, in a long speech in Congress on May 21, 1872,
relative to the “Loomis Aerial Telegraph Bill,” requesting
an appropriation of $50,000, which had been introduced in
‘1869, described the principle of operation of Dr. Mahlon

*See British patent number 843 of 1862, to John Haworth,



actically all
dea originated with Dr.

in the Washington Chronicle of November 1,
1872, that Dr. Mahlon Loomis conducted his experiments
with “kites covered with fine light gauze of wire of copper,
held with a very fine string or tether of the same material,
the lower end of which formed a good counnection with the

Fig. 1. The First Antennse.
(Reproduction from Dr. Mahlon Loomis's sketch, 18635)
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common use today ..
the inverted “L,” on account
number of wires held parallel to each oty .
suspended horizontally between two masts or towers, Wil
“lead-in” at one end. This was invented . by Marconi in
1905. A variation of this is termed the “T.” Tt is the same
with the exception of having the lead-in attached to the cen-
ter instead of at one end. Another form is built around one
central pole or tower, and is called the “umbrella antenna.”
It is used extensively in Germany for high-powered trans-
mission, and is occasionally seen in connection with portable
radio apparatus in military work. Some high-powered sta-
tions are equipped with antennae consisting of wires ar-
ranged in the shape of a fan, which is a very efficient ar-
rangement, but rather expensive. In comparatively recent
developments an antenna in the form of a loop has been
found useful for special purposes. It is used almost exclu-
sively for receiving, not having sufficient radiation for prac-
tical transmitting to any great distance.

6. It is possible to make use of many other contrivances
for the purpose of receiving electromagnetic waves, but for
transmitting, a properly installed antenna is generally nec-
essary. It has been found that a tree can be used for a re-
ceiving antenna, preferably an oak, by attaehing a lead-in
wire to the trunk of the tree, and aeroplanes frequently em-
ploy a single hanging wire for an antenna, using some part
of the rigging of the plane in place of the ground. In D
Rogers’ underground wireless telegraphy he makes use of
buried wires for antenns, thus picking up or transmitting
electromagnetic waves through the ground instead of through
the space above the ground. Thus the word antenna, from




X of about number 18
merind, enameled copper wire, about
pular. The enamel prevents corrosion.

8. As radio communication is carried on in dialogue
fashion, it is necessary to have two distinet kinds of appa-
ratus, one for transmitting and the other for receiving.
These are generally installed in such a manner that the same
antenna will suffice for the use of either, the change from
one to the other being accomplished by means of a switch
known as the antenna change-over sicitch. In order to form
a conductor for the passing of electrie current, it is neces-
sary that the autemna have a ground connection. In the
construction of transmitting and receiving apparatus this
is provided for in such a way that the curreut, in seeking
the ground, passes through parts of the apparatus. All radio
installations, where a transmitter is included, have installed
in connection with their change-over switch, what is known
as a lightning switeh, for protection from damage by light-
ning in electrical storms. It consists of a simple switch
attached so that by throwing it in one direction the antenna
is connected directly to the ground and by throwing in the
other direction the antenna is connected to a second switch
inside of the station, which in turn provides for changing
from transmitter to receiver, and vice versa.

9. To prevent escape of current down the masts or towers,
insulators are placed between the wires composing the an-
tenna and the spreaders, or in some cases only between the
spreaders and the pulleys. The lead-in wire is also care-
fully protected at its entrance to the building or cabin by
an insulating tube. These may be composed of various ma;
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Fig. 2. Various Forms of Antennse, and Simple Change-over Switch with
Lightning Switch,

sometimes seen, but the type most employed is of a material
similar to porcelain. When insulators are made to stand
the strain of the weight of wire, they are usually called
“strain insulators,” one well-known make selling under the
name of “Electrose strain insulators.” Most of these in-
sulators are corrugated, or ribbed. This is for the purpose
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Fig. 3. Lead-in Insulators.

10. A recent type of antenna is known as the “cage” an-
tenna. (See Fig. 5.) Some practical operators have been
known to refer to this as a “sausage.” It may be suspended
vertically from a horizontal supporting wire, or the “cage”
may be stretched horizontally between two masts and have a
lead-in {from either the center or from one end. This type
has several advantages. It requires little space, which is
valuable on board ship; and if one of the wires should be
damaged, the remaining may still be used.

Fig. 4. Electrose Strain Antenna Insulators.

11. A definition of the function of the antenna is as fol-
lows: The function of the antenna is to radiate energy in
the form of electromagnetic waves for the purpose of trans-
mitting messages, and to ahsorb energy from passing electro-
magnetic waves sent out by e distant transmitter, for the
purpose of recetving messages.
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Fig. 5. Cage Antenna.

12. When we see an antenna swung between the masts ot
a ship we know that the lives of its passengers and crew are
protected by radio communication. When we see high tow-
ers, holding aloft delicate spans of wire, we have visible
proof of the location of a high-powered radio station. The
size and type of antenna used in each case depends upon
the purpose for which it is to be used, the power which it
must carry, and the space available.
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i was included in
w1 by Samuel Morse, although
ted and used for several electrical ex- -
fore that date. It is known as the 3 orse key.

L |

I I

TRANSMITTING KEY

Fig. 6. Morse Key used for Transmitting.

14. The contact of the key is made through two small
metal points controlled by a spiral spring. When the dise is
depressed by the operator’s fingers, these points touch each
other; and when the operator releases the disc, the spring
throws the disc upward, separating the contact points.
There are some variations of this key, but the principle is
always the same. By depressing the disc for a short period
of time, the electricity is allowed to pass through the contact
points for a short time, the antenna radiates electromagnetic
waves for a short time, and a short sound is produced in the
telephones of a distant receiving set. This is called a “dot.”
Of course, then, when the key is pressed for a somewhat
longer time a longer sound will be heard in the receiving
telephones, and recognized by an operator who is listening in-
as a “dash.” 8o, by means of the key for the speaking



15. In order w .,
must be some sonrce of powes
. waves may be produced and causeu <
antenna. There are several ways of obtaining .. o
purpose. Also the characteristics of the electromagnetic
waves which are radiated differ according to the various
methods used in producing them. From one type of trans-
mitting set the waves come in at the receiving station in even
vibrations of continuous amplitude. These are called con-
tinuous waves, or undamped waves. From another kind of
transmitter the waves intercepted at the receiving station
will come in greups, each group consisting of a number of
waves of gradually decreasing amplitude. These are known
as damped waves. Receiving sets have to be adapted to the
reception of these various types of waves.

16. In the early days the high-powered electrical machin-
ery in common use today was not available for operating the
wireless-telegraph transmitter. Chemical cells were used ex-
tensively in these experiments. One of Dr. Loomis’s ideas was
to gather electric power from the npper strata of the atmos-
phere by use of his kite aerials, and by some other means with
which he was experimenting, consisting of some arrange-
ment which inclnded “gilded balloons” carrying mercury
lamps. He did succeed in transmitting intelligible messages
over a distance of eighteen or twenty miles, using electric
power obtained solely from the atmosphere for this purpose.
This appears to have been about the extent of the successful
use made of atmospheric electricity up to the present time.
We cannot say that this idea may not in some future day be
made to serve maunkind on a great scale. The following ex-
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tracts are from a lecture delivered by Dr. Mahlon Loomis in -
Philadelphia, in 1872: “Where do we look for the greatest
display of might and power but to the atmosphere with its
restless and appalling thunderbolt, coming unforeseen and
shooting at fatal random. TIn all natwre nothing is so power-
ful, nor so terrible because powerful. And yet this great ele-
ment goes to utterly idle waste, often causing death and
devastation: strange to say noe attempt is ever made to
utilize this fimmense wealth to the purposes of man. Its vol-
ume is unlimited and its working power inexhaustible and
without diminution. The great electrical ocean, slumbering
‘with giant power, unifold wealth and willing aid, waits but
the proper sluiceways or conducting channels to illuminate,
and to drive the wheelwork of the world. DBut in its un-
claimed usefulness, its wild and random freaks only cause
universal terror.”

17. At the present time electric power for transmitting
radio messages is generated by artificial means. Storage
batteries are carried on board ships in sufficient number
for operating the transmitting apparatus for a short time
in case of emergency. But the power is generally obtained
from electrical machinery, which operates on principles based
on the laws ol magnetism. 7These machines may produce
either direct current or alternating current. Direct cur-
rent is just what its name implies. It proceeds in the same
direction continuously. This is also the kind of current
produced by the various chemical cells. Alternating cur
rent continually reverses its direction at regular intervals.
Direct current is sometimes likened to a river flowing, and
alternating current to the rising and falling tides. In order
to produce clectromagnetic waves and to radiate them from
the antenna, it is necessary to employ alternating current.
Direet cuvrent forced directly onto the antenna will not pro-
duce the waves. Some types of apparatus employ a high-
powered machine which produces alternating current which
reverses its direction at an extremely high rate of speed, or
high frequency. And this machine is connected so that these
high-frequency alternations pass directly to the antenna.
This produces the waves which do not decrease in amplitude,
Other transmitters use an alternating current generator of
lower frequency, and several other pieces of apparatus, in-
clnding transformers and condensers, connected between the
alternator and the antenna. ‘These are known as “spark
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sets,” because when the key is pressed, the electricity is
made to jump across a space called a gap, at which instant
it causes a “spark.”” The waves radiated by this type of a
transmitter are the kind which decrease in amplitude in each
group.

18. A generator is a machine for producing electric power;
and may be driven by either mechanical power, such as a
water wheel, gasoline or steam engine, or by a crank turned
by hand. Or it may be driven by an electric motor. A gen-
erator which produces alternating current is called an alter-
nating-current generator, or alternator. A generator which
produces direct current is called a direct-current generator.

19. A motor is a machine for producing mechanical power
and is driven by electricity. The **spark set,” which for sev-
eral years was the standard type of transmitter on ships,
usually includes an alternator and motor coupled together
in one case. This is known as a motor-generator. It is
driven by direct current which is obtained from the “ship’s
dynamo,” a d.c. generator supplying current for all pur-
poses on the vessel. The term dynamo is applied in a gen-
eral way to all electrical machines operated on the prin-
ciples of magnetism, and may refer to any kind of a gen-
erator or motor., However, among radio operators at sea,
the dynamo is understood to be the one referred to above.

20. Definitions—

A dynamo is a machine used to convert mechanical
enerygy into electrical energy, or clectrical encrgy into
mechanical energy;

A generator is a mechanically driven machine for pro-
ducing electrical encrgy;

An alternator is a mechanically driven machine, or gen-
erator, for producing electrical energy in the form of
alternating current;

A motor is an electrically driven machine for producing
mechanicul energy.

21. The processes by which these machines produce me-
chanical or electrical energy, and by which direct current or
alternating current is produced, are exceedingly interesting,
and at first seem somewhat complicated, although the prin-
ciples are quite simple. Before making a study of the de-
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tails of the various types of eleetrical machines, it is neces-
sary to master the laws of magnetism and the laws control-
ling the performance of electric current.

22. Receiving sets vary mostly in regard to the detector
employed with them, which may be of the vacuum-tube va-
riety, now familiar to the general publie, or of the simple
crystal type, which has been in use much longer than the
tube. The detector, of whatever kind, is used to ‘‘detect” the
waves which carry the message. In a general way, it may be
stated that when a distant transmitter is caused to emit
electromagnetic waves which vibrate at a certain rate and
‘you succeed in adjusting a receiving set so that it is pos-
sible for it to vibrate at about this same rate, you will “pick
up” the waves radiated by the transmitter.



CHAPTER 3

Magnetism

Lodestone—Magnets—Magnetic Lines of Force—Meaning of Electric and
Magnetic—Laws of Magnets—Iiarth Magnet—Compass—Molecular
Theory of Magnetism—Right-Hand Rule—Rule for

Polarity of Solenoid—Electromagnetism

23. Crabb’s Synonymes is authority for the statement that
the words electric and magnetic originally meant the same,
viz., “the attractive power associated with certain substances
under certain conditions.” The elektron was the amber of
ancient Greece, which would attract some articles after being
rubbed.- The magnet was the lodestone, or natural magnet,
found in the earth near the town of Magnesia. in Asia Minor,
about 480 B. C. “But as the science of electricity has devel-
oped, magnetic has been associated with the properties of
a magnet and electric with a force or current existent or
generated under certain conditions. When used figuratively,
electric refers to the swift and thrilling quality of electricity,
magnetic to the quality of aetiractiveness associated with the
mysterious thrill of electric force.”

24. No one knows for certain just how this lodestone, or
magnesian stone, came to be magnetized; but it was un
doubtedly due to the influence of the earth’s magnetism in
some way, probably in connection with an earthquake or a
volcanice eruption which caused a severe jarring of some iron
ore. Itis now found in many parts of the world, one variety,
consisting of pure iron oxide, being known as magnetite. It
is possible to make an artificial magnet from a piece of the
right kind of steel by rubbing it with a natural magnet until
the steel has become impregnated with magnetic force. Mag-
nets are also made by subjecting pieces of iron or steel to the
influence of an electrically charged wire. The process by
which magnetism passes from one magnet to another or from
a charged wire to a piece of iron or steel, is called magnetic
induction.

25. Everyone is familiar with the action of a magnet, how
it will attract needles or steel filings, and cause them to ad-
here to it until removed. While iron or steel, in an unmag-
netized state, does not attract other iron or steel, it does
attract magnets. A compass needle will turn toward a piece
of iron or steel nearby and be deflected from its natural
position of pointing north and south.
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Upon studylnfr the action of a bar magnet, we find that its
attraction is much stronger at the ends than at the sides, and
that two magnets if placed together in one way will repe]
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Fig 7. Llnes of magnetic force surrounding magnets and around a
charged wire.

cach other and if placed together the opposite way will at-
tract each other. This is understoed after proving by a few
simple experiments the direction of the lines of force within
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and surrounding the magnets. We find that a magnet has
constantly passing through it a magnetic impulse, which we
call lines of force, or magnetic fluz, or field. The lines of
force are believed to move through the magnet, out at one
end, through the space immediately surrounding the magnet,
and to return to the magnet at the other end. To prove this,
take a magnet and lay over it a piece of window glass and
gently sift fine steel filings upon the glass. You will observe
the gradual appearance of the “magnetic map” of the mag-
net, as the steel filings become magnetized by induction, and
arrange themselves to conform with the magnetic flux of the
magnet. The end from which the force moves outward is
called the north pole of the magnet, and the end to which it
returns is called the south pole. A small pocket compass
will indicate the direction of the outward and inward lines
of force of the magnet. The north pole of the compass needle
will seek the south pole of the magnet, and vice versa. Two
north poles, if magnets are placed together in this relation,
will repel each other because their lines of force are in op-
posing directions. The south poles will also repel each othe,
but with less force. On the other hand, two opposite poles
will attract each other, because their lines of force are in
the same direction, and the consequent attraction is for the
two to unite and make one continuous magnetic flux. The law
of magnetic atiraction and repulsion is: like poles repel,
and unlike poles attract. Some physicists look upon the
magnetic lines of force as simply a condition of strain, which
is not moving. The majority, however, seem to think of them
as moving. One refers to them as “Similar to stream lines
in a moving fluid.”

26. When a bar magnet is suspended by a silk cord, or
mounted on a pivotf so that it is free to move, it will imme-
diately take a north and south position, thus proving that
the earth itself exhibits properties of magnetism, and has
magnetic polarity. In a general way, the earth may be said
to be a.large spherical magnet. However, due to iron de
posits in various localities, its magnetism is far from uni-
form, and due to its shape the magnetic field at the poles
is not as much stronger than at other points as is the case
with the bar magnet. Many interesting theories and dis-
coveries regarding the earth’s magnetism have been made;
but there is still a great deal to be learned about it. The
pole of the magnet which is known as its north pole will
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invariably seek the carth’s magnetic pole of the opposite
polarity. Thisis in the northern hemisphere, a little to one
side of our geographic north pole. Hence the south magnetic
polarity of the earth corresponds to its geographic north
pole. A magnetized steel needle, if suspended horizontally
from the center, will dip towards the earth. At the north
or south magnetic pole of the earth the needle will dip at
an angle of 90°, or stand vertical. At the magnetic equator
it remains horizontal.
Ceographical

MagneTic North Pole
SouTh Pole Vo

N N
Caographical : "n.,n.nc by o
South Pole North Foie N

Fig. 8. The Earth Magnet. Fig. 9. Mariner’s Compass.

By mounting a small needle-shaped magnet over a grad-
uated scale, so that it revolves on a jeweled bearing, we
make what we call a compass. We move the scale around
until the N, meaning north, on the scale, is under the north
pole of our magnetic needle. and thus locate the geographic
direction of north, making allowance for the variation of the
magnetic meridian from the geagraphic meridian. The mar-
iner’s compass, based on the same principle, is somewhat
more elaborately constructed. The card marked off in
“points of the compass” is fastened to the needle and moves
with it, the north point on the scale always pointing north.
This is mounted on jewel bearings inside of a bowl, on the
inner surface of which certain points of the compass are
marked. A line indicating the direction of the ship, and
known as the “lubber’s line,” is also marked on the inside
. of the bowl. By turning the ship and comparing the “lubber’s
line” and the points of the compass, navigators are enabled
to steer their course. The bowl compass is mounted on
gimbal bearings, which keep it level at all times, regardless
of the roll of the ship. Recent research has shown that navi-
gating by means of the chart and compass is not as safe as
had been supposed, on account of changes in the earth’s
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magnetic flux and possible errors in the compass reading
due to the attraction of metal on the ship. -

27. When a magnet is broken or cut in two or more pieces,
each piece will exhibit all the properties of a separate mag-
net, having its individual poles exactly like the larger one
from which it was made. This can be accounted for by what
is termed the molecular theory. It is assumed that the mole-
cules, or infinitesimal particles of matter composing the
- metal are more or less permanently magnetized; that in a
non-magnetic piece of metal these molecules are in such rela-
tion to each other that no tension or magnetic strain is
created. But when these motecules are subjected to the at-
tracting and repulsing influences of a magnetic field sur-
rounding either a permanent magnet or an electrically
charged coil of wire, these molecules assume positions cor-
responding to the lines of force of these magnetic influences,
and a north and a south pole appear.

Fig. 10. The Position of the Molecules in an Unmagnetized Piece of Iron or
Steel, or of Steel Filings in a Glass Tube.

Fig 11. Tosition of same Filings, or Molecules, as in Fig, 10, when
Magnetized.

28. The capacity for yielding to a magnetic influence de-
pends on what is called the permeability of the material to be
magnetized or its degree of resistance to molecular changes.
The capacity for holding magnetism after the magnetizing '
influence is removed is known as retentivity. When mag-
netized to the limit of its capacity it is said to be magnet-
ically saturated. Soft iron is quickly magnetized under elec-
trical influence, but loses considerable of its magnetism im-
mediately upon removal of this influence. Hard steel accepts
magnetic lines of force slowly but retains them indefinitely—
permanently, or at least for several months or years. These
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facts affect the choice of materials used for magnets, accord-
ing to the particular use for which they are required. .Where
a permanent charge of magnetism is desired, the hard steel
is used, and where a quick magnetic response to electrical
influence is wished, soft iron is used. There are other sub-
stances which can be slightly magnetized, or will be attracted
slightly by an iron or steel magnet. Among these are nickel,
cobalt, antimony and chromium. Copper, gold, lead and
platinum will not respond even slightly to magnetic attrac
tion, and may be termed non-magnetizable substances. Iron
and steel are used exclusively in practical electrical work.

29. 1t is easily proved that magnetic lines of force exist
around a wire through which an electric current is moving.
If a wire be connected to a chemical cell, so that current
flows, and a small pocket compass held over the wire, the
needle of the compass will turn at right angles to the wire,
with the morth pole of the needle pointing in the direction
of the magnetic lines of force around the wire. By coiling
the right hand around the wire with the palm upwards, and
the fingers pointing in the direction indicated by the north
pole of the compass, or in the same position with the back
of the hand over the wire if it is a high-tension line, the nega-
tive end of the circuit is indicated by the thumb. This is
known as the right-hand rule for the direction of current
-through a conductor. Tigure 12 illustrates the lines of force
swirling around a charged wire, while looking at the positive
end of the wire. Tracing the movement of electrons from
negative towards positive, the lines of force are counter
clockwise to this movement. (See paragraph 36.)

¥ig., 12. Lines of Force Around a Charged Wire.

30. When we coil a wire it is called a heliz. When the
helix is charged with electric current it is called a solenoid.
A solenoid unites the lines of force around the individual
turns of wire composing it, and a complete magnetic flux is
produced, similar to that around a magnet. When an iron
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core is inserted into the solenoid, it provides a path for the
lines of force passing through the center of the coil, and we
have a temporary, or electro magnet.

Fig, 13, Magnctic Flux of a Solenoid. Fig. 14. An Electromagnet.

31. By use of the wmagnetic action of solenoids, magnets
are produced which are moving a large share of the world’s
work. The telegraph sounder which clicks every minute of
the day and night with important messages is the simplest
thing imaginable when the principles of magnetism are
understood. The polarity of the magnet within the solenoid
depends upon the polarity of the solenoid. The lines of
force pass along the coil and form magunetic lines of force
from one loop to another, until at the last loop they enter
the space in the center of the coil and pass back through it.
Therefore, the polarity of the coil depends upon the direc-
tion of the winding—the direction of the current being the
same. This can be determined by the right-hand rule for
the polarity of a solenoid, as follows: Grasp the coil with
the fingers turned in the direction of the winding, when
looking into the coil from the positive end of the source of
current. The thumb will then point to the north pole of the
solenoid, which will be nearest to the negative end of the cir-
cuit if the coil is wound clockwise, or nearest the positive
cnd of the circuit if the coil is wound counterclockwise. The
telegraph sounder is constructed with two soft iron cores
inserted in two solenoids which are wound so as to produce
magnetic poles of opposite polarity. When the key is pressed
the current sets up magnetism which magnetises the iron,
cores, and a flat iron bar horizontally attached to a brass
lever is atiracted to the magnets thus formed, and by strik-
ing the brass screws against the brass lever a sharp click
is made. It would work with only one magnet, but by the
use of two of opposite polarity, we have practically the
same thing as a horseshoe magnet, and a much stronger at-
traction for the iron bar, and a louder click.

.
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The familiar buzzer consists of two small electromagnets
placed in the sanie relation as those of the sounder. In this
the vibrator consists of a thin steel spring mounted over the
cores and making and breaking contact to the circuit as the
spring is attracted and then released due to the break thus
caused. (See paragraph 263 for illustration.)

Fig. 15, Electromagnets of Telegraph Sounder.

Fig. 18, Morse Telegraph Sounder.

32. By placing two or more electromagnets of opposite
polarity inside of an iron frame, and placing a separate coil
between them so that it comes in inductive relation with the
lines of force, we cause the separate coil to revolve, and we
have a motor. By different connections to practically the
same arrangement, and revolving the separate coil mechan-
ically, we have a generator which will give us electric energy
in the form of current. The magnets used in these machines
usually retain some of the force induced into them after the
current is shut off from the solenoid; and this is, in some
cases, an important part of their mechanism. Magnetism
retained in this way is referred to as residual magnetism.
Enormous electromagnets, suspended from cranes, are used
for lifting and moving heavy loads of iron or steel. The
load will adbere to the magnet as long as the current is
turned on, and can be dropped by opening the switch. Per-
manent magnets which are used commercially are manufac-
tured by placing pieces of steel in inductive contact with the
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magnetic force of electric current, under proper conditions,
untll they have received a permanent charge. They are em-
ployed in electric meters, in telephones, certain types of gene-
rators, etc. Some of the magnets are straight bars and some
are horseshoe in shape. A horseshoe magnet provides a cir-
cuitous path for the lines of force, and is better suited for
some purposes than a straight magnet. When not in use a
straight rod of iron should be pla(ed across the open end of
the horseshoe to completely close the magnetic path. This
is known as the keeper. It keeps the magnetism in the horse-
shoe, and greatly lengthens the life of the magnet. Good
magnets require care, and should not be heated or jarred.

) [

Flg. 17. Horseshoe Electromagnet.

33. Magnets are occasionally used which are constructed
80 as to overcome, so far as possible, the magnetic influence
of the earth upon them. They consist of two or more mag-
nets rigidly attached to a stiff rod, which prevents their turn-
ing under the power of attraction and repulsion. These are
known as astatic magnets, and their principal use is in cer-
tain types of meters. In many cases it is found an advantage
to use a magnet composed of several thin layers of steel
pressed together, or of a bundle of fine iron wires, instead of
the solid material. These are called laminated magnets.
They are stronger than magnets composed of one piece of
material. The reason for this is believed to be due to the
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maguetism which is artificially induced into them being
stronger nearer the surface of the magnet than through the
center. Thus, if we provide more surface, we have more
magnetism. It also reduces the tendency for little stray
currents, or cddy currents, to move in the metal, when the
magnet is energized by a solenoid, and thus reduces heating
of the metal which canses loss of energy. Laminations also
reduce heat in electromagnets due to hysteresis, which is the
opposilion to a change of the position of the molecules in the
metal, when the current in the solenoid is alternating cur-
rent, constantly reversing the polarity of the solenoid, and
consequently of the magnet which is its core.

34. Magnetic lines of force can pass through all sub
stances—glass, rubber, metals, ete. They cannot be pre-
vented from passing through such materials. A piece of
soft iron, however, will absorb them to a certain extent, so
where it is desived to prevent magnetic lines of force from
penetrating some electrical device, a magnetic screen consist:
ing of pieces of soft iron is sometimes arranged so as to sur-
round the warking parts of the apparatus.

The effect of magnetism upon iron is being stndied in the
laboratories of the General Illectrie Company, by means of
an amplifying device and a loud speaker. When a magnet
is placed near a piece of iron which is connected in this
testing cireuit, a distinet 7o@r is heard from the loud
speaker. It may possibly be proved later that this has
some conneciion with the change in the relation of the mole-
cules of the iron,



CHAPTER 4
Static and Dynamic Electricity

Definitions of Static and Dynamic Electricity—Eleciron Theory of Electric
Current—Reference to Methods of Producing Eleciric
Current—Conductors and Insulators

35. Blectricity may be divided into two general branches, -
although it is so divided on account of the action of it in
these different phases, rather than on account of any differ-
ence in the electricity itself. We must assume that elec
tricity is always the same thing. The two branches are static
electricity and dynamic electricity. Static electricity is gen-
erally defined as electricity at rest, or more definitely, it is
that electricity that is present in the atmosphere and pre-
sumably, in small quantities, in everything in the universe.
Strictly speaking, electricity in any form never seems to be
exactly “at rest.” Dynamic electricity is electricity in ac-
tion, this term generally referring to electricity that has been
generated by artificial means.

Static electricity, when afforded the proper conducting
path and propelling force, may become dynamic, and dynamio
electricity may become temporarily static, when stored, if
only for a fraction of a second, in any object where it re-
mains in a state of strain and ceases to travel along a con-
ducting path.

36. Numerous theories concerning electric current have
been advanced at various times, only to be discarded later
on. The modern one is known as the electron theory. The
premise of this is that all material things contain microscopic
particles, much smaller than atoms, having a negative charge.
These particles.are called electrons, and it is supposed that
their electric charge is in some manner produced by the
vibrations radiated from the sun. Kaeh atom is com-
posed of a great many negative electrons, which it is be-
lieved are held together by a positive nucleus. Some of
the electrons adhere closely to the nucleus and others, more
loosely attached, may be jarred free. The latter are
known as “free electrons,” and it is the movement of these
through conductors, probably from one atom to another
atom, that is now known to produce an electric current. In
diMferent ways, some objects come to have an accumulation
of more negative electrons than others. Those which have
the greater nwmber are said to have a negative electric charge,
while those in the opposite condition are said to have a posi-
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tive charge. As there is a natural tendency towards equi-
librium, the positively charged body will attract the negative
body, and if two bodies having opposite charges of this kind
are connected with a suitable conductor, the rush of.nega-
tive electrons from the spot where they are in excess to the
point which lacks a normal number of them results in heat
and light and magnetism, and we know that we have elec-
tricity in an active form in the conductor. The movement
may take place between the clouds and the earth, and we
have what we call a flash of lightning. One might think
of the attraction of the positive condition for the negative
electrons as being somewhat similar to a state of vacuum,
or partial vacuum, which has a suction effect upon the nega-
tive electrons; and the force of this kind of an attraction is
strongest at the positive point, where the lack of negative
electrons is greatest. In an electric circuit, then, the elec-
irons move from the point which has been named negative
to that which we call positive. There must be more electrons
at one end than at the other, or there will be no current. As
there seems to be no reason for believing that a “current”
could be “flowing” against this movement of electrons, we
must assume that it is the movement of the electrons which
8 the current, hence the ‘current must be in a direction from
negative toward positive in the circuit. There will also be
attraction between two negatively charged bodies, if their
charge is not equal, a movement of electrons taking place
from that point having a stronger negative charge towards
a point having a weaker negative charge. Before the electron
theory was known, it became the custom to speak of the cur-
rent as flowing from the positive to the negative of a circuit,
which appears to have been an error. Some confusion still
exists, due to the old rules being worded in accordance with
the old notion of the direction of the current. In diagrams
representing electric circuits it is customary to indicate
the negative charge by a minus sign, and the positive state
by a plus sign.

37. Static electricity can be generated, or accumulated
from the atmosphere, by friction. Simple examples of this
are that a hard rubber comb, after being run vigorously
through the hair, or a piece of glass rubbed briskly over a
piece of silk, will pick up small bits of paper. Static ma-
chines are built on this principle; but electricity in this form
has few practical applications, and is confilned almost en-
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tirely to medical appliances. Dynamic electricity can be
produced in three ways—by mechanical action, by chemical
action, and by thermal action. The thermal method has at
the present time only a limited practical value. It is accom-
plished by applying heat to the point of contact of two bars
of unlike metal, antimony and bismuth or copper and iron,
that are placed across each other. Also, the heating effect
of electricity in two wires when crossed is made use of, prin-
cipally in certain kinds of meters. Mechanical action is in-
variably employed in connection with an application of the
larws of magnetism, and includes all forms of electrical ma-
chinery. Clentical action is the prineciple on which all forms
of batteries are based. .

Fig. 18, Galvanometer in Circuit with Thermal Junction,

38. In order to make use of electricity in current form, it
is necessary that it be provided with suitable condunetors. A
conductor is a substance or object whicl docs not resist the
flow of electric current, or which resists it only slightly.
Materials differ considerably in this regard, some being better
conductiors than others. Silver is probably the best condue-
tor of electric current, but on acconnt of its great expense
and poor wearing qualities it is not suitable for general use
in commercial and electrical work. -Gold is an excellent con-
ductor, but naturally it is not employed to any great extent.
Copper, bronze and brass are the next best conductors and
are used extensively in different parts of electrical appa-
ratus. Other substances, all used in some ways in electrical
work as conductors, are aluminum, zine, iron, 1ead mercury,

carbon and platinun.

