THE RADIO HANDBOOK

Including Television and Sound Motion Pictures

BY
JAMES A. MOYER, 8. B., A. M.

Director of University Extension, Massachusetts Department of Educalion; Member
of Federal Commission on Radio Education; Member of American Instilule of
Electrical Engineers; Fellow of the American Association for the Advancement
of Science; Fellow of the Royal Society of Arts; Milglied des Vereines Deuts-
cher Ingenicure; Membre Titulaire Association Internationale du Froid;
Member of the Franklin Instilute, American Society of Mechanical
Engineers, Society of Automotive Engineers

AND

JOHN F. WOSTREL

Instructor in Radio Engineering and Supervuor in Charge of
Industrial Subjects, Division of University Exrtension,
Massachusetts Department of Education

First EpIrTion
SeEconND IMPRESSION

McGRAW-HILL BOOK COMPANY, Inc.

NEW YORK AND LONDON
1931

www americanradiohistorv com


www.americanradiohistory.com

CoryYriGHT, 1931, BY
JaMeEs A. Moyer anp Joan F. WosTREL

PRINTED IN TH® UNITED STATES OF AMERIOCA

All rights reserved. This book, or

parts thereof, may not be reproduced

in any form withoul permission of
the publishers.

THE MAPLE PRESS COMPANY, YORK, PA.

www americanradiohistorv. com


www.americanradiohistory.com

PREFACE

Accumulated information on any subject, to be generally available,
requires from time to time a detailed compilation. Experience shows
that the most convenient form for such reference material is a handbook,
arranged with a suitably complete index, making it possible to find
definitions, formulas, tables, and methods of practice more quickly
than by referring to textbooks and treatises on special subjects, which
are usually inadequately indexed. This point of view has been con-
stantly in mind in the preparation of the sections and the index of this
handbook. For the further assistance of the reader, numerous cross
references have been inserted wherever technical terms could not be
adequately discussed.

The applications of formulas are clearly explained, special attention
being given to the statement of the units represented by the symbols.
Nothing is more discouraging when referring to a handbook or textbook
than to discover that the symbols are not fully explained or that they
require for their understanding the careful reading of a number of
preceding pages.

During the next few years there are likely to be many new and epoch-
making applications of vacuum tubes. For this reason, electrical
designers and electrical engineers generally must consider that they have
now at hand a unique device which has innumerable possibilities of
utilization. In fact, the future development of the electrical industry
is likely to depend on the relative success attained in the application
of the various types of vacuumn tubes in radio circuits. :

Probably no other industry uses a greater variety of indicating and
recording instruments than the modern power plant. For this reason,
the development of radio equipment for use in such plants has brought
about the introduction of control instruments which are directly related
to the radio field. The extreme sensitiveness which is obtainable with
various radio devices suggests the possibility of numerous untried appli-
cations in this mechanical field,
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The photo-electric cell in combination with radio amplifiers is a new
device which promises to be of almost as much importance in our
industrial, business, and social relations as the incandescent lamp ; one
of the fields of this application most recently developed is in making and
reproducing “talking’ motion pictures. The vacuum tube, the photo-
electric cell, the grid-glow tube, and the power pentode have made
possible the development of a large number of devices which have
apparently unlimited possibilities.

The authors are especially indebted in the preparation of this volume
to the radio engineers of the Radio Corporation of America, Western
Electric Company, General Electric Company, Westinghouse Electric
and Manufacturing Company, American Telephone and Telegraph
Company, and General Radio Company. Frequent references have
been made to the files of Journal of the American Institute of Electrical
Engineers, Transactions of the Institule of Radio Engineers, Electronics,
Electrical Journal, General Electric Review, The Bell System Technical
Journal, Q.8.T., Radio Engineering, Radio Broadcast, and Popular
Science Monthly.

Completeness and perfect accuracy are obviously dificult of attain-
ment in a first edition of a volume covering as many subjects as are
included in this one. The authors, therefore, are glad to answer
inquiries regarding the accuracy of the subjects discussed, and sugges-
tions for improvement are welcomed.

' THE AUTHORS.

StaTE HousE, o
BosrtoN, Mass.,

January, 1931.
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THE RADIO HANDBOOK

INTRODUCTION
RADIO COMMUNICATION

A stone thrown into smooth water starts a series of waves which spread
out with a speed of a fraction of an inch per second. In a similar manner
an electrical disturbance may be made to start electric waves which spread
out in all directions with the velocity of light, or about 186,300 miles per
second. Such electric waves are utilized in radio communication. The use
of these waves in practice requires (1) a device to produce regular electric
disturbances which cause the waves; (2) an apparatus to get the waves out
into space; (3) a receiving device which is acted on by these waves in such
a way as to set up electric currents in the device; (4) the transformation of
these electric currents into a form which may be detected by electrical
instruments.

An explanation of radio communication, then, must include the following
subjects: direct currents, alternating currents, power-generating machinery,
action of electric current in a vacuum, electric waves, and the apparatus
used for producing and receiving electric waves.

A mechanically vibrating body such as a violin string when in motion
radiates sound waves. Similarly, as an iron bar is heated, its molecules
vibrate more and more rapidly and radiate heat waves, and finally, when the
bar is heated to incandescence, light waves also are radiated.

The limits of the response of the human ear to sound waves lie between
a frequency of ahout 18 to 20,000, where the frequency is the number of
waves radiated per second. The eye, just as the ear, is subject to certain
limitations of response. The ‘“flicker «ange” of the human eye is from a
frequency of below 1 to 30 per second. Thus, the heat wave from a heated
bar is perceptible before a change in color is noticed. Color as detected
by the eye is the effect of a light wave of a certain length.

The colors of the rainbow—red, orange, yellow, green, blue, and violet—
range successively in wave length from 0.00075 to about 0.00038 millimeter.
The heat wave noticed before an iron bar changes color, from black or

1
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2 THE RADIO HANDBOOK

gray to red, is called an infra-red wave, its wave length being longer than
that of red. Similarly, above the upper limit of frequency of visible light
waves, there are radiations having wave lengths which %are shorter than that
of violet. These waves, called ultra-violet, which are the shortest known,
are radiated by the sun, electric arcs, radio-active substances and X-ray
tubes.

Of longer wave length than the infra-red waves are the electromagnetic
waves, sometimes called Hertzian electric waves, which are used in radio
communication. The range of frequency of waves used for radio communi-
cation is from about 10,000 to 100,000,000 per second. According to the
theory proposed by Maxwell in 1865, the radio, heat, light, and ultra-violet
waves are all electric waves of different wave length or frequency of vibra-
tion, ‘all of which travel through the ether (see page 36) at the rate of
186,300 miles or 300,000,000 meters per second. A chart of vibratory
phenomena is shown in Fig. 1.
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SECTION 1

FUNDAMENTAL UNITS AND RADIO GLOSSARY
| Part 1
FUNDAMENTAL UNITS
(Arranged According to Sequence of Subjects)

Length.—In the United States the measures of length commonly employed
are identical with the corresponding units used in England. The ancient
fundamental unit of length was the yard. The meter has been standardized
as an international unit of length. In 1893, what is now the Bureau of
Standards fixed the value of the yard in the United States as 3,600/3,937
meters.

TasLe I.—MEeTRIC PREFIXES

Mega- = 1,000,000 = 10° Greek for “great”

Myria- = 10,000 = 10* Greek for 10,000 as in
word ‘“‘myriad”’

Kilo- = 1,000 = 102 Groek for 1,000

Hecto- = 100 = 10? Greek for 100

Deka- = 01 = 10! Greek for 10

Deci- =15 - 107 — Latin for 10 a8 in U. S.
dime

Centi- =—1— = 10" = Latin for 100 as in U. S.

100 .

cent

Milli- =l—(%.T0 =103 = Latin for 1,000 as in

' U. S. mill
1
Micro- = 1,000,000 — 10—t = Greek for ‘“‘small”’

The foot is one-third of a yard; and 5,280 feet are a mile. In the interna-
tional metric system the prefixes to the word “meter” indicate decimal or
factorial derivatives. These same prefixes apply also to all the metric

5
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6 THE RADIO HANDBOOK [Sec. I

units of weight and volume as well as to electric and magnetic units. The
mile is expressed in the metric system as 1,609.33 meters. One thousand
meters is called a kilometer, so that a mile is 1.609 kilometers. Since one
yard is equal to 36 inches, the length of a meter is 39.37 inches (U. 8.) or
approximately 3 feet 3 inches. A kilometer is approximately 0.625 mile,
a centimeter (cm.) is roughly 0.4 inch, and a millimeter (mm.) may be taken
without appreciable error as 0.04 inch.

It is interesting to know that the meter is approximately equal to the
ten millionth part of the northern quadrant of the earth (distance from the
north pole to the equator at the meridian of Paris).

Weight.—The unit of weight most commonly used in electrical work
is the gram, which is an international uni and which was originally defined
a8 the mass of a cubic centimeter of distilled water at 0°C. A weight of
1,000 grams is called a kilogram, and the pound in the United States has
been fixed by the U. S. Bureau of Standards as 453.59 grams or 0.45359
kilogram. In terms of pounds, one kilogram is 2.205 pounds.

. Area.—Space occupied in two dimensions is called an area. In the metric
system the primary unit is the square meter. In the English system the
units of area most commonly used are the square inch and the square foot.
One square foot is equal to 0.0929 square meter; and one square inch equals
6.452 square centimeters, a square centimeter being 0.0001 square meter.
Conversely, one square meter is 10.76 square feet and a square centimeter
is 0.1550 square inch.

Volume.—Space occupied in three dimensions is called volume. In the
metric system the primary unit of volume is the cubic meter; but the cubic
decimeter or liter is also used. The most commonly used units of volume
in the United States are the cubic inch, the cubic foot, and the gallon. In
terms of the metric system one cubic foot is 0.02832 cubic meter and one
cubic inch is 16.39 cubic centimeters. Conversely, one cubic meter is 35.31
cubic feet and one cubic centimeter is 0.06102 cubic inch. One cubic foot
is 28.32 liters, and, conversely, one liter is 0.0353 cuhic foot or 61.02 cubic
inches. One gallon (4 quarts or 8 pints) in the United States is defined as
231 cubic inches, which is equal to 4.546 liters. Conversely, one liter is
equal to 0.220 gallon. The British or ‘“Imperial”’ gallon is 277.274 cubic
inches.

Pressure.—Intensity of pressure is the ratio of the pressure exerted to
the surface area over which it is applied, or it is the pressure per unit of area.
The so-called “metric’’ unit of pressure is the dyne per square centimeter.
The standard atmospheric pressure is 760 millimeters of mercury at the
sea level and at the temperature of 0°C. Pressures are frequently calcu-
lated in atmospheres. In the United States, unit pressures are usually
expressed in pounds per square inch and in most other countries in kilograms
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per square centimeter. Since the weight of a cubic inch of mercury at
0°C. is 0.4906 pound and the weight of a cubic inch of water is 0.0360
pound, pressure in inches of mercury can be reduced to pounds per square
inch by multiplying by 0.4906 or by dividing by 2.035. Pressures in centi-
meters of mercury are reduced to pounds per square inch by multiplying by
0.1903. Kilograms per square centimeter are reduced to pounds per square
inch by multiplying the kilograms per square centimeter by 14.223; and
pounds per square inch can be expressed in kilograms per square centimeter
by multiplying the pounds per square inch by 0.0703.

The pressure as measured by a suitable instrument in pounds per square
inch, kilograms per square centimeter or millimeters of mercury, when added
to the pressure of the atmosphere is called the absolule pressure.

Weight of Water.—A cubic foot of water at 70°F. weighs 62.3 pounds.

Heat.—The unit of heat commonly used is the quantity required to raise
the temperature of one pound of water one degree Fahrenheit, this quantity
of heat being called a British thermal unit (B.t.u.). In the metric system
of units the unit of heat is defined as the quantity required to raise the
temperature of one gram of water one degree Centigrade, this quantity
being called a gram calorie (small calorie). Another unit, which is one
thousand times as large, is called the kilogram calorie (large calorie). Itis
also called, in German texts, the wirme-einheit (W.E.). One British thermal
unit is equal to 0.252 kilogram calorie.

Mechanical Equivalent of Heat—The equivalent of heat in terms of
mechanical units as accepted in America is that one British thermal unit
(B.t.u.) is equivalent to 777.5 foot-pounds. The U. S. Bureau of Standards,
however, uses in its work the value represented by 778.2 foot-pounds at
59°F. and 777.5 foot-pounds at 68°F.

Work.—The energy expended by a force of one pound acting through a
distance of one foot in the line of action of the force is called a foot-pound.
In other words, work in foot-pounds is equal to the force in pounds multiplied
by the distance in feet.

Mechanical Power.—The rate of performing work is called power. The
unit of mechanical power is horsepower (hp.), which is defined as the per-
formance of 33,000 foot-pounds of work in a minute or 550 foot-pounds in a
second. A mechanical unit of power exerted continuously for one hour is
called a horsepower-hour.

Temperature.—In America, temperatures in ordinary practice are meas-
ured in Fahrenheit units. In the Fahrenheit scale of temperature the melting
point of ice is 32° and the temperature of boiling water (at atmospheric
pressure) is 212°. The difference, therefore, between the boiling tempera-
ture of water and the melting temperature of ice is 180°. In electrical work
another scale of temperatures is frequently used, and in fact in nearly all
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exact work this other scale is the one most used. This other scale, known
as Centigrade, has its zero temperature at the melting point of ice and the
boiling temperature of water is 100°. The difference, therefore, between
the boiling temperature of water and the melting temperature of ice is 100°
on the Centigrade scale. The following equations are used to convert
temperatures from one scale to the other:

Fahrenheit degrees = 9¢ Centigrade degrees plus 32.
Centigrade degrees = 3¢ (Fahrenheit degrees minus 32).

Torque.—The moment of a twisting couple usually exerted about a
shaft as an axis is the torque. It is measured by a unit of force (a dyneora
pound) acting at right angles to a radius arm of one unit of length (a centi-
meter or a foot).

Electromotive Force (e.m.f.)—A difference of electrical potential is neces-
sary to establish an electromotive force. The practical unit of electromotive
force or difference of potential (electric pressure) is called a volf. See also
page 46.

Electric Current.—The practical unit of current is the ampere. It is the
current which flows through a wire or other conductor having a resistance
of one ohm (see below) when there is a difference of potential of one volt
between its ends.

Electrical Power.—The unit of electrical pressure or difference in potential,
a volt, when multiplied by the unit of electrical current, an ampere, is the
electrical power, which is called a watt. The kilowatt, a larger unit of
electrical power, is 1,000 watts. A kilowatt of power delivered continuously
for one hour is a kilowatt-hour.

Quantity of Electricity.—The unit of quantity of electricity is called a
coulomb, which is the quantity of electricity which passes 8 cross-section of
wire or other conductor in one second when the rate of flow is one ampere,

Electrical Resistance.—The unit used to designate an obstruction to the
flow of electric current is called an ohm. The ratio of the difference of
potential in volts to the current in amperes in a wire or other conductor is
expressed in ohms. The specific resistance of a metal or other substance is
equal to the resistance offered by a unit cube of the substance as measured
between a pair of parallel sides. See also page 48.

Electric Capacity or Capacitance.—The power of a ecircuit to store or
hold an eleetric charge is called its electric capacity. The ratio of an electric
charge (in coulombs) on a conductor to the electric potential difference (in
volts) producing that charge is called the farad. As the farad is too large
a unit for practical purposes, the microfarad (inf.), which is one millionth
of a farad, is generally used. For condensers such as arc used for radio

www americanradiohistorv com


www.americanradiohistory.com

Sec. ] FUNDAMENTAL UNITS AND RADIO GLOSSARY 9

purposes the micromicrofarad (mmf.) or 1072 (see page 12) farad i3 a
more suitable unit.

Dielectric Constant.—The ratio of the capacity (capacitance) of a con-
denser with coatings which are separated by a given substance to the
capacity (capacitance) of a similar condenser with plates separated by air
is the dieleciric constant of the condenser with the coatings. See also
page 55.

Frequency (f.).—In a simple alternating-current circuit, the number of
cycles (waves) produced by ‘the current in a second is the frequency. The
practical unit is a cycle per second. The frequency required for radio pur-
poses is usually stated in kilocycles per second, a kilocycle being 1,000 cycles.

Dyne.—The force acting upon a mass of one gramn during one second
giving this mass a velocity of one centimeter per second is a dyne.

Magnetic Pole.—The portion of the surface of a magnet where the mag-
netic lines enter or leave the surface is a magnetic pole.

Unit Magnetic Pole—When one magnetic pole repels an equal and like
magnetic pole with a force of one dyne at a distance of one centimeter, it is
a unit magnetic pole.

Flux (¢).—The flow of magnetic lines that passes through any magnetic
circuit is called the magnetic fluz. See also page 59.

Flux Density (V).—The ratio of the magnetic flux in any cross-section of
a magnetic circuit to the area of that cross-section is the magnetic flux
density, which is measured by a unit called a gauss.

Magnetomotive Force (m.m.f.).—The force which produces the magnetic
flux is the magnetomotive force in a magnetic circuit. It corresponds to
the electromotive foree in an electric circuit. The unit of magnetomotive
force is the gilbert. A more convenient practical unit, however, is the
ampere-turn which is 1.257 gilberts. See also page 63.

Reluctance.—The obstruction in a magnetic circuit to the flow of the
flux is the reluctance. It is the ratio of the magnetomotive force to the
magnetic flux.

Magnetic Field Intensity (H).—The force in dynes exerted on a unit
magnetic pole is the magnetic field intensity.