39. While it is necessary to provide a conductor for the
passing of electric current, it is also necessary to provide in
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certain places a material which will not conduet electricity.
An insulator is a substance which prevents the flow of elec-
tric current. It is by the intelligent use of insulators that
the electricity flowing through the conductors which we use
can be handled and controlled. The materials most commonly
used for insulators are porcelain, rubber, mica, ebonite,
" glass and air. Oils, shellac, varnish, asphaltum, wool, silk,
cotton, resin, paraffine, paper, asbestos and slate are also in-
sulators of more or less value and used in certain places for
insulating purposes. While we call these materials insu-
lators we know of no substance through which an infinites-
imal amount of current does not pass.

40. Where any great amount of power is desired the dy-
namo is used, because it is the most convenient and efficient
method of procuring current in large quantities. The chem-
ical method of producing electricity is employed where a
weaker current is all that is required, such as for door bells,
laboratory work, etc., or where a large amount is required
for only a short time. The dry cell is a familiar example of
the chemical production of current on a swmall scale, and has
the advantage of freedom from grease and moisture. The
laws of the electric circnit arve best studied in their simplest
application first. After the fundamental principles are under-
stood, a number of combined circuits are not confusing. The
simplest form of an'electric cireunit is produced by attaching
a loop of wire to a simple chemical cell.



CHAPTER 5
Chemical Cells and the Electric Circuit

History of Chemical Cell—Constuction and Operation of Wet and Dry
Cells—~Various Makes of Wet Cells—Lffects of Cells in Series
and  Parallel~Connections to Power Circuits

41. The chemical method of producing an electric current
is believed to have been discovered in Italy in 1799 by
Alessandro Volta and an associate of his by the name of
Gealvani. For this reason electric current, especially that
produced by batteries, is sometimes referred to as voltaic
electricity, occasionally as galvanic electricity. Volta piled
alternate dises of copper and zinc above each other, sepa-
rating them with pieces of cloth moistened in a solution of
common salt, and this produced electric current. This was
the famous “volta pile.” In reality it was the first “dry,”
or “moist” cell. None of the so-calied dry cells are actually
dry excepting a type which is made with a hollow perforated
cylinder into which water can be poured when it is desired
to use the cell. The latter are taken on exploring expedi-
tions, efec.

42. A simple chemical cell is made by filling a glass jar
with a solution composed of either salammoniac and water
or sulphuric acid and water, and immersing into this solu-
tion two strips of different metals. The solution is known
as the electrolyte and the pieces of metal as electrodes.

Fig. 19a. Simple Chemical Cell.

The following list inclndes substances used for electrodes
for chemical cells. Reading from the top, each material
will have a positive relation towards any material below i{
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in the list. Generally the greater the difference between the
materials the greater will be the efficiency of the cell.

List of electrode substances—

Carbon Lead
Platinum Nickel -
Silver Iron
Mercury Cadmium
Copper Zinc

Tin -

Many of the commercial cells of today employ electrodes
of carbon and zinc, which, it will be noticed, are the farthest
apart on the above list. The ordinary dry cell consists of a
zinc cylinder filled with an absorbent material, such as saw-
dust or sand, containing the electrolyte, and the carbon elec-
trode takes the form of a rod placed in the center of this. A
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Fig. 19b. Cross-Seetional View of Ordinary Dry Cell.
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common form of dry cell contains powdered carbon and man-
ganese, combined with salammoniac and zine chloride. There
is a thick cardboard lining inside of the zinc can, to prevent
a short-cirenit between the zine and the manganese, and also
to act as an additional absorbent. When the zinc or other.
active elément in a wet cell has been consumed, it is neces-
sary to renew the active material and the electrolyte. The
dry cell must be discarded entirely when it loses its effi-
ciency. TFor this reason cells of this character are called
primary cells, as compared with sccondary cells, or storage
batteries, which can be renewed many times by the simple
- process of sending an electric current through them in the
opposite direction from their discharge.

43. The chemical action of the primary cell is as follows:
for example, take a cell using a weak solution of sulphuric
acid (H,80,). For such cells a solution of about one part
acid to twenty parts water, by volume, is used. If a strip
of zinc is immersed in this electrolyte, it will be observed
that bubbles immediately rise from the zine. These bubbles
are hydrogen, one of the gases of which water is composed,
and which is released by the decomposition of the water as
the acid attacks the zinc. The decomposition by chemical
action is called electrolysis. The gas, if collected in a tube,
can be ignited and will burn with a light blue flame. If a
piece of copper be connected to the zine electrode by means
of a wire forming an external circuit, and immersed in the
solution with the zine, but not touching it, the bubbles will
now rise from the copper. The bubbles rising from the
copper are hydrogen, the same as those previously rising
from the zinc. Tf the external circuit is broken, the action
between the two electrodes ceases, although the acid will
continue to attack the zinc. Tt appears that there is some
action taking place between the two electrodes through the
external circuit, as the action ceases upon the opening of
that circuit. We find that the strain or pressure set up by
the chemical action of the acid in consuming the zinc and
releasing hydrogen gas causes a differcnce of potential, or
difference in pressure, all along the wire composing the ex-
ternal circuit. 1f we examine this wire with a compass, we
discover that the needle is deflected at right angles to the
wire, according to the right-hand rule for magnetic lines
of force around a charged wire. In other words, that the
wire possesses properties of magnetism. The internal action
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.

of the cell is sometimes explained as a movement of ions.
As the acid attacks the zine, it draws atoms of zinc into the
electrolyte, gradually consuming and dissolving the zinc
electrode. Wlhen the zinc is dissolved by the acid, the atoms
which pass into the solution carry a positive charge, leaving
a corresponding negative charge on the portion of the zine
electrode still remaining. As the positively charged zinc
jons accumulate in the electrolyte, they give a positive
charge, and the hydrogen ions are repelled from the zine
to the copper plate, where they produce a positive charge on
the copper, and then pass off as bubbles. And this action
produces electro motive force, or voltage, frequently abbre-
viated to 1. M. I,

The action of salammoniace on zine and carbon has the
saine effect. The salammoniac attacks the zine, producing
an accumulation of negative electrons on that electrode and
driving hydrogen bubbles against the carbon, making that
electrode positive. Then, when the external circuit is closed,
the positive attraction of the carbon electrode draws the
electrons around the cireuit frem the negative zine,

44. Several different types of chemical cells have been in-
vented, principally for the purpose of overcoming the effects
of the hydrogen gas, or bubbles, moving back toward the zine
electrode, which causes the cell to “run down,” or “polarize.”
The best known of these different cells are the Leclanche,

- Daniell, and the bichromate cell. TIn the simple chemical cell
described in the preceding paragraphs, no attempt is made
to prevent polarization. In the bichromate cell bichromate
of soda, or of potassium, is used in connection with the acid.
The bichromate has a strong affinity for hydrogen, and by
chemically arresting this gas, prevents it from returning
to the zinc plate, and reversing the polarity of the cell. The
Daniell cell, commonly known as the gravity, or crowfoot
cell, on account of the bird’s-claw shape of its plates, is used
extensively by land-wire telegraph companies for operating
telegraph sounders. It is compesed of zine and copper
electrodes, with dilute sulphuric acid surrounding the zine
electrode, and forming zine sulphate, with sulphate of copper
(bluestone) dissolved in water surrounding the copper
electrode. These cells depend on the force of gravity
to keep the chemicals in proper relation. The hydrogen does
not rise in bubbles as in the simpler form of the chemical
cell. Instead, it unites with the sulphuric acid and pre-
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Fig. 20. Varlous Commercial Types of Chemical Oells.

cipitates pure copper crystals on the copper electrode, leav-
ing pure sulphuric acid. The pure sulphuric acid then pro-
ceeds to dissolve the copper crystals, and the electrolyte is
automatically kept in a saturated condition. This action
prevents polarization. In the Leclanche cell, the solution
is ammonium chloride, commonly called salammoniae, one
part salammoniac to four parts of water. The electrodes
are carbon and zinc, and the depolarizer a solid one. In
dry cells, a depolarizing substance is sometimes placed in-
side of a cloth bag, around the carbon electrode, and the
electrolyte is in the form of a jelly. Cells used for door-bell
ringing, etc., where they stand in an open circuit most of
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the time, do not require a depolarizer. These are sometimes
referred to as “open-circuit cells.”

As pure zine is difficult to obtain, foreign particles, prin-
cipally iron, imbedded in it, often cause a local chemical
action between the zinc and the foreign particle. This re-
duces the efficiency of the cell. It may be overcome by dip-
ping the piece of zinc into sulphuric acid and then rubbing
it with mercury. This treatment is known as amalgemating
the zinc. As the zinc is inexpensive, however, this is not
worth while except as an experiment, and it is customary
to replace a bad zinc electrode with a new one.

45. The various types of cells manufactured have each
their characteristic voltage, which is the result of the par-
ticular combination of minerals and chemicals used in their
composition. The same combination of materials will always
cause the same pressure. The capacity of the cell to deliver
current at this pressure, or the amount of current which
the cell may be expected to give, depends upon the size of
the plates and their distance apart. The current is increased
by placing the electrodes close together, and decreased by
drawing them farther apart.

Fig. 21. Cells in Serles.

46. A number of cells may be used in a row, with alternate
positive and negative plates connected. This is called a
series connection, and the pressure is equal to the pressure
of one cell multiplied by the number of cells in the row.
The quantity of current is not increased. When on the
other hand, all the positive plates are connected to one side
of the eircuit, and all the negative plates to the other, the
quantity of current is increased to an amount equal to the
quantity procured from one cell, maltiplied by the number
of cells. This is called a parallel connection. It does not
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inerease the pressure, only the quantity. The quantity of
current in the circuit is measured in units called amperes,
and the pressure in volts. (Nee paragraph 55 for
definitions.

A parallel group connected in series is gener-
ally called a series-parallel counection; and the
pressure and amount of current obtained can be
determined by the above rules, applied to each
group, and then to the connections of the groups
in the circuit. Various combinations are made in

rig. 2¢. this way, for obtaining an increase in quantity or

Sermter, Dressure or both, and are termed multiple con-

nections.

47. When one end of the wire is disconnected from the
cell, no current flows in the external circuit. This wire pro-
vides a path from one terminal back to the other. It may
not be exactly a circle; but it is circuitous, returning to its
starting point. The same rule applies to the larger and more
complicated connections. There must always be a path pro-
vided for the current to get around back to its starting point
in some manner. Hence, the word circuit. When the funda-
mental idea of a simple electric ¢ireuit is grasped, and kept
in mind, it is easy to understand many of the familiar elec-
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Fig. 23. Multiple Connections of Cells.

trical devices which we see in common use, and to trace out
the more complicated combinations of cireuits of elaborate
apparatus. A closed circuit is one whieh is completely closed,
so that the current can flow through it without interruption.
An open circuit is one which is opened at some point in the
path of the current. In effect, when the path is opened it
ceases to be a cirenit. The action of elosing and opening
the circuit of the transmitting apparatus by means of the
key, is the secret of the dots and dashes of the telegraphic
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code. Chemical cells which are designed for door bells, and
operating buzzers, where they stand on open circuit most of
the time, are called open-circuit cells. They do not require
a depolarizer, as they are used for such a short time that
the polarization can not take place. Cells containing de-
polarizers, and designed for continuous work on closed
circuit, are called closed-circuit cells.

OFEX DIVIDED SEORT
CIRGUIT CIRCGDITN. CIRCUIT.

Fig. 24. Simple Electric Circuits.

A divided circuit, as its name implies, is a divided path
for the eurrent; and a short-cireuit is a shortened path, gen-
erally accidental.

A student’s practice buzzer set, and two different door-
bell circuits, are illustrated here as examples of the practical
application of the simplest circuits. The grounded door-bell
circuit has the advantage of a saving in wire, as only one
wire is required, and the ground serves as a conductor for
the return of current to the cell. ’

oL

() rosn svrren

Fig. 25. Simple DNoor-Bell Circuit, Fig. 26. Grounded Door-Iell
Using Wet or Dry Cell. Circuit.

TELEPRONE

Fig. 27. Circuit for Student’s Buzzer Practice Set.
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48. As anyone engaged in the use and installation of radio
apparatus frequently finds it necessary to make electrical
connections to the power and lighting systems of ships.or
buildings, they should have a general knowledge of electrical
work, aside from that which is strictly radio. It is a poor
sort of a radio electrician who is mystified by an ordinary
house circuit, which is much simpler than any apparatus
used in radio. The circuits of a three-wire system for house
wiring, direct current, are shown here. The three-wire 8ys-
tem is now in general use for this purpose. It has the
obvious advantage of providing two different powers as de-
sired. This is accomplished by the use of two 110-volt
dynamos at the power station, and a neutral wire between
them, as shown in figure 28; or by the use of a three-wire
generator. By tapping across one side of the circuit, or the
circuit of one dynamo only, 110 volts will be obtained, but
by tapping across both of them and eliminating the neutral
wire, 220 volts are secured for power for motors, ete. (The
action of the three-wire system is further explained in par-
agraph 127.) Lights are generally connected in parallel,
as shown in the examples of house wiring; but occasionally
they may be seen connected in series. An interesting ex-
ample of this is the trolley-car lights, where the full voltage
of a 550-volt line is sent through five 110-volt lamps, this
being possible on account of the series resistance of the five
lamps. (See chapter 6.)

49. In making connections to city power lines, one must
be careful to see that no short-circuits are formed, which
will immediately blow the fuses. Also, all wires must be
well insulated. Where it is necessary to splice the wire, it
should be scraped clean, twisted tightly in such a manner
that it can not be pulled apart, and then neatly covered with
friction-tape. The city fire underwriters’ rules must be kept

MAIN LINE
POWER HOUSF [ mwr 9 ¢ ¢ & Q ¢
+ FUSESS,|
i+ 24P MOTOR
- 110 V. DC.
é i tiov. pc 110"@
SMALL FAN, MOTOR
2
‘ wvd 9 9§ %]

Fig. 28. Circuits of Ordinary D. C. Three-Wire System of House Wiring.
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Fig. 29. Circuits for Trolley-Car Lights on 550-Volt Line, Each Lamp
110 volts.
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in mind, and, if desiring to make extensive installations, it
is well to investigate the rules in each particular case, so as
to avoid waste of time and material. (Copies of the National
Electric Code may be obtained free from the National Fire
Underwriters, 16 Williams Street, New York. Information
concerning local applications of the code can be secured
from the lecal fire inspection bureau.)



' CHAPTER 6

Units of Electrical Measurement

Resistance and Permeability—Definitions of Ohm, Ampere, Volt, etc.—Ohm's
Law—Effects of Connecting ‘Resistances in Series and Parallel—
Coulomb—Power Units—Circuler Mil—Table of Con-
stants of Wires—B. & 8. Copper Wire Tables—

Line Drop—Direct-Current Problems

50. All electric circuits have naturaily a certain amount
of resistance. Resistance may be defined as the opposition
offered by a substance to the flow of an electric current.
The amount of this opposition in the eircuit is due to the
size and permeability of the conductors. The resistance is
invariably the reciprocal of the conductivity, or conduc-
tance. Resistance is measured in units called Ohms. Occa-
sionally one sees the unit of conductance called the mho, as
representing the opposite of the ohm. Sometimes sections,
or coils, of wire having a higher resistance than the rest of
the circuit; are connected in such a way that praeiical use
is made of their opposition, and some desired effect obtained
in the way of control of the amount of current allowed to
pass a given point in a given time. When a resistance device
of this kind is placed in series in a circuit, the current is
forced to try to pass through it, that which does not pass
through being dissipated in the heat produced by the. fric-
tion between the moving electrons and the obstructing ma-

A= Sk

Fig. 30. A Single Resistance Coil Fig. 81. Three Resistance Coils
in Series with a Batlery of in Series.
Cells,

terial of the conductor. When two or more resistances
are placed in series their ohmie resistance is exactly in pro-
portion to their number and size, and the total is obtained
by adding the ohmic resistance of the individual coils,

51. On the other hand, if two or more resistances are
placed in shunt, or parallel, in a circuit, their total resis-
tance is not increased in proportion, on account of the cur-
rent dividing between them. If one can imagine the circuit
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for the time being as consisting of hollow water pipes
through which water is flowing, instead of wire conductors
of electric current, it is easy to understand this. Take, for
example, three resistances in series. If they were three tight
places in a water pipe, the water would be forced to pass
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Fig. 32. Resistance in Parallel. Fig. 83. Resistances in Series-
Parallel Groups.
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through them each consecutively, whereas if the three tight
places were composed of small pipes counected across the
water line, the water would divide, and a portion of it pass
through each small pipe simulfaneously. Each small pipe
would pass a portion of the total quantity of water, in pro-
portion to its size and frictional resistance.

52. The following simple formula@ are standardized
methods for measuring the total resistance of resistances
connected in various ways in electric circuits. Three like
resistances, say of 3 ohms each, connected in series, will add
to that eireuit a resistance of 9 ohms. If three unlile re-
sistances, say of 2, 3 and 4 ohms, are connected in series,
the resistance added to the circuit will still be 9 ohms.
When, however, the three resistances are connected in paral-
lel, as in figure 32, the result is entirely different. If the
parallel resistances are alile, the resistance added to the
circuit i3 equal to the ohmic resistance of one coil divided
by the number of coils, or

R, =3 ohms
Rs = 3 ohms
R, =3 ohms.

Then, the total resistance of the coils, R; and R, and R,
in parallel, is equal to 3 divided by 3, or 1 ohm.
3

R, +R, + Ry =—=1. s
3
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Where UNEQUAL resistances are connected in parallel, the
division of current will be in proportion to the conductance
of the bramches, or in inverse proportion to their resistance.
The higher the resistance, the lower the conductance, and
vice versa. The lowest resistance in the group will draw an
amount of current which will be proportionately greater
than that drawn by the higher resistance in the same circuit.
- With the three resistance coils referred to above, having
respectively an ohmic resistance of 2, 3 and 4 ohms, the joint
resistance of the three coils in parallel in the circuit is
found by first calculating the conductance.

R, =2 ohms
R,=3 ohms
R; =4 ohms. .
Then, the conductance of R, is the reciprocal of its resist-
1 1
ance, or —. The conductance of Ry is —,
2 ' 3
. 1
and the conductance of Rz is —.
4

We find that the common denominator is 12, so,
1 1 1 6 4 3 13

—+ —+4—=—+4 — 4+ — ——mhos.

2 .3 4 12 12 12

1
13 — 12
— mhos = 13 ohms = — ohms, or .92 ohm, which is the joint
12 — 13 _

12

resistance of the three coils in the circuit in parallel; and
the division of current between the three coils will be as
gt}lllgws: R, will take 6/13 of the current, R, 4/13, and R,

A simpler method of determining the joint resistance of
parallel resistances, when there are not more than two in
the group, is to multiply the number of ohms of resistance
in each coil, and divide this product by the sum of the re-
sistances. For instance, if a coil of 10 ohms resistance is

connected in parallel with a coil having 5 ohms resistance;
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the joint resistance of the two coils will be 314 ohms, which
was found by dividing 50 by 15.

5 X 10 1
> N
5410 2

53. The ohmic resistance, combined with the pressure back
of the current, determines the amount of current which can
pass through a given circuit. With any given pressure re-
maining constant, the current is varied in inverse ratio to
any change in resistance. Hence, the resistance, the pres-
sure or voltage, and the current in amperes, are inseparably
associated factors. They are measured in units which have
been internationally agreed upon. The o, after a German
who discovered the law now known as Ohm’s law; the volt
after the Ttalian, Alessandro Volta, who invented the vol-
taic cell; and the ¢inpere after a Fremehman named Ampere.
Also, we have the coulomb, named after Dr. Coulomb, who
discovered the law which was named after him; and the
wett, or unit of power. after Isaaec Watts, whose name is
associated with the power of steam.

54. The ampere may be measured by use of the unit repre-
senting the amount of silver deposited on metal in an elec-
troplating bath. Electroplating is based on electrolysis.
For instance, as a simple experiment, dissolve one ounce of
zine sulphate in a tumbler of water, and insert two copper
electrodes, which are connected by means of wire to a
battery of four or five cells. In half an hour or so, the
copper electrode on the negative side of the charging cur-
rent will show distinet signs of discoloration. It is being
plated with the zine, which is released from the zinc sul-
phate by electrolysis due to the current passing through it,
and carried through the solution to the negative electrode
by the chemical action of the cell. If left long enough, all
of the zine will be deposited on the copper and only the
sulphuric acid will be left in the solution. Incidentally,
this makes a crude form of “storage cell.” 1If, after discon-
necting the battery used for the charging process, the termi-
nals of the electroplating cell are connected in series with a
galvanometer. a flow of current will be indicated; and soon
the zinc will be eaten from the zinc-plated electrode exactly
as the zine electrode is consumed in the simple chemical cell.
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Instead of zine and sulphuric acid, any one of a number of
combinations may be used and practically any desired kind
of plating accomplished. It is necessary in some cases to
copper plate some metals before they will take gold or silver
plating. In the process of silver plating the materiai to be
silver plated is placed at the negative pole of the tank. The
silver-plating bath may consist of a Dblock of pure silver
immersed in a solution of cyanide of potassium, or it may
consist of a solution of nitrate of silver. The metal is con-
nected as the positive pole of the tank, and the action of the
solution gradually deposits a plating of the metal on the
object placed at the negative pole.

55. Definitions:

AN AMPERE is the currvent which is maintained by
a pressure of one volt through « resistance of one ohm
(or, that current which will cause a solution of nitrate
of silver to deposit metallic silver at the rate of .001118
granu per secondy. :

AN OHM is the resistance which will permit one am-
pere of current to pass a given point in a circuit when
the pressure is one voll.  (The Internationul standard
i8 represented by the resistunce of a column of mercury
106.3 centimeters high and weighing 14.5421 grams at
0° Centigrade.)

A VOLT is that pressure which will maintain a cur-
rent of one ampere through a resistance of one ohm.

A COULOMB is the quantily of current passing a
given point in a circuit when there is one ampere flow-
ing for one sccond.

One milliampere = one thousandth of an ampere.
One mieroampere = one millionth of an ampere.
One megohm = one million olms.

One microhm = one millionth of an ohm.
One millivolt = one thousandth of a volt.

56. To find the quantity of electricity in coulombs passing
through a circuit in a given time, multiply the current
strength in amperes by the time, in seconds, or

Q=IXT.

In the early days of electricity, what we now think of as
current was regarded as intensity, hence the letter I is now
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used in all formulae as the symbot for ciwrrent. To find the
current strength, divide the quantity of electricity in coul-
ombs by the thme in seconds, or

Q
T

To find the time in seconds for a given quantity of elec-
tricity to pass a given point in a circuit, divide the quantity
in ecoulombs by the current strength in amperes, or

Q

T —.

I

Quoting from Swoope’s lessons in Practical Electricity,
“Distinetion must be made between the total quantity of
electricity that passes through a circuit in a given time and
the rate of flow of electricity during that time. For example,
at the rate of flow of one gallon per second, 3,600 gallons of
water would be delivered to a tank in an hour, the total
quantity being readily distinguished from the rate of flow.
We might take the gallon per second as a unit of rate of
flow and name it, but this has not been done in hydraulics,
although it is done in the case of electricity. The total quan-
tity of water equals the rate multiplied by the time in sec-
onds: thus, at a rate of flow of 8 gallons per second. in 60
seconds the total quantity delivered would be 480 gallons,
which same quantity could be delivered to a tank in one
second if the rate were 480 gallous per second, or in one-half
second if the raie were 960 gallons per second, or in 480
seconds if the rate were only cne gallon per ‘second. If a
current of one ampere flows for 60 seconds, then the total
quantity is 60 ampere-seconds, or 60 coulombs.”

Coulombs are comparable to total quantity in gallons
and awmperes to gallons per sccond. In other words, the
coulcomd is the nnit of quantily and the empere the unit of
rate of flow.

57. Ohm’s law deals with the inseparable association of
the voltage, the current and the resistance, referred to in
paragraph 53. I is used as tle symbol of voltage, or elec-
tro-motive force. R as the symbol for resistance, and I to
represent amperes. Theu, where the voltage and the re
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sistance are known, and we desire to determine the amount
of current flowing, it can be found by the following formula :

E

e

R
Likewise, resistance is equal to voltage divided by amperes, or
E
R == —
I

and electromotive force is equal to amperes multiplied by
resistance:
E=IXR

58. In practical applications of the laws of physics, units
of work and of force are constantly employed. Force might
be defined as the exertion used in accomplishing work; and
work as the motion, or transfer of encrygy accomplished by
force. Inergy is never actually created. Energy already at
our disposal is merely transferred or transformed from one
state or position to another, where it will serve our pur-
poses better. This is known as the law of conservation of
cnergy. 1f, during the process of transfer of energy, heat is
created where heat is not the object, this energy which is
transferred into heat is wasted, so far as its application to
our purpose is concerned. However, that energy is not lost.
It is merely converted into heat instead of into motion or
electrical or mechanical lifting or pulling power, or what-
ever other form of energy we wish to use. Work accom-
plished equals the amount of force exerted multiplied by
the distance through which it is exerted, both in overcom-
ing intervening resistance and in successful transfer of
energy. :

Thus, Work = force X distance.

Power adds the element of time to work, and may be defined
as the rate at which work is done. It can be seen that if a
given amount of work is accomplished in one hour, at a given
power, accomplishment of the work in one-half hour requires
a greater power than that used for doing the work in one
hour.
work
Power =

time
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59. The unit of mechanical power is the foot-pound, which
i8 the force which will lift one pound against the force of
gravity for a distance of one foot.

33,000 foot-pounds per minute is the unit of mechan
ical horsepower.

As the units of electrical measurement are based on the
second of time, rather than on the minute, for making trans-
fers of energy from mechanical to electrical power, or vice
versa, we divide the time into seconds.

850 foot-pounds per second is also one mechanical
horsepower.

Electrical power is measured in watts.

A watt is the power produced by a current of one
ampere under a pressure of one volt through a resigt-
ance of one ohm.

Power =E X I.
' P

o= —

I E
"R dE

Fig. 34. Circular Presentation of Ohm’s Law, and the Law for Power.
(These are convenient in working practical problems. The unit occupying
the half circle is always equal to the product of the units occupying the
two quarters; and either unit occupying a quarter circle equal to the result
of dividing the half circle unit by the unit in the other quarter).
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The total work is the product of the power expended and
the time: and the unit of electrical work, or eunergy, is the
joule,

A joule is the cuergy cxpended when one ampere flows
througl a resistance of one ohm for one second.*
Joules =19 X I X time in seconds.

joules

Waitts = ————
time in seconds

60. Dr. JamesJoule, of Iingland, established, in about 1845,
what has since been known as Joule's cquivalent, or Joule’s
lare.  1le proved that a paddle-wheel revolved in a vessel
containing one pound of water, by means of a falling weight
fastened to a cord which was wound around the axle of a
wheel, would raise the temperature of the water one degree
Fahrenheit, when the energy exerted by the mechanical de-
vice was exactly 778 foot-pounds.  Also that if the water
was heated by a current of electricity, until its temperatnre
was raised one degree, the electrical energy employed must
be the cquivalent of 778 foot-pounds of mechanical energy,
which was about 1055 watts. From this it was deduced that
one foot-pound is equal {o 1.356 wafts, and that one watt
is equal to 0.7373 foot-pound per second. Ilence,

550
= 746 watts =1 electrical horsepower.
0.7375

(Since the horse has been largely replaced by machinery
in the mechanical world, there has arisen a sentiment in
favor of rating all electrical power machinery, turbines, ete.,
in kilowatts, abolishing the horsepower unit of power. If
this is done, it will, of conrse, take several years for the
complete adjustment to be made.)

When the resistance of an electric circuit is known, the
total energy expended in jonles may be found by squaring
the current and using the following formmula.

Joules = IZ X R X time in seconds.

*1 joule = 10.000,000 ergs.

1 ¢rg = work done in moving a body one centimeter by a foree of one dyne.

1 dyne =force which, acting on a mass of one gram, will accelerate its
velocity by one centimeter per sccond.
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Joules cqual energy consumed, including that used in
generating heat. Tt has been found that ome joule is the
sane amount of energy for doing work as .7375 foot-pound,
which is 1/746 of a mechanical horsepower per second.

Watts, where used in large amounts of power, are for con-
venience measured in nnits of one (lrousand.

One thousand watts = one Lilowatt.
Rale at which watts are c.rpcmlcd P=LEXI
Watts lost, when E is known.: P =1 X 1.

Watts lost, when I is not known, but when current and
resistance are kncun: P =12 X} R.

E2
Then, watts lost: I' = — h——,and I= [—
R &

61. The hour is frequently used in measuring electric

power or current for various purposes. TFor instance, we
have the watt-hour, whick is one watt of power erpended for
one hour. (This ix the same as 3600 watt-seconds, or 3600
joules.) A Lilowalt-Tiowr is one kilowatt of power erpended
jor one hour. Watt-hours and kilowatt-hours are used in
reekoning charges for city light and power Dbills, and the
meters u%d 101- this purpose give readings in these units.
Aw ampere-hour is one ampere flowcing for one howr, or at the
‘ate of one ampere for one hour (3600 coulombs). Ampere-
hour meters are generally installed to indicate the amount
of current used in charging storage batteries.

In practical electrical work we find coutinuous use for
ﬂle (11)0\e rules, especially for Ohm’s law. For instance,
cousidering the chemical cell and its manner of connection
in a cireuit. Infigure 19a, paragraph 42, we have a simple
clentical cell, and a loop of wire representing an external
cireuit, in which we have placed a lamp to prevent short-
circuiting the cell. The amount of current flowing is deter-
ntined by thie principle represented by Ohm's law. We have
three resistances in series, viz. the ohmic resistance of the
famp plus that of the wire forming the loop, and the internal
resistance between the two plates of the cell. We employ

'
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a large R as the symbol for the external resistances and a
small r as the symbol for the internal resistance.

R 4 R 4 r = total resistance of the circuit.

Ohm’s law is applicable to each resistance separately. The
E. M. F,, or voltage, of any particular type of cell depends
upon the amount of electrical energy caused by the differ-
ence of potential between the two electrodes, as the chemical
energy operates in decomposing the water, consuming the
active electrode, and liberating hydrogen gas. This varies
in different makes of cells, on account of the different mate-
rials used; but each type of cell, when in efficient condition,
will always give about the same voltage. Increasing or de-
creasing the size of the electrodes, or moving them closer to-
.gether or farther apart, makes no difference in the E. M. F.

E
However, as I = —, the size and distance apart of the elec-
R

trodes does affect the quantity of current which can be pro-
cured from the cell. The larger the plates, and the closer
they are, providing they are not so close as to short-circuit,
the lower will be the internal resistance of the cell, and
therefore the greater will be the quantity of current which
the cell will give to an external circuit. The internal re-
sistance depends upon the kind of electrolyte used, and the
thickness and surface area of the plates and their distance
apart.

r==internal resistance of a cell. .