Permeability (x).—The ratio of the magnetic flux density to the magnetiz-
ing force is the permeability (¢:H). Tt is actually the ratio of the magnetic
flux in any cross-section to the flux which would exist if the cross-section
were replaced with air, the magnetomotive force remaining unchanged.
See also page 64.

Reluctivity.—The reciprocal of permeability is the reluctivity.

Power Conversion.—One kilowatt is equal to 1.34 horsepower; or, in
other words, one horsepower is almost exactly 0.75 kilowatt (actually 746
watts). One kilowatt-hour is 3.412 B.t.u. or 1.34 horsepower-hours.
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Apparent Power.—In an alternating-current circuit, the apparent power is
obtained by multiplying together the volts and amperes to obtain apparent
walts. The true power or {rue walts in an alternating-current circuit is found
by multiplying together the volts, the amperes, and the cosine (page 12) of
the angle of the phase difference (see below) or the power factor.

Power Factor (p.f.).—In an alternating-current circuit, the true power
is the product of the square of the current 7 and the effective resistance R.
The apparent power is the voltage E times the current I. Then, if the true
power is represented by P, the ratio of P to E times I (volt-amperes) is the
power factor. .

Root-mean-square (r.m.s.) Value.—The square root of the mean of the
squares of the instantaneous values for one complete cycle is called the
root-mean-square value. Unless otherwise specified the numerical value of
an alternating current refers to its root-mean-square value. In the case of
a sine wave (page 72) the root-mean-square value is equal to its maximum
or crest value ++/2.

Form Factor.—The ratio of the root-mean-square value to the algebraic
mean of the ordinates taken over a half cycle beginning with the zerc value
is the form factor. The form factor of a sine wave is 1.11,

Vector Diagram.—A quantity which possesses both numerical magnitude
and direction, as, for example, an alternating current, may be represented
by a line called a vector. Sine waves of voltage and current can be repre-
sented by vectors, that is, the vectors being proportional in magnitude to
the waves which they represent. The angle between the vectors is always
equal to the angle between the sine waves of voltage and current which they
represent.

Vectors may be combined as forces are combined in mechanics, preferably
by the graphical methods. Impedances (page 37) and admittances
(page 33) may be similarly combined. In the latter case, the usual method
is to resolve the impedances into their component resistances and reactances
(page 39), then combine all resistances and all reactances, from which the
resultant impedance Z is obtained.

Thus,

Z? 4 Zs* = (Ry, + R)?* + (X, + X.)%, where R, and X, are the

components of Z,, and R; and X are the components of Z,.

Phase Differences.—When there is only resistance (and no reactance)
in an alternating-current circuit, the current and the voltage are in phase
with each other. When there is inductance only in an alternating-current
circuit, the current lags behind the voltage by 90 degrees; and when there is
capacity (capacitance) only in an alternating-current circuit, the current
leads the voltage by 90 degrees.
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Resonance.—In an alternating-current circuit which contains both induc-
tive and capacity reactances in series, it is possible to obtain an enormous
rise in electromotive force by adjusting the reactances or the frequency.
At the maximum value there is the so-called “series resonance.”

When an inductive reactance and a capacity reactance are joined in
parallel, it is possible to obtain a very large increase in the current by adjust-
ing the reactances or the frequency. At the maximum value “current
resonance’’ will take place. The condition of resonance, except in tuned
circuits (see below) where it is especially desired as for radio purposes, is
otherwise to be avoided.

Series Resonance.—In a circuit in which a resistance, an inductance, and
a capacity are in series, the total reactance will be zero at a frequency (page
9) at which the inductive reactance is equal to the capacity rcactance.

Coupling.—When one part or portion of a circuit is connected with
another, they are coupled.

Tuned Circuit.—When the inductive reactance and the capacity reactance
in a circuit are equal (inductance, capacity, and resistance in serics), the
circuit is said to be in resonance, meaning that it is tuned” to the operating
frequency of the circuit.

Eddy Current.—Secondary or parasitic currents in those parts of a circuit
which are interlinked with alternating or pulsating magnetic flux are eddy
currents (also called Foucault currents). The eddy currents can be greatly
reduced by laminating the circuit, that is, by making it of the thin sheets,
each insulated from each other.

Hysteresis.—When iron or steel is subjected to alternating magnetization,
a phenomenon which may be called magnetic friction between the molecules
of the material produces values of magnetization (magnetic flux) which are
different for increasing and decreasing values of magnetic intensity.

Skin Effect.—An alternating-current phenomenon which materially
affects conductors of large cross-section is produced by electric currents
passing through the strands of a cable around the outer surface where they
encounter less inductance and impedance than in the strands near the
center, thus causing the outer strands of a cable to carry more current than
the inner strands.

Magnetic Saturation.—When the intensity of magnetization is increased
beyond a limiting value, there is practically no increase in the magnetic flux.
In other words, at this limiting value of magnetization, the iron or steel
becomes magnetically saturated.

Exponential Term.—When the exponent used with a number or symbol
is a positive whole number, it means that the number or symbol is to be
raised to the power indicated by the exponent; thus, a® means that the
symbol a is to be multiplied by itself once (a X a). When the exponent is a

wwWw americanradiohistorv com


www.americanradiohistory.com

12 . THE RADIO HANDBOOK [Sec. T

positive fraction, it means that the corresponding root of the number or
symbol is to be taken; thus, a’% means that the square root is to be taken of a
(v/a). Similarly, a** is the fourth root of a. When the exponent is a nega-
tive number or a negative fraction it means that the numerical exponent
refers to the “power” or “root” indicated by the number or fraction;
thus, a?is 1/a%, a*is 1/a* or 1 + v/a.

Wire Gages.—The American wire gage (A.W.(G.), also called “B. & S.”
(Brown & Sharpe), is based on a constant ratio between diameters of suc-
cessive gage numbers. The ratio of any diameter to the next smaller being
1.123, the corresponding ratio of cross-sections is approximately 1.25 or 54.
See tables II and III.

Mil.—One-thousandth (0.001) of an inch is called a mil.

Circular Mil.—The area of a circular wire which is one mil (0.001 inch)
in diameter is a circular mil. The square of the diameter of a circle in
mils is the area in circular mils.

Trigonometric Functions.—The relations of sine (sin), cosine (cos),
tangent (tan), and cofangent (cot) of a unit circle are simply expressed by
the equations, sin? 4 4 cos? 4 = 1,tan A =sin A + cos 4, and cot 4 =
1 + tan A, where A is the angle of which these relations are required.
These trigonometric functions are given for various angles in table XI.

Natural (or Naperian) logarithms of numbers can be calculated from the
corresponding common logarithms as given on pages 26 and 27 by multi-
plying the logarithm (characteristic and mantissa) by 2.3. For example,
the common logarithm of 84.4 is 1.9263. The natural logarithm of this
number is, therefore, 1.9263 X 2.3 or 4.431.
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TaBLe Il.—ArLLowaBLE CarryiNG CaraciTiEs oF CorpER WIRES

Number A B
of wire Diameter of Area, cireular Rubber Varnished C
American | solid wires, mils jnsulation, casmbnc-'cloth (')ther insula-
(B.& 8.) mils! — insulation, | tion, amperes
gage aimperes

18 40.3 1,624 3 | ... 5

16 50.8 2,583 @ ||  ecaco 10

14 64.1 4,107 15 18 20

12 80.8 6,530 20 25 25

10 101.9 10,380 25 30 30

8 128.5 16,510 35 40 50

6 162.0 26,250 & 60 70

b 181.9 33,100 55 65 80

4 204.3 41,740 70 85 90

3 229. 4 52,630 80 95 100

2 257.6 66,370 90 110 125

1 289.3 83, 690 100 120 150

0 324.9 105,5 125 150 200

(L0 364.8 133,100 150 180 225

000 409.6 167,800 175 210 275

200, 000 200 240 300

0000 460, 211, 600 225 270 325

250,000 250 300 350

300, 000 275 330 400

350,000 300 360 450

400,000 325 390 500

500,000 400 480 600

600, 000 450 540 680

700,000 500 600 760

800, 000 550 660 840

900,000 600 720 920

1,000,000 650 780 1,000

1,100,000 690 830 1,080

1,200,000 730 880 1,150

1,300,000 770 920 1,220

1,400,000 810 970 1,290

1, 500,000 850 1,020 1,300

1,600,000 890 1,070 1,430

1,700,000 930 1,120 1,490

1,800,000 970 1,160 1,550

1,900,000 1,010 1,210 1,610

2,000,000 1,050 1,260 1,670

1! mil = 0.001 inch.
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TaABLE III.—STANDARDIZED STRANDING OF WIRES
Strands Cable Allow‘aple carrying
capacities, amperes
B
Number Qut— Var-
. of wire s‘lde - nished C
Number | Diam- A R Area, diam- | Rub-
meri- . cam- | Other
of ett.ar, can cnrcglar eter ‘ ber bric- | insu-
strands | mils (B. &8.) mils over insu- | b | lation
copper,| lation | .
Rage inches 1nsu-
lation

7 25 22 4,490 | 0.075 15 18 20
7 32 20 7,150 | 0.096 20 25 25
7 40 18 11,370 | 0.120 25 30 35
7 51 16 18,080 | 0.153 35 40 50
7 64 14 28,740 | 0.192 50 60 70
7 81 12 45,710 | 0.253 70 85 90
7 91 11 58,000 | 0.273 80 | 95 110
7 102 10 72,680 | 0.306 90 110 130
19 64 14 78,030 | 0.320 100 120 150
19 72 13 98,380 | 0.360 125 150 175
19 81 12 124,900 | 0.405 150 180 210
19 91 11 157,300 | 0.455 175 210 250
19 107 1 217,500 | 0.540 225 270 325
19 114 9 248,700 | 0.570 250 300 350
37 91 11 306,400 | 0.637 275 330 400
37 97 1 347,500 | 0.679 300 360 450
37 102 10 381,200 | 0.714 325 390 500
37 116 L 484,300 | 0.798 400 480 600
61 102 10 633,300 | 0.918 475 565 700
61 107 1 698,000 | 0.963 500 600 750
61 114 9 798,300 | 1.030 550 660 825
61 121 1 893,100 | 1.090 600 720 900
61 128 8 1,007,000 | 1.150 650 780 | 1,000
91 114 9 1,191,000 | 1.250 725 870 | 1,125
91 128 8 1,502,000 | 1.410 850 | 1,020 | 1,350
127 114 9 1,660,000 | 1.480 900 | 1,100 | 1,460
127 128 8 2,097,000 | 1.660 | 1,100 | 1,300 | 1,700

1 These individual strands are odd sizes not listed in the American or B. & S. Wire Tables.
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10.

11,
12,

13.

14.
15.
16.

17.

18.

. Condenser,

. Condenser,

. Condenser,

15

TasLe 1V.—Graruic SymporLs Usep IN Rapio COMMUNICATION

Proposed American Tentative Standard

. Aerial (antenna)

. Ammeter

. Arc

b Bltwry (the

tive electrode is
indicated by the
long line)

. Coil antenna

. Condenser fixed

fizxed,
shielded

vari-
able

vari-
able (with moy-
ing plate indi-
cn

Condenser, vari-
able, shielded

Counterpoise
Crystal detector

l-‘requency me&er

1

-®-

3

e e—| 1

Galvanometer

Glow lamp

Ground
Inductor

Inductor,
able

adjust-

é?$@¢%+$$*%¢+@

19. Inductor, iron core _m-

23.

24.

25.

26.

27.

28.

31.

32.

" 35.

36.

. Inductor, variable

Jack

. Key

Lightning arrester

Loud-speaker

Microphone (tele-
phone transa-
mitter)

Photoeleotric cell

Pieso-electric plate

Resistor

. Resistor, adjust-
able

Resistor, variable

Spark gap, rotary

Spark gap, plain

. B8park gap ,

quen

. Telephone receiver

Thermoelement

Transformer,
core

air

-

=]
—-— 2

]

- X -
- ¢
-

f
E%éﬁ
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37.

39.

40.

41

42.

43.

Transformer, iron

core

. Transformer with

variable coupling

Transformer, with
variable  coup-
ling (with mov-
ing coil indicated

Voltmeter

Wires, joined

Wires, crossed, not
joined

Vacuum Tubes

Diode (or half-
wave rectifier)

THE RADIO HANDBOOK

44.

E Yulne

45,

46,

47.

_@_
SETE
)
@

48.

49,

Triode (with di-
rectly heated
cathode)

Triode (with indi-
rectly heated
cathode)

Screen-grid  tube
(with  directly
heated cathode)

Screen~grid  tube
(with _indirectly
heated cathode)

Rectifier tube, full
wave (filament-
less)

Rectifier tube, full

wave ( with di-
rectly heated
cathode)

. Rectifier tube, half

wave (filament-
less)
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TasLE V.—RELaTION oF WavE LENGTH, FREQUENCY, AND THE PRODUCT
oF Capacity aND INpUCTaANCE 1IN OsciLaTory Circuirs

Frequency, 2x, Frequency, 2xf
Wav: melﬁtiply Mult{ply ¢ XL Wavﬁ melﬂtiply Multiply C XL
length, C in micro-|| length, C in miero-
values values values values
meters | beloy below farads || meters | o5y below far
¥ | by 1,000 | by 1,000 | L inem. ¥ | by 1000 ( by 1,000 | Linem
1 300,000 | 1,884,000] 0.0003 210 1,429 8,970 12.41
2 150,000 942,000 0.0011 215 1,395 8,760 13.01
3 100, 000 628,000 0.0018
4 75,000 471,000 0.0045 220 1.364 8,560 13.62
5 . 377.000|  0.0057 225 1,333 8.370 14.25
6 50,000 314,200, 0.0101 230 1,304 8,190 14.89
7 42,900 269,000, 0.0138 235 1,277 8,020 15.55
8 37,500 235,500 0.0180 240 1,250 7.850 16.22
9 33,330 209,400 0.0228 245 1,225 7,690 16.90
10 30,000 188,400 0.0282
15 20.000 125,600 0.0635 322 }f‘-}‘-} ;;gg?, };g‘}
20 15,000 94,200 0.1129 260 ! 7.250 19.03
25 12,000 75,400 0.1755 265 1.132 7.110 19.77
30 10,000 62.800| 0.2530
270 1.111 6,980 20.53
?4’8 8,570 e o 275 1.091 6,860 21.29
. 5 : 6., .
45 6,670 41,900 0.570 5& i‘g’éé 2%% gé%ﬁ
6,000 37,700} 0.704 017 : :
o 2333 3‘{'238 ?'8?3 205 1.017 6,380 24.50
65 4,620 | 28970 1.188 S| NI ey | EeR
70 4,200 26,900 1.378 320 038 5’800 2883
75 1, 25.120] 1.583 230 209 5700 3068
80 3,750 23.520] 1.801 0 :
340 882 5.540 32.55
85 3,529 22,120 2.034 350 857 5380 33 48
90 .333 20,920 2.280 380 833 5530 3648
95 158 19,830 2.541 370 o 3 38 54
380 790 4,953 40.7
100 ,000 18.840| 2.816 0
o8 | zwr) g s | T e | e
115 2. 16,380 3.721 1% ;gg :-Q)g :".;-g
120 2,500 15,710 4.05 . ;
420 714 4,480 19.7
125 2,400 15,070 4.40 by 50 o8 1380 ARG
130 2.308 14,480 4.76 o 85 1280 A
135 2,222 13,950 5.13 g o %50 pecks
140 2,144 13,450 5.52 20 65; 00 B4
145 069 12,980 5.92 7o kA AROT0 23
150 2,000 12,560] 6.34 480 625 3.920 64.8
}gg }g?g }21,_};8 ?';8 190 812 3,842 67.6
165 1,818 11,410) 7.66 600 3,766 70.4
170 1,765 11,080 8.13 510 588 3,692 73.2
175 1,714 10,760 8.62 520 577 3.620 76.0
180 1.667 10.470] 9.12 530 566 3.552 79.0
185 1,622 ,180| 9.63 540 556 . 82.1
190 1.579 9,910 10.16 550 545 3,422 85.2
195 1,538 9,660] 10.71 ggg g;g ggg; g?.g
200 1,500 9,420| 11.26 580 517 3,246 04.7
205 1,463 9,190 11.83 590 509 3,193 98.0
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TasLe V.—RELATION oF WAVE LENGTH, FREQUENCY, AND THE PRODUCT
oF CaPACITY AND INDUCTANCE IN OscILLATORY Circurrs.—(Continued)

Frequency 2xf Frequency, 2xf
Wave i . CXL Wave r CXL
length, mﬂtlply Multiply C in micro-|{ length, mﬁtlply Multiply C in micro-
meters vll,:lluea '{,::“e' farads meters vll)allues vll,:lluea far
ow ow H elow ow !
w by 1,000 | by 1,000 L in em.! ;4 by 1,000 | by 1,000 L in cm.}
500 3,140 101.4 1,550| 193.8 1,215 676
610 492 3,088 104.7 1,600 187.8 1,177 720
620 484 3,038 108.2 1,650 181.8 1,142 766
630 476 ,990 111.7 1,700 | 176.8 1,108 813
640 469 2,942 115.4 1,750 | 171.4 1,076 862
850 462 2,806 118.8 1,800 | 166.7 1,046 912
660 455 2,85 122.5 1,850 162.2 1,017 963
670 448 2,810 126.3 1,600 [ 187.9 990 1,016
680 441 2,768 130.2 1,950 153.8 965 . 1,071
690 435 2,730 134.1
. 2,000 ( 150.0 942 1,126
700 429 2,692 137.8 2,050 ( 146.3 920 1,183
710 423 2,654 141.9 2,100 [ 142.9 898 1,241
720 417 2,616 145.9 2,150 | 139.5 876 1,301
730 411 2,580 150.0 2,200 | 136.4 856 1,362
740 405 2,544 154.0 2,250 | 133.3 838 1,425
750 400 2,510 158.3 2,300 | 130.4 819 1,489
760 3904.8 2,476 162.6 2,350 | 127.7 801 1,555
770 389.6 2,443 166.8 2,400 | 125.0 784 1,622
780 384.6 412 171.4 2,450 | 122.8 768 1,690
790 379.8 2,382 175.6
2,500 1 120.0 753 1,760
378.0 2,353 180.1 2,550 | 117.7 738 1,831
810 370.4 2,328 184.7 2,600 115.4 724 1,903
820 3658.9 2,297 189.3 2,660 113.2 710 1,977
830 361.4 2,270 194.0 2,700 | 111.1 697 2,052
840 357.1 2,242 198.5 2,750 | 109.1 684 2,129
850 352.9 2,214 203.4 2,800 | 107.1 672 2,207
860 348.8 2,188 208.2 2,850 | 105.3 660 2,287
870 344.8 2,162 213.2 2,900 | 1035 648 2,366
880 340.9 2,138 217.9 2,950 | 101.7 638 2,450
890 337.1 2,115 222.9
3,000| 100.0 628 2,533
333.3 2,002 228.0 3,800 85.7 538 3,448
910 320.7 2,070 233.2 4,000 78,0 471 4,500
920 326.1 2,047 238.1 4,500 66.7 418 5,700
930 322.6 2,024 243 .4 5,000 60.0 377.0 7.040
940 319.1 2,003 248.7 5,500 54.8 342.2 8,820
950 315.8 1,982 254.1 6,000 50.0 314.2 10,140
960 312.5 1,962 259.5 6,500 46.2 289.8 11,880
970 309.3 1,942 264.9 7,000 42.9 268.8 13,780
980 306.1 1,022 270 .4 7,500 40.0 251,0 15,830
990 303.0 1,902 275.9
8,000 37.50 2358.2 18,010
1,000 300.0 1,884 281.6 8,500 35.29 221.4 20,340
1,050 285.7 1,794 310.8 9,000 33.33 209.2 22,800
1,100 272.7 1,712 340.4 9,500 1.58 198.2 25,410
1,130 260.9 1,637 372.1 10,000 30.00 188.4 28,160
1,200 250.0 1,570 405 15,000 20.00 125.7 63,400
1,250 240.0 1,506 440 20,000 15,00 94.2 112,600
1,300 230.8 1,448 476 25,000 12.00 75.4 176,000
1,350 222.2 1,395 513 30,000 10.00 62.8 253,300
1,400 214.4 1,346 552 35,000 8.87 53.8 344,800
1,450 206.9 ,208 592 40,000 7.50 47.1 450,000
48,000 6.67 41.8 570,000
1,500 200.0 1,256 634 50,000 6.00 37.7 704,000

t One thousand centimeters of inductance is equal to one microhenry.
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TaBLE VI.—WEigHT OoF BARE AND INSULATED CorPER WIRE

In pounds per 1,000 feet at 68°F. The sizes shown are American wire
gage (Brown & Sharpe). Data on insulated wires supplied by Belden
Manufacturing Co.

" Single Double Single Double
S — ol cotton cotton silk silk

8 50.0 50.55 50.60 51.15

9 39.63 40.15 40.15 40.60

10 31.43 31.80 31.85 32.18

1 24.92 25.25 25.30 25.60

12 19.77 20.05 20.10 20.40

13 15.68 15.90 15.99 16.20

14 12.43 12.60 12.73 12.91

15 9.858 10.00 10.10 10.33

16 7.818 7.930 8.025 8.210 7.890 7.955
17 6.200 6.275 6.395 6. 540 6.260 6.315
18 4.917 4.980 5.080 5.235 4.970 5.015
19 3.899 3.955 4.035 4.220 3.940 3.990
20 3.092 3.135 3.218 3.373 3.132 3.173
21 2.452 2.490 2.561 2.685 2.488 2.520
22 1.945 1.970 2.048 2.168 1.976 2.006
23 1.542 1.565 1.635 1.727 1.570 1,593
24 1.223 1.245 1.304 1.398 1.247 1,272
25 0.9699 0.988 1.039 1.129 0.994 1.018
26 0.7692 0.7845 0.8335 0.9140 0.7905 0.8100
27 0.6100 0.6220 0.6660 0.7560 0.6280 0.6450
28 0.4837 0.4940 0.5325 0.6075 0.4980 0.5140
29 0.3836 0.3915 0.4255 0.4890 0.3970 0.4130
30 0.3042 0.3105 0.3400 0.3955 0.3160 0.3330
31 0.2413 0.2465 0.2762 0.3257 0.2157 0.2678
32 0.1913 0.1960 0.2230 0.2700 0.2100 0.2170
33 0.1517 0.1550 0.1816 0.2270 0.1611 0.1750
34 0.1203 0.1230 0.1478 0.1928 0.1290 0.1412
35 0.09542 0.0980 0.1202 0. 1600 0.1035 0.1130
36 0.07568 0.0776 0.0994 0.1361 0.0823 0.0920
37 0.0601 0.0616 0.0822 0.1204 0.0663 0.0740
38 0.04579 0.0488 0.0702 0.1049 0.0534 0.0623
39 0.03774 0.0387 0.0602 0.0937 0.0424 0.0504
40 0.02090 0.0307 0.0519 0.0838 0.0345 0.0429
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TasLe VII.—ProrerTiEs OF CopPPER WIRE

The resistance given in the table is that of pure copper wire; ordinary

commercial copper has a resistance from 3 to 5 per cent greater
American or B, & 8. Gage

. Resistance of pure copper in
Diame- . Weight international ochms at 20°C. or 68°F.
ter in Area in |, Vel&

Gage mils circular | in pounds| Feet per
No. | (page mils |} B reet| P°U" |om Feet
K ec ms per| Feet per
12) foot ohm Ohms per pound
0000 [460.0 211,600 640.5 1.56(0.0000489(20,440 0.00007839
00 [409.6 67,800 508.0 1.97(0.0000617(16,210 0.0001215
00 |364.8 (133,100 402.8 2.49(0.0000778|12,850 0.0001931
0 |1324.9 (105,600 319.5 3.13(0.0000981(|10, 180 0.0003071
1 (289.3 . 880 253.3 3.95|0.0001237| 8,083 0.0004883
2 |257.6 66,370 200.9 4.98|0.0001560( 6,410 0.0007763
3 [229.4 o 159.3 6.28(0.0001967| 5,084 0.001235
4 1204.3 41,740 126.4 7.91]0. 4,031 0.001963
5 1181.9 33,100 100.2 9.98|0.0003128| 3,197 0.003122
6 [162.0 26,250 79.46 12.58(0.0003944| 2,535 0.004963
7 [144.3 20,820 63.02 15.87(0.0004973( 2,011 0.007892
8 [128.5 16,510 49.98 20.01|0.0006271( 1,595 0.01253
9 |114.4 3,090 39.63 25.23|0.0007908] 1,285 0.01995
10 (101.9 10,380 31.43 31.85(0.0009972| 1.003 0.03173
11 | 90.74 8,234 24.93 40.12|0.001257 795.5 0.05045
12 | 80.81 8,530 19.77 50.58{0.001588 630.5 0.08022
13 | 71.96 5,178 15.68 63.7810.001999 500.1 0.1276
14 | 64.08 4,107 12.43 80.45/0.002521 306.6 0.2028
15 | 57.07 3.257 9.86 101.4 [0.003179 314.5 0.3225
18 | 50.82 2,583 7.82 127.9 (0.004009 249.4 0.5128
17 | 45.26 2,048 6.20 161.3 [0.005055 197.8 0.8153
18 | 40.30 1,821 4.92 203.4 (0.006374 156.9 1.296
19 | 35.89 1,288 3.90 256.5 (0.008038 124 .4 2.081
31.96 1,022 3.09 323.4 (0.01014 98.62 3.278
21 | 28.46 810.1 2.45 407.8 10.01278 78.24 5.212
22 | 25.35 642.6 1.95 514.2 (0.01612 62.05 8.287
23 | 22.57 509.5 1.54 648.4 (0.02032 49,21 13.18
24 | 20.10 404.0 1,22 817.6 10.02563 39.02 20.95
25 | 17.90 320.4 0.97 | 1,031 0.03231 30.95 33.32
26 | 15.94 254.1 0.77 1,300 |0.04075 24.54 52.97
27 | 14,20 201.5 0.61 1,639 |0.05138 19.46 84.23
28 | 12.64 159.8 0.48 2,067 10.06479 15.43 133.9
11.26 126.7 0.38 2,607 [0.08170 12.24 213.0
30 | 10.03 100.5 0.30 3,287 |0.1030 9.707 338.6
31 8.928 79.71 0.24 4,145 [0.1299 7.698 538.4
32 7.9 63.20 0.19 5,227 ]0.1838 6.105 856.2
33 7. ‘50,13 0.15 6,591 |0.2066 4.841{( 1,381
34 6.305 39.75 0.12 8,311 |0.2605 3.839 2,165
35 5.815 31.52 0.10 | 10,840 |0.3284 3.045( 3,441
36 5. 25.00 0.08 | 13,210 |0.4142 2.414( 5,473
37 4.453 19.83 0.08 | 18, 0.5222 1.915| 8,702
38 3.965 15.72 0.05 | 21,010 [0.6585 1.519(13,870
39 3.531 12.47 0.04 | 26,500 (0.8304 1.204|22,000
40 3.145 9.89 0.03 | 33,410 |1.047 0.955(34,980
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TasLE VIII.—DiaMETERS OF BARE CorPER WIRE AND OUTSIDE DIAMETERS
OF INSULATED WIRE

Sizes of wire are American wire or Brown & Sharpe gage

Gage Bare, Enamel Single Double Single Double
No mils mils ' cotton, cotton, silk, silk,
. (page 12) mils mils mils mils
8 128.5 130.60 135.5 141.5
9 114.4 116.50 121.4 127.4
10 101.9 104.00 107.9 112.9
11 90.74 92.70 96.7 101.7
12 80.81 82.80 86.8 91.8
13 71.96 74.00 78.0 83.0
14 64.08 66.10 70.1 75.1
15 57.07 59.10 63.1 68.1
16 50.82 52.80 55.8 60.8 52.8 54.6
17 45.26 47.00 50.3 55.3 47.3 49.1
18 40.30 42.10 45.3 50.3 42.3 44.1
19 35.89 37.70 40.9 45.9 37.9 39.7
20 31.96 33.70 37.0 42.0 4.0 35.8
21 28.46 3o.20 33.5 38.5 30.5 32.3
22 25.35 26.90 29.3 33.3 27.3 29,1
23 22.57 24.10 26.6 30.6 24.6 26.4
24 20,10 21.50 24.1 28.1 22.1 23.9
25 17.90 19.20 21.9 25.9 19.9 21.7
26 15.94 17.10 19.9 23.9 17.9 19.7
27 14.20 15.30 18.2 22.2 16.2 18.0
28 12.64 13.60 16.6 20.6 14.6 16.4
29 11.26 12.20 15.3 19.3 13.3 15.1
30 10.03 10.90 14.0 18.0 12.0 13.8
31 8.928 9.70 12.9 16.9 10.9 12.7
32 7.950 8.70 11.95 15.95 9.95 11.75
33 7.080 7.70 11.08 15.08 9.08 10.88
31 6.305 6.90 10.30 14.30 8.30 10.10
35 5.615 6.20 9.61 13.61 7.61 9.41
36 5,000 5.50 9.00 13.00 7.00 8.80
37 4.453 4.90 8.45 12.45 6.45 8.25
38 3.965 4.40 7.96 11.96 5.96 7.76
39 3.531 3.90 7.53 11.53 5.53 7.33
40 3.145 3.50 7.14 11.14 5.14 6.94
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TaBLE IX.~—For SELECTING WIRE AND Fusk S1zEs FOR MOTOR-BRANCH
Circurrs

Minimum allowable sige of
copper wire, American (B. &

For running pro-
tection of motors|

Maximum sllowable rating of
branchb-circuit fuses

.) gage or circular mils Squir- | Squir-
Squir- rel rel
rel e%ngeéd ec':lage‘.!d
- CRAge, |r uc r uc .
. fulle |"Volt- | volt- Slip-
rent Maxi- | voltagel age age | SNE
rating of Maxi- | mum | ®tart- | start- | start- |, o
motor, mum | setting .i'::l'& hlnng - l:il:ﬁ;- current
amperes Var- Slow ":‘:'“‘ ofhtu:::- pbase | react- | react- Mx“gc?.
Rubber nisbed burn- N.EC r(;ntec- repul- | ance! | ance! Nerent
cambric | ing e p tive | ®ion or | squir- | squir- |© Al
am- | device, aglib— rel cage [rel cage .
= am- | Phase, (up to | (above | P®
pe peres am- 30), 30)
peres | am- am-
peres | peres |
1 2 3 4 5 6 7 8 9 10
1 14 14 14 2| 1.250 15 15 . 15
2 14 14 14 3t 2.50 18 15 o 15
3 14 14 14 43 3.752 15 15 o 15
4 14 14 14 (i) 5.0 15 15 15
] 14 14 14 82 6.25° 15 15 000 15
[ 14 14 14 82 7.50° 20 15 90 15
7 14 14 14 10t 8.75 25 20 0 15
8 14 14 14 10t | 10.0 ¢ 25 20 15
9 14 14 14 12t | 11,252 30 25 15
10 14 14 14 15t | 12,50t 30 25 15
11 14 14, 14 15t | 13.75 35 30 20
12 14 14 14 15t | 15.00* 40 30 20
13 12 14 14 20% | 18.25% 40 35 20
14 12 14 14 202 7.50? 45 35 25
15 12 12 14 20* | 18.75% 45 40 25
16 12 12 14 20t | 20.00 50 40 25
17 10| 12 12 252 | 21,251 60 45 30
18 10 12 12 25t | 22.50? 60 45 30
19 10 12 12 253 | 23.752 60 50 30
20 10 12 12 25t | 25.0 ¢ 60 50 30
22 8 10, 10 30 27.50 70 60 . 35
24 8| 10 10 30 30.00 80 60 . 40
26 8| 8 35 32.50 80 70 o 40
28 8| 8| 8 35 35.00 90 70 000 45
30 8| 8| 40 37.50 90 80 000 45
32 (i 8| 40 40.00 100 oo 70 50
34 (i 8| 45 42.50 110 70 60
36 [ 8| 45 45.00 110 80 60
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TaBLE IX.—For SELECTING WIRE AND Fusk SizEs Fo MOTOR-BRANCH

Circuit.—(Continued)

Minimum allowable size of
copper wire, American (B. &

For running pro-|
tection of motors|

Maximum allowable rating of
branch-circuit fuses

8.) gage or circular mils Squir- | Squir-
Squir- rel rel
rel c((:,age(:d c%ngeéd
R =S cage, |reduced{reduc .
lo:f‘d“lclur- full- volt- | volt- ilg
rent Maxi- | voltage| age 880 | e
rating of Maxi- | mum | start- | start- | start- | ¢/ 0
motor, mum | setting sil:ggl'(~ }:55"_ }::; + | current
s Var- Slow “’t""“ °fl-"l']']'i‘;" phase | react- | react- ”:_gc‘g"
Rubber | nished | burn- | P | IO | repul- | ance! | ance! current
cambric ing Tioes p t? sion or | squir- | squir- |°rTeTh
::(:. de;‘i,:(' split- |rel cage [rel cage eres
5 m- | phase, | (up to ( (above
[P A am- 30), 30
LE305 peres am- am-
peres | peres
1 2 3 4 5 G 7 8 9 10
38 0| 6 8| 50 47.50 125 80 60
40 6| [} 8 50 50.00 125 80 60
42 5 6| 6, 50 52.50 125 90 70
44 5 [} [ 60 55.0 125 90 70
46 4 6 6 60 57.50 150 100 70
48 4 [ 6 60 60.0 150 100 80
50 4 5 G| 60 62 .50 150 100 80
52 4 5 1] 70 65.0 175 110 80
54 4 4 [ 70 67.50 175 110 90
56 4 4 6| 70 70.00 175 120 90
58 3 4 5 70 72.50 175 120 90
60 3 4 5| 80 75.00 200 120 90
62 3 4 5 80 77.50 200 12 100
64 3 4 5 80 80.00 200 150 100
66 2 4 4 80 82.50 200 150 100
68 2 4 4 90 85.00 225 150 110
70 2 3 4 90 87.50 225 150 110
72 2 3 4 90 90.00 225 150 110
74 1 3 3| 90 92.50 225 150 125
76 1 3 3] 100 95.00 250 175 125
78 1 2| 3 100 97 .50 250 175 125
80 1 2 3| 100 |100.00 250 175 125
82 0| 2| 2 110 [102.50 250 175 125
84 0| 2| 2l 110 |105.00 250 175 150
86 0| 2| 2| 110 [107.50 300 175 150
‘88 0| 2| 2( 110 |110.00 300 200 150
90 0| 1 2l 110 |112.50 300 200 150
92 0| 1 2 125 |115.00 300 200 150
94 0 1 2l 126 |117.50 300 200 150
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TasLE IX.—~FoRr SELECTING WIRE AND FuUsE SizEs FOR MOTOR-BRANCH
Circurrs.—(Continued)