K = ohmie resistance of one mil-foot of the particular
metal used.  (One foot Jong and one-thousandth of an
inch in diameter.) -

distance between plates
submerged surface area of plates

r of any cell =
tiplied by K.

mul-

63. In figure 21, paragraph 46, we have three cells in
series. The pressure is three times that of one cell. Also
the resistance is three times that of one cell; and the amount
of current flowing will be in proportion to the total opposi-
tion offered by the three resistances in series.
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IExample

Three 1.25-volt dry cells, each giving 10 amperes or cuu-
rent on short-circuit, are umne(‘ted in series in a flash-light,
(a) What is the internal resistance of one cell?

E 125

R—=—=

_ I 10

(b) What is the total resistance of the three cells?
125 X 3 = .375 ohm

(¢) What current is obtained from the three cells in
series?

== ,125 ohm

E 375
I=—=——=10 amperes
R 37

64. In figure 22, paragraph 46, we have the same three
cells as above, connected in parallel. Cells connected in this
manner, with all of the posiiive electrodes joined together,
and all of the negative electrodes joined together, create a
condition almost identical with one large cell having plates
of the size represented by the total area of all of the separate
plates. The pressure is equal to that of only one of the cells.
The internal resistance obeys the law for resistances in par-
allel, as in figure 32, and is therefore less than the resistance

E
of one cell. And as I =—, and the internal resistance is
R

less than that of one cell, the curreut obtained is about three
times that obtained from one cell.

The same three cells referred to in the preceding para
graph are connected in parallel.
(a) What is the total resistance of the group of cells?
125

R == —— =.041 ohm
3

(b) What current can be drawn from the cells?

E 125
I=—=-——-=230amperes
R 041
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65. The resistance of various sizes and kinds of wire in
electric circuits is always an important consideration. A
wire of a certain degree of permeability will allow direct
current to pass through it at a certain voltage in direct ratio
to its size.

The larger the size of the wire the less the resistance of it,
and the .larger the amount of eurrent which it will allow
to flow through it at a given pressure. After determining
the size of the wire, and its degree of permeability, or its
resistance per mil-foot as compared to one mil-foot of stand-
ard Brown and Sharpe annealed copper wire, the problems
arising in the use of various types of wire are workable by
Ohm’s law.

Variable resistance coils, usually called rheostats, are
used extensively for coutrolling the current in all types of
electrical and radio apparatus,

66. Measurement of wires to determine their sizes are
made in either circular or square mils.

A circular mil is a circle one-thousandth of an inch
in diameter (.001 inch).

5. Micrometer.

These units are not referred to as thonsandths, but as indi-
vidual units. A wire having a diameter of .003965 of an inch
is said to have a diameter of 3.965 mils. There are several
tables, but the Brown and Sharpe annealed copper wire
table is generally considered the standard in the United
States. Tt is sometimes referred fo as the American Wire
Giauge. To determine the size of a wire, measure its diameter
in mils with a nmicrometer, and refer to the wire table,
where you will find its size number, its cross-sectional cir-
cular mil area, pounds per thousand feet, ete.

The micrometer (see figure 35) consists of a clamp and a
measuring device of exceedingly accurate adjustments. The
wire to be measured is inserted into the clamp. The small
scored thumb screw at the end of the handle, sometimes
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Fig. 36. Ilandy Iocket Wire Gauge.

called a vernier, is used to tighten the rod to just the right
grip without flattening the wire. The portion of the scale
which shows in the cut is a part of a scale exactly one inch
in length. It is marked off in tenthis of an inch, which of
course are each one hundred mils long. The separate mils
are not marked, but the tenths are divided into quarters,
each of these being 25 mils long. The portion of the handle
bearing the numbers arranged vertically is revolved as the
wire is inserted in the elamp. It makes one complete revo-
lution for precisely twenty-five mils on the scale, and the
vertical marks on the revolving portion show the actual
mils distance that the elamp has been moved. We find that
five of the twenty-five mil divisions on the scale, or 125 mils
is equal to one-eighth of an inch. To reduce a fraction of
an inch to number of mils, divide 1,000 by the denominator
and multiply the result by the nwmerator. Figure 36 repre-
sents a pocket gauge, which offers a much more convenient
method of determining the size of a wire, and it will suffice
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for all practical purposes where it is not necessary to
measure the mils diameter especially. Such gauges are also
made giving readings of circular mils diameter instead of
the size of the wire. Figure 36 is actual size, and shows the
actual sizes of the wires of different standard numbers. The
slit through which the wire slips, and not the round hole,
is the size of the wire.

67. The circular mil cross-sectional area of a wire is found

by squaring its circular mil diameter, the units being circles.
Area in C. M. = %, and diameter == / C. M.

It is frequently necessary to know the C. M. area of a wire

in order to compute its resistance, by use of the value of K

of that material, K being the resistance for one circular mil

one foot long and known as the constant of that particular

conductor,

Table of Values of K (resistance per mil-foot) of various
Metals at a Temperature of 68 degrees Fahrenheit.

Silver ........ 9.84 Iron ........ 63.35
Copper ....... 10.79 German silver 128.29
Aluminum ....17.21 Platinoid ....188.93
Zine ......... 36.69 Mercury .....586.24
Platinum .....59.02 Nichrome ....660.00

To find the resistance of a wire when its length and C. M.
area are known,
LXK
R —

C.M.

To find the length when the resistance and C. M. area are
known,
R X C.M.
Length = —w——
K
To find the C. M. area when the length and resistance are
known,
Length X K
CM=————
R
In measuring a stranded wire, composed of non-insulated
conductors, the corresponding size in a solid round wire
would be approximately the size which would have a circular
mil diameter equal to the square root of the product of the
circular mil cross-sectional area of oue of the strands and




RADIO THEORY AND OPERATING 63

the number of strands. For instance, take a wire composed
of 15 strands of bare copper. You measure one of the
strands with a micrometer and learn that it is number 30
wire. This has a circular mil cross-sectional area of 100.1
circular mils. Then the circular mil area of the ends of
the fifteen strands must be a trifle over 1500 circular mils.
The square root of 1500 is about 39; and the nearest to this
diameter is number 18 wire. Therefore, the conductor com-
posed of 15 strands of number 30 bare wire is about the
equivalent of a number 18 solid wire.

68. The resistance of all materials used in electrical work
varies with temperature. All pure metals and most alloys
show an increase in resistance as the temperature rises.
Carbon and electrolytes decrease in resistance with a rise in
temperature. For instance, if you have two lamps, one with
a tungsten filament and the other with a carbon filament,
you will find that the resistance of the tungsten filament in-
creases with the leating of the tilament, and that the re-
sistance of the carbon filament decreases with heat. 10.8;
the resistance of No. 10 Brown and Sharpe annealed copper
wire at a temperature of about 75 degrees Fahrenleit, is
generally used for the value of K for ordinary commercial
copper wiring; and 1,000 feet of No. 10 B. & S. annealed
copper wire is the usual commercial wire standard for one

_obm of resistance.

Increasing the diameter of a round copper wire one cir-
cular mil will increase its current-carirying capaecity one
ampere.

Some conductors are square or rectangular, and these
must be measured in square mils. A square mil is a square
measuring one-thousandth of an inch each way. (It is one-
millionth of a square inch.) It will be seen that the square
mil is somewhat larger than the circular mil. In order to
take advantage of the tables which have been compiled for
K, etc., of circular mil-feet, it is necessary to convert square
mils to the area which would be its equivalent in circles.

To determine the square mil area of a conductor multiply
its dimensions on each side, in mils.

To convert the area in square mils to the equivalent area
in circular mils, multiply by 1.2732.

When it is desired to convert circular mil area to the
cquivalent area in square mils, multiply by .7854.



64 RADIO THEORY AND OPERATING

69. Volts and amperes are measured by voltmeters and
ammeters. With a few exceptions, these are operated by an
application of the laws of magnetism to a moving coil of
wire. The voltmeter is made of many turns of fine wire, with
a high-resistance coil in series with this coil. It is con-
nected in shunt, or parallel, across the circuit. Voltmeters -
thus register the pressure of the current in the circuit, with-
out allowing the full amount of current to pass through
them, muech as mechanical pressure gauges are used to indi-
cate the pressure of steam or gas without passing the full
amount of either. Ammeters, being constructed for measur-
ing the quantity of electricity flowing in the circuits in which
they are placed, are necessarily made of much heavier wire,
and are connected directly in series in the circuit. (Meters
are taken up in detail in chapter 38,

70. If we explore a circuit having devices of ditfering re-
sistanece connected in it, we will find that the pressure is not
the same throughout the circuit; but varies at spots in this
circuit, in proportion to the local resistance of the wires, ete.,
connected in it. Also, we find that there is energy lost along
a wire, or “line,” composing a circuit. The longer the wire,
of a given circular mil area, and the same K, the greater will
be this loss or drop in voltage. An illustration of this prin-
ciple is where a steam piston forces water from a tank into
a pipe at a pressure of, say, 100 pounds per square inch.
Suppose the pipe is 25 feet long, and at the end of it water
is taken from the pipe for power purposes. The water will
not come out of the pipe at a pressure of 100 pounds per
square inch, on account of the energy which has been lost in
overcoming the friction of the pipe, and its resistance due
to its relative cross-sectional size. If the water comes out of
this pipe at a pressure of 75 pounds per square inch, there
has been energy dropped along the pipe at the rate of one
pound per foat. We may be able to procure the same quan-
tity of water from the pipe that we would if the pipe were
shorter, but we can not procure it at the same pressure.
Practically the same thing is true of electric circuits. Where
the circuit is confined to short pieces of wire between its
terminals, this faetor is negligible; but when electrical
work is performed in sending current over lines for some
distance, this becomes a matter to be included in the engi-
neering plans where installations are to be made. As heat
is generated where energy is consumed in overcoming resist-
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ance, ‘the line drop becomes a subject for the fire under-
writers. The maximum Zine drop allowable, under the fire
underwriters’ supervision, is usually about 10 volts per 1,000
feet of line. Of course it ordinarily would not be this much.
If 110 volts is obtained from a power line supplied from a
120-volt generator, there has been a line drop of ten volts.

The power lost in heat is known as the “I square R” loss,
or I X R.

Line drop in volts equals product of line resistance and
line current.

Line resistance equals result of dividing volts dropped
by line current. :

Line current equals result of dividing volts dropped by
line resistance.

Ohn’s law may be applied to a portion of the circuit, or
to the series resistance of the entire circuit. Suppose that
we connect four 110-volt, 220-ohm, lamps in parallel across
a power line supplied from a 120-volt d.c. generator, with
the lamps lighted to full brilliancy. There is a line drop of
ten volts. The parallel resistance of the four lamps com-
posing the bank is one-fourth of 220, or 55 ohms. Applying
Ohm’s law to determine the current drawn by the lamyps,

E 110
To=— = =2 amps.
R 55
Proving the resistance of the lamp bank,
E 110
R = — = ——==53 ohms.
I 2

Applying Ohm’s law to the resistance of the line through
which we have lost 10 volts,

B 10
R=—=-—-==5 chms.
1 2
E 10
I=—=—=2 amps.
R 5

Now, suppose we consider the series resistance of the
whole circuit.
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55 4 5 =60 ohms.

R 60

If the resistance of the line is increased, approaching the
value at which there would be a volt drop equal to the
applied voltage, were the current constant, the wolt drop .
dwindles, on account of the decreased current, so that it is
practically impossible to obtain a volt drop to zero. For
instance, in the same circuit, 60 ohms resistance in the line
would cause a volt drop of 120 volts with 2 amperes flowing,
but 2 amperes cannot flow under these conditions, so the
volt drop is not equal to the voltage at the generator ter-
minals. With the 60 ohms in series with the 55 ohms of the
lamp bank, we have 115 ohms total resistance, and

E 120
l=—=
R 115

Then the volt drop is E=R X 1 = 60 X 1.043 = 62.58
volts.

There is then a voltage of 120 — 62.58, or 57.42 volts at the
lamps.

Instead of the 220 watts required for lighting the lamps,
then, they are receiving only 57.42 X 1.043, or 59.89 watts.

= 1.043 amps.

PronLEMS.

1. Three cells are counected in series, as in figure 21,
paragraph 46. The internal resistance of each cell is .75
ohm. The pressure of each cell is 1.5 volt. The resistance of
the external circuit is .75 ohm. What current flows?

Answer. 1.5 ampere.

2. In figure 25, paragraph 48, the resistance of the push-
button is 1 ohm. The resistance of the door bell is .5 ohm.’
The internal resistance of the cell is .5 ohm. The E. M. F.
of the cell is 2 volts. What current flows?

Answer. 1 ampere,

3. In figure 22, paragraph 46, three cells are connected in
parallel to an external resistance. The internal resistance
of each cell is 1.5 ohm. The external resistance is 1 ochm. The
E. M. F. of one cell is 2 volts. What current flows?

Answer. 1.333 amperes.
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4. A single cell has an internal resistance of .2 ohm, and
gives a current of 10 amperes on short circuit. -What is the
E. M. F.? _

Answer. 2 volts.

5. A single dry cell has an E. M. F. of 1.5 volts. An am-
meter placed across its terminals indicates 20 amperes flow-
ing. The ammeter and leads have a resistance of .045 ohm.
What is the internal resistance of the cell? ,

Answer. .03 ohm.

" 6. Three resistance coils are connected in parallel, as in
figure 32, paragraph 51. The . M. I. of the battery of four
cells is 8 volts. The resistance of R, is 2 ohms. The resist-
ance of Ry is 5 ohms, and the resistance of Rz is 10 ohms.

(¢) What is thé total resistance of the three coils?

Answer. 1.25 ohms.

(b) How much current flows around the circuit?

Answer. 6.4 amperes.

(c) The total current flowing through the group of re-
sistance coils is divided between them in proportion to their
conductance. How much current flows through each separate
coil?

Answer. T of coil R, = 4. amperes;

I of coil R, = 1.6 amperes;
I of coil R; = .8 ampere.

7. How many ampere-hours will be recorded by a meter

through which 120 amperes has passed for one-half hour?

Answer. 60 ampere hours.

8. How many coulombs have passed through a lamp in one-
half hour witht a current of 10 amperes?
Answer. 18,000 coulombs.

9. What potential must be applied to an incandescent
lamp if it has a resistance of 220 ohms and requires .5
ampere ?

Answer. 110 volts.

10. The current through the windings of a motor is 4
amperes and the pressurc is 160 volts. What is the resist-
ance?

Answer. 40 ohms.
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11. Tour 50-volt lamps are connected. in series, and then
connected in parallel across a 220-volt circuit. Each lamp
in the series group has a resistance of 50 ohms. What addi-
tional resistance should be connected in series with the
lamps to protect them from injury?

Answer. 20 ohms.

12. An incandescent lamp is rated at 55 watts and 110
volts. What is its resistance?

Angwer. 220 ohms.

13. A trolley-car runs on 550 volts and has five 110-volt
lamps in series, connected across the 550-volt circuit, as in
figure 29, paragraph 48. The current flowing in the lamps
is 2 amperes.

(@) What is the resistance of cach lamp?

Answer. 55 ohms. .

(b) What is the rating in watts of each lamp?

Answer. 220 watts.

(c) What is the resistance of the lamps in series?

Answer. 275 ohms.

14. If purchasing a generator, what K. W, should it be for
a six-hundyed-light installation, if standard 55-watt lamps
are used?

Answer. 33 K. W.

15. What would be the K. W. rating of an electric motor
required to be substituted for a 30-H. P. gasoline engine?

Answer. 2214 K. W. (22.38 K. W.)

16. How much current is flowing in the cirenit represented
by figure 28, paragraph 48, under the following conditions?
There are six lamps in parallel across one 110-volt branch,
and another bank of five lamps in parallel across the other
110-volt branch. Each lamp has a resistance of 240 ohms,
The small fan motor also has a resistance of 240 ohms, and is
connected in place of a lamp. A 2 H. P. motor is con-
nected across the 220-volt line.

Answer. 12.28 amperes flowing.

17. Some 50-watt, 110-volt incandescent lamps are con-
nected in a circuit supplied with current from a generator
which has a difference of potential at its terminals of 160
volts. The lamps are in parallel. The resistance of thé wire
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carrying current from the generator to the lamps is 5 ohms,

and there is a line drop to be taken into consideration.” How

many lamps are lighted in the circuit? .
Answer. 22 lamps.

18. You wish to operate an electric toy from your 110-volt
" electric light socket. The toy is made to operate on 44 volts.
and has a resistance of 440 ohms. You decide to cut down
the voltage of the line by using lamps in series. How many
55-watt, 110-volt lamps would you use in series to obtain
the correct resistance?

Answer. 3.

19. An electricican wishes to replace a burned heating ele-
ment in his soldering iron. It operates on 110 volts d. c.
and must draw 8 amperes to produce the right amount of
heat. He decides to use No. 24 Nichrome wire. How long
shall he cut the wire?

Answer. 84 feet.

20. A UV-201-A vacuum tube used in a receiving set re-
quires .25 amp. at 5 volts to light its filament to fullest bril-
liancy. A 6-volt storage battery is used for the filament
power supply.

(¢) What is the resistance of the filament?

Angwer. 20 ohms. )

(b) What rheostat resistance would be required in serie
between the filament and the battery to provide 5 volts at
the filament terminals?

Answer. 4 ohms.

(¢) How much resistance would permit two of the tubes
connected in parallel to be lighted to fullest brilliancy?

Answer. 2 ohms.

(d) With a 30-ohm rheéostat connected in series with the
filament, what would be the current in the circuit?

Answer. .12 amp.

(¢) What would be the.volts dropped through the rheo-
stat in question d? '

Answer. 3.6 volts.
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AMERICAN WIRE GAUGE (Brown and Sharpe)
(STANDARD ANNEALED CoPPER WIRE AT 77 DEGREES FamrENmEIT.)
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. Weight Length Resistance
Diam. Area _ —
in Cir. Mils
Mils d? Lbs. per Lbs. Feet Feet Ohms per Ohms |
d 1000 feet per ohm per 1b. per ohm | 1000 feet per Ib.
1 | -
460.0 211660, | 640.5 12810. 1.561) 20010. 0.04998 0.00007805
409.8 167800. 507.9 8057. 1.968) 15870. 08303 0001217
364.8 133100. 402.8 5067. 2.482( 12580. 07947 .0001935
324.9 105500. 319.5 3187. 3.130( 9979. .1002 .0003138
289.3 83690. 253.3 2004 . 3.947| 7613, 1264 0004990
257.6 66370. 200.9 1260. 4.977| 6276, .1594 0007934
229.4 52640. 159.3 792.7 6.276| 4977. .2009 .001262
204.3 41740, 126.4 498.6 7.914| 3947, ©.2534. - .002008
181.9 33100. 100.2 313.5 9.980] 3130. 3195 .003189
162.0 26250. 79.46 197.2 12.58 | 2482, .4029 .005071
144.3 20820. 63.02 124.0 15.87 1968. .5080 008064
128.5 16510. 49.98 77.99 20.01 1561. .8406 .01282
114.4 13090. 39.63 49.05 25.23 1238. .8078 .02039
101.9 10380. 31.43 30.85 31.82 981.8 1.019 .03242
90.74 8234. 24.92 19.40 40.12 778.5 1.284 .05155
80.81 8530. 19.77 12.20 50.59 617.4 1.620 08196
71.96 5178. 15.68 7.673 63.80 489.6 2.042 1303
64.08 4107. 12.43 4.826 80.44 388.3 2.576 2072
57.07 3257. 9.858 3.035 101.4 307.9 5.248 .3293
50 82 2583. 7.818 1.909 127.9 244.2 4.095 .5239
45.28 2048. 6.200 1.200 161.3 193.7 5.164 .8330
40.30 1624. 4.917 0.7549 203.4 153.6 8.512 1.325
35.89 1288. 3.8090 | .4748 256.5 121.8 8.210 2.106
31.96 1022. 3.092 2986 323.4 96.59 10.35 3.349
28.46 810.1 2.452 1878 407.8 76.60 13.06 5.325
25.35 642.4 1.945 1181 514.2 60.74 16.46 8.467
22.57 509.5 1.542 07427 648.4 48.17 20.76 13.46
20.10 404.0 1.223 04671 817.7 38.20 26.18 21.41
17.90 320.4 0.9699 02938 1031." 30.30 33.01 34.04
15.94 254.1 7692 01847 1300. 24 02 41.62 54.13
14.20 201.5 .8100 .01162 1639. 19.05 52.48 86.07
12.64 159.8 .4837 .007307 2067 . 15.11 66.18 136.8
11.26 126.7 .3336 .004595 2607. 11.98 83.46 217.6
10.03 100.5 .3042 .002890 3287. 9.503 | 105.2 346.0
8.928 79.70 .2413 .001818 4145, 7.536 | 132.7 550.2
7.950 83.21 1913 .001143 5227. 5.976 | 167.3 874.8
7.080 50.13 1517 .0007189 8591 4.739 | 211.0 1301.
6.305 39.75 1203 0004521 8310 3.759 | 266.1 2212
5.615 31.52 09542 0002843 10480 2.981 § 335.5 3517
5.000 25.00 07568 0001788 13210 2.364 | 423.0 5592,
4.453 19.83 06001 .0001125 16660 1.874 | 533.5 8892
3.965 15.72 04759 00007074 | 21010 1.487 | 672.7 14140
3.531 12.47 03774 00004448 | 26500 1.179 | 848.2 22480.
3.145 9.888 02993 00002798 | 33410 0.9348(1070. 35740,
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TABLE SHOWING RESISTANCE OF STANDARD SIZES OF WIRE AT DIFFERENT TEMPERATURES

(American Wire Gauge, B. & S.)
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Diam- S
eter in |
Milsat{ Circular Square [ 5°C 50° C 75° C
20°C Mils Inches (=32° F) | (——.:9" F) (—68" F) (-77° F) | (=122° F) | (==167° F)
460.0 211 600. 0.1662 0.045 16 0.048 05 0. 049 Oll 0.048 981 0.054 79| 0.059 861
4098.6 (167 800. 1318 .056 95 .060 59 .0l .063 0 .068 09 .075 16
364.8 (133 100. .1045 .07181 .076 40 .077 93 079 47 .087 121 .094 78
324.9 (105 500. 082 89 .09055 .096 34 .09827 .1002 1099 1195
288.3 83 600 065 73 1142 1215 .1239 .1264 1385 1507
257.6 | 66370 052 13 1440 .1532 .1563 .1593 1747 1900
229.4 | 52640 04134 1816 1932 .1970 .2009 .2203 .2398
204.3 41740 03278 .2289 2436 .2485 .2533 2778 .3022
181.9 | 33100 026 00 .2887 3072 .3133 .3195 3502 .3810
162.0 26 250 020 62 .3640 3873 .3851 .4028 .4416 4808
144 .3 20 820 01635 4580 .4884 .4982 .5080 5568 0059
128.5 16 510 01297 .5788 6158 .6282 .6405 .7023 7640
114.4 13 090, .010 28 7298 L7766 .7921 8077 .8855 .9633
101.9 10 380. .008 155 .9203 9792 098¢ 1.018 1.117 1.215
80.74 | 8234. .006 462 1.151 1.235 1.260 1.284 1.408 1.5632
80.81 8530. .005 129 1.463 1.557 1.588 1.619 1.775 1.931
71.96 | 5178. .004 067 1.845 1.963 2.003 2.042 2.239 2.436
64.08 | 4107, .003 225 2.327 2.476 2.525 2.575 2.823 3.071
57.07 | 3257. .002 558 2.934 3.122 3.184 3.247 3.560 8.873
50.82 | 2583, .002 028 3.700 3.937 4.016 4.004 4.489 4 884
45.26 2048, .001 609 4.666 4.964 5.064 5.163 5.660 6.158
40.30 1624, .001 276 5.883 6.280 6.385 6.510 7.138 7.768
35.80 1288. .001 012 7.418 7.893 8.051 8.210 9.001 9.792
31.96 1022. .000 802 3 9.355 9.953 10.15 10.35 11.35 12.35
28.46 810.1 | .0006363 11.80 12.55 12.80 13.05 14.31 15.57
25.35 642.4 | .000504 6 14.87 15.83 16.14 16.46 18.05 19.63
22.57 508.5 .000 400 2 18.76 19.96 20.36 20.76 22.76 24.76
20.10 404.0 .000317 3 23.65 25.18 25.87 26.17 28.70 31.22
17.90 320.4 .000 2517 29.82 31.73 32.37 33.00 36.18 39.36
15.94 254.1 .000199 6 | 37.61 40.01 40.81 41.62 45.63 49.64
14.20 201.5 .000 158 3 47.42 50.45 51.47 52.48 57.53 62.59
12.64 159.8 .000 1255 | 59.80 83.62 £4.90 66.17 72.55 78.93
11.26 126.7 .000 09953 | 75.40 80.23 B1.83 83.44 91.48 99.52
10.03 100.5 .000 078 94 | 95.08 101.2 103.2 105.2 115.4 125.5
8.928 79.70 | .000062 60 {118.9 127.6 130.1 132.7 145.5 158.2
7..850] 63.21 | .000 049 64 |151.2 160.9 154.1 167.3 183.4 199.5
7.080; 50.13 | .000039 37 |180.6 202.8 206.9 211.0 231.3 251.6
6.305 39.75 | .000031 22 |240.4 255.8 260.9 266.0 281.7 317.3
5.615 31.52 | .000024 76 (303.1 322.5 328.0 335.5 367.8 400.1
5.000 25.00 | .000019 84 |382.2 406.7 414.8 423.0 -463.7 504.5
4.453 19.83 | .000 01557 (482.0 512.8 523.1 533 .4 584.8 636.2
3.965 15.72 | .000 01235 (607.8 646.7 6398.6 672.6 737.4 802.2
3.531 12.47 | .000 009 793(766.4 815.4 831.8 848.1 920.8 1012.
3.145 9.888 .000 007 766/966.5 1028. 1048, 1068. 1173. 1276.
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TABLE SHOWING LENGTH OF STANDARD SIZES OF WIRE AT DIFFERE
(American Wire Gauge, B. & 8.)

NT TEMPERATURES.

. Feet per Ohm
Diam-
Gage |eterin| Pounds Foet
No. |Milsat per per 0°C 15° C 20°C 25°C 50°C 75° C
20°C | 1000 Feet | Pound | (=32°F) | (=59°F) | (=68°F) | (=77° F) | (=122° F){(=167°F)
= S —_
0000 [460.0 [640.5 ’ 1.56122 140. 20 810 20 400. 20010, 18 250. 16 780.
000 [409.6 [507.9 1.968(17 560. 16 500 16 180. 15 870. 14 470. 13 300.
00 (364.8 [402.8 , 2.482{13 930. 13 090 12 830. 12 580. 11 480, 10 550.
01324.9 [319.5 ] 3.130[11 040. 10380. 10 180. 9 080. 9103. 8367.
- 1]289.3 (253.3 3.047( 8 758. 8232, 8070. 7914. 7219. 6636,
2 (257.6 |200.9 l 4.977) 6 946. 6 528 6400. 6276. 5725, 5262.
3 (220.4 [159.3 6.276( 5 508. 5177. 5075 4977. 4 540. 4173.
4 (204.3 |126.4 7.914 4 368, 4105. 4025. 3 947 3 600. 3309.
5 |181.9 |100.2 9.980 3 464. 3 256. 3 192. 3 130. 2 855. 2625
6 (162.0 | 79.46 12.58 | 2747. 2582, 2531. 2482. 2264. 2081.
7 (144.3 63.02 15.87 | 2179. 2048, 2007. 1969. 1796. 1651,
8 [128.5 | 49.98 20.01 | 1728. 1624. 1592, 1561. 1424. 1309.
9 (114.4 | 39.63 25.23 | 1370. l 1288. 1262. 1238. 1129. 1038,
10 (101.9 | 31.43 31.82 | 1087. 1021. 1001. 981.8 895.6 823.2
11 | 90.74 | 24.92 40.12 l 861.7 809.9 794.0 778.7 710.2 652.8
12 | 80.81 | 19.77 50.59 | 683.3 642.2 620.6 617.5 563.2 517.7
13 | 71.96 | 15.58 63.80 541.9 509.3 499.3 489.7 446.7 410.6
14 | 64.08 | 12.43 80.44 429.8 403.9 396.0 388.3 364.2 325.68
16 | §7.07  9.858 101.4 340.8 320.3 314.0 308.0 280.9 258.2
16 | 50.82 7.818 127.9 270.3 254 0 249.0 244 .2 222.8 204.8
17 | 45.26 | 6.200 161.3 214.3 201.4 197.5 193.7 176.7 162.4
18 | 40.30 | 4.917 203.4 170.0 169.8 156.6 153.6 140.1 128.8
19 1 35.89 | 3.899 2566.5 134.8 126.7 124.2 121.8 111.1 102.1
20 | 31.96 | 3.002 323.4 106.9 100.5 98.50 96.60 88.11 80.99
21 | 28.46 | 2.452 407.8 84.78 79.68 78.11 76.61 69.87 64.23
22 | 25.35 1.945 514.2 67.23 63.19 61.95 60.75 55.41 50.94
23 | 22.57 1.542 648.4 53.32 50.11 49.13 48.18 43.94 40.39
24 | 20.10 1.223 817.7 42,28 39.74 38.96 38.21 34.85 32.03
25 | 17.90 | 0.9699 1031. 33.53 31.51 30.90 30.30 27.64 25.40
26 | 15.94 .7692 1300. 26.59 24.99 24.50 24.03 21.92 20.15
27 | 14.20 .6100 1639. 21.09 19.82 19.43 19.06 17.38 15.98
28 | 12.64 4837 | 2067. 16.72 15.72 15.41 15.11 13.78 12.67
29 | 11.26 3836 | 2607 13.26 12.46 12.22 11.98 10.93 10.05
30 | 10.03 3042 | 3287, 10.52 9.885 9.691 9.504 8.669 7.968
31 | 8.928 .2413 | 4145, 8.341 7.839 7.685 7.537 6.875 8.319
32| 7.950 1913 | 5227 6.614 6.217 6.0956 5.977 5.452 5.011
33 | 7.080 1517 | 6591 5.245 4.930 4.833 4.740 4.323 3.974
34 | 6.305 1203 | 8310 4,160 3.910 3.833 3.759 3.429 3.162
35 | 5.615 095 42 |10 480 3.209 3.101 3.040 2.981 2.719 2.499
36 | 5.000 .075 68 |13 210 2.616 2.459 2.411 2.364 2.156 1.082
37 | 4.453 .0860 01 |16 660 2.076 1.950 1.912 1.875 1.710 1.572
38 | 3.965 +047 69 |21 010 1.645 1.546 1.516 1.487 1.356 1.247
39 | 3.531 .037 74 (26 500 1.305 1.226 1.202 1.179 1.075 0.9886
40 | 3.51 .029 93 (33 410 1.035 0.9725 0.9534 0.9350 0.8529 .7840

(For further tables, showing diameters in millimeters ete. see Cireular of the Bureau
Wire Tables, obtainable at the Government Printing Office, Washington D. C. @ 20c.)

of Standards Number 31, Copper



CHAPTER 7

Electromagnetic Induction

Magnetic Retentivity—History of Electromagnetic Induction—The Trans-
former—Alternator—Early Attempts to Develop Wireless Teleg-
raphy, with Low-Frequency Induction—Induction
Used for Guiding Moving Vehicles

71. The phenomenon which takes place when magnetism is
conveyed from a natural magnet to a piece of iron or steel,
making that metal in turn magnetic, is called magnetic in-
duction. It is discovered that the magnetic linés of force of
the first magnet permeate the second material, causing it to
develop magnetic lines of force of its own, which it retains
for a long or short period according to its degree of per-
meability and its retentivity. The electromagnetic lines of
force surrounding a magnet can be made to induce the flow of
an electric current; and an electric current can be made to
set up magnetic lines of force exactly corresponding to those
of a permanent magnet. In other words, electromagnetic in-
duction works both ways, from magnetism to current and
from current to magnetism. In paragraphs 29 to 34, the
electromagnet is explained, showing how the magnetic lines
of force surround a solenoid, and that the polarity of the
solenoid depends on the direction of the winding of the coil
as well as upon the direction of the current through it.