Minimum allowable size of
copper wire, American (3. &

For running pro-

Maximum allowable rating of
branch-circuit fuses

S.) gage or circular mils tection of motors . Squir- | Squir-
Squir- rel rel
rel (;iageéd vaageéd
" L —— ——| cage, |reducedjreduc q
N full- | volt-" | volt- Sip-
.| voltage| age age 3
ratl:i‘:lngtof Maxi- rn?ﬁ,'. start- | start- | start- l:];tt'.?;g
motor, mum | setting silr:‘:l'o- l::'g‘i'_ l:::ﬁx'- current
amperes Var- Slow | Fating °fu"' ".':' phase | react- | react- and di-
Rubber | nished | burn- |\ % c "':, _| repul- | ance! | ance! rect 5
cambric [ ing | g e pl;.(i)v ¢~ | sion or | squir- | squir- °“;::n g
o | device, | #plit- [rcl cage [rel cage res
peres am- | Phase, (up to | (above | P
peres am- 0 30)
peres | am- am-
pcres | peres
1 2 ‘ 3 ‘ 4 5 ¢ 7 8 9 10
96 0 1 2| 125 |120.00 300 200 150
98 0 0 2| 125 (122.50 300 200 150
100 0 0 2l 125 [125.00 300 200 150
105 00 0 1 150 |[131.5 350 225 175
110 00 0 1] 150 [137.5 350 225 175
115 00 0 1| 150 |144.0 350 250 175
120 00| 0 1| 150 (150.0 400 250 200
125 000 00| 0] 175 |156.5 400 250 200
130 000 00| 0 175 (162.5 400 300 200
135 000 00| 0 175 |169.0 450 300 225
140 000 00| 0 175 [175.0 450 300 225
145 200,000 000 0| 200 |181.5 450 300 225
150 200, 000 000 0| 200 (187.5 450 300 225
155 200,000 000 0 200 ([194.0 500 350 250
160 200,000 000 0 200 |200.0 500 350 250
165 0,000 000 00| 225 |206. 500 350 250
170 0,000{ 200,000 00| 225 |[213 500 350 300
175 200,000| 200,000 00| 225 |[219. 600 350 300
180 200,000 200,009 00} 225 |[225. 600 400 300
185 250,000, 200,000 000} 250 [231. 600 400 300
190 250,000 , 000 000| 250 |238. 600 400 300
195 250, 000 0,000 000] 250 |244. 600 400 300
200 250, 000 0,000 000] 250 |[250. 600 400 300
210 300, 000! , 000 000| 250 [263. 500 450 350
220 300,000, 250,000 300 |275. o 450 350
230 350,000 250,000{200,000] 300 |288. 500 350
240 350,000, 250,000(200, 300 (300. 500 400
250 400,000, 300,000/200,000( 300 }313. 500 400
260 400,000, 300,000(200,000, 350 |325. 600 400
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TaBLE IX.—For SELECTING WIRE aND Fuse SizEs FOR MOTOR-BRANCH
Circuit.—(Continued)

Maxill)num ltllllt?wn!:ler rating of
Minimum allowable size of : taachucircuitiiuses
copper wire, American (B. & a%ii';;n:fmk ':ro'
8.) gage or circular mils IOLOTe 8quir- | 8quir-
Squlir- rel rel
re cage, | cage,
Full- —— cage, |reduced|reduced 8l
load cur- full- | volt- { volt- rin':
rent Maxi- voltage| age age alter-
rating of Maxi- | mum | 8tart- | start- | start- | ¢,
motor, mum | setting ail: - l:ll:z ' l:{‘g :. | current
BELEEIER Var- Slow ra:;lrng orlitrlnnil:. phase | react- | react- m:gc?'
Rubber nished burn- N.E.C teo- repul- | ance! | ance! current,
cambric | ing Mg p';‘? sion or | squir- | squir- (VTP
o | device. | Bplit- |rel cage |rel cage ros
res B‘;lll' *| phase, | (up to | (above [ P€
153 peres | sm- | 30), | 30)
peres | am- am-
peres | peres
1 2 3 4 5 6 7 8 9 10
270 500,000 350,000|250.000] 350 |338. 00 600 450
280 500,000 350,000(250,000] 350 [350. 5o 600 450
290 500,000] 350,000|300,000( 350 {363. F. . 600 450
300 500.000| 409,000(300,000] 400 [375. oo 600 450
320 500,000| 500,000({300,000] 400 [400. 0o 500
340 600,000| 500,000{350,000{ 450 [425. oo 000 600
360 600,000/ 500,000/350,000{ 450 [450. .. 600
38) 700,000 500,000(400,000] 500 [475. 00 600
400 700,000| 600,002{400,000{ 500 [500. oo 600
420 800,000| 600,000(500,000| 600 [525.
440 800,000| 700,000(500,000| 600 (550,
160 900,000{ 700,000(500,000f 600 |575.
480 900,000 700,000(500,000, 600 |600.
500 1,000,000 800,000{600,000| ... [625.
520 1,000.000( 800,000{600,000| ... [650.
510 1,100,000 900,000{600,000| ... [675.
560 1,200,000 900,000(700,000{ ... {700.
580 1,200,000(1,000,000/700,000| ... |[725.
600 1,300,000(1,000,000{700,000{ ... |750.
625 l.400.000|l.000.000800.000 ... |782.

Nore.—For motors having larger full-load current rating than those given in this table,
calculations for the sizses of wires (and other conductors) and the rating of protection devices
are to be made on the same basis.

1 High-reactance, squirrel-cage motors are those designed to limit the starting current
by means of deep-slot or double-wound daries.

? Motors of two horsepower or less are considered to be sufficiently protected by the auto-
matic overload protective devices used to protect the wires as specificd in the foregpn;g
tables. It is reccommended that the running protection specified in the tables be provid
for all such small motors when they are located out of sight of the operator,
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TABLE X.~—~COMMON LOGARITHMS

[Sec. T

N, 0 1 2 3 4 8 (] 7 s 9

10 0000 0043 0086 0128 0170 0212 0253 0204 0334 0374
11 0414 53 0492 0531 0569 0607 0645 2 0719 0755
12 0792 0828 0864 00 0034 0969 1 1038 1072 1106
13 1139 1173 12086 1239 1271 1303 1335 1367 1399 1430
14 1461 1623 1553 1584 1614 1644 1673 1703 1732
18 1761 1790 1818 1847 1875 1903 1931 1959 1987 2014
16 2041 2068 2095 2122 2148 2175 2201 2227 2283 2279
17 2304 23 2365 2380 2408 2480 2504 2529
18 25663 2577 2601 2625 2648 2672 2695 2718 2742 2765
19 2788 2810 2833 2856 2878 2023 2045 2067 2989
20 3010 3032 3054 3075 3096 3118 3139 3160 3181 3201
11 3222 3243 3263 3284 3324 3345 3365 3385 3404
13 3424 3444 3464 3483 3502 3522 3541 3 3579 3598
13 3617 3636 3655 3674 3602 3711 3729 3747 3766 3784
4 3802 3820 3838 3856 3874 3802 3900 3927 3945 3962
10 3979 3997 4014 4031 4048 4065 4082 4000 4116 4133
16 4150 4166 4183 4200 4216 4232 4249 4265 4281 4208
a7 4314 4330 4346 4362 4378 4393 4409 4425 4440 4456
18 4472 4487 4502 4518 4533 4548 4564 4579 4504 4600
9 4624 4630 46564 4 4 4698 4713 4728 4742 4757
30 4771 4786 4800 4814 48290 4843 4857 4871 4886 4900
3] 4914 4928 4942 4956 4969 4983 4997 5011 5024 5038
] 5051 5 9 5092 5105 51190 5132 5145 5159 5172
] 5185 5198 5211 5224 5237 5250 5276 5280 5302
84 5315 5328 0 5353 5366 5378 5391 5403 65416 5428
] 5441 5453 5478 5490 5502 5514 8527 5530 5551
a8 5563 5575 &587 5599 5611 5623 6635 65647 056658 5670
37 5682 5694 5717 5729 5740 5752 5763 5775 5786
88 5798 5821 5832 5843 55 5866 5877 05888 5899
39 5911 5922 05933 05944 5955 5066 5977 5988 5099 6010
40 6021 6031 6042 6053 6075 6085 6096 6107 6117
41 6128 6138 6140 6160 6170 6180 6191 6201 6212 6222
41 6232 6243 6253 6263 6274 6284 6204 6304 6314 6325
48 6335 6345 6365 6375 63905 6405 6415 6428
4 6435 6444 6454 64 6474 6484 64903 65603 6513 6522
48 6532 6542 6551 6661 6571 6580 6590 6599 6618
46 6628 6637 6646 6656 6065 6675 6684 6603 6702 6712
47 6721 6730 6730 6749 6758 6767 6776 6785 6794 6803
48 6812 6821 6830 6839 6866 6875 0884 6893
49 6902 6911 6920 6928 6937 6046 6955 6964 6972 6981
60 6990 6998 7007 7016 7024 7033 7042 7050 7059 7067
81 7076 7084 7003 7101 7110 7118 7128 7135 7143 7152
[} 7160 7168 7177 7185 7193 7202 7210 7218 7226 7238
83 7243 7251 7259 7267 7275 7292 7300 7308 7316
84 7324 7332 7340 7348 7356 7364 7372 7380 7388 7396
N. 0 1 3 3 4 L} [ ] 7 8 9
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Sec. ] FUNDAMENTAL UNITS AND RADIO GLOSSARY
TABLE X.—COMMON LOGARITHMS.—(Continued)

N. 0 1 2 3 4 ] (] 7 8 9
[ 7404 7412 7419 7427 7435 7443 7451 7459 74668 7474
L] 7482 7490 7497 7505 7513 7520 7528 7536 7543 7551
8 7559 7574 7582 7589 7597 7604 7612 7619 7627
[ 7634 7642 7649 7657 7664 7672 7679 7686 7694 7701
[ ] 7709 7716 7723 7731 7738 7745 7752 7760 7767 7774
80 7782 7789 7796 7803 7810 7818 7825 7832 7839 7846
(2 7853 7860 7875 17882 7889 7896 7903 7910 7917
[ ] 7924 7931 7938 7945 7952 7959 7966 7973 7980 7987
[ ] 7993 8007 8014 8021 8028 8035 8041 8048 8085
[ ] 8062 8069 8073 8082 8089 8102 8109 8116 8122
[} 8120 8136 8142 8149 8156 8162 8169 8176 8182 8180
[ 8195 8 8215 8222 8228 8241 8248 8254
(14 8261 8267 8274 8280 8287 8293 8299 8312 8319

s 88 8325 8331 8338 8344 8351 8357 8370 8376 8382
[ 8388 8306 8401 8407 8414 8420 8426 8432 8439 8445
70 8451 8457 8463 70 8476 8482 8488 8404
n 8513 8519 8525 8531 8537 8543 8540 8555 8561 8567
3 8573 790 8585 8501 8507 8603 8615 86821 8627
3 8633 8639 8651 8657 8660 8675 8681 8686
“ 8692 8698 8704 8710 8716 8722 8727 8733 8739 8743
ki 8751 8756 8762 8768 8774 8779 8785 8701 8797 8802
k(] 8814 20 8825 8831 8837 2 8848 88, 8859
m 8865 8876 8882 888 8803 8004 8910 8915
k() 8921 8927 8932 8938 8043 8049 8054 8960 8065 8971
7 8076 8982 8987 8993 8698 9009 9015 9020 9028
80 9031 9036 9042 9053 9088 060 0074 79
81 6 9101 9106 9112 9117 9122 9128 9133
12 9138 0143 0149 0154 9159 9 9170 9175 9180 90188
s 9191 9196 9201 90206 9212 9217 9222 90227 9232 9238
84 9243 0248 9253 9258 9263 9269 9274 9279 9284 90289
[od 9204 9299 9304 9309 9315 9320 9325 0330 9335 0340
[ o 9345 9350 9355 9360 9365 9370 9375 9380 9385 9390
81 9395 9400 9405 9410 5 9420 9425 9430 0435 9440
[ ] 9445 9450 9455 9460 9465 9469 9474 0479 0484 0489
] 9404 0499 0504 9500 9513 9518 9523 9528 0533 9538
%0 9542 9547 0552 9557 9562 9566 9571 9576 0581 9586
” 9500 9505 9600 9605 9609 9614 0619 90624 0628 9633
” 9638 0643 0647 9652 9657 9661 9 9671 9675 9680
3 9685 0680 9604 9699 9703 9708 9713 9717 9722 9727
| 9731 9736 0741 9745 9750 9754 9759 9763 9768 9773
% 9777 9782 9786 9791 9795 9800 9805 9809 9814 9818
9% 0823 9827 0832 0836 9841 9845 9850 9854 90850 0863
917 9868 9872 9877 90881 0886 9800 0804 9899 90903 0908
3 0912 9917 9921 0926 9930 0034 0030 9943 90948 0952
” 99 9961 9965 0969 9974 9978 9983 9987 9991 6
N. 0 1 3 3 4 8 L} 1 ] 9
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TABLE XI.—TRIGONOMETRIC FUNCTIONS
Angles ; Bines C Tangent Cotangents Angles
Nat. Log. Nat. Log. Nat. Log. Nat. Log.

0o | . © 1.0000 0.0000 | . L) L o 20° 00/
10 .0020 7.4637 [1.0000 0000 | .0029 7.4637 (343.77 2.5363 50
20 .0058 7648 |1.0000 0000 | .0058 7648 |171.89 2352 40
80 | .0087 94 1.0000 0000 | .0087 9409 [114.59 0591 30
40 -0116 8.0658 | .9009 0000 | .0118 8.0658 | 85.940 1.9342 20
80 -0145 1627 | .0099 0000 | .0148 1627 | 68.750 8373 10

1°00° | .0175 8.2419 | .0098 9.9999 | .0175 8.2419 | 57.200 1.7581 | 89° 00’
10 0204 8088 | ,9908 .0204¢ 3089 | 49.104 6911 80
20 0233 3668 | .9997 .0233 3669 | 42.964 6331 40
30 -0262 4179 | .9007 90999 | .0262 4181 | 38.188 5819 30
40 .0291 4637 | 9006 9098 | .0201 4638 | 34.368 5362 20
B0 -0320 5050 | .0995 9908 [ .0320 5053 | 81.242 4947 10

2°00" | .0340 8.5428 | .9004 9.9997 | .0340 8.5431 | 28.6368 1.4500 | 88° 00
10 .0378 5776 | .0003 9997 | .0378 5779 | 26.432 4221 80
20 -0407 6097 | .0902 0996 | .0407 6101 | 24.542 3899 40
30 L0436 6397 | .9090 090 L0437 6401 | 22.904 3599 30
40 .0465 6677 | 0080 0005 | .0466 6682 | 21.470 3318 20
50 .0404 6940 | .9088 9go5 | .0498 6945 .208 3055 10

3°00’ | .0523 8. 7188 .9988 0.0904 | .0524 8.7104 | 10.081 1.2 87° 00’
10 .05562 .9985 9993 | .0553 420 | 18.078 2571 50
20 .0581 7645 .9083 0003 | .0582 7652 | 17.160 2348 40
30 .0810 7857 | .9081 9902 | .0612 7865 | 16.350 2138 30
40 L0840 8050 | .9080 9991 .0641 8067 | 15.608 1933 20
80 -0660 8251 | .9978 0090 | .0670 8261 14.924 1739 10

4° 00/ 0098 8.8436 | 9076 9.9980 | .0690 8.8446 | 14.301 1.1554 | 86° 00’
10 .0727 8613 [ .0974 9980 | .0720 8624 | 13.727 1376 80
20 .0758 8783 | .9971 9988 .07568 8705 | 13.197 1205 40
30 .0785 8046 | .90690 9087 | .0787 89 12.708 1040 30
40 -0814 9104 | 9967 9986 | .0816 9118 | 12.251 0882 20
80 .084 9256 | .9964 0985 | .0846 9272 | 11.826 0728 10

5°00’ | .0872 8.9403 | .9062 9.9983 | .0875 8.9420 | 11.430 1.0580 | 85° 00’
10 o 1 9543 | .99 9982 | . 9563 .059 0437 50
20 -0029 9682 | 0957 9981 | .093¢ 9701 | 10.712 40
30 .0058 9816 | .9054 9080 | .0063 0836 .388 0164 30
40 0087 9948 | 0051 9979 | .0092 9068 | 10.078 0034 20
50 1016 9.0070 [ .9948 9977 | .1022 9.0003 | 9.7882 0.9907 10

6° 00’ L1043 9. 0192 . 5 0.9976 1051 9.0216 9.5144 0.9784 | 84° 00’
10 1074 0311 | .9042 9975 1080 0336 2553 9664 80
20 L1103 0426 | .9939 9073 1110 0453 .0008 9547 40
30 1132 0839 | .9036 9972 1139 0567 8.7760 9433 30
40 1161 0648 | 9032 9971 | .1160 0678 8.5558 9322 20
80 1160 0755 | 9920 0960 | .1198 0786 8.3450 9214 10

00 | .1219 9. 0859 .9928 9.0968 | .1228 0.0801 [ 8.1443 0.9109 | 83° 00’
10 .1248 992 9966 | .1257 0998 7.9530 9005 80
20 .1278 1060 .0918 9064 1287 1006 7.7704 8904 40
30 .1306 1157 | .9914 9063 | .1317 1194 7.5958 8806 30
40 .1334 1252 | .9911 9961 | .1346 1291 7.4287 8709 20
80 .1363 1348 | .9907 9959 | .1376 1388 7.2687 8615 10