72. The discovery of the magnetic properties of a solenoid
is usually attributed to Sturgeon, of England, in 1824. In
1831 Faraday performed an experiment which became fa-
mous, and from which the practical application of electro-
magnetic induction may be said to date. Faraday’s experi-
ment consisted of revolving a copper disc, connected in series
with a galvanometer, between the ends of a strong horseshoe
magnet, and it proved that thc magnetic field surrounding
the horseshoe induced an electric current into the second
circuit as long as the disc was kept moving, but that there
was no current induced when the disc stood still. When the
disc was rotated in the direction indicated by the arrow, the
negative end of the circuit was at the upper terminal of the
wire, and when the disc was rotated in the opposite direc-
tion, the negative was the end attached to the pan of mer-
cury.

He then applied the same principle to magnets and charged
solenoids, moving them by hand. When a strong bar magnet
is inserted into a solenoid which is connected in series with a
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Fig, 87. Faraday's Disc.

galvanometer, these will be one deflection of the galvan-
ometer needle for each movement of the magnet. The same
phenomenon will take place when a coil of wire connected to
a source of power is inserted into the secondary circuit;

. K

ot
y

£
£

Fig, 38, Electromagnetic Induction.

or, if we Jeave the charged coil inserted inside of the second
coil, and continually make and break the circuit with a kev
or switch, the same induction will take place.

SECONDARY

Fig. 39. Electromagnetic Induction,
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73. As the magnet from which electric current is induced
into the secondary circuit does not actually touch the see-
ondary coil, it is proved that it is not the moving of the bar
of metal or the electromagnet itself, but the changing of the
relation, or cutting through of its magnetic lines of force,
that causes the current to move in the secondary circwit.
This might be likened to the action of a water wheel in the
water. So long as the wheel is motionless, it is only a wheel
standing in the water. The water and the wheel are exactly
the same substances as when in motion; but as long as the
wheel is idle it has no effect on the water. When the wheel
moves in the water it immediately becomes a source of power
that forces the water to flow before it. A magnet and a coil
of wire at rest are merely sources of potential energy lying
idle. When the magnet is moved it becomes a source of
power and the electricity that has been dormant suddenly
becomes a current traveling along the path provided for it.
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¥Fig. 40. Transformer.

74. We find later, that if we cause a change in the relation
between the primary and secondary coils, by changing or
varying the direction of the current itself, while leaving the
coils stationary, that the effect is the same as when cither
the primary or sccondary coil or magnet is moved. We find
that @ movement of the lines of force around the primary coil
will induce current to flow through the secondary coil and
around the secondary circuit. This may be accomplished by
use of the key, as mentioned above, or by sending a pulsating




76 RADIO THEORY AND OPEB.ATING‘

or an alternating current through the primary coil. When
we thus induce a current into the secondary circuit by re-
versing the electromagnetic field around the primary, the
current induced into the secondary will also continually
reverse its direction corresponding to the rising and falling
primary current, but in the opposite direction. A device
consisting of two coils of wire wound in inductive relation
. to each other for the purpose of transferring energy from
one to the other is known as a transformer.

The voltage of the secondary circuit depends upon the
ratio of the turns of wire in the secondary winding to those
in the primary. When there are more turns of wire in the
secondary coil, the voltage is stepped up and we have a
step-up transformer. When there are less, we have a voltage
decrease, and a step-down transformer.

75. When the secondary of an iron-cored transformer is
open, little current flows through the primary, due to the
back pressure of the strong magnetic field set up in the core.
When the secondary circuit is closed, placing a load on the
primary, the current of opposite polarity in the secondary
reduces the magnetism of the core, permitting the primary
to draw more current. While the voltage may be stepped up
to many thousand times that of the primary, there is always
a proportionate decrease in current, so that, with a small
power loss due to heat and eddy currents, the total power
in the secondary must be somewhat less than the total
power in the primary circuit.

76. If instead of moving a magnet in and out of a coil
of wire, as in figure 38, we hold the magnet stationary, and
move a loop of wire connected to a galvanometer around
the end of the magnet, the needle of the galvanometer will
indicate the presence of a current. If we reverse the polarity
of the magnet, the current will flow through the wire in the

Fig. 41. A Loop of Wire Moved Upward Through a Magnetic Field. Current
from Negative to Positive, and at Right Angles to
Magnetic Lines of Force.
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opposite direction. Or if we place a loop of wire between
two magnets of opposite polarity, provide it with slipping
contacts to an external circuit, and rotate the loop by me-
chanical means, the loop will pick up current from first one
magnet and then the other as it revolves between them, and
we will have a supply of alternating current in the external
circuit. This is the fundamental principle of the alternating:
current generator, or alternator.

Fig. 42. A Loop of Wire Revolved Between Two Alternate Magnetic Fields.

77. When we cause a coil to be revolved inside of a mag-
retic field, we transfer or transform, mechanical energy into
clectrical energy. Some form of energy is always required
to cause electric current to flow. When we insert the magnet
into the solenoid, for instance, more energy is exerted when
the magnet is connected to the circuit. containing the galva-
nometer than when not so connected, because of the induced
current. Current produced by electromagnctic induction i8
invariably in such a direction that the magnetic lines of
force surrounding it have a tendency to stop the motion of
the current producing them. This is known as Len2’s Law.
It is a demonstration of the law of conservation of energy;
and has several practical applications.

78. The discovery of the above simple facts may be rated
as of first importance in the history of electricity. The In-
ternational Encyclopedia gives the following information:
“Many of the most important facts in electricity which were
made known during the 19th century by Coulomb, Ohm and
Faraday, were in reality discovered by Henry Cavendish
(1731-1810), one of the world’s greatest philosophers. Fara-
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day originated the idea of lines of induction and established
their laws; he also explained the attraction and repulsion of
bodies caused by electrical or magnetic forces as due to the
relative properties of these bodies and the surrounding me-
dium. Clerk-Maxwell expressed Faraday’s experimental dis-
coveries in mathematical language and formule and ad-
vanced the theory of electricity which is the basis of all
modern theories.” The induction coils, generators, motors,
power transformers and endless variety of electrical ma-
chines and radio apparatus in common use today embody
practical applications of the fundamental laws of electro-
magnetic induction discovered by these pioneers. Many of
the early experimenters attempted to establish wireless tele-
graph communication based on the principle of low-fre-
quency electromagnetic induction between loops of wire.
They found it impracticable for distances of more than a few
feet. Aeroplanes, and sometimes vessels, are today making
use of this kind of induction to guide them to landing places,
or into harbors in the fog. The moving object carries loops
of wire which pick up current from a buried or submerged
cable charged with high-potential alternating current; and
this is indicated by suitable apparatus, and the position de-
termined.



CHAPTER 8
The Induction Coil

Primary Spark Coil — Secondary Induction Coil — Interrupters — Marconi's
Frirst Radio Transmitter—Dr. Mahlon Loomis's Drawings
Showing Induction Coil

79. Induction coils may be divided into two classes, those
consisting of a primary winding only, and known as primary
induction coils, and those having a secondary coil, known as
secondary induction coils. The primary induction coil, or
“jumping spark coil,” is not used in radio work; but is con-
fined to ignition purposes. When battery current is sent
through the turns of wire composing the coil, the magnetic
lines of force unite and form one continuous magnetic flux,
as in figure 14. The core may consist of one bar of iron;
but it is generally made of a bundle of pieces of soft iron
wire, which has a greater permeability than the solid bar
and also reduces loss of power due to stray or eddying cur-
rents, which are sometimes set up in the core. A simple
vibrator is placed in serigs in the circuit with the coil. The
vibrator usually consists of a small strip of spring steel
with an iron button at one end, and two small solid silver
contact butfons, one placed on the side of the spring oppo-
site to the larger iron button, and the other one stationary.
When current flows through the coil, with the silver con-
tacts closed, the magnetism induced into the coil and the
core by the electric current attracts the iron button, and the
steel spring bends toward the end of the core of the coil.
This breaks the circuit, for that instant, so that no current
flows. As the open in the circuit also shuts off the source of
magnetism, the spring is released and springs back, making
contact with the stationary part of the vibrator, thus closing
the circuit and allowing current to flow through the coil,
producing a magnetic flux, attracting the steel spring to-
ward the core, again breaking the circuit, etc., ete, many
times per second, say anywhere from 30 to 100 times. The
stationary part of the vibrator is adjusted by a screw, so
that the distance between the contacts can be regulated.
This rapid making and breaking of the circuit at the vibrator
causes a fat spark between the contacts. No transformer
action takes place, of course, as there is no secondary. The
voltage remains the same. The apparatus is called an in-
duction coil on account of the magnetic induction taking
place between the separate turns of the solenoid. This is
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known as self induction. This type of spark coil, if placed
in the proper location for taking advantage of the spark,
can be utilized for igniting gas, or gasoline engines.

80. By use of the same vibrating apparatus and the addi-
tion of a secondary coil equipped with a sparking gap, or
open in the circuit generally called a spark gap, the fat spark
will jump between the contact points of the vibrator as be-
fore; but we will also get a much stronger spark across the
spark gap in the secondary. This secondary spark is bril-
liant “electric blue” in color and makes a crackling noise.
This is on account of the greatly increased voltage of the
secondary. Direct current will not produce this kind of a
spark. (It may jump a gap once and then stop, or it may
continue across the break in a wire, or a short-circuit be-
tween two wires, in the form of an arc, which may do con-
siderable damage setting fire to nearby combustibles.) The

O
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Fig. 43. Induction Coil with Magnetic Interrupter.

type of interrupter described above is known as a magnetic
interrupter. It is possible to make and break the contact
of the circuit by other means; and so long as this is done
with rapidity and regularity, the results are the same. A
mechanical method of interrupting the circuit with a sec-
ondary coil, or transformer type of induction coil, is used
on many automobiles for ignition purposes.

81. The induction coil formed the basis of the earliest
Marconi radio transmitter patents of 1896 and the years
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immediately following. The induction coil was invented by
Ruhmkorff, of Russia, in 1851, aud is sometimes called a
Ruhmkorff coil. It was improved during the following year
by Fizeau, who added a condenser across the vibrator. The

<L
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Fig. 44. Simplest Possible Induction Coil Radio Transmitter,

=

condenser consists of several alternate layers of tinfoil and
some insulating material such as “empire cloth,” or heavily
waxed paper. The strips of tinfoil and insulating material
are piled so that one set of alternate strips of tinfoil are
connected to one terminal, and the other set of alternate
strips are connected to the other terminal; and the two
sets of strips of conducting material do not touch each other
at any point. Direct current can not pass through a con-
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Fig. 45. A Working Drawing for an Induction-Coil Condenser.
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Fig. 46. A Working Drawing Showing Completed Arrangement of Coils and
Condenser of Induction Coil Inside of Box.

. denser, as these plates, or strips, do not touch. When cur-
rent reaches either one of the terminals of the condenser, a
‘ondition of electrical strain is created between the two
sets of plates, and when this strain is relieved, the electrical .
energy stored in the condenser at the instant of charging
will discharge in a direction reverse to the charging in-
fluence. (Condensers are treated more thoroughly in Chap-
ter 17.) 'When the contacts of the vibrator touch, and cur-

o

Fig. 47. Commercial Type of In- Yig. 48. Double-Pole Double-
ductance Coil with Magnetic Throw Switch,
Interrupter.
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Fig. 49. A Iaboratory Type of Induction Coil, Showing Spark Gap and
Switches for making Different Power Connections.

rent is flowing through the coil, the condenser is short-cir-
cuited. When the contacts are separated, the . M. F. in-
duced in the primary of the coil by self induction is not
forced to completely overcome the resisiance of the space
between the silver contacts, but it charges the condenser,
thus hastening the demagnetizing process of the solenoid
and core, as the condenser discharges immediately in the
direction opposite to thai of the current which charged it.
This results in a saving of the silver contact points, which
without the condenser melt very soon from the heat of the
spark, and also greatly increases the voltage of the secondary -
circuit. In most factory-built induction coils the condenser
consists of several strips of tinfoil and waxed paper several
feet long, the whole being rolled into a compact cylinder.
The coil and condenser are usually imbedded in an insulat-
ing composition.

82. Induction coils are sometimes operated with an elec-
trolytic interrupter. There are various makes of these inter-
rupters on the market, the underlying principle being the
same. One wellknown type is the Wehnelt electrolytic in-
terrupter. It consists of a jar of dilute sulphuric acid
(H,80,), in which are immersed. two electrodes, somewhat
similar to the chemical cell. The active electrode consists
of platinum, or an alloy eontaining platinum, in the form
of a thin pencil, which is protected from the acid, except at
its very point, by a glass tube. The other electrode is lead.
The platinum electrode is connected to the positive side of
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the current on which' the induction coil is being operated;
and as the current flows, the chemical action thus set up
causes bubbles of oxygen to accumulate on the platinum
point. These bubbles completely insulate this point from
the electrolyte, and stop the flow of current. When the cur-
rent is interrupted, the bubbles settle into the liquid, thus
closing the circuit, and allowing the same process to be re-
peated. This type of interrupter is suited for use with a
high-voltage primary current, and is conveniently employed
in connection with a 110-volt city power line. If the source
of power supply is alternating current, the interrupter will
work equally well when connected either way, as it then acts
as a rectifier as well as an interrupter; but, if used with
direct current, it will operate only in the one direction indi-
cated. The speed of this interrupter is greater than that of
the magnetic interrupter. It depends upon the size of the -
exposed platinum point, the voltage of the current sent
through it, and also upon the amount of back pressure set
up in the coil by the self induction.

83. When the current in the primary of
a transformer is a true alternating cur-
rent, that in the secondary will also be
alternating in character; but when the
current in the primary consists of an ‘in-
terrupted direct current, the current in-
duced into the secondary by these pulsa-
tions will have a greater amount of cur-
= 'lllgmessis rent in one direction than in the other.
2 T However, by varying the magnetic field
Fig. 50. Electrolytle of the primary coil we set up in the sec-
Interrupter, . .
ondary a continually reversing current
which is generally regarded as an alternating current. In-
duction coils are rated commercially by the length of the
spark, or the maximum distance that current can be made
to jump across the spark gap. This ranges from one-fourth
of an inch to six or seven inches, according to the construc-
tion of the apparatus. The secondar§ winding of commer-
cial induction coils is usually wound in two or three sepa-
rate sections, sometimes called “pies.” This is done for con-
venience in handling or repairing.
When an induction coil is equipped with an additional
condenser in the secondary circuit, and an air core trans-

il
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former between the condenser circuit and the antenna circuit,
we have a complete radio transmitter, which radiates elec-
tromagnetic waves to a distance in pro-
portion to the power on which it is oper-
ated. TFigure 5la shows the four ecir-
cuits of an early Marconi transmitting
apparatus. The primary of the indue- -
tion coil, batteries and key form the first
circuit. The sccondary and spark gap

mm form the second, or secondary, circuit.
S The condenser and the spark gap and

al 109 ” ' the primary of the air-core transformer
LEEELELD),,  the third circuit, and the antenna sys-
tem the fourth circuit. The operation of
_ the condenser in the third circuit greatly
increases the brilliancy of the spark, and

{he transmitting efficiency of the appa-

L‘l'l 'l-/ ratus. © Y o

Fig, Sla. Marconl Tjgure 51 shows an earlier form of
Transmitter. the Marconi transmitter. Regarding this,
the patent specification states that
“a is a battery, b a Morse key for closing the circuit through
the primary of a Ruhmkorff coil,” that ¢’c’ which represent
the terminals of the secondary are attached to two metal
balls inside of a piece of insulating tubing which is filled
with vaseline or oil, ee are two additional balls which may
be omitted if desired, d* represents mechanism by which the
distance between the sparking balls may be adjusted, f rep-
resents a “cylindrical parabolic reflector made by bending
a metallic sheet of brass or copper to form, and fixing it to
metallic or wooden' ribs f.” The diagram at the lower part
of figure 51b shows a sheet of metal elevated to form an
antenna, and an earth connection. The spark gap is then
placed directly in series with the antenna and ground, across -
the secondary of the induction coil. The induction-coil radio
transmitter is now obsolete, except for use in cases of emer-
gency. For several years the standard type of sending appa-
ratus consisted of a “spark set,” which was practically the
same as that shown in figure 51a, except that it employed
an alternator for the input of the transformer primary, in-
stead of the vibrator interrupted battery.current.
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Fig. 51b. Reproduction from Marconi Patent No. 586,103 of July 13, 1897,
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It appears, from the notes and drawings of Dr. Mahlon
Ioomis, that he had conceived the idea of using a buzzer or
induction coil in series with his antenna and ground, but of
course he did not develop the idea commercially.

Fig. 5lc. Beproductions of Drawings Made by Dr. Mahlon Loomis,
(Sce Manuseript Division of Library of Congress, Washington, D. C)



CHAPTER 9
The Alternator

Fundamental Principle of Revolving-armature Alternator—Sine Wave—
Rule for Frequency of Alternator—A., C. Magneto—Alternator
Armature—Revolving-field Alternator—Inductor Alter-
nator—Inductor-Alternator Radio Transmitter

84. In chapter 7, figures 41 and 42, the fundamental prin-
ciple of the alternator is illustrated. The alternator con-
sists essentially of a loop of wire connected in series with
an external circuit, and a magnetic field which is provided
either by strong permanent magnets or by electromagnets;
and the two are arranged mechanically so that either 6ne
or the other can be revolved so as to obtain that cutting of
the magnetic flux necessary for the process of electromag
netic induction. The coil of wire connected to the external
circuit is called an armature, and the part of the machine
which provides the magnetic field is called the field. When
the field consists of two or more electromagnets of opposite
polarity, the cores are called field poles, and the windings
field windings.

85. The earliest known generator was Faraday’s disc,
figure 37. In this the disc was the armature, and the oppo-
site ends of the horseshoe magnet were the. field poles. Nowa-
days an ermature is generally understood to be a loop or
coil of wire used in inductive relation to field poles, and con-
nected to an external electric circuit. In the simple revolv-
ing-loop alternator, iilustrated in figure 42, the direction
of the coil is indicated by an arrow. With the loop in the
position shown in figure 42, the magnetic lines of force cut
the loop; but there'is no B. M. F. induced into the loop. As
the loop turns to a horizontal position, cutting through the
magnetic field, an E. M. F. is induced, which causes current
to flow in one direction. The loop, having revolved one-
quarter of a circle, has reached the horizontal position, is
parallel to the lines of force, and has picked up the mawi-
mum E. M. F. possible with that particular combination of
devices composing that particular machine. As the loop
continues revolving and finishes the first half of a complete
revolution, the induced E. M. F. decreases, until the loop
is again in the vertical position, and the E. M. F. is zero.
Thus, one rush of current picked up by induction, and caused
to move by the E. M. F. set up in the armature as current
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is induced into the secondary coil of a transformer, flows
through the ewternal circuit. The slipping contact which
ruakes this possible consists of two conducting rings, insu-
lated from each other, on which rest two “brushes.” The
rings are called collector rings, as they collect the current
generated and pass it along to the rest of the circuit. The
current delivered to the external circuit for the one-half revo-
lution of the armature will rise to mazimum amplitude and
then fall to zero, as the armature reaches the different angles
of the circle which place it in a corresponding relation to
the magnetic field. Then when the loop continues the other

Fig. 52. Simple Revolving-Armature Alternator, and Sine Curve Indicating
Amplitude of Current in Opposite Directions,

half of the revolution the process is repeated, only this time,
on account of each side of the loop cutting the magnetic field
in a direction opposite to the way it cut them during the
first half, the current flows in the opposite direction. I
rises to maximum amplitude, and falls to zero throughout
the coil and the entire external circuit, in the opposite direc-
tion. Thus we have generated an alternating current. The
complete revolution of the armature, as it travels completely
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through one circle, is represented by the sine curve. This
is called one cycle. Each half revolution, which produces
one-half cycle, is called one alternation. The period of time
required for the cycle is termed the period. Alternators
seldom produce a current of perfectly symmetrical sine
wave, but the sine wave is the fundamental premise on which
the theory of alternating current is based, due allowance
being made for variations in the shape of the wave.

86. Just as inserting an iron core into a simple solenoid
increased the magnetic field surrounding it, by making a
magnet of the core, we find that placing an iron core inside
of the revolving armature incieases very greatly the current
induced into the secondary circuit; and as increasing the
number of loops of wire in the secondary of a simple trans-
former increased the E. M. F. in that circuit in direct ratio,
we find that increasing the number of turns of wire in this
revolving armature will do the same thing. So, we may say
that the E. M. F. generated will be in proportion to the
strength of the magnetic field, or its number of lines of
force, and the length of wire and number of turns compos-
ing the armature, and the number of times that the arma-
ture cuts the lines of force. Or, in other words, upon the
rate of cutting the lines of force. Alternators are rated com-
mercially according to the output, or the power which they
will produce, and the number of cycles per second. Tor in-
stance, the reading on the name plate attached to the alter-
nator furnished with a Marconi 14-K. W, radio transmitter
is as follows: .5 K. W, 120 cycles, 125 volts, 5 amps.
(Note.—While E X I gives 625 watts, this is rated as a 14-K.
W. machine.)

87. The rule for the frequency of an alternator, or its num-
ber of cycles per second, is
Number of field poles X revolutions per second.
2

The revolutions per second multiplied by the number of field
poles give you the number of alternations, and one-half of
this number is the number of cycles. A small loop revolved
by hand, naturally would be of low power and low frequency.
Where any amount of power is desired, or a small amount
for any length of time, it is advantageous to turn the ro-
tating portion of the machine by some mechanical means.
This may be done by water power, steam power, gasoline en-

Frequency =
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gine, or an electric motor. When the turning power. is fur-
nished by these means, it is easier to control the speed of
the machine, and the frequency will be more nearly constant,
according to the regularity of the turning power. An alter-
nator having two poles is called a bipolar machine. It is
possible to increase the number of poles and still have the
frequency of the current generated comply with the above

Fig. 58. Simple Magneto.

rule. While the armature may not completely turn over, if
by passing through alternate fields successively it will pro-
duce one cycle, the principle is the same. The number of
poles must always be of an equal number; and the armature
nsually consists of series-comnected coils wound in alter-
nate polarity, one armature coil for each field pole. In some
types of alternators there is one armature coil for each pair
of field poles, and an open space left between these on the
armature core. This is called a half-coil armature winding.
It is convenient for polyphase, but has no advantage for
single-phase machines. The simplest application of the
principle of generating electric current for practical pur-
poses is the magneto, so called because its fields are simply
permanent magnets. It has, however, an armature consist-
ing of several turns of wire wound around an iron core.

Yig. 54. Circuits of an Eight-Pole Single-Fhkase Alternator with Revolving
Ring-Wound Armature.
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Otherwise it is the same as figure 52. Low-powered mag-
neto alternators are used for ringing telephone bells, where
the alternating polarity of two electromagnets causes the
clapper to vibrate; and for igniting gasoline engines. When
the alternator is operated with electromagnets for fields
the current exciting them must be direct. It may be pro-
vided by a bank of storage batteries, or a direct-current
generator. This is known as a separately-excited field.

88. The armatures used differ in various makes of ma-
chines. The early form generally consisted of a hollow ring
mounted on a shaft. The first practical alternator, ring
wound, is believed to have been built in 1860 by Antonio
Pacinotti, of Ttaly. Most of the later machines have arma-
tures wound over a core shaped like a drum, and called drum
armatures. However, the core is not a solid piece of metal,
but composed of many thin sheets, or laminations, for the
purpose of reducing loss from hysteresis and eddy currents.

., laminalions.

¥ig. 65. Modern Type of Revolving Armature.

The arrangement of the wires in armature windings is con-
sidered a trade by itself, although any electrician should
have some understanding of the most common types. Wind-
ings for alternators are not as complicated as those used for
direct-current generators.

89. Some alternators are built with the armature attached
in a stationary position on the inside of the frame, and
have the field magnets fastened to the shaft and revolved.
The stationary armature is then generally referred to as a
stator, and the field as a rolor. The electromagnetic prin-
ciple and the result are exactly the same as with the revolv-
ing armature and stationary field poles. In this type of
machine the revolving field poles are connected to an ex-
ternal source of power by means of slipping contacts, and
the connections to the output circuit of the alternator are
stationary.
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Tig. 56. Crocker-Wheeler Revolving Field Alternator.

90. A third type of alternator consists of a machine having
both the armature and field winding stationary. It is oper-
ated by interrupting the magnetic flux between sections of
the iron armature core, by rotating a disc which offers alter-
nately conducting and insulating materials which pass or
stop the lines of force. This is called an inductor alternator,
and the wheel or disc is known as an inductor. When the
principle is applied to low-frequency machines the inductor
consists of a heavy toothed wheel, the air between the teeth
acting as’'the insulating material. Induetor alternators are
made for extremely high frequencies, in which case the
inductor is made of very fine steel, heavy at the center but
thin at the edge; and having small square holes through it
near the edge, which are plugged with phosphor bronze. The
stecl conducts the magnetic lines of force, but phosphor
bronze, being a non-magnetizable material, reduces the
stlenglh of the magnetic field through which 1t rotates. The

field coil is wound over a continuous iron core,
through which the magnetic lines of a force
pass. The armature is not actually a coil,
but rather a continuous wire arranged in a
wave-shaped form on the frame. At the in-
stant that the air gap, or phosphor bronze,

' passes through the path of the magnetic flux,
Fig. 57. Inductor DEtWeen the spaces left in the armature ar-
of Low - Fre- rangement, there is a fall in the magnetism

Ind .
or Altermator. 1D the armature winding. As the disc rotates
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the magnetic flux varies periodically, rising to maximum and
falling to minimum, but not reversing its polarity. This
causes periodic undulations in the magnetic field of the sta-
tionary field winding. This undulating magnetic field in-
duces a periodically reversing emf. in the stationary ar-
mature, and an alternating current flows in the output cir
cuit. On account of the magnetic flux through the arma
ture core being of an undulating character, twice as man)
armature turns of wire are necessary to produce a giver
voltage as would be required if the magnetic flux in the
armature core reversed its polarity.

e w —FieLd

wi'n ding

“Iron Core

AC
ovreyr

——AFlmature

SHAFT

«RoTor

Fig. 68. Method of producing altermating Current with an Inductor.

91. Frequencies of ordinary commercial types of alter-
nators are generally 60, 120, 240, 500 or 600 cycles. These
are low frequencies. Any frequency over 10,000 is rated as
“high frequency.” Inductor alternators are constructed
which produce from 10,000 to 200,000 cycles per second. It
is possible to employ a high-frequency inductor alternator
as the main part of a radio transmitter, with very little else
in the way of apparatus as compared to some other methods.
Figure 59 illustrates such an apparatus. The rotor is turned
by a motor driven by 110 volts direct current. The field is
excited from the same source of power. The high-frequency
current is conveyed to the antenna circuit by way of the
transformer, and undamped electromagnetic waves are radi-
ated for purposes of communication, whenever the key is
pressed. More elaborate methods are necessary when high
power is used. Tor instance, it is better to have the key
inductively connected to the circuit. High-frequency alter-
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¥ig. 59. Fundamental Diagram of Connections of Inductor-Alternator Radio
Transmitter.

nators are considered, in connection with other means for
producing continuous waves, in chapter 31.

The type of alternator employed most frequently with the
“gpark” transmitter is the revolving armature machine with
cither four or six field poles. Alternators used for generat-
ing current for supplying city power lines are generally of
the revolving-field type, such ag iilustrated in figure 84.



CHAPTER 10
Alternating Current

Generation of Alternating Current -— Back emf. — Mutual Induction — Simple
Harmonic Motion—A, c¢. Effective Value—A. c¢. Phase Angle—
Power Factor—Kva.-—Three-Phase Current—A. ¢. Power
Line—A. c¢. Skin Effect—Table of A. ¢. Symbols

92. Alternating current has been defined in previous chap-
ters, and referred to in a general way. It has many char-
acteristics not met with in direet current. Direct current
without the slightest pulsation may be produced by chemical
action. Direct current having more or less of a pulsating
nature may be produced in different ways. Alternating cur-
rent is invariably generated by induction from magnetic

- fields of alternate polarity in conjunction with motion. And
the current continually and with regularity alternates its
direction exactly in proportion to the changes in polarity of
the magnetic field from which it is induced. Such currents
are sometimes called induction currents, and the devices
operated on alternating current called induction machines.
For instance, alternating-current motors are called indue-
tion motors, although there are finer distinetions for the
various types, because their turning depends upon the chang-
ing polarity of the current induced into their rotating coils.

93. On account of the constantly changing direction of
the magnetic flux surrounding a wire charged with alternat-
ing current, we find an opposing force. There is a tendency
of the changing flux to oppose the flow of the current; and
what is called a “back emf.” is built up. When a solenoid is
charged with alternating current, the cutting of the wires
composing it, by the constantly reversing magnetic flux, re-
induces magnetism which is stored up in the solenoid. This
property is called inductance, or self-induction.

94. When two coils of wire are arranged in inductive rela-
tion to each other, and alternating current sent through one
of them, inducing alternating current into the secondary coil
also, the magnetic lines of force surrounding the secondary
coil passing over the turns of wire composing the primary,
re-induce magnetism back into the primary. This additional
energy may be re-induced back into the secondary again,
and so on, as long as there is magnetism in either coil to
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induce lines of force into the other coil. This is called
mutual induction.