8°00” | .1392 0.1436 | .9903 0.9958 | .1405 9.1478 | 7.1154 0.8522 | 82° 00’
10 .1421 1525 | 0899 9956 1435 1569 6.9682 8431 80
20 440 1612 | .0804 9954 14685 1858 6.8260 8342 40
30 5 1478 1697 | .9800 9952 1495 1745 | 6.6912 8255 30
40 1507 1781 | .9888 9950 1524 1831 6.5608 8169 20
80 .1536 1863 | .0881 9948 | .1564 1915 | 6.4348 8085 10

9° 00’ 1564 ©.1043 |-.9877 9.0946 | .1584 0.1907 | 6.3138 0.8003 | 81° 00’

Nat. Log. Nat. Log. Nat. Log. Nat. Log.
Angles Cosines Sines Cotangents Tangents Angles
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Sec. 1] FUNDAMENTAL UNITS AND RADIO GLOSSARY 29
TABLE XIL—TRIGONOMETRIC FUNCTIONS.—(Continued)
Angles Sines Cosines . Tangents Cotangents Angles
Nat. Log Nat. Log. Nat. Log. Nat. Lo

000 | 166k 9.1343 | 9877 9.90ds | .1584 9.1007 | @.3138 0.8003 | 81° 00’
10 .1583 22 | .9872 .1614 2078 | 6.1970 7922 80

20 .1622 2100 | .9868 9942 .1644 2158 L0844 7842 40

30 1680 2176 | .9863 9940 | .1673 2238 | 5.9758 7764 30

40 1679 2251 | .9858 9938 | .1703 2313 | 5.8708 7687 20

50 1708 2324 | .9853 99368 | .1733 2380 | 8.7604 7611 10

10° 00’ 1736 9.2397 | .9848 9.9934 | .1763 9. 2463 5.6713 0.7537 | 80° 00/
10 .1765 68 | .9843 9931 | .1793 5.5764 7464 80

20 L1704 2538 | .9838 9929 | .1823 2609 5.4845 7391 40

30 .1822 2606 | .0833 9927 | .1853 2680 | 5.3956 7320 30

40 .1851 2674 9827 9924 | .1883 2750 | 5.3083 7280 20

50 L1880 2740 9822 9922 | .1914 2819 | 5.2257 7181 10

11° 00’ .1908 0.2806 | .9816 9.9919 | .1944 9.2887 | 5.1446 0.7113 79° 00/
10 1937 2870 | .9811 991 L1974 2053 0858 047 80

20 1065 2934 | .0805 9914 | .2004 3020 | 4.9894 6980 40

30 11994 2907 | .9799 9012 | .2035 3085 | 4.9152 6915 30

40 .2022 3058 9793 9909 | .2065 3149 | 4.84 6851 20

50 .2051 3119 9787 9907 | .2005 3212 | 4.7729 6788 10
12° 00’ .2079 9.3179 | .9781 0.9004 | .2126 0.3278 | 4.7046 0.6725 | 78° 00/
10 .2108 3238 | .977. 9901 2156 3336 .6382 6664 80

20 2136 3206 | .9769 9899 | .2186 3397 | 4.5736 6603 40

30 2164 3353 | .9763 9898 | .2217 3458 | 4.5107 8542 30

40 .2193 3410 | .9757 9893 | .2247 3517 4404 6483 20

50 .2221 5466 | .9750 9890 2278 3576 | 4.3807 6424 10
13° 00’ 2250 9.3521 0744 9.9887 2300 0.3634 | 4.3315 0.6366 | 77° 00’
10 2278 3575 | .9737 9884 2339 3691 | 4.2747 6309 80

20 2306 3629 | .9730 9881 | .2370 3748 | 4.2193 6252 40

30 2334 3682 | .9724 9878 | .2401 4,1853 6198 30

40 .2363 3734 | .9717 9875 2432 3859 | 4.1128 6141 20

50 .2301 3786 | .9710 9872 | .2462 3914 | 4.0611 6086 10
14° 00’ 2419 9.3837 | .9703 0.9869 | .2403 9.3968 | 4.0108 0.6032 76° 00’
10 2447 3887 .9698 0866 | .2524 4021 | 3.961 5979 80

2 2476 3037 | .9680 O .2555 4074 | 3.9136 5926 40

3 2 3986 | .9681 9850 | .2586 4127 | 3.8667 5873 30

40 2532 4035 9674 9856 | .2617 4178 | 3.8208 5822 20

50 2560 4083 0667 98 .2648 4230 | 3.7760 5770 10

15° 00’ .2588 0.4130 0659 9.9849 | .2679 9. 4281 3.7321 0.5719 | 75° 90’
10 .2616 4177 9652 9846 | .2711 331 | 3.6891 5669 50

20 .2644 4223 | .9644 9843 | .2742 4381 3.6470 5819 40

30 2672 4260 | .9638 9830 | .2773 4430 | 3.6059 55870 30

40 2700 4314 9628 9836 | .2803 4479 | 3.5 5521 20

50 2798 4350 | .9621 9832 | .2836 4527 | 3.5261 5473 10

16° 00’ .2756 0.4403 | .9613 9.9828 | .2867 9. 4575 3.4874 0.5425 | 74° 00’
10 2784 444 .0605 9825 | .2809 3.4495 5378 80

20 .9812 4491 | .9596 9821 | .2031 4669 3.4124 5331 40

30 .2840 4533 0588 9817 | .2062 4716 | 3.3769 5284 30

40 2868 4576 9580 9814 | .2004 4762 | 3.3402 5238 20

50 2806 4618 | .9572 0810 | .3026 4808 | 3.3653 5102 10

17° 00/ .2024 0.4650 | .9563 0.9806 | .3057 9.4853 | 3.2700 0.K147 | 73° 00/
10 52 47 .9585 9802 3089 4898 | 3.2371 5102 80

20 2079 4741 | .9546 9798 3121 4943 | 3.2041 5057 40

80 7 4781 | .9537 9794 3153 4087 | 3.1716 8013 30

40 3035 4821 9528 9790 | .3185 5031 | 3.1397 4969 20

50 .3062 4861 9520 9788 | .3217 5075 | 3.1 4928 10

18° 00’ .3000 9.4000 | .9511 9.9782 | .3249 0.5118 | 3.0777 O. 4882 | 72° 00/

Nat. Log. Nat. Log. Nat. Log. Nat. Log.
Angles Cosines Sines Cotangents Tangents Angles
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TABLE XI.—TRIGONOMETRIC FUNCTIONS.—(Continued)
Angles Sines Cosines Tangents Cotangents Anglea
Nat. -Log. Nat. Lo;. Nat. Log. Nat. Log.
18° 00/ .3090 9.4900 | .9511 9.9782 | ,3249 9.5118 | 3.0777 0.4882 | 72° 00’
10 .3118 4939 | ,9502 9778 | .3281 5161 | 3.0475 4839 50
20 3145 4977 | .9492 9774 | .3314 5203 | 3.0178 4797 40
30 3173 5015 | .9483 9770 | .3346 5245 | 2.0887 4755 30
40 .3201 5052 | .9474 9765 | .3378 5287 | 2.9600 4713 20
50 3228 5090 94 9761 | .3411 5320 | 2.9319 4671 10
19° 00/ 3256 9.5126 | .9455 9.9757 | .3443 9.5370 | 2.9042 0.4630 | 71° 00’
10 3283 5163 | .9446 9752 | .3476 b411 | 2.8770 4589 50
20 .3311 5100 | ,9436 9748 | ,3508 bB451 | 2.8502 4549 40
30 3338 5235 | .0426 9743 | .3541 b401 | 2.8239 4509 30
40 .3365 5270 | .9417 9739 | .3574 5531 | 2.7980 4469 20
50 .3393 9407 9734 3607 bB571 | 2.7725 4429 10
20° 00/ 3420 9.5341 9397 9.9730 | .3640 9.5611 | 2.7475 0.4380 | 70" 00’
10 3448 5375 9387 9725 ) .3673 b6 72 43 50
20 3475 b4 9377 9721 | .37 5689 | 2.6985 4311 40
30 502 5443 9367 9716 | .3739 5727 | 2.6746 4273 30
40 3520 5477 | .9356 9711 | .3772 5766 | 2.6511 4234 20
50 3557 5510 | .9346 9706 | .3805 5804 | 2.6279 4196 10
21° 00’ .3584 9.5543 9336 9.9702 | .3839 9. 5542 2.6051 0.4158 | 69° 00/
10 .3611 5576 | .9326 9697 | .3872 2.5826 4121 50
20 .3638 5609 | .93156 9692 | .3906 59]7 2.5605 4083 40
30 .3665 5641 | .9304 9687 | .3030 5954 | 2.5388 4046 30
40 -3602 5673 | .0203 9682 | .3973 5991 | 2.5172 40090 20
80 L3719 5704 | .9283 9677 | .4006 6028 | 2.4960 3972 10
22° 00’ 3746 9.5736 | .9272 9.9672 | .4040 9.6064 | 2.4751 0.3936 | 68° 00’
10 3773 5767 | .9261 9667 | .4074 6100 | 2.4545 3900 80
20 3800 5798 | .0250 9661 | .4108 6136 | 2.4342 3864 40
30 .3827 5828 | .02390 0656 | .4142 6172 | 2.4142 3828 30
40 .3854 5859 | .9228 9651 | .4176 6208 | 2.3945 3792 20
50 .3881 5889 9216 9646 | .4210 6243 | 2.3750 3757 10
23° 00’ | .3007 9.5019 | .0208 O. 9640 .4248 9.6279 | 2.3559 0.3721 | 67° 00
10 13934 5948 | .9194 L4279 6314 | 2.33690 3686 50
20 .3061 5978 | .9182 9629 .4314 6348 2 3183 3652 40
30 .3987 7 | 9171 9624 | .4348 6383 | 2.2998 3617 30
40 .4014 6036 9159 0618 | .4383 6417 | 2.2817 3583 20
50 .404 6065 9147 9613 | .4417 6452 | 2.2637 3548 10
24° 00’ .4067 9.6003 0135 9.9607 | .4452 9.64868 | 2.2460 0.3514 66° 00/
10 .4004 6121 .0124 9602 | .4487 6520 | 2.2286 3480 50
20 4120 6149 | .9112 95968 | .4522 6553 | 2.2113 3447 40
30 4147 6177 | .9100 9590 | .4557 6587 | 2.1943 3413 30
40 4173 6205 | .0088 9584 | .4502 6620 | 2.1775 3380 20
50 4200 6232 | .9075 9579 4628 6654 | 2.1609 3346 10
25° 00’ 4226 9.6259 | .9063 9.9573 | .4663 9.6687 | 2.1445 0.3313 | 65° 00’
10 4263 6286 | .9061 9567 | .4609 6720 | 2.1283 3280 50
20 .4279 6313 | .9038 9561 4734 6752 | 2.1123 3248 40
30 .4305 6340 | .9028 9555 | .4770 6785 | 2.0065 3215 30
40 .4331 6366 | .9013 9540 | .4808 6817 | 2.0809 3183 20
50 4358 6302 | .0001 0543 | .4841 6850 | 2.0656 3150 10
26°00’ | .4384 9.6418 | .8988 9.0537 | .4877 9.6882 | 2.0503 0.3118 | 64° 00’
10 4410 6444 | .8975 953 .4013 6914 | 2.0353 3086 50
20 .4436 6470 | .8962 9524 | .4950 6946 | 2.0204 54 40
30 .4462 6405 | .8049 9518 | .4986 6977 | 2.0057 3023 30
40 .4488 6521 | .8936 9512 | .5022 7 1.9912 2991 20
50 .4514 6546 | .8923 9505 | .5059 7040 | 1.9768 2060 10
27° oY .4540 9.6570 | .8910 ©.0490 | .5098 9.7072 | 1.9626 0.2928 | 63° 00’
Nat. Log. Nat. Log. ‘Nat. Log. Nat. Log.
Angles Cosines Bines Cotangents Tangents Angles
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TABLE XI.—TRIGONOMETRIC FUNCTIONS.—(Continued)

31

Sines
Nat. Log.
.4540 9. 6570
4566 6593
.4592 6620
.4617 6644
.4643 6668
.4669 6692
4695 9.6716
4720 6740
4746 6763
4772 6787
4797 6810
.4823 6833
.4848 9.6858
4874 6878
.4809 6901
.4924 6923
.4950 6946
.4975 6968
.5000 9.6900
.5025 7012
.5050 7033
.5075 7058
.5100 7076
5125 7097
.5150 9.7118
.5178 7139
.5200 160
.5225 7181
.5250 7201
5275 7222
.52090 9.7242
.5324 7262
.5348 7282
.8373 7302
.5308 7322
L5422 7342
.5446 9.7361
.5471 7380
5495 7400
.5519 7419
.5544 7438
.5668 7457
.B592 9.7478
.5616 7494
.5640 7513
.5664 7531

7550
5712 7568
.5736 9.7586
.5760 7604
.5783 7622
.5807 7640
.5831 7657
.5854 7675
.5878 9.7602
Nat. Log.

Cosines

Cosines
Nat. Log.
.8910 9. 9499
.8807 9492
.8884 9486
.8870 9479
.8857 9473
.8843 9466
.8829 9,9459
.8816 9453
.8802 9448
.8788 9439
8774 9432
8760 9425
.8746 9.9418
.8732 9411
.8718 9404
8704 9397
8689 9390
8675 9383
.8660 9.9375
.8646 9368
.8631 9361
.8616 9353
.8601 9348
8587 9338
.8572 9.9331
.8657 9323
.8642 9315
.8526 9308
.8511 9300
.8496 9202
.8480 9.9284
.8465 9276
.8450 9268
.8434 9260
.8418 9252
.8403 9244
.8387 9.9236
.8371 9228
.8355 9219
.8339 9211
.8323 9203
.8307 9194
.8200 9.9186
.8274 9177
.825 9169
.8241 9160
.8225 9151
.8208 9142
8192 9.9134
81756 9125
8158 9116
8141 9107
8124 9098
.8107 9089
.8080 9.9080
Nat. Log.

Bines

Ta + Cot +

Nat. Log. Nat. Log.

.5008 9.7072 | 1.9626 O. 2928
5133 7103 | 1.9486 2897
51690 7134 | 1.9347 2866
.5208 7188 | 1. 9210 2835
5243 7196 | 1. 2804
L5280 7228 | 1. 8940 2774
.5317 9. 7257 1.8807 0.2743
.5354 7287 | 1.8676 2713
.5392 7317 | 1.8546 2683
5430 7348 | 1.8418 2652
5467 7378 | 1.8201 2622
5505 7408 | 1.81656 2592
.5543 9.7438 | 1.8040 0.2562
.5581 7467 | 1.7917 2533
.5619 7497 | 1.7796 2503
5658 7526 | 1.76786 2474
.5698 7556 | 1.7556 2444
.5738 7585 | 1.7437 2415
.5774 9.7614 | 1.7321 0.2386
.5812 7644 | 1.7206 2356
.5851 7673 | 1.7090 2327
.58 7701 | 1.6977 2299
.5930 7730 | 1.6864 2270
.5969 7759 | 1.8753 2241
5 9.7788 | 1.6643 0.2212
.6048 7816 | 1.6534 2184
.6088 7845 | 1.6426 2155
.6128 7873 | 1.6319 2127
.6168 7902 | 1.6212 2098
.6208 7930 | 1.6107 2070
.6249 9.7058 | 1.6003 0.2042
.62890 7986 | 1.5900 2014
.6330 8014.| 1.5798 1986
.6371 804 1.5697 1958
.6412 8070 | 1.5597 1930
.6453 8097 | 1.5497 1003
.6404 9.8128 | 1.5399 0.1875
.6536 8153 | 1.5301 1847
.8577 8180 | 1.56204 1820
.6619 8208 | 1.5108 1792
.6661 8233 | 1.5013 1765
6703 8263 | 1.4919 1737
.6748 9.8200 | 1.4828 0.1710
.6787 8317 | 1.4733 1683
.68, 8344 1 1.4641 1656
.6873 8371 | 1.4550 1629
.6916 8398 | 1.4460 602
.6950 8425 | 1.4370 1575
.7002 9.8452 | 1.4281 0.1548
.7046 8479 | 1.4193 1521
.7080 8506 | 1.4108 1494
.7133 8533 | 1.4019 1467
L7177 8550 | 1.3934 1441
L7221 8586 | 1. 8 1414
.7265 9.8613 | 1.3764 0.1387
Nat. Log. at. g

Cotangents Tangents

www americanradiohistorv com



www.americanradiohistory.com

32 THE RADIO HANDBOOK [Sec. I
TABLE XIL—TRIGONOMETRIC FUNCTIONS.—(Continued)
Anglee | Sines Cosines T t Cot t Angles
Nat. Lo Nat. Log. Nat. Log. Nat. Log.