95. In figure 52 a simple revolving armature alternator
is illustrated, with the sine curve. This curve is used to
typify the various stages of rising and falling . M. F, and
amplitude of current in each alternation. It is the sine, or
sinusoid curve, commonly used in trigonometric problems,
as one of the functions of a circle and, in the plotting, is
drawn on a paper marked off in small squares. The curve
plotted on the ruled paper represents rising and falling
B. M. F. and amplitude plotted against time. A helpful
illustration of the sine is shown in figure 60, where it is used
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Fig. 60. ‘“Mechanieal Generation of Simple Ilarmonic Motion, and of a
Simnlp Progressive Wave.”
(Courtesy of Slichter's Mathematical Analysis.)

to typify simple harmonic motion. The following quota-
tions from Stichter’s Mathematical Analysis explain the
figure. “Iixamples of simple harmonic motion are the bob
of a pendulum, a point in the prong of a vibrating tuning
fork, a point in a vibrating violin string, the particles of air
during the passage of a sound wave. The motion is oscilla-
tory in character and repeats itself in definite intervals of
time. Let a uniformly rotating wheel, O A B, be provided
with a pin, M, attached to its circumference and free to move
in the slot of the cross-head as shown, the arm of the cross-
head being restricted to vertical motion by suitable guides,
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(, G,. Then, as the wheel rotates, any point, P, of the arm
of the cross-head describes simple harmonic motion in a ver-
tical direction. The amplitude of the simple harmonic mo-
tion is the radius of the circle, OB; its period is the time
required for one complete revolution of the wheel.”

96. On account of the rising and falling alternations, the
effective value of an alternating current is not equal to its
value at maximum or zero. When an alternating-current
ammeter gives a reading of 10 amperes, the alternations are
varying between zero and 14.1 amperes. Or, if the ammeter
were to read 7.07 amperes, the alternations would be varying
between zero and ten amperes. This is a reading of the
effective value of the current. Also the E. M. T. rises and
falls with each alternation, and it is the effective value of the
voltages varying between zero and mazimum which is regis-
tered in the alternating-current voltmeter. It is not possible
for the needles of these instruments to follow the rapid flue-
tnations of the alternating current, and what they indicate
is an effective value of current or voltage, equal to the direct
current which would produce the same amount of heat. It
has become the custom to refer to alternating currents on
this basis. The relation between the maximum value of the
current or voltage of an alternating current, and its effective

value is as V 2 isto 1. So the effective value is equal to
1

maximum velue X - or 707,
V2

Then the maximum value equals VV 2 X effective value,
or 1.41.

If an alternating-current voltmeier reads 100 volts, the
maximum voltage of each alternation is 1001.41, or
141 volts. The average value is understood to signify the
mathematical average of the various values during an alter-
nation, and this is found to be .636 times the maximum
value; while mathematically, the effective value is the result
of extracting the square root of the average square of the
different values. If the alternations were not shaped like
the true sine wave, the above values would have to be modi-
fied accordingly. Sine wave current is understood in such
calculations.

97. Upon investigating the characteristics of alternating
current, it is found that the I, M. I*, of a circuit increases



RADIO THEORY AND OPERATING 99

and decreases exactly the same number of times that the cur-
rent rises and falls in amplitude; but that the increase in
E. M. F. is not necessarily instantaneous with the rise in
amplitude of current. When the increase in 1. M. F. is iden-
tical with the increase in amplitude, the current and voltage
are said to be in phase with cach other. Otherwise the cur-
rent and voltage are ont of phase, and the degree of this
divergenee can be indicated by degrees of the circle. For
instance, a phase difference of 45 degrees is one in which the
lag of one phase behind the other can be shown on a graph
of the sine curve as a lag of one-eighth of a cycle, 45 degrees
being one-eighth of a circle. A lag of any other amount is
represented in the same manner. A circuit containing in-
ductance is always somewhat out of phase. It also has a
counter emf. which increases and decreases in amplitude in
exact proportion to the increase and decrease in E. M. F., or
at a phase angle of 180 degrees. With a self-inductive circuit
having a current lag of 90 degrees, the instant at which the
I&. M. F. and the counter emf. have each decreased to zero
value is the same instant in which any given alternation in
the current has reached its maximum value; and the instant
at which the E. M. F. and the counter emf. have reached their
maximum is the point at whieh the cuvrent in any alterna-
tion has fallen to zero.value. The angle of phase displace-
ment, in degrees, is represented by 6, the Greek letter theta.
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Fig. 61. Alternmating Current out of Phase.
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98. The power of alternating current for doing work is
called its power factor. The power factor of an alternating
current is the ratio of the actual power to the apparent
power. If a voltmeter and an ammeter are connected in it, the
wattmeter will give a reading of power which is something
less than the product of the readings of the voltmeter and
ammeter. In practical work, the power factor is usually de-
termined by finding the ratio of the power indicated by the
wattmeter to the produet of the voltmeter and ammeter
readings. In a direct-current circuit these two readings
would be approximately the same, with possibly a small loss
allowed for heat. The difference between apparent power,
P = E X I, and the true watts available for use in alternat-
ing current is always considerable. A current having a lag
of 90 degrees, such as that described in the preceding para-
graph, would have so great a difference as to constitute what
is sometimes called a “wattless current.” The power factor
is zero; and while there is current in the circuit, there is
no available power for doing work. The phase angle must
be something between 1 and 90 degrees. The angle of lag de-
pends on conditions in the external circuit as well as in the
windings of the alternator, and as this is difficult to pre-
determine, commercial alternators are frequently rated in
units of apparent power, or kilovolt amperes, abbreviated to
Kva. This is obtained by multiplying the voltage and am-
peres that can be expected from the machine without injury
to it, and does not indicate the actual power available in the
external circuit. A kilovolt-empere may be defined as the
apparent power in an alternating current circuit when the
power factor is one and the apparent power is one kilowatt.
(See paragraphs 111 and 112 for formule for angle of lag
and power factor.)

99. The simple types of alternators described in chapter
9 are single-phase machines, and deliver a single-phase cur-
rent, such as illustrated in figure 52. Alternating current
for power purposes is often supplied two-phase or three-
phase. This is a different use of the word than that em-
ployed in the preceding paragraphs. Figure 61 illustrates
an alternating current out of phase. Figure 62a shows the
relation of the various alternations produced by an alter-
nating current three-phase system. By placing three sets of
armsature coils on the single-phase revolving-armature type
of alternator and providing it with suitable collector rings
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and brushes, we

have practically three alternators in one.

That is, we have three armatures in one, utilizing the same
field poles. As these individual armatures revolve, their coils

PHASE A,

A A
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KIGHER VOLTACE THAN
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PHASE B. PHASEE.

Fig. 62a. Three-Phase Alternating Currcnt, and Generator Windings Used

For Threc-Phase Systems.

alternately pass through the magnetic flux of the field poles
in succession, and each picks up current separately and deliv-
ers it to the external circuit. While theoretically there should

Puase B

rasst A

PrASE B

Fig. 62h. Two-nhase
Alternator Wind-
ings.

be three separate circuits and six collector
rings, in practice there are generally only
three collector rings and three wires, as
illustrated in figure 62¢. When the ter-
minals of these three wires are connected
together, it may be considered that each
brush in succession delivers a single-phase
current to the external circuit by the wire
to which that brush is connected, and that
this current returns to the generator by way
of the other two wires. The time relation
of the three sets of alternations traversing
the three generator windings and the three
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wires making up the exiernal system is such that the system
is said to have a phase displacement of 120 degrees, that is,
the separate single-phase currents arve 120 degrees apart in
relation to each other. Two phases may be praduced by alter-
nator windings arranged as in figure 62b. Alternaiing cur-
rent systems supplied by generators employing more than
one set of armature windings are referred to as polyphase
systems, Quoting from Alternating Current P’henomena,
by Steinmetz: “A three-phase system consisting of three
equal emf.’s, displaced by one-third of a period, is a sym-
metrical system. The quarter-phase system, consisting of
two equal emf’s, displaced 90 degrees or-one-fourth of a
period, is an unsymmetrical system. The porrer in a single-
phase system is pulsating; that is, the wait curve of the
circuit in a sine wave of double frequency, alternating be-
tween maximum value and zero, or a negafive maximum
value. In a polyphase system the walt curves of ihe different
branches of the system are pulsating also. Their sum, how-
ever, or the tofal potwer of the sysiem may be either constant
or pulsating. Tn the first case, the sysiem is called a
balanced system, in the latler case an-unbalanced system.
The three-phasc system and the quarter-phase system, with
equal load on {he different branches, are balanced systems;
with unequal distribution of load between the individual
branches, both systems become unbalanced. The different
branches of a polvphase system may be either independent
from each other, that is, withont electrical interconnection,
or they may be interlinked with each other. In the first case
the polyphase system is called an independent system, in the
latter case an interlinked system. The poiwer of a polyphase
system is the sum of the powers of all the individual
branches; and the sum of the wattmeter readings of all the
branch circuits thus gives the total power. The {hree-phase
system requires three-fourths as much copper to transmit a
given power as the single-phase system of the same
potential.”

100. The voltage across the ontside wires of a three-wire
circuit, using alternating current, is not always twice the
voltage of one side of the circuit, as is invariably the rule
with direct current. (Ifigure 28.) Tt may be, or may not,
according to the effect of the phases and the connections to
the source of power. Alternating current from city power
lines must be rectified, or have the alternations in one diree-
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tion stopped, produeing a oue-way pulsating current, for
some purposes, such as charging storage batteries and
electroplating. With one or two exceptions, d. ¢. machinery
cannot be operated on it. It is necessary to use heavier
insulations for it than for d. ¢.; and it is considerably more
dangerous to handle. Iowever, the faect that it can be
stepped up or stepped down through a transformer offsets
all the disadvantages mentioned, for certain purposes.

The filament of a lamp lighted on alternating current
can be seen to vibrate if a horseshoe magnet is placed near
it.  Direct current causes the filament to be attracted
steadily.

101.  Direct cumrrent is believed to completely penetrate
conducetors, and to cause that phenomenon which we call a
“flow of current” throughout the material composing the
conductor. Alternating current appears to act more on or
near the surface of conductors. This is called the “skin
effect.” It probably is not confined strictly to the surface,
but does not penetrate {o the center of the conductor. This
skin effect is more pronounced the higher the frequency. It
appears that it takes a fraction of time for the penetrating
effect to take place, and that the faster the change of direc-
tion of the current the less time is there for the action to
reach the inner portion of the conductor. TFor this reason
flat metal “ribbons,” or conductors composed of many
strands of fine wires, are better conductors of alternating
current than solid round wires. It is believed that stranded
wire conductors are more efficient when the separate wires
are protected from each other with some approprmte insula-
tion, such as a coating of enamel.

TABLIY OF LETTER SYMBOLS USEDN IN ALTERNATING
CURRBUNT CALCULATIONS

C == Capacitance. X, = Inductive reactance.
1" = Frequency. N. = Capacity reactance.
G = Conductance. Y = Admittance.
I, = Inductance in henries. 7. = Impedence.
N = Number cycles per seccond 7= 3.1416.

(same as frequency). = Angle of lag.
S = Susceptance. @ = Magnetie flux.

X = Ileactance.



CHAPTER 11

Inductance

Magnetic Lines of Force—Ampere Turns—Definition of a Henry—Lenz's
Law—Self Induction—Effects of Inductance on Current and Fre-
quency—Counter Emf—Impedeiice—Ohm’s Law for A, c.—
Inductive Reactance—Conductance, Susceptance and
Admittance—Angle of Luag—Table of Tangents
and Cosines—A. ¢. Problems

102. In Chapter 3 we established the fact that a magnetic
flux always exists around a conductor charged with direct
current : that the lines of force composing this flux move in o
counter-clockwise dircction around the wire as the move-
ment of electrons takes place from negative to positive; and
that when a portion of the charged wire is wound into a
solenoid, the lines of force unite from loop to loop and give
the solenoid all of the properties of a magnet. If we insert
a bar of iron, we greatly increase the magnetic field of the
solenoid. With a fixed value of current we can increase the
magnetism of the solenoid by increasing the number of turns
of wire. Or, with a fixed number of turns of wire, we can
increase the magnetism by increasing the value of the cur-
rent. The number of amperes of current multiplied by the
number of turns of wire gives a product which is called
“ampere turns.” The strength of the magnetic field, ignor-
ing the iron core, or leaving it out of the solenoid tempo-
rarily, is then found to be dependent upon the number of
“gmpere turns;” or the amount of direct current and the
number of loops of wire. The increased magnetism due to
adding the iron core, depends upon the ampere turns and the
permeability of the iron. If the core has reached the satura-
tion point, where its molecules have all been internally ar-
ranged lengthwise, as in figure 11, and is capable of no fur-
ther magnetism, increasing the ampere turns of the solenoid
will increase the magnetic flux by simply the additional
effect of that one turn.

The intensity of a magnetic field around a single loop of
wire charged with direct current can be computed, follow-
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ing the principle that it has a line integral* around the cur-
rent equal to
4
IX—
10
The magnitude of the field through a solenoid would then be
4 NI
— >< —
10 l
with N representing the number of loops, I the current in
amperes and [ the length in centimeters. :

103. If a solenoid be charged with alternating current,
instead of direct current, the movement of the linked mag-
netic lines of force, as the current reverses its direction, in-
duces a back emf. through the coil. This is called self induc-
tion, or self inductance and, according to Lenz’s law, the
induced emf. is in such a direction as to oppose the flow of
the current producing it. (A stored-up back emf. in a coil
may be illustrated by connecting it across the terminals of
a dry cell and suddenly disconnecting one end of the wire.
The spark will be much brighter than when a straight wire
is used. This is on account of the collapse of the magnetic
field stored up in the coil by the back emf. At this instant
the induced E. M. F. follows the direction of the current,
momentarily increasing its volume.)

The emf. induced in the coil is in proportion to the rate
of change of the magnetic flux, which in turn depends upon
the rate at which the current reverses its direction through
the wire. Hence, with n representing the number of turns
of wire, @ the magnitude of the flux, and t time,

ne
Faf, = —-
t

104. Inductance may be defined as the property in @
circuit for storing up electromagnctisi. Its unit is the
henry, named in honor of Joseph Henry, first secretary
of the Smithsonian Institution, Washington, D. C., who
made extensive experiments in magnetism and electromag-
netism. One henry is that amount of self-induced magnetism

#“The line integral of a quantity along any line or path is the sum of the

products of the lengih of each element of the path by the value of the
quantity along that element.” Circular of the Bureau of Standards No. T4,
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which causes an induced emf. of onc volt when the cusr-
rent in the circuit varies at the rate of one ampere per sec-
ond. It is also sometimes defined as the energy which is
induced by the cutting of one hundrcd million lines of force
per second. Inductance is a property of alternating or pul
sating current only. The symbol used to represent induc-
tance in henries is I. For small amounts of inductance, the
units microhenry, one-millionth of a henry, and millihenry,
one-thousandth of a henry, are used. Occasionally the centi-
meter of inductance is used, being one-billionth of a henry.

One m. h, = one millihenry = .001 henry.

One u h. = one microhenry = .000001 henry.

One em. h. = one-thousandth of a microhenry = 000000001
henry.

The inductauce in a circuit, or through a coil of wire, is,
in effect, the suspended magnetic flux produced by the
changing enrrent. This, of course, depends somewhat upon
the size and shape of the circuit and the coils included. The
following, with ¢ representing flnx, I current in amperes,
and L indnetance in henries, is the simplest fundamental
equation dealing with inductance and flux:

¢

Li=—
I

105. When direct current is passed through a solenoid,
there is one movement around the solenoid, in establishing
the magnetic field of that coil, and this remains approx-
imately the same. The magnetic field of fixed direetion does
not retard the flow of current through the coil or the rest
of the circuit. A lamp or an ammeter connecied in cireuit
with the coil when it is energized with divect current, and
indicating a certain flow of current, will, if the coil be
charged with alternating current, indicate (hat much Tess
current flows when inductance is present. The magnetism
stored about the coil by the movement of the current in one
direction clings, and opposcs {he newly formed magnetic
lines of force produced by the current turning in the oppo-
site direction, actually decrcasing the flow of the current.
By the opposing effect against the reversal of the magnetic
polarity of the solenoid, each alternation is also opposed, so
that it takes a fraction of time longer for it to accomplish
its half cycle of rising amplitude, and the frequency of the
current may he reduced accordingly, if it is free to vibrate
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at its own frequency, or otherwise less current can flow on
account of the eircuit being out of resonance with its source
of supply. )

It may be scen how the above facts must be taken into
consideration in the design of all circuits for the use of
alternating current; and how under certain conditions in-
ductance may be made to serve a definite purpose. One of
these is what is generally called a “choke coil.” This is
simply an iron-cored electromagnet used in an alternating-
current cirenit for the purpose of controlling, within limita-
tions, the flow of current. A coil of high-resistance wire
passes all of the currvent that is normally in the circuit, but
consumes a portion of it in heat. Thus that current which
is held back by a controlling resistance is wasted. An in-
duetance used for this purpose, does not waste the current
in heat, but acts upon it somewhat in the manner of a brake.

106. The back electromolive force due to inductance in a
cireuit is called reactance—the current reacting upon itself. -
There is some reactance throughout an alternating-current
circuit, but this is much more pronounced in a solenoid,
where the maguelic lines of force are united. The reactance
in eircuits having inductance is responsible for the lag and
lead effect, or that condition of the current illustrated in
figure 61, where {he current is shown out of phase.

107. Tt is possible to neutralize the effect of inductive re-
actance by winding a coil in two sections in opposite direc-
tions. Their maguetic fields then oppose each other, and the
reactance effect upon the current is mininiized. An iron core
inserted in a solenoid wound in this manner would not in-
crease its magnetism to any extent, and would not exhibit
the usual polarity of an electromagnet. Coils are wound in
this manner for testing purposes principally.

108. Tt is necessary to make a modification in Ohm’s law
for calculations concerning current having reactance. The
simple equation of Ohm's law which states that the current

0]
equals the I3. M. T. divided by the resistance, or I =—, is
R

not true of an inductive circuit, because of the influence of
the back emf, which impedes the flow of current. Therefore,
we have Ohm’s law for alternating current. The unit for
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reactance is the ohm, the same as the unit of resistance.
While the cause of the opposition is very different, the total
result is the sawme, viz., that of retarding the flow of the cur-
rent. The total combined opposition is called impedence.
Impedence may be defined as the total opposition to the flow
of current offered by the melallic resistance and the react-
ance combined. It is symbolized Ly the letter Z. Impedence
of high-frequency circuits generally includes capacity react-
ance, which is freated in chapter 18. Considering circuits
having reactance due simply to inductance, it would seem
that the impedence might be equal to the sum of the resist-
ance and the reactance. However, on account of the current
in an inductive circuit being out of phase, this is not exactly
accurate; and the true equation representing the effective
opposition, or total impedeunce, is :

Z—= VR +X2

with X, representing inductive reactance.

This relation in electrical values is the same thing mathe-
matically as the length of the hypothenuse of a triangle. If
you draw a right angle triangle having a base, or abscissa, 4
inches long, and a vertical side, or ordinate, 3 inches long,
the hypothenuse will not be 3 4 4, or 7 inches long. It will
be 5 inches long, and 5 is the square root of 42 4+ 32. So,
impedence is not equal to resistance plus reactance; but to
the square root of the sum of the squares of each.

E
Then, T=—=—--——
VRIEX,
Xp=V Z»—R*}andR=V 2*— X3
X, is also calculated by multiplying frequency, F, by induc-
tance in henries, I, and the product by 2 X n (22 FL).
The inductance may be found by the following formula:
Xy
L= ,and X, =2z FL
2aF

Upon considering the relation of = to a circle, the reason
for the frequent use of 27 in alternating-current formula
can be understood. It is a mathematical equation repre-
senting the time period required for the completion of one
cycle of harmonic motion.
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' (n—3.1416. The circumference of a circle is equal to the
diameter, or twice the radius, multiplied by 3.1416. This is
usually written 2ra.)

109. The total E. M. F. in a circuit having inductance is
equal to the E. M. F. required to overcome the metallic re-
sistance, and the E. M. F. necessary to overcome the reac-
tance, or, )

E—=V (IXR)*+ (IXX)*

The relation between the resistance, reactance and impe-
dence, can be seen when they are represented by a triangle,

X - JINVLIVIY

>

RESISTANCE *R <
Fig. 63. Relation Between Resistance, Reactance and Impedence

as in figure 63, where the distance between B and C is equal
to the square root of the sum of the squares of AB and AC.
For instance, if in the equation represented by figure 63, the
metallic resistance of the circuit is 4 ohms, and the reactance
due to inductance is 3 ohms, we prove the total impedence
to be 5 ohms, by substituting in the formula,

Ze=VRFX*=V & +8=116+9—=125=>5 ohms.

The total impressed E. M. F. is also illustrated by a tri-
angle, as in figure 64. After the total values of the current

xx 1

= IINYLIIVIN ISNIVIV W3

UIUT X] e

©
7,
1?*4;,\
oy >

E.MF. AGAINST METALLIC RESISTANCE= 1XRe

Fig. 64. Representation of Relation of Total E. M. F. to Resistance and
Reactance.
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and voltage and impedence have been determined by the
above rules, Ohn’s law may be stated simply, as follows:

E K
t=1X7% IT=—, and Z=—.
Z I

110. Two or more inductance coils couneectled in parallel
will be found to offer a joint impedence. In paragraph 52 a
rule was given for determining the conductance of parallel
resistance coils by the reciprocal method, proving the direct
current conduectance to be the reciprocal of the resistance.
With alternating current, with coils of either high or low
metallic resistance, the total impedence effect is the result of
various factors. With an inductive cireuit we have effective
conductance, and also susceptance, which is the opposite of
. reactance.

R
Effective Conductance = ———
R? 4- X2
X
Susceptance = _—
R2 + X2

A non-inductive device, such as a lamp, when placed in an
alternating-current circuit, will have a conductance equal to
the reciprocal of its resistance; and as it has no reactance, it
has zero susceptance.

The total impedence also has a reciprocal, which is called
admittance:

3INYLdIOSNS

EFFECTIVE CONDUCTANCE

Flg. 65. Diagram of Relation Between Effective Conductance, Susceptance
and Admittance.

Where G represents conductance, § susceptance, and Y
admittance,

Y/ G? =+ 8% This is the complete reciprocal of
Z=+V R4 X?
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CTRCULAR TRIGONOMETRIC FUNCTIONS

NATURAL TANGENTS AND COSINES

‘Dez.ﬂ

Deg. 8 ‘ tan, cos. tan. t 08. Deg.f tan, cos.
_ ‘

1 017 | 1.000 Il a1 ; 860 | .755 l 81 | 6.314 .156
2 1035 -999 l 42 | 900 | .743 | 82 7.115 1139
3 1652 l 909 || 43 l 1933 731 | 83 | 8.144 122
AR I I AL A
: . . . . 11.43 .

6 1105 l 095 || 46 1.036 ' 605 | 86 | 14.30 .069
7 123 l .993 47 1.072 ] 682 | 87 | 19.08 .052
8 M1 | 990 48 1.111 660 | 88 | 28.64 .035
o | .18 -988 49 11150 | 656 | 89 | 57.20 018
o | .76 | 985 || 50 | 1102 | 643 | 90 * 0.000
n | o104 082 || 51 1.235 | .629

12 213 .978 52 1.280 616 l

13 l ‘231 l 1974 53 1.327 1602

14 .249 .970 54 1.376 .588 l |

15 268 l .966 55 1.428 574 ! |

16 (87 ‘961 || 56 | 1.483 | 350 I

17 .306 .956 57 1.540 545 | ‘ ‘

18 “25 ‘951 || 58 l 1,600 1530 |

19 344 -946 ” 59 1.664 515 I

20 364 .940 60 ‘ 1.732 l 500 i

21 .384 94 | o1 1.804 .485 ‘ l

22 404 l 927 || 62 1.881 l 470 |

23 424 .921 63 1.963 .454 l l

24 415 914 64 2.050 .438

25 1466 1906 65 2,145 -423

26 .488 -899 66 ‘ 2.246 1407

27 510 801 | 67 2.356 .391

28 532 | .883 l 68 2.475 l .375

20 ‘531 ‘875 || 69 | 21505 1358 l

30 | .57 | .866 l 70 2.748 342

31 601 | .857 | 71 | 2.904 l 326

32 1625 848 || 72 3.078 | .309

33 1649 839 || 73 3.271 202 | ‘

34 .875 829 74 3.487 I 276 I

35 .700 819 75 3.732 259

36 727 809 || 76 4.011 I 242 |

37 754 | 799 77 4.332 | .22

38 781 788 || 78 4.705 1208

39 .810 l 777 79 5.145 l ‘191

40 .839 | .766 l; so,I 5.671 | 174 l !

_ L |

*—jnfinite.

|
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When impedences are connected in perallel, the joint im-
pedence is determined by first finding its reciprocal, or the
joint admittance, and then dividing one by this number.

1 .
Total joint impedence = V/ (G, + G, +G;)*+ (8, + 8, 8,)?
For instance, with the effective conductance and the sus-

ceptance of each impedence having the values given in the
illustration, figure 66,

R, 4 4

G, — - ———.16
R24+X? 1649 25
X, 3 3

S, — — - =12
R*4+X? 1649 95
R, 4 4

G, — - —_———05
RE4+X° 16464 80
X, 8 8

S, = = ——=.10
RP4+ X 16464 80
R, 2 2

G == === ==—==.05
R24+X* 4136 40
X, 6 6

s o= = — == 15

" Re4Xr 4436 40
1 1
Ve — - -
Y V(G + G, +Gy)? (8, + 8, + 8,)°
1

V (.16 .05 -+ .05)2 - .T-“(.iz + .10 -+ .15)?

1 1 1
— S = 2.2 ohms joint impedence.

V 26T F 377 /2045 .452
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O

Re4. X,23. 2=V R* + X,*.
Rl Xo%. ZZV R + Xo.

Red. X6 ZAVRZ + X,°

— Y0000

Fig. 66. Impcdences in Parallel.

The total impedence of the same three coils connected in
geries would be as follows:

Z =1V (R, + R, + Ry)* + (X, + X; + X;)* =
VEF+4+2)7 +3+8+6)2=

VI0E - 172 = /100 4 289 = /389 — 19.78 ohms im-
pedence. ’

111. Returning to the subject of the angle of lag (See
paragraph 98), we find that the tangent of the angle of lag
is equal to the reactance divided by the resistance, or,

2afL Xy
tangent of 4, generally written tan 6, = , OF :
R R

A tangent is a straight line which touches the circum-
ference of a circle but does not intersect it.

(The ratios of any two sides of right angle triangles are
named. The most useful of these are the sine, cosine, and
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tangent. With the sides of a triangle named x, y, and a, as
in figure 67, the ratio of

— == sine of 4, or sin 6

a
X

— == cosine of 6, or cos 6

a

— = tangent of 6, or tan @
X

Sce trigonometry for further information on the subject.)
With a reactance of 5 ohms and a resistance of 6 ohms,

5
tan § = — = .83 .
6

539 O0F RADIUS.

TANCENT OF ANCLE OF

40°

L4
@ “.

RADIVS .
COSINE 0F
ANGLE 0oF 40°=
J766.

Fig. 67. Tangent and Cosine of 6 of 40°,

This is the tangent of the angle, and not the angle in de-
grees. It is then necessary, in order to determine the angle
of lag from this equation, to know the angle of which the
tangent would be .83-4. The ratio of the tangent to the
angle can be worked out for each problem arising, but tables



RADIO TIIEORY AND OPERATING 115

of these numbers have been compiled for convenience. From
the accompanying table it-can be seen that .839 is the tangent
of 40°, thus the current in this circuit lags 40°.

112. The power of an alternating eurrent may be calcu-
lated, when the angle of phase displacement has been deter-
mined, as follows:

Power =15 X I X cos
Resistance R
The cosine of the angle of lag=-———— 01 COn § = —
Impedence Z
P
amd R==7 X ¢os §. The cos 0 ix also equal to ———— —
EXI

The cos 6 of an alternating current is generally called its
power factor. This number is ahways something between 1
and zero.

113. In the high-frequency cireuits of the various types of
radio apparatus used for both tramsmitting and receiving,
inductance coils having variable connections are used. Vary-
ing the amount of indnctance used in the circuit varies
the frequeney; and this is exactly the effect which is sought.
It makes it possible to control the frequency very accurately,
and to place a piece of apparatus “in tune” with another
piece of apparatus, which may be located at a great distance.

Alternating-Current Problems.

1. What is the impedence of a cireuit in which 9 amperes of
alternating current are flowing at a pressure of 220
volts?

Answer., 24.4 ohms.

2. A cireuit, supplied with current from a 60-cyele alternator
at an E. M. F. of 110 volts, has a resistance of 25 ohms
and an inductive reactance of 8 ohms.

(@) What is the impedence of the cirenit?
Answer. 26.2 ohms.
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ot

(b) What is the inductance in henries?
Answer. .021 henries. '

(c) How many amperes of current are flowing?
Answer. 4.2 aniperes.
What is the angle of lag in an alternating current having

an inductive reactance of 8 ohms, when the resistance of
the circuit is 5 ohms?

Answer. 58 degrees. .
‘What is the percentage of the power factor of an alter-

nating current circuit in which the impedence is 230
ohms and the resistance 125 ohms?

Answer. 50 per cent.

. An alternating-current power line delivers current of 15

amperes at a pressure of 500 volts. The angle of lag
is 45°.

(a) What is the apparent power?

Answer. 7.5 K. W,

(b) What is the true power?

Answer. 53 K. W,

. Three incandescent lamps and three choke coils are con-

nected in series in an A. C. ¢ircuit. The lamps have each
a resistance of 200 ohms. The choke coils have each a
resistance of 10 ohms, and an inductive reactance of 33
ohms. What is the total impedence of the group of
lamps and choke ‘coils?

Answer. 638.68 ohms.

. The same devices referred to in problem 6 are connected in

parallel. What is the joint impedence?
Answer. 11.36 ohms.

. What is the maximum value of the alternations of a cur-

rent flowing through a circuit in which the ammeter
gives a reading of 18 amperes?

Answer. 25.38 amperes,




CHAPTER 12

Generators and Power Lines

Direct-Current Geuerator, Shunt, Series and Compound—Function of Com-
mutator—Rules for Potential Difference, Volt Drop, ete, of Generator—
Field Rheostat—D. C. Armature Windings—Compensating Poles—Commu-
tating Plare—Ileel and Toe Voltage—Murine Generator—Generator Efil-
ciency—Three-Wire D. C. Power Lines—Power-Line Alternators with Self-
Contained D. C. Field Supplies—Circuit-Breaker—7Table of Current-Carry-
ing Capacity of Insulated Wire.

114. Strictly speaking, any machine for gencrating elec-
trical energy is a generator, whether it produces direct or
alternating current. There is a tendency, especially among
radio electricians, to distinguish between the two by referring
to the generator of direct current as a dynamo and to the
generator of alternating current as an alternator. The con-
struction of the direct-current generator is similar to that of
the alternator, excepting for the manner of winding the arm-
ature and connecting it to the external circuit. It may be
revolved by any external source of power available; and the
energy supplied to the field may be residual magnetism, or it
may be supplied from the armature of the machine, or from
gome external source, such as storage batteries or another
direct-current generator.

115. If figure 68 is compared with figure 42, it will be seen
that in this machine the collector rings have been replaced by
two separate segments, or halves of one ring, to which the
opposite ends of the single-loop armature have been attached.
While in the alternator each brush makes continuous contact
to the same ring as the shaft revolves, in the direct-current
generator the brushes. make contact with first one segment
and then with the other as the shaft is revolved. The cur-
rent reverses its direction within the coil as in the alternator,
and as was explained in paragraph 85; but the two separate
sections, as thy revolve, slide first under one brush and then
under the other, and reverse the connection of the coil to the
external circuit. This is called commutation, and the two
segments are known as a commutator. The function of a
commutator on a d. ¢. generator is to reverse or commute the
alternating current induced into the armature at the proper
instant in each cycle so that the current flowing in the
external circuit will be always in the same direction. The
alternations take place in the loop of wire, but the loop is -
turned over, making contact with the brushes at opposite
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terminals of the armature for every other alternation; and
the current flowing in the external circuit is therefore flow-
ing in one direction. 'This produces a current which is de-
cidedly pulsating in character. In practical machines this
is overcome by using armatures consisting of many loops
attached to a large number of commutator segments.

. .

© »c

Yig. 68. Simple Direct-Current Generator.

116. It will be noticed that the machine illustrated in
figure 68 is of the magneto type. That is, the only source of
cuergy is the residnal magnetism in the ficld-pole magnets.
Obviously this is a self-exciting machine, the only external
power being supplied to it being the mechanical means used
to turn the shaft on which the armature is mounted. If a
coil of wire be wound around the ficld poles, and has its
terminals connected to the brushes which deliver current
to the external circuit, a portion of the enrrent will pass
through this coil, making electromagnets of the field poles,
thus greatly increasing the strength of the magnetic field
surrounding them, and increasing the power supplied to the
external circuit. TField windings connected across the
brushes are called shunt windings; and the generator is
known as a shunt-wonnd generator.

2210

Fig. 69. Diagram of Self-Excited Shunt-Field Dyname Supplying Direct
Current to External Lamp Circuit.
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The shunt field winding consists of a great many turns of
fine wire. The resistance is high, and the amount of current
in the winding small. By adding a resistance with a vari-
able connection, we can regulate the current flowing through
the field winding by increasing or decreasing the resistance.
The device used for this purpose is called a rheostat. The
registance of the rheostat is added to or subtracted from the
resistance of the ficld winding. When increased, less current
will flow through the winding, the magnetic fluz will be de-
creased accordingly, and there aill be less energy picked up.
When the resistance i8 decreased, more current will flow, and
the voltage of the ouput will be increased. The potential
difference at the brushes is found to fall off when an external
load is placed on the generator. For instance, if a number
of lamps, or a motor, be connected to the brushes of a d. c.
generator, they will draw current from it which can not
flow when the external circuit is open. This means that
more current is flowing through the armature, with the re- -
sult that the pressure is lowered. Then, the pressure in the
armature and at the brushes being lowered, less current
flows through the field winding, and less energy is picked
up by the armature. The percentage of this change of
voltage is known as the regulation percentage and is de:
termined as follows:

no-load voltage—full-load voltage

= percentage of voltage
full-load voltage regulation

While the current varies according to the load, the voltage
of this type of machine remains fairly constant, on load, as
compared to the series generator.

The rule for the relation between no-load volta(re and full-
load voltage applies also to alternators, but the current
through the separately-excited d. c. ﬁeld winding is not
affected in the same way as the current through the shunt
field of a d. c. generator taking its field current from its
own armature.
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(1) The current flowing through the armature of a self-
excited shunt-wound d. c. generator is equal to the
sum of the current flowing in the external circuit and
that flowing through the shunt field winding.

(2) The current flowing in the shunt field winding of a seljf-
excited d. c. generator is determined by dividing the
potential difference at the brushes by the field resis-
tance.

(3) A series field winding, being in series with the line,
has a volt drop which is calculated in the same man-
ner as the line drop. Hence, at the terminal connec-
tions to a series generator, the voltage is equal to the
potential difference at the brushes minus the series
field drop.

(4) The potential difference at the brushes of a generator
is always equal to the voltage at the end of the line,
Or at any point along the line, plus the line drop in
volts between the brushes and that point.

(5) The line drop in volts is equal to the product of the cur-
rent flowing through the line and the resistance of the
line.

(6) The total BE. M. F. generated is equal to the potentwl
difference at the brushes, plus the volts dropped in the
armature.

(7) The volts dropped in the armature are equal to the
product of the current flowing through the armature
and the armature resistance.

(8) Watts lost in the armature are equal to the product of
the volts dropped in the armature and the armature
current. Watts lost are also equal to 1% X r.

117. When the field windings are connected in series with
the brushes and the circuit being supplied with current, as
in figure 70, we have a series self-excited direct-current gen-
erator. In thls case the field Wmdmg is composed of a com-
paratively few turns of heavy wire. If the rheostat is
omitted, the full supply of current passes directly through
the series field wmdlng, hence the heavy wire is necessary.
When a field rheostat is used it is connected in shunt around



RADIO THEORY AND OPERATING 121

the series field winding. It will be noticed that the rheostat
is connected in series with a shunt field, and in shunt with
@ series field. While the ampere turns may have about the
same value in this machine as in the shunt machine, they are
the result of a large amount of current with a few turns of
heavy wire, as compared to the larger number of turns of
fine wire carrying a smaller amount of current in the shunt
field. The heavy series winding, being directly in series with
the brushes and the armature winding, is directly affected
by every change in the external load. When any device with
high resistance is connected in the external circuit, this re-
sistance is placed in series with the series field winding,
and the geuerator voltage is immediately lowered. 1f the
external resistance is too high, the generator may not “build
up” at all; and under any circumstances it cannot “build
up” until the external circuit is closed. The type of rheo-
stat shown in figure 70 is constructed to automatically bal-

000000
e

Fig. 70. Diagram of Self-Excited Series Dynamo Supplying Direct Current
to an External Circuit.
ance the resistance of the external circuit and the resistance
of the series field winding. An iron bar, acting as the core
of an electromagnet, automatically attracts or releases the
moving arm which makes contact with the field rheostat.
When the resistance in the external circuit is lowered, more
current will flow through the solenoid and the core will draw
the arm across the contact points and cut out resistance in
the shunt, thus taking more current away from the field,
and balancing the drop in load. When a load having high
resistance is placed on the external circuit there is less cur-
rent in the solenoid, and the arm is released, and the rheo-
stat resistance is cut into the circuit with the shunt, allow-
ing more current in the field winding. This arrangement is
- not always employed with series generators. If some type
of regulator is not used, both the current and the voltage
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will rise and fall with every change in the load. When a
voltage regulator is used, the current supplied is fairly con-
stant. The series generator is known as a constant-current
machine, as compdred to the shunt generator, which main-
tains a more constant voltage than the Sel'l(’s machine, A
voltage regulator somewhat snmlm‘ to that described above
is sometimes used in connectlion with a shunt generator also.

118. With a compound iwinding, consisting of both the
shunt and series field, we have the ady antnoe of both ma-
chines combined in one, and there is an automatl( balance

Fig. 71. Diagram of Compound Generator, with Short Shunt.

between the two fields, which keeps the output more nearly
constant than with either of the single windings alone.
When a load is placed on the generator, the e\txa current
flowing through the series field wmdmos adds to the mag-
netic hnes of foree through which the armature revolves, and
counteracts the decrease in current in the shunt winding.
This results in approximately constant voltage, or in a high
regulation percentage. There is not the fall in potential
across the brushes when a load is applied, as in the simple
shunt generator. In compound wmachines, the shunt field
winding may be connected as in figurve 71, when it is known
as a short shunt, or it may be connected as in figure 72, when

Fig. 2. Compound d. c. Generator with Long Shunt.



RADIO THEORY AND UPERATING 123

it is known as a long shunt. The long shunt bridges the
series field winding. By using more turns in the series field
than is necessary to maintain a constant potential, the volt-
age ~an be made to rise as the load is increased, thus making
up for line loss and delivering a constant voltage at the ter-
minals of the line. A generator thus wound is said 1o be
over-compounded. The volts dropped in the series field wind-
ing is the product of its resistance and the current flowing
through it.

119. Self-excited d. ¢. generators are used extensively.
However, in some cases it is more desirable to energize the
field windings from an external source. Figure 73 illus-
trates this method. In such a machine the field winding is
not affected to any extent by the external load; and the per-
centage of regulation is due solely to the variation of cur-

rent through the armature.

p.C.

— +
p.C.
= | —

Fig. 73. Separately-Iixcited D. C. Generator,

120. Uigh-powered d. c¢. gencrators are composed of a
large number of armature loops having comparatively small
inductance, and usually have several pairs of field poles.
The two-pole machines are seldom used at present, except-
ing for the small magnetos, and some exceedingly large
machines with powerful, heavy, permanent magnets, and
which are driven by water power or steam at an extremely

FYig. 74. Eight-Coeil Ring-Wound Armature.
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high speed. TFor ordinary purposes, and with an ordinary
amount of propelling power, it is found advantageous to
obtain the required voltage at slower speed, and with more
field poles. There must always be as many pdirs of brushes
as there are pairs of field poles, the positive brushes being
all connected to the positive side of the external circuit, and
the negative brushes to the other. The reason for this may
be seen by considering the direction of the current through
the armature coils. In figure 74 is illustrated an eight-coil
Gramme ring-wound generator armature. The ring-wound
armature is about obsolete for practical dynamos, but it
serves to illustrate the direction of current, and is some-
what simpler to follow than the later types. In this arma-
ture, when the external circuit is closed, current is induced
into each half of the armature that lies to the left or right
of the brushes, as the armature revolves. As each loop
passes the negative brush, and the one opposite to it on the
ring passes the positive brush, the direction of current in
each half is reversed. This process is the commutation pre-
viously referred to. Each time that the current reverses its
direction in the armature winding we have a reactance volt-
age set up against the flow of current in the coil, as is in-
variably the case with self-inductive circuits, and it is neces-
sary that an E. M. I\ of sufficient strength to overcome this
be picked up by the armature in order to continue operation.
In this simple eight-coil armature two-field-pole machine,
the current flows downward on each half of the armature,
and to the external circuit by way of the negative brush.
This is because one-half is cutting the lines of force up-
wards, and the other cutting them downwards. If we in-
crease the number of alternate field poles, we must increase

Yig. 75. Ring-Wound Armature Provided with Four Brushes for Delivering
Energy induced from Four Field Poles.
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our connections to the external circuit accordingly. This
type of armature winding is known as a closed-coil winding.
It is a continuous circuit, although the portion directly
parallel with the lines of force of the inducing field are
picking up the most E. M. F. When the loops are connected
separately to opposite pairs of commutator segments we
have an open-coil armature. This is not used as much as
formerly.

(s

OPEN COIL ARMATUREL

CLOSED COIL LAP WOUND.

Fig. 76. Methods of Connecting Open-Coil and Closed-Coil Armature Wind-
ings to Commutator Scgments.

121. In modern d. c. generators, or dynamos, the arma-
ture is usually wound in the closed-loop method over a lam-
inated drum, consisting of many sheets of thin steel, the
surfaces of which have been shellacked. In the larger
machines the armature loops are generally formed, baked
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and pressed into the slots in the core. The core is made
hollow to reduce weight and heating. The supporting frame-
work inside of the hollow armature core is called a spider.
With the ring type of armature only the wires composing
the outside of the armature are actually cutting through
the lines of force. With the “formed” windings, which are
pressed into the slots in the surface of the core, all of the
wire is on the surface and hence all are cutting the magnetic

===

Fig. 77. Xaminated Drum-Wound Armature.

flux, and the efficiency of the machine is increased. As the
iron core of the armature is a conductor of current as well
as magnetizable material, there is a certain amount of cur-
rent induced into this as it revolves, and what are known as
eddy currents arve produced in the core. This is wasteful of
the energy supplied for inducing current for the external.
circuit. This current also produces heat. These two effects,
with the addition of magnetic hysteresis constitute the
causes of internal losses in dynamos. They are partially
counteracted by the modern methods of laminating.

Fig. 78. Ovcrlapping Pulsations of Currcnt from Multiceil d. ¢. Armature.

122. The commutator and brushes making connection
with the external circuit must be in proper relation to each
other, or there will be sparking. The commutator consists
of segments of hard-drawn copper, held in place on the shaft
by the key-like manner of their cut. The seg-
ments are insulated from each other by sheets
of mica, and the entire commutator insulated
from the shaft. If one of the segments or a
piece of mica becomes loose and rises a little
above the others, every time that this raised
piece passes under a brush there will be a se-
F o ae ™ vere spark. The commutator alse wears in

Section of .
Commutator. | orooves, which must be smoothed down by
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pressing a piece of fine sandpaper against it while running,
or if badly worn by turning it dawn in a lathe. The brushes
consist af bars of carbon held in place by holders equipped
with springs which press against the carbons and keep them
tight against the commutator, gradually pushing them
farther into the heolder as they wear down. If the brush
holders are not properly designed, or properly adjusted,

¥ig. 80. Western Flectric Type ML Direet-Current Generator, without
Compensating FPoles.

they may vibrate, which will cause sparking. The brushes
are mounted on a “rocker arm,” an adjustable portion of
the iron framework, which permits a “rocking” or swinging
around of the brushes and the armi, in order to adjust the
brushes to the best position on the commutator, or to the
commutating plane. If the brushes are out of this plane
this will also cause severe sparking.
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123. The commutating plane is that point of adjustment
where the brushes exchange contact with the commutator
segments at the instant in which the current reverses its
direction within the armature coil. This is not at a posi-
tion exactly half way between the two magnetic field poles,
as might be supposed, on account of the distortion of the
fluz of the field poles due to the cross-magnetizing effect of
the armature coils and core. As ihe commutator moves
under the brushes and the brushes change contact with the
commutator segments, each armature coil is successively
short-circuited by the brushes, and it is essential that this
short-circuiting takes place when the current in the coil is
at its lowest ebb. The simplest way to determine this ad-
justment is to move the brushes around until the sparking
is eliminated or reduced to a minimum. In many of the
older types of dyhamos it was necessary to move the rocker
arm for every change in load on the machine. In more re-
cent types this has been overcome by various methods of
construction, principally by the use of compensating wind-
ings.

Fig. 81. Western Electric Type LD 250-K. W. Direct-Current Generator,
with Compensating Windings, and Fly-Wheel.
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The cross flux set up by the armature current is-the cause
of the distortion of the field flux which makes a shifting of
the brushes necessary. It is possible to overcome this by
providing an opposing magnetomotive force to counteract
the distorting effect of the armature cross flux, and thus to
make possible a central and permanent location of the
brushes. This is accomplished by adding compensating
windings, consisting of coils imbedded in slots in the surface
of the field poles, and having a portion of the armature
current passing through them.

In practical machines having many commutator segments
the brushes generally short-circuit two segments at a time,
overlapping a part of the segment on each side of these two.
The resistance of each contact between each of the high-
resistance brushes and ‘a commutator segment decreases as
the surface contact of the brush increases. There is also a
difference in potential across the opposite ends of each brush.
The end of the brush making contact first, following the
direction of commutator rotation, is sometimes referred to
as the heel of the brush. The other end is called the tip or
toe of the brush. The difference of potential between heel
and toe is equal to the self-induced emf. of the short-circuited
armature coil. This effect is less noticeable when metal
brushes are used. With metallic brushes there is little
opposition to the flow of current until the contact between
brush and commutator segment is broken. This forces the
current to pass through the coil suddenly, and usually causes
sparking. Hence the almost universal adoption of carbon
brushes. Sometimes brushes are made of alternate layers
of copper and carbon, the copper reducing the resistance
between the armature and the external circuit, and the
carbon reducing the sparking.

124. The ratio of the power output of a generator to its
power input is its percentage of efficiency. In other words,
the number.of electrical horsepower which it can deliver, in
proportion to the mechanical horsepower required to drive
it, is an indication of the general efficiency of the apparatus.
Generators are rated commercially according to their
capacity, or the number of kilowatts which they can supply*
to an external circuit without excessive heating, and the
potential difference that will be maintained across the
brushes under these conditions. If the generator exceeds the
maximum allowable heat, the insulation may break down.
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Fig. 82. Western Electric Marine Set, Direct-Current Generator and _Steﬂm
Engine.

and considerable damage be done. The rating, however, is
always considerably under the actual limit of capacity, so
that within reasonable limitations generators may stand an
overload of as much as fifty per cent. for a limited period of
time. In the design of various types of generators consid-
eration is given to the thickness of the field and armnature
cores, the breakdewn voltage of the insulating materials
used on the windings, the internal resistance of the wind-
ings, ete. Varnished cloth is frequently used for insulating
the windings. Asbestos, paper, and cotton tape are also
sometimes employed. They have, respectively, a breakdown
voltage of about 7,500 volts, 1,500 volts, and 250 volts.

125. 1t is possible to increase the available current to be
obtained from generators of low capacity by connecting two
“shunt generators in parallel across a ecircuit exactly as you
would connect cells across the line, with the positive brushes
to the positive of the line and the negative brushes to the
. negative of the line. As with the cells, this will increase the
current but not the voltage. They may also be connected in
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series, with an increase in voltage but no increase in current.
Compound d. c. generators are also connected in parallel for
greater current. When this is done an equalizing bar is used
to stabilize the windings, and counteract effects of varying
external load. This consists of a bar connected between
brushes of like polarity, and to which the terminal of the
series ficld winding is attached.

126. Starting with only residual magnetism, it is pos-
sible to furnish direct current for power for lights, for op-
erating various kinds of electrical machinery on land or on
board a vessel at sea, to draw from a dynamo power for this
purpose,; and at the same time to balance any loss of mag-
netism in the permanent magnets by the remagnetizing
effects of the field windings. Modern sea-going ships are
now supplied with an abundance of eleetric lights, and
power for any other purposes desired, including the radio
transmitter, from the d. c. generator, or ship’s dynamo as
it is usunally called, which is located in the hold.

127. Three-wire systems are operated with but one genei-
ator by meauns of a third connection to the armature, instead
of the use of two separate nmachines, as shown in figure 28. In
early types of d. c. generators designed for this purpose an
iron-core reactance coil was connected, as shown in figure
83a. Each side of the external circuit has an 18, M. F. of, say,
110 volts, in which case the connections across the two out-
side wires give double that, or 220 volts. The cenier, or neu-
tral wire, does not actually perform simulianeously as both a
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Fig. 83a. Early Type of Three-Wire Circuit Dynamo,

negative and positive path. Tt is either one or the other, ac-
. cording to the connections of the external cirenit. When
equal loads are placed on each half of the external circuit, it
serves to connect these two loads across the outside wires in
series with each other, dividing the voliage between them as
two resistances in series parallel. Tn this case the system will
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work if the connection to the center brush is removed, as the
current is passing clear across from the outside positive to
the outside negative, by way of the neutral wire. In more

Fig. 83b. Modern Three-Wire Circuit Dynamo.

recent makes of machines for this kind of service, the neutrai
winding consists of one or more coils arranged as in figure
83b. These generate half as much voltage as the potential
difference at the brushes. The action of the external neutral
wire is the same with either type. The current in these neu-
tral windings is not commuted, but is alternating current,
which makes it possible for current to flow in either direce-
tion over the neutral wire. Connection of the third brush is
accomplished by a slip ring mounted on the shaft in addition
to the commutator. In many three-wire systems a generator
providing a somewhat greater voltage than the maximum
obtainable across the outside wires on the line is used; and
this is shunted by what is known as a balancer. This con-
sists of two dynamos connected in series with each other so
that each may run as either a motor or generator. These
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Fig. 83¢. Grounded Three-Wire Direct-Current Power Line.

reverse according to the load on either side of the line and
keep the system balanced. A heavy load on either side will
produce a higher voltage on the opposite side, running the
dynamo on that side as a motor, and feeding the heavier-
loaded side. In cities where a large amount of lighting
is required, the power for heavy motor work is supplied
from a separate system, in order to prevent fluctuating
of the lights. The neutral wire is invariably grounded
at the supply station. The National Underwriters mnow
recommend that the neutral also be grounded at the “ser-
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vice,” omitting the middle fuse and bridging the gap with a
jumper, as shown in figure 83c. Switch boxes and conduits
are grounded to water pipes for protection from lightning
and accidental high voltages. Where the fuse ix used in the
neutral wire at the entrance to buildings, this wire is not
grounded at this point. Referring to the 7'cchnological
Paper of the Burcau of Standards, No. 108, “The purpose
of a ground connection is to keep some point in an electrical
circuit at or near to the potential of the ground in order
either that safety to life and property be sceured, or that
there be increased convenience and continuity of service.
Ground may mean the soil itself or conducting bodies in
contact with it. In many instances it is necessary that there
be a considerable flow of current through the ground connee-
tion in order to prevent the potential of an electrical ecircuit
from rising to a dangerously high value above the ground.
The soil offers more or less resistance to this current flow,
and this resistance determines in large measure the effective-
ness of the ground in protecting against high voltage. With
the middle of a three-wire system grounded at a single
point, there is ordinarily no flow of current through the
ground connection. If, however, an accidental ground should
develop on an outer wire, current would flow through this
accidental ground and the ground connection to the middle
wire” Terrell Croft, in his Wiring for Light and Power,
also says, “In a 110-220-volt three-wire system, with
the neutral ungrounded, the maximum voltage to ground
would be 220 volts. But with the neutral grounded, the
maximum possible voltage to ground becomes 110 volts..
Hence it is evident that the life hazard is decreased by
grounding the neutral. Every precaution should always be
taken to insure that the potential of the neutral wire, which
is normally grounded and is therefore at ground potential,
never rises above ground potential. 8o long as the neutral
wire is maintained at ground potential, there can be no
voltage between this wire and the ground.” The potential
of the carth is taken as average. Less than the potential at
the earth connection is called a negative charge, and greater
a positive charge. Hence when anything is said to have a
ground potential, it is understood to be as near neutral as
possible, or at zero potential in relation to the earth. It is
probable that the earth has a strong negative charge, but as
all other potentials are considered as relative to this, and all
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instruments are affected similarly by it, the earth’s potential
is usually called zero.

128. A small direct-current generator with permanent-
magnet field poles is frequently used for the field excitation
of a high-powered alternator. This is usually mounted on
the shaft of the alternator, as shown in figure 84, and con-
sidered a part of the complete machine. Contact to the
revolving field is made through slip rings, and leads are
brought out from the stationary armature. Sometimes the
exciter is separately belt-driven. This has the advantage of
preventing any drop in the speed  of the alternator from
causing a corresponding drop in the exciter voltage.

Figure 83a illustrates the fundamental principle of a
single-phase alternator with a self-contained d. c. generator
field exciter. In such a machine there is a noticeable drop
in voltage as the current output is increased. To offset this

A

Fig. 81. Western Electric Alternator With Self-Contained Direc(-Current
Exciter Mounted on Shaft.
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a series field winding is often used. The current from the
alternator armature must of course be rectified before it
can be used for field excitation. Various arrangements.are
used for this, one of the best known heing a mechanical
rectifier as illustrated in figure 85b. The rectifier consists
of a type of commutator composed of two castings having
staggered teeth. Therc are as many teeth as there are field
poles in the alternator. The two castings are fitted together
and insulated from each other. One terminal of the alter-
nator armature is connected directly to one of the collector
rings which supplies the output circuit. The other terminal
is connected to one of the rectifier castings. The current
from the armature then passes through one part of the
rectifier, through the series field winding, and to the external
circuit by way of the other collector ring. By tracing the
circuit of figure 85b, it can be seen that the current in the
external circuit reverses its direction, but that alternate
alternations in only one direction can pass through the
series field winding.

=8

Fig. 85, Single-Thase Alternator Fig. 85h. Compound Alternator with
with Self-Contained 1. C. Genera- Rectified A, C. Series Field Wind-
tor System:of Field Excitation. ing.
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‘A commutator is sometimes employed for rectifying the
a. c. carrent of a three-phase alternator. The current for the
field winding is usually obtained by means of auxiliary
‘windings mounted in the same slots as the alternator arma-
ture. DBrushes from these rest on a commmutator of which
alternate segments are connected to two slip rings feeding
direct current to the field winding. Automatic compounding,
to compensate for changes in load, is accomplished by the
use of series transformers, as illustrated in figure 86. An
increase in load, which draws more current through the
primaries of the series transformers, will automatically feed
additional energy back to the field winding to keep the volt-
age constant.
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129. When current is supplied to an external circuit by
a generator, connections are generally made by means of a
two-blade or three-blade switch, according to the circuit, and
fuses are invariably placed at the switch terminals to protect
the external circuit from a possible overload of current.
Fuses are also used in connection with the input switch at
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¥ig. 86.: Three-Phase Alternator With Self-Contained D. €. Field System.
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the service. Fuses are of two general types, those known as
the cartridge fuse, and the plug fuse. The cartridge fuse con-
sists of a piece of wire, or flat strip of an alloy of lead and
tin, imbedded in a mixture of asbestos and chalk, and held in
a fiber cartridge-shaped container, having copper or brass
caps at each end which fit into copper clips, thus making con-
tact with the circuit. Some of these are renewable, with the -
caps screwing onto the ends. The plug fuse is made to screw
into a block similar to a stationary lamp socket. It contains
the piece of alloy, and works on the same principle. In each
type, the alloy is accurately calibrated to pass only a given
current before meling, and more than this amount will im-
mediately “blow” the fuse, or melt the alloy. .This cali-
brating is done by determining the resistance of the alloy,
by varying both its size and its composition.
In addition to the fuses, the cireunits supplied
with current from the generator ave frequently
protecled further by a circuit-breaker, which
is an automatic switch operated by means
of an iron plunger in a solenoid. Circuit-
7\ Dbreakers may be made to automatically open
cither a sigle-blade or a double-blade
switeh; and on either an overload or
an underload of current. After open-
TR ing, they must be closed by hand. In
" “Overload Circuit. cities the maximum current which will
Breaker. be allowed to pass over certain sizes of
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wires is provided for in the Underwriters’ rules, and fuses
which pass no more than this current must be used, and
circuit-breakers made to trip at this load.

Table of Amperes Allowable for Rubber Insulated Wire.

B. & S.Gauge Amperes 3. & 8. Gauge Amperes

18 3 4 70
16 6 3 80
14 15 2 90
12 20 1 100
10 25 0 125

8 35 00 150

6 50 000 175

5 55 0000 200



CHAPTER 13
Motors

Shunt, Series and Compound Motors — Funetion of Motor Commutator —
Direction of Rotation—Left-Hand Rule—Torque—Counter Emf.—Ohm’'s
Law for Motors—Motor Losses—Efliciency—Commutating FPlane—Speed
Control of Motors—Compensating Windings—Interpole Motor—Induction
Motor—Synchronous Motor—Repulsion Motor—Capacity of Motor—Electro-
dynamic Machinery Problems,

130. Motors are classified as direct or alternating-current
machines, and as series, shunt, or compound. A d. c. gener-
ator and a d. c. motor are interchangeable; and an a. c.
generator and a. ¢. motor are interchangeable. When the
machine is operated by mechanical power and the rotor is
revolved, it will deliver power in the form of electric current.
When it is driven by electromagnetic force supplied by elec-
trie current, it will deliver energy in the form of mechanical
power, which can be utilized to turn a shaft, drive machinery
by means of a belt, or do other useful mechanical work.
Sometimes minor changes are necessary in order to reverse
the machines. If a self-excited shunt wound d. ¢. generator
be connected at the brushes to a source of electric power,
this current will pass through bo(h the field winding and the
armature. The direction of the current through the field
winding is opposite to that when the machine was used as a
generator. That which was the positive output brush is
now the positive input brush. The current which passes
through the armature is connuted, that is, the various loops
of the armature exchange their connections to the source
of current coming in, just as in the d. ¢. generator, they
exchanged their connections to the output circuit. The
function of the commutator on a d. c. motor is to reverse
the direction of the current in the armature at the proper
instant so as to maintain the polurity of the armature wind-
ings in such relation to the ficld poles that there 1ill be con-
stant rotation of the armature.

131. The direction of rotelion of a motor may be deter-
mined by what is called the left-hand rule. This is illus-
trated in figure 88. When the first finger of the left hand
points in the direction of the lines of force, as indicated by
a magnetic compass, and the second finger points in the
direction from which the current flows, or toward the nega-
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tive of the sowrce of power, the thwmb, if cxtended level with
the hand will indicate the direction of rotation of the re-
volving armature of the motor. This may be proved by
several experiments showing the autematic twisting of two
conductors, free to move, aud placed parallel to each other.
A charged wire has a tendency to move into a position which
will allow its maguetic lines of force to run in the same
direction as those of any other magnetic influence placed
near te it, either a permanent magnef, an electromagunet, or

DIRECTION OF
LINES OF FORCE
OF FIELD POLES.

Fig. 88. ILeft-Hand Rule for Direction of Rotation of a d. e. Motor
Armature,

a straight charged wire. 1f a charged wire be placed paral-
lel to a bar magnet, the attraction will be for the wire to
turn at right angles to the magnet, either toward the right
or left, according to their relative polarity. The force is
not in the wire or the iron, or the current itself. It is the
magnetism, the lines of force of which make an effort to run
parallel to each other, and to pull the wire around so as to
- make this possible. If a simple loop of wire, charged with
current, be suspended so that it is free to move around, and
a strono bar magnet be held close to this coil, one end of the
bar m.wnet will 1’epel the coil of wire, and the other end will
attract it. It may be possible to cause the loop to turn clear
around, or to revolve, by this method. A charged solenoid
may be subsituted for the bar magnet with the same results.
When two straight wires run parallel, they exhibit the laws
of magnetic attraction and repulsion, if current passes
through them. When the current flows through them in the
same direction, the lines of force around them will be in the
same direction, and the wires will at{ract each other. When
current flows through them in opposite directions, their lines
of force will be opposed to each other, north to north, or
south to south, and the wires will lcpe] each other.
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132. The law of attraction and repulsion, as the source of
rotation of motors, may be further illustrated by changing
the connections to Faraday’s disc, illustrated in figure 37.
It electric current be sent through the wires connected to
the external circuit, instead of taken from them, the dise will
revolve. This is sometimes referred to as Barlow’s wheel.
If the direction of the current through the dise is reversed
the dise will turn in the opposite direction. Or, if the
horseshoe magnet be turned around so that it presents its
north and south poles to opposite sides of the disc, the disc
will reverse its direction. DBut if both are reversed, the di-
rection of rotation will remain the same as before, because
the relation between the two has not been changed.