36° 00’ .6878 9.7692 | .8090 9.9080 | .7268 9.8613 | 1.3764 0.1387 | 54° 00’
10 5901 771 -8073 9070 | .7310 8630 | 1.3680 1361 50
20 .5026 7727 | .8056 9061 | .7358 8666 | 1.3597 1334 40
30 .5048 7744 | .8039 9052 | .7400 8692 | 1.3514 1308 30
40 8972 7761 | .8021 9043 | .7445 8718 | 1,.3432 1282 20
50 8995 7778 | . 9033 | .7490 8745 | 1.3351 1255 10

37° 00’ .6018 9.7795 | .7086 9.9023 | .7536 9.8771 | 1.3270 0. 1229 53° 00’
10 .6041 7811 | 796 9014 ( 7581 8797 | 1.3190 50
20 .6065 7828 | .7051 9004 | .7627 8824 1.3111 1176 40
30 .60 7844 ( .7934 8905 | 767 8850 | 1.3032 1150 30
40 -6111 7861 | .7016 8988 | .7720 8876 | 1.2054 1124 20
50 6134 7877 | .7898 8975 | .7766 8902 | 1.2878 1008 10

38°00° | .6157 9.7803 | .7880 9.80658 | .7813 9.8928 1.2799 0,1072 | 52° 00’
10 .6180 7910 | .7862 895! .7800 8954 | 1.2723 1048 80
20 .6202 7926 | .7844 8948 | .7907 8980 1.2647 1020 40
30 6225 7941 | .7826 8938 | .7054 8008 | 1.2572  (po4 30
40 .6248 7957 | .7808 8925 | .8002 0032 | 1 .2497 0968 20
50 .6271 7973 | .7790 . 8915 | .8050 9058 1.2423 0942 10

39° 00 | .6203 0. 7989 7771 9.8903 8 9.9084 | 1.2349 o, 0916 51° 00’
10 .6318 775 8805 | .8146 9110 | 1.2276 80
20 .8338 8020 .7735 8884 8103 9135 | 1.2203 0865 40
30 .6361 8038 | .¥716 8874 | .8243 90161 | 1 2131 0839 30
40 -6383 8050 | .7698 8864 | .8202 9187 | 1.2050 20
50 .6406 8066 | .7679 8353 | .8342 9212 | 1 1988 < 0788 10

40°00" | 6428 9.8081 | ,7660 9.8843 | .8391 9.0238 1. 1918 0.0762 | 50° 00’
10 .64 809 .7642 8832 .8441 9264 | 1.1 0736 50
20 .6472 8111 | .7623 8821 | .8491 9289 1.1778 0711 40
30 .6404 8125 | .7604 8810 | .8541 9315 | 1.1708 0685 30
40 .6517 8140 | .7588 8800 | .8591 9341 | 1.1640 0659 20
80 .6539 8155 | .7566 8780 | .8642 9366 1.1571 0634 10

41°00° | .6561 9.8169 | .7547 0.8778 | .8693 9.9302 1.1504 0.0608 | 49° 00’
10 .6583 8184 | .7528 8767 | .8744 9417 1.1436 0583 50
20 .6604 8108 | .7500 8750 | .8796 9443 | 1 .1369 0557 40
30 .6626 8213 | .7490 8743 | .8847 9468 1.1303 0532 30
40 .6648 8227 | 7470 8733 | .8800 9404 1.1237 0506 20
80 .6670 8241 | .7451 8722 | .8052 0519 1.1171 0481 10

42°00’ | .6691 0.8255 | .7431 9.8711 | .9004 9.9544 1.1106 0.0456 | 48° 00’
10 6713 8269 | .7413 8699 | .0057 9570 1.1041 0430 50
20 6734 8283 | .7392 86 9110 95058 | 1.0077 0408 40
30 6756 8297 | .7373 8676 | .9163 9621 | 1.0013 0379 30
40 6777 8311 | .7353 86653 | .9217 9646 | 1.0850 0354 20
50 6799 8324 | .7333 8653 | .9271 9671 1.0786 0329 10

48° 00’ | .6820 9.8338 7314 9.8641 | 93258 9, 9697 1.0724 0.0303 | 47° 00’
10 .0841 8351 204 .9380 9722 | 1.0661 _ 0278 80
20 .0862 8368 7274 8618 | .90438 9747 | 1.0599 0253 40
30 .6884 8378 | .7254 8606 | .9490 9772 1.0538 0228 30
40 .6005 8391 | .7234 8504 | . 5 9708 | 1.0477 0202 20
80 6026 8408 | .7214 8582 | ,9601 9823 | 1.0418 o177 10

44° 00’ | .6947 9.8418 | .7103 0.8569 | .0687 9.0848 1 0353 0.0152 | 46° 00’
10 .6967 8431 | 7173 8557 | .9713 9874 | 1.0205 012! 80
20 .6088 8444 | 7153 8548 | [9770 9809 | 1.0235 0101 40
30 .7009 8457 7133 8533 | .0827 9024 | 1.017 0076 30
40 .7030 8460 | .7112 8520 | .0884 0949 | 1.0117 0051 20
BO | .7050 8482 | .7002 8507 | .0042 9975 | 1.0058 0028 10

45°00° | .7071 9.8498 | ,7071 90,8495 |1.0000 0.0000 1.0000 0.0000 | 45° 00’

Nat. Log. Nat., Log. Nat. Log. Nat. Log.
Angles Cosines Sines Cot ¢ * T t Angles
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Part 2
RADIO GLOSSARY
(Arranged Alphabetically)

Admittance.—The reciprocal of the impedance of an alternating-current
circuit is called the admittance.

Ampere-turns.—See pages 9 and 63.

Amplification Constant.—This is the ratio of the change in plate voltage
which is necessary to change the plate current a given amount to the change
in grid voltage which will produce the same variation in the plate current.
This constant is conveniently obtained from the plate current-grid voltage
curve of a vacuum tube. It is valuable for determining the qualities of a
vacuum tube as an amplifier.

Amplifier.—A device included in or attached to a receiving set which
increases the magnitude of radio waves or sound waves. This name is
used to refer either to an amplifying vacuum tube or to an amplifying unit
consisting of several vacuum tubes.

Armature (in radio).—A short, thin iron bar located in a magnetic field.

Audio Frequencies.—These are frequencies of radio currents correspond-
ing to variations which are audible to the human ear. All frequencies less
than about 10,000 cycles (10 kilocycles) per second are easily heard and are
called audio frequencies.

Audio Oscillator.— An oscillating tube in an audio-frequency circuit.

Audion.—Another name for a radio vacuum tube, consisting of the three
usual elements, filament, grid, and plate.

B Battery.—A battery of which one terminal is intended to be connected
directly or indirectly to the plate of a vacuum tube and the other to the grid.

Beats.—Regularly increasing and decreasing intensity in radio currents.
Beats are produced by the interaction of two similar wave motions having
only slightly different frequencies. .

Bias.—The means of variating the effect of the grid in a vacuum tube.
A small-capacity, low-voltage battery, when connected in the circuit of a
radio receiving set so that a negative voltage is applied to the grid of a
vacuum tube, is called a biasing battery or a C battery.

Biasing Battery.—This is another term sometimes used to designate a
C battery.

Binding Post.—A means of connecting mechanically the wires outside a
receiving set to the instruments in the set. :

Blocking Condenser.—A small-capacity condenser inserted in one of the
circuits of a receiving set in order to separate that cireuit from another.
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It is sometimes called a “stop” condenser and, in that sense, may be
used to allow an alternating current to flow in a circuit but “block” a direct
current.

Bus (Busbar).—A conducting bare bar installed on a switchboard or
other structure in which there is an adequate protection from accidental
short circuits and grounding. Frequently, buses are used in large gener-
ating stations for connecting generators and switchboards. In that case
they are installed in suitable channels in the floor. Bare buses have an
advantage over the insulated kind for the reason that they radiate heat more
readily.

Buzzer.—A magnetic device having a vibrating armature which is used
to interrupt an electric current. The making and breaking of the current
vibrates the armature and thus produces a “buzzing” sound.

By-pass Condenser.—A condenser having sufficient capacity to offer
low impedance to radio-frequency currents but having much higher imped-
ance to audio-frequency currents.

C Battery.—A small low-voltage hattery usually of the dry-cell type
intended to be connected in the circuit of a radio vacuum tube so that a
negative voltage is applied to the grid of the tube.

Cage Antenna.—An antenna usually intended for outdoors in which
the wires are arranged to form the outline of a cylinder.

Capacity.—This is the property of a device temporarily to store electric
energy. Capacity as well as inductance controls the cyclic frequency or
wave length of a radio circuit.

Carrier Wave.—The primary oscillation sent out from a transmitter.
This carrier wave provides the means for carrying the audio-frequency
wave which is the electrical equivalent of the sound to be transmitted.

Cascade Amplification.—This means a high degree of amplification of the
radio currents in a receiving set, amplification being accomplished by several
vacuum tubes arranged in cascade (in series).

Choke Coil.—A coil of wire wound so that it has a large amount of induc-
tion or choking effect on the flow of an alternating electric current.

Chopper.—A device consisting of a commutator wheel with segments
connected to a central ring and having two brushes which are so adjusted
that both make contact at regular intervals during rotation with the con-
nected segments,

Close Coupling.—A transformer or a tuning coil is said to have close
coupling when the primary and the secondary winding are very close
together.

Condenser.—This consists of at least two but usually a very large number
of sheets of metal each of which is separated from the one adjoining by e
sheet insulator called a dielectric. Besides being used for the temporary
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storage of electric currents, a condenser is also used in radio work for
“tuning’’ circuits, thus bringing the circuits into resonance.

Conductance.—The conducting “‘power” of a wire or other conductor
of electricity is generally expressed by the unit mho.

Continuous Wave (C. W.).—This is a type of radio wave which has a con-
stant amplitude or which, in other words, is undamped. This form of
radio wave is to be distinguished from the discontinuous, damped radio
wave which is produced by a spark transmitter.

Core.—This consists usually of iron wire or strips placed so that they are
in the center of an electromagnet. The core of a transformer is inside the
primary and secondary windings.

Counterpoise.—This is an artificial ground system for either a radio
receiving or transmitting outfit which consists of one or more wires stretched
close to the ground but carefully insulated from it. A counterpoise is usually
placed directly below the antenna.

Coupling.—This is the connecting or linking together of apparatus or
instruments so that radio currents may be transferred between the connected
or linked circuits.

Crystal Detector.—Some metallic crystals have the property of rectifying
small alternating currents, especially radio currents, so that the alternating
current after passing through the crystal becomes an intermittent, or a
pulsating, direct current.

Damping.—Changing the intensity of a radio wave is called damping.

Decibel.—This is the transmission unit (T.U.) used to express the ampli-
fication in terms of the power, instead of the voltage as in usual
practice.

Decade Bridge.—A “bridge” arrangement of wire resistance for the
measurement and comparison of voltage drop with marks corresponding
to the decimal system.

Detector.—This is a device for rectifying the incoming radio (alternating)
currents so that they may be used to operate a telephone receiver or a loud-
speaker. This device uses only one-half of the radio wave.

Dynamic Characteristic.—The ordinary characteristic curve of a vacuum
tube is a “static” characteristic, having a constant grid voltage. A dynamic
characteristic curve has a variable grid voltage.

Electron.—This is a very small electric charge which passes from the
negative to the positive parts of a circuit. See also page 43.

Elements of Vacuum Tubes.—Vacuum tubes may have two, three, four,
or five elements. In the two-element tube the elements are the filament
and the plate. In the three-element tube they are the filament, plate,
and grid. In the screen grid tube there are four elements, namely,
filament, plate, grid, and screen.

www americanradiohistorv com


www.americanradiohistory.com

36 THE RADIO HANDBOOK [Sec. I

Ether.—The ‘“substance” which is supposed to occupy all space as well
a8 the interior of solid bodies. Through it heat, light, and radio waves are
transmitted.

Fading.—The fluctuation in the intensity of radio waves at a radio
receiving set. Fading is usually caused hy atmospheric conditions.

Filament.—A fine metallic wire in a vacuum tube which glows when
an electric current of suitable voltages passes through it. The filament in a
vacuum tube is intended primarily to send out electrons and not to produce
light.

Filter.—A combination of coils and condensers which offers low impedance
to some radio frequencies but high impedance to other f requencies.

Grid.—This is the controlling element of & vacuum tube. Usually it
consists of a frame of perforated metal which is placed between and is
insulated from both the plate and the filament of a vacuum tube.

Grid Bias.~—This refers to the negative voltage applied to the grid of a
vacuum tube. In a battery-operated set this voltage is obtained usually
by means of a small, low-voltage battery connected in the circuit.

Grid Leak.—A non-inductive resistance which is used to permit excessive
electric charges to leak from the grid of a vacuum tube. By this leakage
method, it is possible to control accurately the operating conditions of the
tube. The detector circuit is a rectifier which uses only one half of the radio
wave. The other half of the wave is wasted, and the grid leak serves as a
path leading the wasted energy away from the vacuum tube.

Grid Return.—One end of the grid circuit conmon to each vacuum tube
is connected to the grid of the tube. The other end of this circuit is known
as the grid return. It is connected to A minus, A plus, or C minus, depend-
ing upon the design of the circuit.

Hard Tube.—A vacuum tube especially suited for use as an amplifier.
It differs from a soft tube in that it is more highly exhausted of gas.

Harmonics.—Radio waves which differ in length and therefore also in
frequency from the natural wave of the transmitted station. When a
harmonic has a lower frequency than that of the transmitting station,
it is called a wave-length harmonic, and when its frequency is higher than the
natural frequency of the transmitting station, it is called a Jrequency
harmonic.

Henry.—The unit of inductance.

Heterodyne.—A radio receiving system which depends for its opera-
tion primarily on the utilization of heats which are produced by the inter-
action of two radio-frequency currents, one external and the other internal to
the receiving set.

Hook-up.—A diagrammatic representation of the relative positions of
instruments in a circuit and the wiring connecting them.
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Impedance.—The property of a circuit that tends to hold back or
“impede” the flow of alternating current. An inductance, a condenser, or a
resistance may impede an alternating electric current.

Impedance Coupling.—A method of connecting or linking an inductance,
a condenscr, or a resistance so as to offer impedance to an alternating electric
current through the circuit.

Inductance.—This tends to check any change in the flow of current
through a coil of wire. Inductance may be either of two kinds: (1) self-
induclance or (2) mutual inductance. The practical unit of both kinds of
inductance is the henry.

Induction.—The action of the lines of force in a magnetic field which
produces an electric current in a conductor which is in its ficld. By induc-
tion there is a transfer of electric encrgy, for cxample, from the primary to
the secondary circuit of a transformer.

Input Circuit.—This is a circuit through which electric power is brought to
an instrument or device.

Input Transformer.—This is a transformer in the input circuit of a radio
tube including amplifying tubes.

Jack.—A device used to complete one or more circuits by means of &
spring contact arrangement into which a plug may be inscrted.

Kilocycle.—One thousand cycles.

Kilowatt.—One thousand watts.

Lead-in.—The wire connecting the antenna to the receiving set.

Loading Coil.—This is a coil of wire placed in series with the antenna so
that the input circuit in the rcceiving set can be tuned to higher wave
lengths than may be done normally.

Loop Antenna.—A number of turns of suitable wire wound on an insulated
frame. One end of the loop is to be conneccted to the antenna terminal of
the receiving sct and the other end to the ground terminal.

Loose Coupler.—This is a device for tuning which consists of a primary
coil into which is fitted a secondary coil which slides in and out, thereby
changing the coupling.

Loud-speaker.—A device for reproducing sounds so that they will be
loud enough to be heard without the use of telephone receivers (head
sets).

Magnetic Field.—The region around a magnet in which there are mag-
netic lines of force. See Flux (page 59).

Megohm.—One million ohms.

Mho.—This is a unit of electrical conductance. It is the reciprocal of
the ohm.

Microampere.—One-millionth of an ampere.

Microfarad.—One-millionth of a farad (unit of capacity).
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Microhenry.—One-millionth of a henry.

Micromho.—This is ‘one-millionth of a mho.

Microphone.—An instrument used to vary the electric current in a trans-
mitting circuit by means of sound.

Microphone Buzzer.—A device for producing a sound for comparison
with other sounds of unknown intensity.

Milliampere.—One-thousandth of an ampere.

Millihenry.—One-thousandth of a henry or one thousand microhenrys.

Modulation.—The method of impressing a sound wave upon a radio-
frequency carrier wave at the transmitting station.

Mutual Inductance.—The electromotive force inducted by one electric
circuit in another.

Natural Frequency.—The frequency of a radio circuit corresponding
to its inductance and capacity. It is also called fundamental frequency.

Negative Bias.—The negative voltage applied to the grid of a vacuum
tube through the connection of the grid return (page 36). ’

Neutrodyne Circuit—A tuned radio-frequency amplifier in which the
capacity couplings between the tubes are neutralized by small condensers
called neutrodons.

Ohm.—The unit of electric resistance.

Oscillating Circuit.—A circuit which contains inductance and capacity
and has such a low resistance that it oscillates when a suitable voltage is
impressed.

Oscillator.—A vacuum tube which is designed for operation in an oscil-
lating circuit.

Oscillograph.—This is an instrument for observing (and photographing
usually) alternating-current waves. It is especially useful for wave-
form analysis.

Output Circuit.—A circuit into which an mstrument or device delivers
electric power.

Output Impedance.—A combination of inductance and capacity used
between the plate circuit of the last tube in an audio amplifier and the
loud-speaker.

Output Transformer.—A special transformer used to transfer the electrical
energy from the last audio stage to the loud-speaker.

Pentode.—A five-element power-output vacuum tube.

Pitch (sound).—The intensity of a tone depending upon the rate of the
vibrations producing the tone.

Plate.—The output terminal or element of a radio vacuum tube.

Plate Circuit.—That section of the wiring in a receiving set which is
connected between the plate of a vacuum tube and the positive terminal
of the B battery.
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Plate Current.—The current which flows in the circuit connected to the
plate of a vacuuin tube.

Plug-and-jack Device.—A connecting device consisting of a jack and
a plug for rapidly connecting and disconnecting electric circuits.

Potentiometer.—A resistance unit which is used for varying the voltage
applied to a circuit. It consists essentially of a variable resistance of high
value.

Power Amplifier.—Two radio vacuum tubes connected into one stage of a
receiving sct so that a balancing effect is secured between thein with the
object of obtaining more energy for each tube without distortion. It is also
called the push-pull circud.

Power-output Tube.—The vacuum tube supplying the loud-speaker.

Primary Circuit.—The input coil of a transformer.

Push-pull Circuit.—See Power Amplifier above. .

Radiation.—Transmission of energy by means of radio and other clectro-
magnet waves.

Radio Frequency.—This is the frequency of variation above the range of
the huinan ear (between 16,000 and 300,000,000 cycles per second).

Radiotron.—A trade name for a particular make of radio vacuum tubes.

Reactance.—The opposition to the flow of a variable current which is
produced by a condenser (capacity reaclance) or by a coil of wire (inductive
reaclance). The practical unit of reactance is the ohm.

Rectifier.—A device for changing alternating electric current into direct
current.

Reflex Circuit.—A cireuit in which radio currents of different frequencies
are superimposed upon each other without interference. Because the two
superimposed currents are of different frequencies, neither of the currents
loses its identity.

Regenerative Circuit.—A circuit in which a radio vacuum tube is con-
nected so that, after detection, the radio signal introduced in the plate
circuit is led back to the grid circuit of the tube. By this means the original
strength of the signal received by the grid is very much increased.

Resistance Coupling.—The method of linking two circuits together by
mesns of a resistance which is common to both.

Resonance.—A circuit is in resonance when its natural frequency is the
same as the frequency of the radio current passing through it.

Resonance Curve.—A chart showing the change in volts, amperes, or
watts in a circuit at about the condition of resonance.

Rheostat.—A variable resistance used for controlling the amount of cur-
rent in a circuit.

Rotary Converter.—A machine employing mechanical rotation in changing
electrical energy from one form into another. Converters, as commonly
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used, may be for changing alternating current to direct current or for chang-
ing alternating current from one frequency to another without changing the
number of phases.

Secondary Circuit.—The output coil of a transformer.

Selectivity.—This is the ability of a radio receiving set to sclect any
particular wave length and exclude others.

Sharp Tuning.—This is the condition when a small change in the position
of the tuning device will produce a marked effect in the strength of signals.

Shield.—A metal plate or casing usually connected to the ground which
is intended to prevent cffects from changes in capacity.

Slope of a Line.—This refers to the slant of a line or curve, or its inclina-
tion with reference to an arbitrary axis.

Soft Tube.—A radio vacuum tube which is not thoroughly exhausted of

. air and gases,

Spark Transmitter.—A radio transmitter which operates by sending
telegraph code signals by making and interrupting a high-voltage spark.

Static.—Natural electric discharges occurring in the air.

Static Level.—Reception becomes impractical when the intensity of static
disturbance reaches a certain strength or level. Broadcasting which is
received at an intensity below this level is not intelligible.

Stopping Condenser.—See Blocking Condenser.

Susceptance.—The reactive component of the admittance of an alter-
nating-current circuit is the susceptance, the practical unit being the mho.

Tickler.—A coil which is used to feed back electric current from the plate
to the grid circuit of a radio vacuum tube.

Tuner.—The part of a receiving set which is used to adjust it to resonance
or to adjust the receiving circuit so that it will be in tunc.

Tuning.—Changing the capacity or inductance in a radio receiving circuit
80 that the circuit will be in resonance with the frequency of a transmitted
radio current.

Variometer.—A device consisting of two coils connected in series which
are arranged so that the mutual inductance between them may be varicd.

Vernier Condenser.—A variable condenser with vernier device for very
accurate setting of the dial.

Volt.—The unit of electric pressure.

Watt.—The unit of electric power, also one-thousandth of a kilowatt.

Wave Meter.—A device for measuring the wave length of radio electric
currents. '

ABBREVIATIONS

a.c. = alternating current.
A.C.W. = attenuated eontinuous (radio) wave.
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AF.
antilog

AW.G.

B.P.
cos
C.W.
d.c.
D.S.C.
D.C.C.
E.C.
I.C.W.
log
M.U.
m.f.
R.F.
tan
T.U.

w

= audio frequency.

= antilogarithm.

= American wire gage (same as B. & S.).
= binding post.

= cosine of angle.

= continuous (radio) wave.

= direct current.

= double silk covered.

double cotton covered.

enamel covered.

interrupted continuous (radio) wave.
logarithm.

amplification constant.

microfarad.

radio frequency.

tangent of angle.

= transmission unit.

= 3.1416.
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SECTION I1

ELECTRICITY IN RADIO
Part 1
ELECTRICAL THEORY

Simple Circuits.—It is well known that many forms of matter can be
made to show evidences of the phenomenon which is called *“clectricity ”;
thus, if a piece of hard wax is rubbed with a cloth which is then taken away,
both the wax and the cloth will attract light bits of paper. The wax is
said to have a negative charge of electricity, and the cloth a positive charge.
It can be shown that “like’’ charges repel each other while “unlike’’ charges
attract. When equal unlike charges come into contact they neutralize each
other.

Electrons.—Every substance consists of a large number of particles called
molecules, which, for a given substance, are assumed to be alike. Molecules,
in turn, arc composed of atoms which are the smallest particles of matter
that can be obtained by chemical action. In order to account for the
presence and behavior of electricity in matter, it is considered that the atom
has a central charge of positive electricity and that a number of charges of
negative electricity rotate at great speeds around this center. Normally,
the sum of the negative charges balances the positive charge. The negative
charges, which are all equal, are called electrons and represent the smallest
amounts of electricity which can be conceived. The arrangement and num-
ber of moving electrons belonging to an atom determine whether the atom is
copper, or silver, or hydrogen, and so on.

The electron is assumed to be spherical in shape and to have a diameter of

one-fifth of a trillionth (5_x110_Tz)°f a centimeter. It has been calculated

that the average velocity of a “free’”’ electron at 0°C. is about 100 kilometers

or 62 miles per second. An idea of the extremely small size of the electron

may be obtained from the estimate that in a tiny sphere of copper having a

diameter of 0.00001 inch there are about 20,000,000,000 electrons. The

atom formerly was regarded as the smallest particle of matter which could

exist; something like 250,000 hydrogen atoms placed in a row would have a
43
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length of 0.00001 inch. The weight of an clectron is only about one two-
thousandths of the weight of a hydrogen atom.

Some of the electrons, in moving about, may escape from one atom and
get into the atomic system of another. If an atom loses an electron the
balance between positive and negative charges is destroyed and the atom
is left positively charged. In the same way, a negatively charged body is
one which has obtained more than its normal number of electrons.

Electric Current.—The ‘“‘free’”’ atoms may be acted on by an electric
charge outside the body in such a way that they travel in a common direction

and constitute what is called an electric

Current current in the body. Hence the flow

flow of an electric current in a wire or other

conductor i8 considered to consist of

the motion of an immense number

of electrons. According to another

theory, it is held that an electric

Current Flow current or the process of conduction is

brought about by the spontaneous dis-

charge of electrons from one molecule

toanother. The external electric charge

in this case influences the direction

=gt of the discharge, which, in its absence,

F1a. 1.—Assumed direction of electric would be at . random. _When the

current. external distorting force is removed,

the original condition of the structure

of the atom is restored. The progressive velocity, or drift, of the electrons

in a wire or other conductor carrying a current is, however, very slow and
may be only a small fraction of an inch per second.

Ampere.—The intensity of an electric current, that is, the unit quantity
of electricity flowing in a wire during a unit of time, is called an ampere.
This intensity has the same value at all points along the wire.

Direction of Flow of Current.—The flow of current as to direction is
defined arbitrarily as taking place from the positive to the negative end of
a wire; that is, in a wire connecting the terminals of a battery the direction
of the flow of current is assumed to be from the positive terminal of the
battery to the negative. FElectrons, however, being negative charges, move
Jrom negative to positive. Hence it must be remembered that the direction
of electron flow is opposite to the assumed direction of current flow as
represented, for example, in Fig. 1.

Electrolysis and Electric Heating.—The amount and rate of flow of
electricity can be detected by the chemical, heating, and magnetic effects
which it produces. A familiar example of chemical action is the process of

Electron
“ow
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electrolysis used in electrotyping, electroplating, and in the refining of metals.
The heating effect of electricity depends on the quantity of current flowing
and varies as the square of the current applied. In some types of radio
tubes a filament is heated to incandescence by an electric current.

Electric Fields.—The effect of one electrically charged body on another
exists even when there is a considerable distance between them. The space
around an electrically charged body is said to be under *“strain’’ which allows
it to act upon another charged body. This space, which extends in all
directions around a charged body, is called an electrostatic field. At any
considerable distance from the body, however, the field intensity or strength
is small because it varics inversely as the square of the distance from the
body.

An electrostatic field is an effect produced by electricity which is not
moving. Electricity flowing in a wire sets up another kind of effect called a
magnelic strain in the space surrounding the wire. The space in which this
condition cxists is called the magnetic field. A magnetic field is represented
as consisting of imaginary lines of force which form closed circles around the
wire. The direction of the magnetic field may be indicated by its effect on
a compass ncedle held near the conductor.

Conductors and Insulators,—Matter may be regarded as belonging to
two classes, one of which possesses many free electrons, and the other does
not. A substance having a large number of free electrons is called a
conductor and is said to offer a low resistance to the flow of an electric current
through it. A substance which has relatively few free electrons is called
an insulator and offers a high resistance to the flow of an electric current.

All substances, however, contain some free electrons and, theoretically,
will allow the passage of an electric current, although the resistance of some
may be so extremely high that the material is considered a good insulator.
Further, the resistance of some.materials is not constant. The resistance
may vary, for example, inversely as the temperature of the material; that
is, the material may serve as an insulator at a low temperature and as a
conductor at a high temperature.

Leakage Current.—Examples of good conducting materials are the
metals and that class of liquid conductors called the electrolytes. Examples
of insulating materials are dry gases, glass, porcelain, hard rubber, and
various waxes, resins, and oils. The very small current which can pass
through or over the surface of an insulator is called a leakage current.

Difference of Potential.—If one piece of a substance is charged positively
and a piece of another substance is charged negatively, there is said to be a
difference of polential between them. When two such pieces are connected
by a wire as in Fig. 1 and there is a flow of current through the wire, the
electrons pass through the wire from the negatively charged piece to neutral-
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ize the positive charge on the other piece. The electric charges which
accumnulate at the ends of the wire have the effect of neutralizing the original
conditions of charge.

Electromotive Force.—If the original difference of potential is maintained
in a wire or other conductor by removing the neutralizing charges as they
accumulate, the flow of the electric current will be steady and continuous.
Such steady difference of potential or electromotive force may be provided
by putting the charged bodies and their connecting wire into a closed circuit
containing a device capable of developing an electromotive force.

Electromotive force may be developed by friction, by thermal means,
by chemical action, or by induction. Electricity may be produced by
frictional machines at high voltages but with very sinall amounts of current.
This method of producing electromotive foree is not practical because of
the difficulties encountered in connection with insulation, dampness, and
variation in performance.

Electromotive force may be produced by heating the junction (thermo-
couple) of two unlike metals. A table of the thermo-electric power of metals
is given in table XII below. To illustrate the use of this table, the
electromotive force developed at a junction of steel and constantan wires
is 10.62 + 22.0 or about 32.6 microvolts. Electromotive forces when
positive and negative are added to obtain the total effective value of voltage.
Low voltages but fairly large currents are obtainable by this means.

TaBLE XII.—THERMO-ELECTRIC POWER OF METALS
Smithsonian Tables

Substance billehes Substanece KHees
volts volts
Aluminum.............. — 0.68 || Platinum (hardened).....|+ 2.42
Bismuth (pressed wire)...{ —97.0 Platinum (malleable)... .[— 0.818
Cadmium............... + 3.48 || Selenium............... +807.
Constantan.............. —22.0 (| Silver (pure hard)....... + 3.00
Copper (commercial). . ... + 0.10 || Steel...... F + 10.62
Gold................... + 3.0 Tantalum.............. - 2.6
Iron (piano wire)......... +17.5 Tellurium B............ +500.
Lead................... 0.00 || Tellurium A............ +160.
Molybdenum............ + 5.9 Tungsten............... - 2.0
Nickel.................. —22.8 |(|Zine................... + 2.79

Electromotive force may be produced by chemical action in a battery.
This chemical action is due to the fact that a difference of potential exists
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between two different substances used in the battery, such as zinc and car-
bon when placed in certain chemical solutions. The efficiency of this
chemical method is high, but the cost of thus producing electricity for most
purposes is prohibitive because of the expense of the materials.

The ability of an electric generator to produce an eclectromotive force and
thus maintain a difference of potential is due to the condition which results
when the wires on the armature of the generator pass through the magnetic
field of magnets, called poles.

The kinds of electromotive force may be classified as constant and alter-
nating. A constant electromotive force does not change in direction of flow
or in strength. An alternating electromotive force varies periodically in
direction of flow and in strength.

Unit of Resistance.—As the free clectrons move along a conductor it is
supposed that they hit the atoms of the substance which lie in their path.
The effect of such collisions is to reduce the velocity of the electrons. The

TasLE XIII.—SpeciFic RESISTANCE oF METALS

Ohms | Ohms
per eir. per cir.
v mil-foot WG mil-foot
at 20°C. at 20°C.
Aluminum............... 16.98 || Manganin............... 264 .
Antimony................ 250. Mereury..........oovnnn 574.
Bismuth................. 720. Molybdenum (drawn).....| 34.2
Brass.................... 42.0 Monel metal............. 252.
Cadmium................ 45.6 || Nichrome............... 600.
Climax.........coovvnnt. 522. Nickel.........ccvvinn 46.8
Constantan............... 294. Palladium............... 66.0
Copper, annealed . ... ..... 10.35 || Phosphor bronze......... 46.8
Copper, hard-drawn....... 10.60 || Platinum................ 60.0
Excello.................. 552. Silver. ...l 9.53
German silver, 18 per cent. .| 198. Steel (soft).............. 108.0
German silver, 30 per cent. . Steel, manganese......... 420.
(see Constantan) Tantalum............... 93.0
Gold................outn 14.63 || Therlo.................. 282.
Iron, 99.98 per cent pure...| 60. Tin..ooeeenina ... 69.0
Iron (see Steel) Tungsten (drawn)........ 33.6
Lead.................... 132. Zinc.... ..o 34.8
Magnesium............... 27.6
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extent of the opposition is proportional to the electrical resistance of the con-
ductor. Resistance varies with the shape, substanee, and temperature of
the conductor. The unit of resistance is called an ohm. For very small
resistances the millionth part of an ohm is used as a unit and is called &
microhm. For high resistances a million ochms is used as a unit and called a
megohm.

Unit of Electromotive Force.—The unit of electromotive force, or voltage,
is called a volt. One volt is that voltage which will force a current of one
ampere through a resistance of one ohm.

Unit of Conductance.—A circuit which offers but little resistance R to a
current is said to have good conduetance. If conductance ‘is represented
by G, thenG = 1/Ror R = 1/G. The unit of conductance is an ohm.

Specific Resistance of Wire.—If r is the specific resistance of a substance,
that is, the resistance of a unil wire (as defined below), then the resistance
R of a conductor having a length of L feet and a cross-sectional area of A
circular mils is

rL
= —

k=7

a mil being 0.001 inch. The area of a wire one mil in diameter is one
circular mil. The area of a circle in circular mils equals the square of the
diameter in mils. A unit wire is a round wire one foot long and one mil in
diameter (or having an end area of one circular mil).

To find the resistance in ohms of a length of any size of wire, multiply
the specific resistance, that is, the resistance in ohms of one circular mil-fool,
by the length in feet and divide by the square of the mil diameter (circular-
mil area). Tables of specific resistances and wire sizes in mils are given
in tables II and XIII on pages 13 and 47.

It is obvious that the resistance of a wire or other conductor varies directly
with the length; that is, as the length increases, the resistance increases.
Also, the resistance varies inversely with the cross-sectional area; that is,
as the area increases, the resistance decreases.

Variation of Resistance with Temperature.—The variation of the resist-
ance of a pure metal with changes in temperature is given by the equation

Ri=Ro(1 +aXt)
in which ¢ is the temperature of metal in degrees Centigrade, R, is the resist-

ance at t°C., R, is the resistance at 0°C, and a is a constant which has
usually a value of about 0.004.

If it is assumed that @ = 0.004, the equation may be stated thus: For each
2.5°C. rise in temperature above 0°C. the resistance increases about one per
cent.
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The resistance of some substances, however, does not follow this rule.
Carbon, for example, decreases in resistance with an increase in temperature,
and one alloy of nickel and copper shows no change in resistance with
ordinary temperature increases.