133. Various types of armature windings are used for
d. c. motors, these frequently being the distinguishing char-
acteristic of the motors made by different manufacturers.*
The drum armature, mounted on either a core of laminated
sheets of steel, or on a spider, is most common; and the
closed-coil windings are much preferred to the open-coil
types. The losses due to heat and hysteresis are the same
whether the dynamo is operated as a generator or as a motor.
The distortion of the magnetic flux makes necessary the same
relation between the brushes of the motor and the armature
as in the generator, with the exception that the commutating
plane will be at a spot to one side of the neutral plane
exactly opposite to that when the machine is used for a
generator. In the generator the commutating plane is in
advance, in direction of rotation, of the neutral plane; while
in the motor it is backward against the direction of rotation.
This is on account of the distortion meuntioned in para-

SEHUNT,.

Fig. 89. Bipolar d. c¢. Motors, Shunt, Series and Compound.

*Note—Fig. 69, with current input from the line instead of current output
to the line, is a simple diagram of a shunt-wound d. ¢. motor, and Fig., T1
of a compound d. c. motor.
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graph 123. The distortion of the field flux by the cross-mag-
netic influence of the current in the armature wires, and the
effort of these lines of force to.unite and move in the same
diretion produces the “drag,” or pull, which causes the arma-
ture to turn. The lines of force passing from one field mag-
net to the other are ‘bent” in a curve, which is against the
direction of rotation of the motor. There is a tendency for
these bent lines of force to flatten out into their original posi-
tion, as they make an effort to turn in the same direction as
the lines of force of the armature, and the armature flux
makes an effort to turn in the same direction as the field flux
as it flattens out. The combined effect of this pulling and
twisting of the magnetic lines of force is called the torque of
the motor, or its turning effort. When one armature loop has
arrived in a position which encompasses the greatest number
of lines of force of the field flux, or the same number of lines
of force as it produces itself, its turning effort ceases; and if
it turns beyond this point it will have a tendency to reverse
the motion, and move backward. Therefore, to procure
continuous rotation, it is necessary to reverse the direction
of the current exactly at the position where the change in
turning effort would take place. Naturally, the strength of
the torque depends upon the strength of the magnetic flux
of the field poles and the strength of the magnetic lines of
force surrounding the armature coils. When the load on
the motor is increased, the current drawn from the supply
line is increased, and the torque also increases in proportion,
and the motor continues to turn, and takes care of the load.

134. When the motor armature is revolving through the
flux of the field poles, producing mechanical power, it is
simultaneously acting as a generator. The armature coils
cutting through the field flux, pick up energy which pro-
duces an E. M. F. in an opposite direction to the flow of
the current taken from the supply line. As in the generator,
the strength of this E. M. F. is determined by the number
of loops of wire being revolved, their manner of winding on
tlre armature core, the speed of rotation, and the strength of
the field through which they pass. The current flowing
through the armature, then, depends upon the difference be-
tween the applied voltage and the counter emf, produced
by the rotating of the armature. If the counter emf.
were to equal the applied BE. M. F. no current would flow.
Reverting to our allusion to water in a pipe, as an illus-
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tration of electric current along a wire, the effect of the
counter emf. on the armature current of a d. c. motor is
similar to placing a counter pressure at the outlet of the
water pipe. With a given size of pipe and a given pressure
at the reservoir, the quantity of water which could flow
through the pipe would be iu proportion to the difference
between the pressure at the reservoir and the back pressure
working against this. It is obvious that the applied emf.
must always exceed the counter emf., and the difference
between them is due to the same thing which canses the
“drop” in the generator armature, viz., the armature resist-
ance. Hence we have Ohw's law for motlors, with e repre.
senting counter emf.

e=E — (I X rof armature)
Applied E. M. F. = (I X rof armature) + e
Armature volt drop—E —e

armature volt drop
armature r

Juwrrent through armature —

applied E. M. F.
field r

Power loss in armature — armature volt drop X arma-
ture current.

Power loss in field = Applied . M. F. X field current.

Total losses in motor = watts lost in armature 4 watts

lost in field 4 watts lost due to friction, eddy currents,
ete.

Current throungh field =

135. The speed of a motor varies more or less under
variation of load, and the counter emf. developed is al-
ways in proportion, so that the armature drop and counter
emf. are equal to the applied E.M.F.; and as the motor ac-
commodates itself to different loads, the current flowing in
the armature varies with the developed counter emf., due
to the speed of the motor, and only sufficient current to
nandle the load is taken from the line. When the motor is
run without load its speed is increased, and the counter
emf. is increased, so that a small amount of current is
flowing in the armature. When a load is applied to the
pulley, or shaft. the speed is lowered, less counter emf.
is developed, and more cnrrent flows in the armature, in-
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creasing the torque, and hence the pulling power of the
motor. It will be seen that the power which a motor draws
from the supply lines is directly in proportion to the work
which it is required to do.

136. The mechanical power of a motor is dependent upon
the speed of the armature combined with the torque, and
may be determined by finding the product of the counter
emf. and the current flowing in the armature, or power
developed — e X 1. This includes the losses due to heat, fric-
tion, eddy currents, etc. So the power output of @ motor is
equal to the power developed minus losses. The efficiency of
a motor is therefore as follows:

power output
Efficiency = ——
power input
The power input is the sum of the watts drawn by lhe
armature and the watts drawn by the field.

Watts drawn by the armature — applied E. M. F. X
armature current.

Watts drawn by the field = applied E. M. F. X field
current.

137. The shunt motor has a field winding of many turns
of fine wire, having high resistance; and, being connected
across the brushes, this winding passes only a portion of the
current of the line. It gives a slower starting torque than
a series motor, but maintains a fairly constant speed under
varying loads. It will turn in the same direction in which
‘it would be turned if operated as a generator. To reverse
its direction, connections to either field or armature wind-
ing alone must be changed. A series d. c. motor, having its
field winding directly in series with the line supplying
current to the armature, is composed of heavier wire. It
starts up rapidly, but varies its speed with every change in
load placed upon it. In fact, if allowed to run without load
or some controlling resistance, it may “run away,” and
wreck itself. The series motor turns in the opposite direc-
tion from that in which it would be turned as a generator.
Compared to the shunt motor, it has a higher torque at slow
speed and a lower torque at high speed and is especially
adapted to such work as driving street cars, lifting cranes,
ete. Many small electric fans are also run by series motors.
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Street cars employ two series motors in series for starting,
the resistance being reduced by throwing them in parallel
by means of a switch after the car has been started.

=S ] +
S s
)
== MOTOR ) | OIS t+
—

Fig. 90. Wiring Diagram of Four-Pole d. c. Shunt Motor.

138. Compound windings for dynamos are classified as ac-
cumulative, or cumulative as it is sometimes called, and
differential. When the series field winding is arranged so
that its magnetic flux is in the same direction as that of the
shunt field winding, the lines of force unite, and we have an
accumulative winding. When the series field is wound so
that its magnetic flux is opposite to that of the shunt wind-
ing, the separate magnetic fields oppose each other, and this
is called a differential winding. An accumulative wound
motor has a greater starting speed than one with a differen-
tial winding, but will vary its speed more, under change of
load, than the differential motor. The differential wound
motor has a high starting torque, and will give a more con-
stant speed.

139.  Speed regulation of motors, after they have been
started is usually accomplished with a rheostat. When the
resistance in series with the field winding of a shunt d. c.
motor is increased, the specd of the motor is increased, be-
cause by reducing the amount of current in the field wind-
ing, we also reduce the counter emf. When resistance is cut
out the speed of the motor is decreased, on account of the
increased counter emf. produced by the increase in current
In the field winding. Figure 93 shows speed control of series
motors. At A, the rheostat is subjected to the heating effect
of the full running current. This is wasteful. Being in
series with the armature, as well as the field, increasing
resistance reduces speed. At B, increasing resistance sends
more current through the field winding, and speed is re-
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duced. C illustrates the most economical method of vary-
ing the magnetic strength of the field winding, and hence the
speed. :

\“[CTIO,V o
$01AT10,1/

D.c. INPUT
+
Fig. 91. Effect of Distortion of Motor Field.

140. Most dynamos of any size are operated on ball bear-
ings; and with motors, where speed and low frictional losses
are desired, this is especially iinportant. Oil cups are lo-
cated so as to feed oil into the bearings in the proper amount.
Sparking at the motor commutator may be caused by the
same conditions which would cause sparking if the machine
were being run as a generator. It is necessary to adjust the
brushes to the proper commutating plane, which is always
to one side of the point midway between the field poles.
Some d. c. motors have compensating windings, which
counteract sparking at the comwmutator. These consist of a
few turns of wire connected in shunt to the brushes, as ex-
plained in paragraph 123. Where the dynamo is constructed
especially for service as a motor this compensating winding
generally takes the form of separate poles, or interpoles, be-
tween the regular field poles, instead of the winding im-
bedded on the face of the field poles, as referred to in para-
graph 123.

141. The speed of shunt motors may be varied, aside from
the field rheostat method, if provision is made for moving
the field poles mechanically. Certain types of motors are
made with this mechanic: 1 arrangement. One type has the



146 RADIO THEORY AND OPERATING

Fig. 92a. Wiring Diagram of Interpole Tig. 92b. Four-Tole Interpole
Shunt Motor. d. ¢. Shunt Motor.

- + _—@+ - -
. A B C
Fig. 93. Methods of Controlling the Field Strength of Series Motors.

cores of the field coils movable, while the windings are
mounted on hollow tubes. The cores are mechanically con-
trolled by a rotating wheel-like handle attached to the out-
side of the motor case. When the iron cores are lowered in
the windings, their magnetism is increased; and when they
are raised, the magnetic field is weakened. Another type
lengthens the air gap between the revolving armature and
the field windings by moving the armature backward and
forward inside of the case.

142. The percentage of variation of speed, on full load
and no load, is called the speed regulation of the motor. -
This is equal to the no-load speed minus the full-load speed,
divided by the no-load speed. That is, of course, with a
fixed setting of the field adjustment or regulation.

no-load speed — full-load
speed

Speed regulation percentage — —— — —
! e P e no-toad speed

Information regarding the performance of the motor is
usually furnished by the manufacturer in the form of a
characteristic curve, and this accompanies the motor when
purchased. The characteristic curve of a motor shows on
a graph the relation between the input amperes, the R. P. M.,
the torque in foot-pounds, and the percentage of output
- power. By marking the point where these intersect at right
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angles on the cross-section paper, we make a curve which
indicates the relation between these various factors. For
instance, in figure 94, with 25 per cent output, full load, we
have 7.5 amperes and 11 foot-pounds torque; at 50 per cent.,
14.1 amperes and 23 foot-pounds torque; at 75 per cent,
40.1 amperes and 35 foot-pounds torque, etc. As the current
drawn is inereased, the.torque is increased, with a higher
percentage of power output.
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Fig. 94. Characteristic Curve of the General Electric Company’s Type
R. C. 75.-H. P. 230-Volt d. ¢. Shunt Motor,

143. Motors constructed 1o run on an alternating curreut
may be divided into two general groups, namely synchronous
and non-synchronous. The latter are usually called induc-
tion motors. The induction motor is operated on the trans-
former prineiple. While it might not be very practical to
do so, from a mechanical standpoint, it is possible to reverse
a revelving armature alternator, short-circuit the collector
rings, and by sending alternating current through its field
windings, to cause it to revolve as a motor. The armature
is not connected to any external source of power, as was the
case with the d. c. motor armature. Its sole source of
energy is that picked up by induction from the “revolving”
magnetism of the field and it is pulled around by this force.
When one considers how an alternating enrrent will alter-
nately reverse the polarity of each field pole, it can be seen
how the magnetic flux will actually rotate, as the lines of
force pass continually to one south pole from a north pole,
and so on around the inside of the frame, if there are more
than two poles. A compass placed in the ceuter of this
field will spin. Induction motors may be made to operate on
either single-phase or polyphase alternating current. In
the polyphase machine, additional sets of poles are added
for each phase, each set being wound in opposite direction,
to procure continuous rotation of the flux, These motors

S
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may have the usnal wire-wound armature, or they may be
constructed on the principle known as the “squirrel cage.”
The “squirrel cage” consists of a hollow laminated steel
armature core, on which are mounted a number of copper
bars, or strips, parallel to the shaft, and held in place by a
copper ring fastened on each end of the drum. Current
from the revolving field is induced into these copper bars,
and an emf. and a counter emf. are set up, and the -‘cage”
rotates, and turns pulleys, and does work., Single-phase
induetion motors require to be started by hand, or some
auxiliary method, but will continue to rotate after ouce
started. This is because {lhe single-phase rotating field
has a tendency to produce a torque of equal strength in
two opposite directions. They will also stop at some par-
ticular torque, if overloaded. I’olyphase induction motors
simply vary speed on change of load, but do not stop. With
the indunction motor, the speed of the rotor is never equal
to the frequency of the rotating magnetic ficld as there
would be no cutting of the lines of force if this were the
case. The difference between the synchronous speed and the
rotor speed is called the “slip” of the motor. Synchronous
speed is the product of the current frequency and the
number of pairs of field poles. At no load the slip is very
slight and the speed is nearly synchronous. The greater
the load, the greater the torque required, and the greater
the slip. The rotor current, hence the torque developed,
depends on the percentage of slip.

synchronous speed — actual speed

Slip =
synchronons speed
120 X X (1.—8)
r

Speed in orpm =

current frequeney per second.
percentage of slip.

f
=
I’ = number of field poles.

by

144. The synchironous motor requires direct-current field
excitation, and employs alternating current for its arma-
ture. Referring to figure 42, if alternating current were
supplied to the loop of wire instead of taken from it, the loop
would rotate. In practice, synchronous motors are gener-
ally constructed with a rotating field, a small d. ¢. generator
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on the same shaft, and a stationary armature. ~Figure 85a,
with the a. c. reversed, would be a diagram of such a motor.
The synchronous motor runs in synchronism with the a. c.
power supply and at a constant speed, regardless of load.
The single-phase motor is not selistarting, but requires
auxiliary apparatus to get it into step with the current.
Otherwise it will only vibrate or “hunt” from one side to the
other. Polyphase synchronous motors will start alone. Vari-
ation of field eurrent, not being able to change the speed of
the rotor, has the effect of changing the phase of the current
in the armature, and by making it draw power with a “lead-
ing” current, the motor may be used to correct a low-power
factor eaused by induction motors on the line. On account
of this it is sometimes referved to as a “synchronous con-
denser.” As a practical piece of power machinery it is
decidedly limited in usefulness, dne to its having a Jow start-
ing torque and the necessity of its having a large capacity
for successful operation.

145. A repulsion motor, made to operate on alternating
current, has an armature similar to that used on a d. c.
motor; but this is not connected to the external supply line.
The armature is short-circuited by a conductor which makes
contact with the armature by way of brushes which rest on
the commutator. As the armature increases in speed, these
brushes are lifted by centrifugal ferce, and the armature
continues to revolve as a simple induction motor. This type
of motor is considered to be an improvement over the
previously described induction motor, as it is not so
difficult to start. Recent wmodels of it are equipped with
compensating pole windings, which still further increase

its efficiency.

146. A type of motor made to operate on either direct or
alternating current, and called a “universal” motor is popu-
lar for household appliances and small shops. The general
appearance of it is similar to the d. c. motor, and might be
puzzling to elassify. The universal motor is a comparatively
recent development in motor engineering. TIts field coils are
invariably laminated to reduce eddy currents and hysteresis,
and the windings consist of a small number of turns of wire,
which will reduce inductive reactance and a lagging power
factor when the machine is operated on alternating current;
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and which do not interfere in any way with the operation of
the wachine on direct current. The armature and commu-
tator are exactly.like those used in the ordinary d. ¢. motor.

Any series motor, equipped with compensating field wind-
ings, can be operated on either direet or alternating current,
as its direction of rotation is not affected by a change of
polarity at its terminals.

147. The capacity of motors is determined by the same
conditions which determine the capacity of generators, and
is understood to mean the work which they can be made to
do without overheating. Motors are generally rated commer-
cially in horsepower, this indicating the mechanical horse-
power which they will develop at the pulley on full load.
They also include on the name plate the voltage and current
for which they are designed, and the revolutions per minute.
Occasionally the output is designated in kilowatts, one K. W.

"being 1.34 H. P. The amount of current which a motor will
take can be calculated, if the percentage of efficiency is
known.

mechanical horsepower X 746 K. W. X 1000
T ———— or —
L5 X percentage of efficiency E X p. c. of efficiency

The size of wire which should be used to conduct the
current to the motor may be determined by the following:

H.P. X 746 X length X K
Circular milg ==

E X volt drop X p. c. of efficiency

The horsepower developed by a motor is equal to the
product of the current, voltage and percentage of efficiency,
divided by 746.

148. Due to the fact that it is necessary to accumulate
counter emf. in the notor betore it can reach its, normal
speed, some device for controlling the current passing into
the armature during starting is necessary for motors of any
size. When the motor is standing still there is no counter
emf.- At the instant that current is sent into the

E

armature I = -— is trne, but after the armature has started
R
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{0 revolve this is no longer correct, current then being equal
E—e )
to I = ————. The current decreases with the speed of the.
R

armature, the counter emf. serving as a sort of automatic
resistance, decreasing the current as the speed is increased.
it is then necessary to employ more energy to start a motor
than to keep it going after it has been started, and also, it
is necessary to prevent an excessive amount of current,
which might burn out the armature coils, from passing into
the armature before the retarding counter emf. has been
built up. Various types of starting devices are employed
for this purpose. Chapter 14 deals with motor starters.

ELECTRODYNAMIC MACHINERY PROBLEMS
Alternators

1. What is the frequency of a 12-pole allernator making
1209 r. p. m.?
Answer. 120 cycles.

2. A separalely-exeited alternator, run by a d. c. motor,
and installed as a part of a radio transmitter, gives a volt-
meter reading across its brushes of 350 volts on no load.
On full load it gives a reading of only 215 volts. What is
its percentage of voltage regulation?

Answer. .628, or 63 per cent.

3. A 120-cycle alternator generates an 18. M. F. of 500
volts, and is connected to supply power to an external cir-
cuit having a resistance of 50 ohms and an inductance of
.05 henry. What is the power factor?

Answer. 79 per cent.

4. A 120-¢vele 110-volt alternator is connected to an
external circuit having 10 ohms resistance and 5 ohms re-

actance. What will be the reading of an ammeter counected
in series in the external circuit?

Answer. 9.8 amperes.

5. An A. C. generator is rated as 15 K. W. 60 cycle, and
125 volts. What will be its capacity in amperes?
Answer. 4 amperes.
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D. C. Generators.

6. A series self-excited d. ¢. generator having .04 ohm
armature resistance and .05 ohm field resistance, is required
to deliver current to a motor having a resistance of 6 ohms
and drawing 10 amperes. The resistance of the wires be-
tween the generator and the motor is .5 ohm. What is the
potential difference of the generator brushes?

Answer. 65.5 volts.

7. Five 200-watt lamps and a Y H. I>. motor are con-
nected across one side of a 220-110-volt three-wire d. c. power
system. A 12-ohm soldering iron, a storage battery charging
outfit drawing 2 amperes, and four 75-watt lamps are con-
nected across the other side. What would be the rating in
current-carrying capacity of fuses suitable to insert in the
three-blade switch block?

Answer. 15 amperes.

8. A self-excited shunt-wound generator provides current
for lighting 80 incandescent lamps connected in parallel
across the circuit at a distance from the generator. The
lamps are rated at 55 watts, 110 volts. The resistance of
the line is .08 ohm, the resistance of the generator field
windings is 25 ohms, and the armature resistance .04 ohm.

(a) How much current is required for one lamp?
Answer. .5 ampere.

(b) How much current is consumed by all the lamps?
Answer. 40 amperes.

(c) What is the potential difference at the brushes?
Answer. 111.2 volts.

(d) What is the total E. M. F. generated?
Answer. 112.97 volts.

(e} How many watts are lost in the armature?
Answer. 7858 watts.

(f) What is the power furnished to the lamps?
Answer. 44 K. W.

9. A compound d. c. generator, located in the dynamo

room on board a vessel, supplies power to the motor gen-
erator in the radio operating room on the upper deck. It
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also supplies power to the ship’s lights, there being 200 lamps
connected in parallel, each having a resistance of 200 ohms,
and requiring 110 volts. The motor in the radio room re-
quires 1 H. P. input to drive it, and operates on 110 volts.
The resistance of the leads from the dynamo room is .01
ohm; the resistance of shunt field of the d. ¢. generator is
10 ohms, and of the series field .02 ohms, and of the arma-
ture .03 ohm.

(a) What is the line drop?
Answer. 1.16 volts.

(b) Yhat is the drop in the armature?
Answer. 3.58 volts.

(c) How many volts are dropped in the series field?
Answer. 2.33 volts.

(d) What is the potential difference at the terminals?
Answer. 111.16 volts.

(e) What is the potential difference at the brushes?
Answer. 113.49 volts.

(f) What is the total E. M. F. generated?
Answer. 117.07 volts.

(g) How many watts lost on the lead?
Answer. 136.37 watts.

(h) What is the total power snpplied by the generator?
Answer. 128 K. W.

10. If it takes 19 H. I’. to drive the above generator, what
is its efficiency?
Answer. 90 per cent.

Motors.

11. If a shunt-wound d. ¢, moter has an armature resis-
tance of 2.5 ohms, and a field resistance of 112 ohms, and
develops 225 volts counter emf. when operated on a 230-volt
supply line, what current does it draw?

Answer. 12.23 amperes.
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12. (a) What is the total mechanical power produced by
the above motor?
Auswer. 3 H. P.
{b) What is its total power loss if there is a loss of .
50 watts due to friction, eddy currents, etc.?
Answer. 8375 watts.
(¢) What is its efficiency?
“Answer. 71 per cent.
13, What is 1he speed vegulation percentage of a d. c.
shunt motor which runs at 1,600 r. p. m. on full load, and
speeds up to 1,800 1. p. m. on no load?
Answer. 11 per cent.

14. What counter emf. is being developed by a d. e. shunt
wound 110-volt motor, having an armature resistance of
.5 ohm, when running at a speed which permits it to draw
15 amperes of current?

Answer. 102.5 volts.

15. How many mechanical horsepower are developed by
a d. ¢, motor operating ou a 220-volt line, and having an
armature resistance of 2.5 ohms, when rumning at such a
speed that it draws 20 amperes?

“Answer. 4.5 H, P.

16. A 2 H. . d. e. motor is sitnated 90 feet from a three-
wire power switch, across the outside terminals of which
a voltmeter gives a reading of 225 volts. The motor is rated
as 85 per cent eflicient, and there should be 220 volts across
its brushes. .

(a) How much eunrrent will the motor draw?
Answer. 7.9 amperes.

(b) What would be the smallest size of rubber insu-
lated annealed copper wire that could be safely
used for the two leads connecting the motor to
the switeh?

Answer. Number 15.

17. What would be the speed of a 4-pole, 60-cycle, non-
synchronous induction motor having a slip at full speed of
6 per cent.?

Answer. 1692 r. p. m.



CHAPTER 14
Motor Starters

Starting Rheoslat—Starting Box-—Automatic Maotor Slariers Polarity of
Power Fine—A. . Phase $plitter—7Three-Phase Stavter

149. As explained in paragraph 148, some form of con-
trolling resistance is required for starting a motor, in order
that too much current does not rush into the armature be-
tore the counter emf. has Deen developed, and damage
the machine. For comparatively low-powered shunt d. c.
motars, a simple starting rheostat, such as that illustrated
in figure 95, is often employed. The contact arm is moved
slowly across the contact points by haund, allowing the
counter emf. to generate gradually. A strong electiro-
magnet, connected in series with the field winding, then

SHUNT

L .
—~
b.c.supPPLY
— "

Fig. 95. Simple Starting Rheostat,

holds the arm in position as long as current flows through
the field. When the switeh is opened, or if an open occurs
in the field winding, the electromagnet releases the avm,
and it is drawn back to its starting position by a spring.
On account of its functions, the magnet is sometimes called
a no-voltuge no-field release magnct.  As can be seen, thix
type of rheostat merely cuts the resistance in or out of the
circuit; and that which is cut out is inoperative. In figures
96 and 97 are shown two slightly different types of hand

Tig. 96. Three-Terminal Starting Box  (Cutler-Hammer).
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operated motor starters, or starting boxes as they are
usually called, in which the resistance is in continuous use.?
The only difference between these two starters is the man-
ner of connecting them to the main line. As the resistance
is gradually cut out of the armature circuit, it is cut into

SHUNT

O oo e
\,

e

Fig. 97. Four-Terminal Starting Box (General Electric)

the field circuit, so that as we progress in starting the
motor, we are decreasmg the armature resistance and in-
creasing the field resistance. This gives a smooth starting
of the motor with an automatic balance between the arma-
ture and the field windings.

150. There are several makes of starting rheostats and
starting boxes on the market.

Fig. 98a. Cutler-Hammer Compound Y¥ig. 98b. Cutler-Hammer Auto-
Starter. matic Starter.

Fig. 98a illustrates a combination starter, which in one
box contains resistances for both starting the motor, and
for mdependent speed regulation by way of the field ‘after
the motor is started.

. *Dotted lines indicate concecaled wires. Resistance coils are actually
inside box also.
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Fig. 99. Cutler-Hammer Antomatie Starting Box Connected in Circuit
With Compound Motor and Externally Excited Alternator.

A variation of figure 96 is made by the same manufacturer, -
in which the handle is drawn upwards over the contacts by
an electromagnetic plunger. As the handle is raised or
lowered, its motion is controlled by a small dash pot filled
with oil. The electrical principle is the same as in the
hand operated starter.

151. The separate rheostats and starting boxes are em-
ployed with motors used for driving machinery, for vehicles,
ete., and in eonnection with radio transmitters of the assem-
bled variety. Where the parts of a radio transmitter are
mounted on a panel, as is the case with most modern ship
installations, an automatic starter is included as a part of
the general equipment on the panel. These automatic
starters may vary considerably in design, but the funda-
mental principle is the same in all, no matter how com-
plicated they may appear.* '

|l

p.C

SHUNT

Fig. 100. Cutler-Hammer Panel-Mounted Single-Step Automatic Starter.

Figure 100 is a diagfam of about the simplest type of panel
automatic motor starter. This is the starter which is mounted
on the panel of the Marconi ¥4-K. W. 120-cycle trans-
mitter. At starting, the large resistance at the bottom is

*For various types of starters used in connection with particular types of

{ransmitters, and comprising adaptations of the fundamental principles
shown here, see Chapter 37.
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connected in series with the armature. The current passing
up through the solenoid induces magnetism which raises the
T-shaped plunger. This closes the contacts at .the opposite
ends of the “T” and shorl-circnits the large resistance out
of the circuit, the current passing by the path of least re-
sistance.  As the plunger rises a small rod, fastened to the
center of it, mechanically lifts the contact above it and con-
nects the smaller resistance at the top in series with the
solenoid winding, thus protecting it from overheating. This
is known as a one-step starter. In 1iore elaborate types, two
or more electromagnets usually accomplish about the same
results successively. While the upper resistance ecoil is
smaller mechanically it has a much greater ohmic resist-
ance than the lower coil. [t will be noticed that it forms
a short-circuit around the motor armature.

Serics motors may have a separate starting resistance, or
they may be started with merely the field rheostat for con-
trol.. This is generally the case with small fan motors, ete.,
which are frequently arranged as in figure 93a.

Starters will operate equally well conneeted on either the
positive or negative side of the line. A simple method of
determining the polarity of a power line which is not marked
is to immerse two wires connected {o its {erminals in a
glass of drinking water, being careful not to allow them to
touch. The necgative terminal will Hubble profusely, while
the water around the positive terminal assumes a bluish,
milky appearance.

152, Starters for alternating-current motors vary aceord-
ing to the phase of the current. Single-phase motors, which
will not start withont some external-
Iv applied foree, on account of the re-
versing elfect of the single-phase
current, may be started by any one
of a number of different arrange-
ments of inductaunce coils. One of
these is known as a phase split-

L . <
3 ter. It has an indnetance consider-
ably higher than the motor armature,
T0 ARMATVRE and this canses the current in the
rig. 101, Starter for Q ] o
e e e Ty inductance coil to lag behind the

duction Motor, current in (he armature, producing
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what practieally amounts to two ditferent phases, and a
continuously rotating field. After the motor has been started
by meaus of the phase-splitter coil, the coil is thrown out of
the circuit hy a switeh. A resistance box is generally em-
ployed for starting a three-phase motor, and provides a vari-
able contact to three sels of resistance coils, there being one
coil for each armature civcuit. The resistaunce units are in
series with the armature windings at starting, and are
gradually cut out by rotation of the starter handle, until
the rofor is short-circuited. At this point the motor has
“picked up” its full speed.



CHAPTER 15

The Motor-Generator

Types of Motor-Generators—Protective Resistances and Condensers—Rotary
Converter—Dynamotor—Motor-Generator Problem.

153. A motor-generator consists, obviously, of a motor and
a generator coupled to one shaft, and considered as a single
piece of machinery. Generally speaking, it may consist of
about any kind of a motor and any kind of a generator.
Such machines are employed in various places, for operating
on direct current, and for changing direct current of one
voltage to direct current of another voltage; for operating
on alternating current, for the purpose of changing alternat-
ing current to direct current; or for operating on direct cur-

MOTOR F(ELE COMPLETE M-G. IN CASE.
WINDINGS,

CommuraTon

MOTOR-ARMATURE
oren-ae

e A coltecror
N (*' RINGS
GCENERATOR FreEiD- VENTARMATURE.

CROCKER-WHEELER 2 KW.MOTOR-QENERATOR.

Fig. 102. Crocker-Wheeler 2-k. w. Motor-Generator used for produeing
Alternating Current for a Radio Transmitter.
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rent, for the purpose of converting direct current into alter-
nating eurrent. In spark sets the motor-gencrator is under-
stood to be a double machine consisting of a direct-current
motor and an alternator coupled to the same shaft and cov-
ered by a single frame on which the field poles of the two
machines are mounted. The motor in this compound ma-
chine is either a simple shunt wound, or of the ditferential
type. The latter is to be preferred for driving the alternator
to be used in radio transmitting on accouut of the smooth
operation and small percentage of speed variation. With the
motor-generator installed between the direct-ctivrent dynamo
and the alternating-current radio apparatus, we find that
between the main switch and the a. c. switeh we have noth-
ing but a mechanismi for changing direct current into alter-
nating current. It might seem that if we had an alternating
current supply that this wonld not be necessary. Provided
it were of the right frequency, it might be possible to use it;

Fig. 108. Circuit Diagram of a Motor-Generator Consisting of Compound
Motor, with a Cutler-Hammer Hund-Operated Starting-Box, and and Al-
lernator Iiaving Its Field Poles Energized by a Winding Shunted Around
the Motor Connections.

but it would not be as easily under the control of the oper-
ator as when he has the alternator as part of his equipment;
and the alternating current used for ordinary power pur-
poses is generally of a lower frequency than that employed
for charging the condensers of spark transmitters. With a
direct current supply, the direct to alternating current
motor-generator is indispensable. :

The horsepower necessary to drive a single-phase alter-
nator is equal to

Gen. E. X Gen. I X power factor of Gen. output circgi_t
Gen. efficiency X 746
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154, The usual field rheostats are connected to the wind-
ings of the motor and alternator respectively, and produce
the same results described in previous chapters. The motor
starter may take any of the forms explained in chapter 14.
With the motor-generator connected as a part of the radio

SHUNT

SHUNT

A.C.

—'-1_~
Fig. 104. D. C. to A. C. Motor-Gen- Fig. 105, Protective Resistance Rod
erator Circuit With Starter Omit- - Across Alternator Output.

ted for Stmplicity.

transmitter we find one difficulty. When the wires of the
transmitter are charged with high-voltage high-frequency
current, it sometimes occurs that the windings of the motor
pick up, by induction from them, magnetic lines of force
that have penetrated the atmosphere; and ‘that this over-
loads the motor windings and causes them to burn or “punc-
ture,” possibly doing considerable damage in places difficult
to repair. To overcome this, a pair of protective condensers
are connected to the motor brushes, and these are connected
to the ground. Excessive potentials are thereby neutralized.
‘ The same kind of induction may take place
in the wiring of the alternator circuit. In
- some obsolete types of installations a resist-
|-I| ance rod was used for protection. A resist-
Fie. 108, Protes. 11CE rod consists of a piece of graphite of
g‘,'; co;'":f:'?; silch é'e'sis‘ftzltlnce that tthe volta%e usuatlﬁy em};
onnecte o ployed in the apparatus cannot pass throug
Motor Brushes. it but which wilﬁppermit the escage of an over-
load. In modern transmitters preference is given to the
condensers for protection against this kind of trouble.

155. Two machines, which might be rated as forms of
motor-generators, are known as the rotary converter and the
dynamotor. The rotary converter consists of an armature,
having commutator and collector rings mounted on the same
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shaft.  Quoting from the U. 8. Signal Corps Pamphlet, No.
40, “If connections are made to a pair of collector rings from
opposite sides of a two-pole d. ¢. armature it will generate
alternating current. At the same time, direct current can
be taken from the commutator. In that case the machine is
a double-current generator. If not driven by an engine,
but connected to a d. c. circuit, it operates as a shunt motor

SNV,
S
oo

smp—t =
OVERLOND!— B~

CIRCUI® | &
BREAKER

+

= 230vac. k

Fig. 107. Compound Motor and High-Potential D. C. Generator, Connected
to G. E. Starting Box with Motor Scries Field Controlled by Starter.

GENERATOR F.

SHUNT £

+
2000 v. _C

and can be used to generate alternating current. Operated
on a. ¢. as a motor, it delivers d. ¢. The rotary converter has
the advantage of accomplishing in a single machine what
the motor-generator does in two. Its disadvantage is that
the voltage at the generator end depends entirely on the
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Fig, 108. Rotary Converier and Dynamotor.
(From U. 8. Signal Corps Pamphlet No. 40.)

voltage supplied to it as a motor.” Rotary converters may
be supplied with power from any one of a number of sources,
storage batteries being used in several cases for portable
apparatus. The dynamotor consists of a double armature
wound on a single core, one acting as the motor and the
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other as the generator; and there is but one set of field
windings. lfach armature winding is connected to a commu-
tator, these being placed at opposite ends of the core. The
dynamotor is used to raise the voltage of d. c. For instance,
it is possible to raise the voltage of a supply taken from a
12-volt storage battery, by means of a dynamotor, to several
hundred volts d. ¢. This has been found convenient in con-
nection with vacuum-tube trausmitiers, radiotelephone out-
fits, ete.

156. Motor-generators for producing direct current are
used extensively in modern vacuum-tube transmitters. In
some cases they are designed to give {wo voltages, one much
higher and the other lower than the main supply. Occa-
sionally a direct-curreut generator is run by an alternaling-
current motor for this purpose. Ifigures 808, 309 and 310
illustrate direct-current motor-gencerators designed for use
with vacuum:tube transmitters; and figure 311 shows a
photograph of a dynamotor. The current produced by the
alternator in the spark transmitter is of comparatively low
voltage, and it is stepped up to many times its original po-
tential by a power transformer. The care of the motor-gen-
erator is taken up in chapter 40.

ProBLEM

What would be the . . rating of a 4. ¢. motor suitable
for coupling to the driving shaft of a 125-volt single-phase
a. e. generator, 83 per cent efticient and having a current
capacity of 5 amps., when the power factor of the circuit
supplied by the geuerator is 95 per eent.?

Answer. 1. H. T. '




CHAPTER 16
Power Transformers

Step-up Transformer in Radio Trapnsmitter—Types of Transformers—Ratio

of Transformation—sStep-down Transformer—Transformers on

C. Power Lines—Resonant Transformers—Reactance Regulator—
High-Irequency Discharge of Tesla and Oudin Coil

157. In order to cause electromaguetic waves to radiate
from the antenna to great distances, it is necessary that elec-
tric current be forced onto the antenna at high pressure.
The voltage of the alternator used with the “spark” set
being low, it is found necessary to step it up to many times
its original pressure. This is done by the process of elec-
tromagnetie induction; and the step-up transformer used for
this purpose in the radio transmitter is known as the poiwer
transformer.  Crabb’s Synonyng staies that “{o transform
is to transfigure,” and to “trapsfigure is to make to pass
over into another figure, or to put into another form.” 8o,
strietly speaking, the motor-generator, when nsed to trans-
form direct current info alternating current, is a trans-
former. However, this term, when applied to electrical ap-
paratus, is understood to mean a primary and secondary coil
used for transferring cuergy into a secondary circuit, and
generally “into another form,” by the process of induction.

158. The trausformer was one of the results of Faraday’s
experiments. Faraday’s transformer consisted of an iron
ring, one-half of which was wound with a primary coil and
the other half with a secondary coil. We know that when
a magnetic flux is moved in inductive relation to a wire, or
the coil of wire moved in inductive relation to a magnetic
flux, that a current will be induced tc flow in the wire. We
see this principle applied in the alternator, where the change
in the lines of force is brought about by arranging the field
magnets so that they are of alternate polarity, thus inducing
current into the armature. In the transformer. one rush of
current through the primary will cause one alternation of
current to flow in the secondary. With the arrangement
used by Faraday, this took place only once, on account of
the primary being actuated by only a battery and a key.
With the power transformer used as a part of the radio
transmitter, the current is supplied in alternating form, and
of course the alternations cause current to be induced into
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the secondary as long as it is applied to the primary. The
frequency is not stepped up or down; but the voltage is in-
creased in proportion to the size and number of turns of wire
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Fig. 109. Various Types of Transformers.

in the secondary as compared to those in the primary. The
amount of current is reduced, so that the total wattage of
the secondary cireunit is invariably somewhat less than that
in the primary. This is on account of losses in the trans-
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former due to hysteresis, eddy currents and heat. Other-
wise the power should be the same. The ratio of the secon-
dary coils and voltage to the primary is known as the ratio
of transformation. The ratio of the voltage of the secondary
i8 to the voltage of the primary as the ratio of the number
of turns of wire in the secondary is to the number of turns
of wire in the primary. For instance, if there are 5,000
turns in the secondary, and 100 turns in the primary, the
ratio of transformation will be such that the voltage in the
secondary is 50 times as great as that in the primmary. Sup-
pose that one of the turns of the secondary should pick up
exactly one volt, then the 5,000 turns wounld pick up 5,000
volts. The percentage of the power transferred into the
secondary circuit in proportion to the power input of the
primary ecircuit indicates the efficiency of the transformer.

159. To understand the action of the power transformer it
is well to recall the definition of the henry, namely that
amount of indoetance in a circuit which will produce a back
emf, of one volt when there is a current charge of one ampere
per second, or where a current of one ampere ig surrounded
by one hundred million lines of force, setting up a pressure of
one volt. Therefore, if a primary coil has a current estab-
lished in it which is varying at a certain rate per second,
there will be built up around the coil a changing field of lines
of force the flux density of which will depend upon the
amount of current, the size and kind of wire used, and the
number of turns in the wire. If the dimensions of the coil
and the nature of the current are such that a flux density of
100,000,000 lines of force are obtained, then for each time this
field cuts through the turns of the secondary coil, there will
be produced in each turn.one volt, showing that to increase
the voltage from 110 to 15,000 volts, it is only necessary to
know how many turns and the proper size of wire to use for
the primary and secondary. Since a coil which would be
capable of producing such a flux density would require a
very large number of turns, would be expensive, aud require
a great deal of space, it has been found desirable to wind the
coils over a core of iron, generally soft irou wire or laminated
sheet iron, which readily becomes magnetized, and add more

.lines of force to those produced by the several turns. This
makes it possible, in convenient form, to secure the correct
flux density for any particular design of transformer. Take
a 15,000-volt step-up transformer used with a %K. W,
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60-cycle transmitting apparatus which is operated on a d. e.
supply of 110 volts. TIn this type of transformer the primary
generally consists of approximately 220 turns, with an in-
ductance of about .6 microhenrys, equaling about 60,000 lines
of force, which will produce only a fraction of a volt in each
turn of the secondary windings. If we depend upon an “air
core” it will be necessary to build a secondary having over
300,000 turns of wire. 1f, however, we employ a soft iron
core, we find that it is necessary to make only about 30,000
turns in our secondary in order to obtain the required 15,000
volts in the secondary circuit. We have raised the number of
lines of force from approximately 60,000 to somewhere
around 50,000,000 simply by the addition of the core.

160. A transformer wound with the primary and the sec-
oudary over the same core, as in the lower left hand drawing
in figure 109, is known as an open-core transformer. This
is the type of transformer used in the induction coil. It is
called an open core because the magnetic path is open, and
the lines of force pass from one end to the other, on their
way back from north to south, through the air. A closed-
coré transformer is one in which a complete metallic path is
provided for the lines of force, as in the two upper drawings
in figure 109. A more recent model is that shown in figure
111. This is called the shell core and is a {ype of closed core.
1t will be seen that in this eore, the lines of force are pro:
vided with a metallic path shaped exactly like that which
‘they would take were they permitted to pass through the air.
Sometimes closed-core transformers are equipped with what
is called a magnetic leakage gap. This is composed of two
seetions of the cove projecting into the center of the frame;
and in case of a sudden excess d¢f current in the primary
winding, or a short-circuit of the secondary, the magnetic
leakage provided will keep the inductance of the primary
so nearly constant that it is proteeted from burning out.

161. The wire nsed for power transformers is insulated,
and the coils are well insulated from the core. In large
transformers made to handle considerable power, cooling
systems are used to rednce the loss due to heat. Transformers
used for raising or lowering the voltage of ity power lines
are sometimes cooled by air blasts, and by water circulating
systems. The most common cooling method is that of im-
mersing the transformer in a fine grade of mineral oil, known
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as transformer oil. This also increases the efficiency of the
insulations. However, it may be considered as somewhat
objectionable on account of being inflammable.

162. Step-down transformers are common in city aud cross-
country power circuits, but are little used in radio apparatus.
It is usual to find direct current in the business, or *“‘down
town” section of a city, and alternating current in the
suburbs. The weight of copper wire required to conduct a
given amount of current a given distance, with the same drop
in potential. or “line loss,” is in inverse proportion to the
square of the voltage. And the energy lost due to heat

1 |
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Fig, 110. System of Step-up and Step-down Transformers nsed in Trans-
mitting Tower.

created by overcoming the resisiance of the line is in propor-
tion to the current, or I* R. If the current is small, the heat
loss will also be small. Tor instance, if 10 amperes are trans-
mitted at 110 volts over a line having 5 ohms resistauce, the
power available will e K X 1, or 1,100 watts. The T2 R loss
is 102 X 5, or 500 heat units. Tf we transmit 2 amperes at
5350 volts over the same line, we will have the same power
for doing work, but the loss will be only 4 X 5, or 20 units
of heat. Therefore, by condueting current at extremely high
voltage, say 50,000-0r 60,000 volts, which is the potential
used in transferring energy from Niagara Talls to the sur-
rounding country, there is accomplished a saving in copper
representing a small fortune. At this high voltage of course,
the current cannot be used for city lighting and power pur-
poses. It is stepped up in voltage at the power house, and
stepped down at various points along the line where needed,
by a series of step-down transformers. The reason then,
for the high-voltage transmission lines, the use of alter
nating current, and the system of step-down transformers,
is economy 4n copper. Smaller step-down {ransformers,
generally with variable connections for securing different
voltages, are used on city lighting cirenits for such purposes
as charging storage batteries, in combination with suitable
rectifiers, for Christmas tree lights, operating toy trains of
cars, etc.
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163. It is possible to change the voltage of an alternating
current by means of a device having only one winding. This
is known as an euto transformer. The secondary circuit in
this case is connected to the coil by taps, the position of
which on the coil affect the ratio of transformation. This
type is seldom used for stepping the voltage up, but is quite
common as a step-down transformer. When it is desired to
step the voltage of a two-phase or three-phase alternating
current supply line up or down, it is customary to employ
transformers having separate windings for each separate
set of armature coils in the generator. These transformer
coils may be connected in delta, star, etc., to correspond to
the number of coils and phases in the generator. A three-
wire power line supplied from a three-phase transformer
will give exactly the same voltage across the two outside
wires as from either one of them to the center wire.

164. In figure 111, a spark gap, having a condenser and
inductance coil in series with it, is placed across the secon-
dary of a step-up transformer. This will produce a brilliant
discharge across the gap. It is found that by adding an
iron core inductance coil, generally called a reactance coil,
in series with the primary circuit of the transformer, we
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can tune the transformer to a period to correspond with the
frequency of the alternator; and also, within limitations, we
can balance the impedence of both circuits of the trans-
former. This condition is called resonance, and this arrange-
“ment is known as a tuned transformer, or a resonant trans-
former. Transformers, tuned and untuned, large and small,
with and without cores, are employed extensively in all forms
of radio apparatus both for transmitting and receiving. The
particular function of the step-up transformer in the spark
transmitter is to provide a high-voltage alternating current
for use in charging the condensers, without the necessity of

S .
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employing an alternator of the great bull and costliness
which would otherwise be required. By using a reactance
coil, with taps, as shown in figure 111, the impedence may
be varied, and the current regulated accordingly.

The brilliaut discharge across the spark gap is due to the
extremely high frequency of the current in the condenser
circuit. (See chapters 17 and 18.) The famous Tesla coil,
popular for entertainments and amateur experiments, makes
use of practically the same circuit as that illustrated in
figure 111. In this a secondary coil of many more turns of
wire is inductively coupled to L, and across this is a second
spark gap, which may be made to produce a very spectacular
electrical display. When the secondary coil is conductively
coupled to L, the sparking will take place at the terminal
of this coil, a large brass ball being usually arranged at this
point to make the greatest display of fireworks.” This is
known as an Oudin coil, or resonator.
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The spark can be made to jump several feet from the
brass ball to another piece of metal. On account of the
extremely high frequency of this discharge, it is not con-
sidered dangerous to human life.



CHAPTER 17

Condensers

Construetion of Varieus Types of Condensers—Eleetrostatic Kield—Oscillat-
ing Current—Condenser Discharge Aeross Spark (Gap—Damping—Oseil-
lation Transformer—Iligh-Frequency Cirenits of Spark Transmitter—Table
of ‘Diclectric Constants — Definition of Farad — Effects of Condensers in
Series and Parallel—Condenser Problems.

165. A condenser is a device having capacity for holding
an electrostatic charge.

—

PLATE CONDENSZR VARIABLE CON-
OF PIXED CAPACITY. DENSER. AIR
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Fig, 113, Various Types of (‘ondensers.
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The earliest known condenser was the Leyden jar, in-
vented in 1746 by Musschenbroek, and named after the
Dutech town where it was originally manufactured. It con-
sists of a glass jar or bottle, coated on the ingide and out-
side with copper, or tinfoil, leaving about one-fourth of the
surface of the glass at the npper edge of the jar bare, Later
forms of condensers consist of alternate layers of conduc-
ting and insulating material pressed or rolled into compact
form. Some of these are made of tinfoil and waxed paper.
Others of copper and glass plates immersed in oil. Still
others of copper and mica imbedded in wax. All of these
are called fixed condensers, as they can not be varied. An-
other type is known as a variable condenser. In this there
are two sets of plates connected alternately to posts which
are insulated from each other, and one set of plates can be
rotated. Variable condensers are seldom used for trans-
mitting purposes. When they are, they are not infrequently

=COPPER “SHIM" SEVERAL LAYERS.
________ = MICA SHEETS, ALTEARNATED WiITH CoPPER.
e s e se s = WAX.

Fig. 114, Mica. Condenser Consisting of Several Small Condensers in Series.
(Capacity 004 mfd.)

immersed in oil. Small variable condensers are used ex-
tensively in receiving apparatus. In all of these the insul-
ating material, be it glass, mica, waxed paper, oil or air, is
called the dielcctric. Condensers made to use for trans-
mitting are usnally referred to as high-potential condensers,
because they are made to withstand the high voltages em-
ployed in radio transmitters.
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166. A peculiarity of condensers is that when one is con-
nected in a cireuit with a charging source, such as a battery,
as shown in figure 115, that it will store up a charge from
this battery while the key is pressed, and discharge it when
the key is released. In figure 115, the charge from the bat-
tery will create a positive strain on the upper plate of the
condenser, and a negative condition of the lower plate. The
plates are insulated from each other, so current cannot pass
through the condenser. A difference of potential between
the two sets of plates is produced, and the pressure or strain
set up by this condition is called an electrostatic field. An
electric charge is there; but it is, for the instant, motionless
—in what might be called a state of tension. Condensers
operate on the law of attraction of unlike charges and ré-
pelling of like charges. A negative charge on one plate will
repel the negative electrons in the opposite plate, causing the
fatter to have a positive charge. This positive charge then
has an attraction for the negative plate, reducing the poten-
tial of the latter. This can go on until the back pressure of
the condenser equals the voltage of the charging current, at
which stage there can be no further charge placed on the
plates, and the condenser is said to be fully charged, or
charged to the limit of its capacity. If the key, in figure 115,
be raised, the electric energy stored up in the condenser dur-
ing the charging period, will discharge around the circuit
containing induetance and resistance. It will rush around
and produce a.negative charge on the other side of the con-
denser. This causes a positive condition on that plate which
had been negative, and when the energy released at the dis-
charge upon opening the key has charged the condenser from
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Fig. 115. Condenser Charge and Discharge Circuits.

tne opposite side to the limit of its capacity, there will be
another discharge around to the opposite side again, and
this process will repeat itself until the energy is gradually
dissipated in heat by the resistance of the circuit. Theoret-
ically, were it not for the resistance of the circuit, this might
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go on forever. The movement of the current around the cir-
cuit during the discharge of the condenser is of an oscillating
character, and is known as oscillating current. The time
period of each oscillation, hence the frequency, is determined
by the amount of inductance and capacity in the circuit. The
gradual decrease in amplitude of each successive oscillation
is determined principally by the amount of resistance in the
circuit; and is called its damping, and the number of oscil-
lations is determined by their rate of damping. They will
continue until they have died down to zero.

If a spark gap be inserted in the discharge circuit of
the.condensor in place of the resistance coil illustrated in
figure 115, the oscillatory discharge will jump across the
gap with a brilliant spark. In this case the resistance is
made variable by regulating the length of the gap between
the two gap electrodes. Then the damping, and the number
of oscillations will depend upon the resistance of the wire in
the circuit, and of the air space in the gap. The condenser
will charge until the pressure is sufficient to break down this
air dielectric between the gap electrodes, and then the dis-
charge will take place around and around the circuit, cross
ing the gap each time, producing a “spark discharge” If
the electrodes of the gap are placed too far apart, so that
when the condenser has been charged to its full capacity, it
can not bridge the gap, it is likely to wreck the condenser.
This damage usually takes the form of a “puncture” in
which the pressure breaks a round hole through the dielec-
tric, thus finding a way through to the other side of the
circuit. .

AV

i

Fig. 116, Condenser Cireult with Spark Gap.

167. If we connect a condenser in circuit with the
secondary of a high-voltage step-up transformer, we then
have a condition which is the foundation of the usual type
of “spark” radio transmitter. Fach alternation of the gen-
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erator in the power circuit transfers one allernation of
magnified pressure into the secondary circuit, which charges
the condenser. And there is one complete condenser dis-
charge across the spark gap, in the form of a series of oscil-
lations, or an oscillation train, for each alternation,

4VAVAVAVAVVaW SN

F¥ig. 117. Oscillation Train,

If we inductively couple a secondary coil to the inductance
in the condenser discharge circuit, we then have an air-core
transformer, known as the oscillation transformer, and with
this connected in series with the antenna and the ground,
we have the usual arrangement used for radio communica-
fion by means of damped waves. When oscillations take
place in the primary of the oscillation transformer, they
are conveyed by induction to the antenna circuit, and cur-
rent flows in the latter circuit. The reason that curvent
can flow in the antenna circuit is on account of the capacity

Fig, 118. High-Frequency Circuits of Spark Transmitter as Energized by
Secondary of Power Transformer.

between the antenna and the ground. The antenna is fre-
quently referred to as an “open circuit.” It is not open, for
an ammeter connected in series with it will indicate current
flowing, when the transmitter is in operation. The invisible
capacity forins the connecting link between the opposite
ends of the wire composing the antenna system. The reason
that alternating current can flow in a cireuit having a con-
denser in series is that a charge is flowing «way from one
plate while another charge is accumulating in the opposite
direction on the other plate, something like arranging two
water pails so that one is always filling while the other one
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is emptying. On account of this, condensers are often used
where it is desired to prevent a direct current from passing
and to permit an alternating current to flow.

168. The capacity of a condenser, where other conditions
remain fixed, depends upon its size, and the pressure created
due to the difference in permeability of the conductor and
dielectric, or in other words, capacity depends upon the sur-
face area of the plates and the strength and thickness of the
dielectric. The unit of capacity is the farad. One farad is
that capacity which will produce a back pressure of one volt
when the charge is one coulomdb. This means that a differ-
ence of potemtial of one volt is also produced between the
plates of the condenser. TFor convenience in measuring
capacity the farad is divided into units of one millionth
of a favad, ov microfarads. These are also subdivided into
millionths, ov micromicrofarads.

Iig. 119. Helix Type of Oscillation ¥ig. 120. Flat Type of Oscillution
Transformer. Transformer.

The centimeter of capacity is also used, where exceedingly
accurate measurements are desired.

One mfd., or uf. == one microfarad = .000001 farad.

One mmfd., or yuf.= one micromicrofarad=.000000000001
farad.

One ent, f. = 1.11L microfarads = .00000000000111 farad.

The latter is sometimes referred {o as the C. G. 8. nuit of
capacity, wmeaning oune centimeter-gram-second.

Capacities of fixed condensers used in transmitting appa-
ratus generally range from about .001 to .1 mfd. One farad
is so great a capacity that is is not used in actual practice.
Where changes of capacity are desired in transmitters, two
or more fixed condensers are frequently arranged so that
they may be thrown in parallel, or out of the circuit by
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a switching device. Variable air-dielectric condensers may
be obtained ranging from .00025 mfd. up to .005 mfd. Those
customarily used in tuning circuits of receiving apparatus
are usually of .00025, .00035 or .0005 mnfd.

169. The ability of the dielectric to allow the electrostatic
field to permeate through it affects the capacity of the con-
denser, and this is called the dielectric constant, which is
understood to signify the ratio of the capacity of the con-
denser using a given substance for a dielectric to the ca-
pacity of the same condenser with air for a dielectric. Air
has a dielectric constant of 1: glass a dielectric constant of
4 to 10: mica a dielectric constant of 4 to §, ete.

Capacity is increased with an increase in the insulating
property of the dielectric.

Capacity varies with the dielectric material, and the dis-
tance between the plates. It is increased when the plates
are brought closer together, but if placed too near together,
the current will break down the dielectric to jump from one
plate to the other.

Table of Dieleetric Constants.
(From U. 8. Signal Corps Pamphlet No 40.)

| Values of
SUBSTANCES dielectric

constant
7N 1.0
L€ LY S 4 to 10
MR . ettt i e e et e 4t08
Hard rubber............... et ara e e, 2 to 4
Paraffin. .ottt e e 2 t038
Paper, Ary. .ot e et 1.5 to 3.0
Paper (treated asusedincables)...............ciiiiinn... 2.5 t0 4.0
Porcelain, unglazed. ......... ... o i 5to7
SUIDRUL. © oottt et e e e e | 8.0t0 4.2
Marble. . ... e | 9to 12
SRel B o o e | 3.0 to 3.7
BeosWaX. .. ot 3.2
S K e 4.6
Celluloid. . .. ... | 7t010
Wood, maple, dry. .. ...oviiet e 3.0t0 4.5
Wood, oak, Ary.. ...t e | 3.0 to 6.0
Molded insulating material, shellac base.................... dto7
Molded insulating material, phenolic base (‘“bakelite”)....... 501t07.5
Vulcanized fibre............coviiiiiiiiniiiiin, 8000000000 | 5t08
Castor 0. . ... oot et 4.7
Transformer oil. . ....... .. ... | 2.5
Water, distilled. ... ... ..o I 81.0
Cottonseed 01, .......curtuntir it 3.1
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Cupacity may be defined as that property of a condenser,
‘ur @ circuit, which enables it to hold a charge of electricity in
electrostatic form. The capacity for holding an electrostatic
charge is equal to the quantity divided by the pressure, or

Q

C==—_.

E
Q
Then Q=C K, and E =—
C

The power in watts required to charge a condenser is
shown by the following equation, with C in microfarads, F
representing the alternator frequency in cycles per second,
and E the charging voltage at maximum.*

P=CX10*X I XT

The capacity required for successful operation of a trans-
mitting set of a certain power is determined as follows:
2 X 10% X Power in watts

(O mih = Charging frequency X Charging voltage*

170. The calculation of the capacity of condensers can
only be approximate, on account of the fact that the entire
circuit in which they are connected has some capacity. The
turns of wire composing the inductance coil, with their insu-
lation and the air between them, combine to produce a ca-
pacity effect which must be considered as a suppositional
condenser having its modifying effect on the circuit in whick
it is placed. It is impossible to add pure inductance to a
circuit on account of this. There may also be capacity effects
between the condenser and adjacent parts of the apparatus
in which it is connected. The capacity changes with the fre-
quency of the charging current. The higher the frequency
of the charging current, the smaller the charge of electricity
that can be stored in the condenser between the alternations
of the charging current, hence a lowered effective capacity.
This change under varying charging frequencies is most no
ticeable in condensers having a solid dielectric, and is not
appreciable in condensers having an air dielectric. The

1
1,000,000

* 10° = 1,000,000 102 =
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charge which a condenser ean hold is also affeeted by the
voltuge of the charging current. A certain amount of current
at a certain voltage will cause a condenser of a certain
capacity to reach a state of hack pressnre equal to the
charging voltage, while if the charging voltage were raised,
it might be possible to place a still greater charge into
that particular condenser. A formula for calculating the
capacity of a condenser, having two parallel plates of the
same shape and size, which is given out by the United
States Bureau of Standards, is as follows:

C = capacity in micromicrofarads.
K = dielectri¢ constant.
S == surface arca of one side of one plate in square centi-

meters.
T = thickness of dielectric in centimeters.
KS
C == 0.0885

t

(It is understood that K and S are multiplied, and .0885 is
then multiplied by the result of dividing this snm by t.)

When a condenser is composed of several parallel cirenlar
plates, the following formula will determine its capacity,
where

N = Number of plates.

"8 = surface area of one plate in centimeters, which is nr.
K = dielectric constant.

{ = thickness of dielectric.
(N—1) S8
C=08K ————
t .
IYor instance, what is the capacily in micromicrofarads of a
fixed condenser consisting of 43 circular plates, when each
plate is 20 centimeters in diameter, and they are separated
for a distance of 1 millimeter, with transformer oil used as
a dielectrie?

Answer.
42 X 314.16 13194.72
C=.0883 X255 X ———— = 22120 X ————— =
’ 1 1
22125 X 1319472 = 2919.331 micromicrofarads, or .00291
microfarad. g
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A usefnl rule for determining the number of plates, or
sheets, of dielectric to use in constructing a condenser of a
desired capaeity is as follows

Number of sheets dielectric = ———

tx C X 10°

J08&3 X K X area of one plate.

How many sheets of dielectric are necessary to make
condenser havmg a capacity of .0055 microfarads, when the
sheets are 15X30 centimeters in area, and .29 (entlmeters
thick, with a constant of 87

Aunswer.,

.29 % .0055 X 10° 1595

= 5 sheets dielectrie.

(a) —[
' .002 mfd.

(%} —[I
| .001 mfd.

=

I L

T oo ma
(d)F
kil

.004 mfd.

Fig. 121. Connections of
Condensers.

L0885 X 8 X 15 X 30 318.6

171. As in other electrical devices,
such as batteries and resistance coils,
the mannev of connecting condensers m
the cirenit affects their total capacity
in that circuit. When condensers are
connected in purallcl, the total capacity
of the group is equal to the sum of all
of the capacities. When they are con-
nected in serics, the total capacity is
less than the capucity of one condenser.
The individual condensers remain »f
the same capacity, each is still capable
of taking as much of a charge as when
charged singly; but as connecting them
in series reduces the pressurc, the result
is to reduce the capacity also. In cer-
tain cases this is done to protect con-
densers from breakdown where the volt-
age is higher than one condenser would
be likely to stand. Xor instance, if we
take a single condenser having a capa-
city of .002 mfds. and connect it as in
(a) in figure 121, it will have an effect-
ive capacity of .002 mfds. If we connect
two of equal capacity as in (d), the
same illustration, the capacity will be
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.004 mfds. However, if these condensers have not sufficient
dielectric strength to stand the voltage which we wish to
subject them to, we can still use them by sacrificing capacity.
In (b) it will be seen that the same two condensers in series
with each other have a capacity of only one-half that of one
of them if connected as in (a). Therefore, to obtain the
capacity of the one condenser, but with the protection given
1o them by series connections, we must use four condensers
connected as in (c).

“Connecting them in parallel is mechanically the same as
connecting all of the plates on one side of the connection
together, and all the plates on the other side together, and
forming one condenser of greater surface arca. Connecting
them in series has the opposite effect, and may be theught of
as having greatly inc