Series and Parallel Circuits.—In radio work some units of apparatus are
connected in series and others in parallel. If the various parts of a circuit
are connected in such a way that the total eurrent must flow through each

— 3
Pump 1
— J B A
1
Fia.—2. Pipes connected in series. Fig. 3.—Pipes connected in
parallel.

part, the parts are said to be in series. If the analogy of the flow of elec-
tricity to the flow of the water is used, this corresponds to the pipe line shown
in Fig. 2 in which pipes of various sizes and lengths are connected in series.
If the various parts are connected in such a way that the total current is
subdivided, the parts are said to be parallel. The corresponding condition
in the pipe line is shown in Fig. 3. If each of the four paths offers the same
resistance to current flow, then the total current at A will be divided into
four equal parts, which unite again at B. The equivalent resistance R.
of a group of resistances i, rs, 73, 74, and 50 on, connected in series, is equal
to the sum of the separate resistances; thatis, R, =71 +r2 +rs + 7+ -« * -
The equivalent resistance R, of a group of resistances ri, Ts, 7s, T4, and soon,
connected in parallel, is equal to the reciprocal of the sum of the reciprocals
of the separate resistances. That is,

.1_
NP 3)

T rs rs T

R, =

If the individual parallel resistances are equal, it is obvious that the total
resistance is equal to the resistance of one path divided by the number of
paths. Thus, if there are four paths of equal resistance r, the total resist-
ance R, is equal to r/4. An example will serve to explain the application of
the formula when the individual parallel resistances are unequal. If r, 7e
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73, and rqare equally, respectively, 5, 10, 15, and 20 ohms, the total resistance
becomes
R, 1 1 1

T ¥+ Yo+ Hs + 30 020 +0.10 +0.067 +0.05 — 0.417
= 2.4 ohms.

It should be noted that in this parallel circuit the total resistance is less than
that of any one of the branches.

Relation between Current, Voltage, and Resistance.—The *opposition "
offered by the resistance R of a wire or other conductor to the flow of current
through it reduces the effective velocity of the electrons and hence decreases
the strength of current. In order to compensate for this opposition caused
by the collision of electrons and, thus, to maintain a constant value of current
flow, it is necessary to apply to the circuit an electromotive force or voltage
E which is equal to the product of the current in amperes and the resistance
in ohms, which may be expressed by 7R when I is the current in amperes, R
is the resistance in ohms, and E is in volts. This relation is known as
Ohm’s law and may be expressed in the three forms below:

E = IR, or voltage = current X resistance,or volts = aimnperes X ohms.

E voltage volts
I = 5, or current = ————=— or amperes = .
R resistance, ohms
r=Z , OT resistance = Voltage’ or ohms = Yolts
1 current &m__peres

Ohm’s law holds true for a complete circuit or a part of a circuit. When
the above equations are used for a part of a circuit, the values of voltage,
current, and resistance must apply to that part only. It is shown later that,
with modifications, Ohm’s law may be applied also to radio circuits.

Power and Energy.—The work accomplished by the voltage E in moving
an electron through a unit length D is equal to DE (because work equals the
product of force times the distance through which it acts). A current of J
amperes flowing in a wire or other conductor corresponds to a transfer of N
electrons per second through a unit length D.

Power being defined as the rate at which work is done, the total work
performed per second, or the power, is then W = NDE or IE. The unit of
power is a watl, which is the power expended by a current of one ampere
flowing through a resistance of one ohm. One kilowatt is 1,000 watts.

1 watt = 0.7375 foot-pounds per second, or, 1 foot-pound = 1.356 watts
per second.

1 mechanical horsepower = 33,000 foot-pounds per minute = 550 foot-
pounds per second = 746 watts.

H _ watts.
orsepower = 7o~
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Since E = IR, then, by substitution, W = I*R and since ] = E/R, by
similar substitution, W = E?/R.
Thus there are three forms of the equation for power W,

W= EI or power = voltage X current, or watts = volts X amperes.

I = -, or current = POWCT - amperes = pratish
= E ! voltage’ p volts
E = & or voltage = 22T or volts = _watts
r 2& current’ amperes

Each of the expressions W = I?R and W = E*/R can be stated in three
forms in a similar manner.

Energy is expressed in the same units as work. The commereial unit of
electrical energy is the kilowatt-hour. Electrical energy is measured by an
instrument called the inlegrating wattmeter which

automatically adds up the work done, even when there @
may be a continual variation of power. .
The energy required to give velocity to the electrons @ ﬂ;:;;"‘

is given up by them in the form of heat caused by
their collisions with each other and with the atoms.

Direct Current—The electric current which is
supplied by all kinds of batteries is called a direct
current; that is, it flows in only one direction through g,
a circuit. In Fig. 4, for instance, if the pressure or Byton
voltage of the battery is steady, the current will be
steady and will flow from the positive (+) terminal of
the battery through the circuit to the negative (—)
terminal of the battery. If the voltage is pulsating,
that is, if it rises and falls in strength but acts in one
direction only, then the current also rises and falls in
strength ar_)d is called a pulsating direct current. Fro. 4—Electric

Alternating Current.—When radio waves are gjreuit with battery.
changed into an electric current by means of a radio
receiving apparatus, the current, instead of flowing in one direction
not only changes its direction at a definite rate but also varies-in
strength. Sueh a current is called an alternating current. If there is an
alternating voltage in a circuit, the variations in both strength
and direction of the electric current correspond to the variations of the
voltage. The flow of an alternating current is like the flow of water which
would be produced in the pipe line in Fig. 5, when the water is agitated by
the piston of the pump moving rapidly back and forth over a short distance.
In that case the water simply surges first in one direction and then in the
other. It no sooner attains speed in one direction than it is compelled to slow

NS
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up and then to accelerate in speed in the opposite direction, and so on, over
and over again. The water does not travel around the pipe circuit, as may
be shown by the fact that an object placed in the water will simply oscillate
back and forth.

The alternating current which is used for
most electric-light circuits changes its direction,
or alternates, one hundred and twenty times
per second. It is said to have a frequency
T (see page 9) of 60 complete alternations or
cycles per second. The radio currents most
used, however, may have frequencies ranging
from 10,000 to 30,000,000 cycles per second,
Water.—, corresponding to wave lengths of 30,000 to 10

Ppe meters, respectively.

In order to distinguish the directions of flow,
one direction is called the positive (4) and
the other the negative (—). During the flow
in one direction, the strength of the current
varies from zero to a maximum and back to

zero again. Figure 6 shows a simple way of
|Glmﬁ indicating the variations in strength, direction,

U and time, when an alternating current is con-

Fra. ?ﬁ:‘:?;: tclﬁ:u?{ water idered. The positive direction of flow is from
A to C, the negative from C to E. During the

flow from A to C, the strength of the current varies from zero to a maximum
and again to zero, as shown by the curve 4 BC, which represcnts a half cycle.

+4.0~ B
+3.0
+2.0F
o*10 .
5 0 c Time £
o L \Second Second
E-I.O - iz % the case
—onl of 60 ¢cycle
29 Circuit
-3.0
-4.0 [
D

F16. 6—Alternating-current cyele.

It is important to remember that the resistance offered by a circuit to the
flow of an alternating current, that is, one which reverses periodically in
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direction and varies in strength, is not the same as the resistance to the flow
of a direct current, meaning one which is steady in value and flows in only
one direction.

Part 2
ELECTROSTATICS

Dielectric.—The dielectric property of a medium separating two con-
ductors of electricity refers to the intensity of the electrostatic field which can
be set up at a certain voltage without rupturing or breaking down the separa-
ting medium. If the intensity of the electrostatic field becomes too great
the medium cannot withstand the stress which results, and a “breakdown”
occurs, sometimes accompanied by a flow of electricity as an electric arc.

Dielectric strength is the ability of a substance to withstand an electrostatic
breakdown and is expressed in volts per unit of thickness. Thus the
dielectric strength of air is about 3,000 volts per millimeter, that of rubber
about 16,000, and that of cambric cloth about 32,000 volts. An example of
the breakdown of air under dielectric stress is seen in the corona, a bluish,
brush-shaped discharge, which appears sometimes on high-voltage line
circuits. An are is also a discharge through air, differing from a corona in
that it is brilliantly illuminated and is accompanied by noise.

If a difference of potential is applied across a dielectric, the electrons are
forced to move in a direction from negative to positive in the dielectric but
are still under the influence of their respective atoms. The explanation
of this action was formerly based on an electrical displacement from the
positive to the negative plate through the dielectric. Such a movement of
electrons constitutes a flow of electric current. The flow of current is momen-
tary because the electrons cannot move to adjacent atoms. Consequently
when the pull on the electrons becomes equal to the force which produces the
pull, the flow of current ceases. This momentary flow of current is known
as a displacement current. Such a flow of current is produced only by a
difference of potential and stops when the electric force is steady in value,
although the stress in the dielectric exists as long as the difference of potential
is maintained. If the electric force due to the difference of potential is
reduced, the stress in the dielectric is reduced, and a flow of displacement
current takes place in the opposite direction.

If the pull on the electrons is greater than the attraction of their atoms,
the electrons break away and the dielectric becomes a conductor, and a
rupture or breakdown occurs.

Condenser.—Electrical displacement in a dielectric may be produced by
placing the dielectric between metal plates and connecting a battery or
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other source of electromotive force to the plates as in Fig. 7. Such an
arrangement of metal plates and dielectric is called a condenser. The
dielectric may be air or some other gas or any solid or liquid which is not a
conductor.

When a battery is connected to a condenser, an electrical displacement
takes place in a direction from the positive (+) to the negative (—) plate

of the condenser. The amount of this electrical

«—Electrons  displacement depends on the value of the applied

voltage and the kind of diclectric. A displace-

ment current begins to flow in the dielectric

and continues until the electric displacement

assumes a steady value. The movement of

electrons in the dielectric is in a direction from

the negative (—) plate toward the positive (4)
plate.

It must be understood that there is no actual
movement of charges from one plate to another.
The action of a condenser depends on the mo ve-
F1e. 7.—8imple condenser. ment of charges across the dielectric such that

the positive electrons accumulale at one end
and the negative electrons accumulate at the other. A dielectric in this
condition has electrical energy which is stored in an electrostatic form.
From this point of view a condenser may be called a device which is capable of
storing electrostatic energy.

In the ezternal circuit the movement of electrons is from the negative (—)
to the positive (+) plate. Consequently, during the charging process the
negative plate will acquire a greater negative charge and the positive plate a
greater positive charge.

It is obvious that in a direct-current circuit of constant voltage, a con-
denser is charged very rapidly and the flow of displacement current is
momentary. Because of this action it is ecustomary to state that direct
currenl cannot flow through a condenser. In an alternating-current circuit, a
displacement current will flow in the condenser, because the applied voltage
reverses periodically and the electric stress in the dielectric reverses in direc-
tion with every reversal of the voltage.

Capacity.—For a given condenser, the charge @ is proportional to the
applied charging voltage E. This relation may be written Q = C E where
C is a constant called the capacity of the condenser. Thus the capacity of a
condenser is an indication of the amount of electricity required to charge the
condenser to a certain voltage. The unit of capacity is the farad. A farad
is the capacity of a condenser in which a voltage differenee of one volt gives
the condenser a charge of one coulomb of electricity, a coulomb being the
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quantity of electricity supplied by a current of one ampere in one second.
The farad is much too large a unit for practical purposes and it is customary
to use instead the microfarad (one-millionth of a farad) and the micro-
microfarad (one-millionth of a microfarad).

During the time a charge is accumulating in a condenser the voltage
(@ + C) due to this charge is increasing. This voltage tends to oppose the
charging voltage E, and when the value of Q + C becomes equal to E, the
charging process ends. It will be noticed that the equation @ = C E does
not contain a time factor; therefore, the same amount of charge is stored in a
condenser whether it is built up slowly or quickly. But the rate of building
up the charge depends on the value of the capacity C and the resistance R
of the circuit. The larger the product of the factors C and R the greater is
the time required to arrive at any given fraction of the applied charging
voltage. This product (C' X R) is called the time constant of the circuit.
The charging current 7 at any time ¢ after the circuit is closed is

E &
I = R (K)"CR
where C is the capacity in farads, E is the applied charging voltage in volts,
R is the total resistance of circuit in ohms, ¢ is the time in seconds, and
K is a constant having a numerical value of 2.7128.

When ¢t = CR, ] = 0.368 E + R; that is, the charge reaches 63.2 per cent
of its final value and the charging current drops to 36.8 per cent of its initial
value in a time CR. In other words the length of time required to charge a
condenser depends on the product of the capacity of the condenser and the
resistance of the circuit but does not depend on the value of the applied
voltage. .

Dielectric Constant.—The charge which a condenser will accumulate, for a
given voltage and space between plates, depends on the nature of the dielec-
tric. Thus the amount of charge which a given condenser will accumulate
at a given voltage, and with glass as a dielectric, is about eight times the
amount of charge it will accumulate when air is the dielectric. Air is used
a8 the standard of comparison and said to have a dielectric constant of 1.
If C, is the capacity of a condenser having air as a dielectric and C; is the
capacity with another substance as the dielectrie, then

C.

Cc.= K
where K is the dielectric constant of the material. In other words the dielec-
tric constant is a factor by which, the capacity of an ““air”’ condenser must be
multiplied to find the capacity of the same condenser when the new material
is used. Values of dielectric constants are given in table XIV (page 56).
If the voltage applied is from a source of alternating current, particularly
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TapLe XIV.—DIeLECTRIC CONSTANTS

Dielectric

Substance Constant!'
AT et i 1.0
GlASB. o et e e et ee et 4 tol0
MICR . o et et e ettt ii e 4 to 8
Hardrubber. ........oiveiiiniiinnneenennns 2 to 4
Paraffin..oveeene e eien et 2 to 3
Paper, dry.....ovveuiniieeiii i 1.5t0 3.0
Paper (treated as used incables)............... 2.5t0 4.0
Porcelain, unglazed. .......... ... 5 to 7
SUIPRUL. . o et i 3.0to 4.2
Marble. ... oo e 9 tol2
L) 1Y | Y 3.0to 3.7
BoOBWAK . v e eeeeen e innnet e 3.2
12 0) | 4.6
CellUoid . o oo e et i e s 7 tol0
Wood, Ary...vovvveee e 30to 6.0
Molded insulating material, shellac base........ 4 to 7
Molded insulating material, phenolic hase (bake-

[R5} 2 anaa om0 ne o500 0naa a5 0R0 0002330050 00s 50to 7.5
Vulcanized fiber...........coooeiiiiiiinieeen 5 to 8
Transformer oil........ccoiieeieniiennn 2.5t0 3.0
Water, distilled..........coonieiiiiiiieiene. 81.0

1 Sometimes called also “*inductivity ™ or *specific inductive capacity.”

that of very high frequency, the values of the dielectric constant may differ
considerably from the values for direct current.

The capacity of a condenser depends on (1) area of the plates, (2) distance
between plates, and (3) dielectric constant. Capacity may be increased by
increasing the area of the plates or by bringing the plates closer together or
by the use of a material with a larger value of dielectric constant.

The capacity of a condenser consisting of two parallel metal plates of the
same size and shape, which are separated by a dielectric of uniform thickness
and material, may be expressed as

C = 0.085I%§

where C is the capacity in micromicrofara.;is, ¢ is the thickness of dielectric

between plates in centimeters, S is the surface area of one side of one plate
in square centimeters, and K is the dielectric constant.

www americanradiohistorv com



www.americanradiohistory.com

Sec. I1) ELECTRICITY IN RADIO 57

The allowable thickness of a dielectric for use in a condenser depends
on the voltage which it must withstand, and the dielectric strength depends
on the voltage which will rupture a piece of the material of unit thickness;
thus, for a given voltage, a certain thickness for each material must be used.
The material having the highest dielectric constant does not necessarily have
the greatest dielectric strength.

Dielectric Leakage and Absorption.—Dielectric materials are not perfect
insulators and have a small electric conductivity. A condenser will permit
a very small current to flow through it continuously when a voltage is applied
to its terminals, and it will discharge itself slowly if allowed to stand with
its terminals disconnected. This is called the leakage of the condenser.
Materials differ greatly in this respect, but in general the length of time
during which a charge is retained depends on the degree of conductivity
of the material.

Free and Residual Charges.—When the terminals of a charged condenser
are connected by a conductor, a current flows and the condenser discharges.
The charge which flows out instantaneously upon discharge is called the
free charge. With some dielectrics, if the terminals are connected a second
time, another and smaller discharge occurs, and this may be repeated several
times. This so-called residual charge is due to the absorbed charge and
indicates a slow recovery of the dielectric from the electric stress. In
eondensers made with oil or mica for the dielectric, the absorption is small.
It is larger with glass and quite troublesome with materials similar to
bakelite. The absorption is accompanied by the production in the dielectric
of heat which represents a loss of energy.

Energy Stored in a Condenser—The amount of energy required to charge
a condenser depends on the capacity and the voltage between the plates
to which the condenser is connected. The value of this energy W is

W = W CE?
where C is the capacity of condenser in farads, E is the voltage to which the
condenser is charged in volts, and W is the work in joules. (A joule is the
work done in one second by a current of one ampere through a resistance of
one ochm.)

Condensers in Parallel and in Secries.—A group of three condensers con-
nected in parallel is shown in Fig. 8. All of these condensers are subjected
to the same impressed voltage and each accumulates a charge proportional
to its capacity. Since capacity is proportional to the plate area, it is obvious
that the method of connecting condensers in parallel has the effect of increas-
ing the plate area of the conductors. A parallel connection of condensers
gives a capacity which is larger than that of any one of the group. If Cis
the equivalent capacity of the group and c,, c;, c; are the capacities of the
three condensers, respectively, then C = ¢, 4+ ¢: + ¢s.
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A group of three condensers connected in series is shown in Fig. 9. Each
condenser accumulates the same charge @, and the total voltage is subdivided
among the condensers in inverse ratio to their capacities. A series connec-

G

c,l__,!-'——l

2 Cs!

A LU
E E
F1g. 8.—Three condensers in parallel. Fig. 9.—Three condensers in series.

tion of condensers gives a capacity which is smaller than that of any of the
group. If ey, €3, €3 are the voltages across the condensers Ci, Cs3, Cs, respec-
tively, then the voltage E to which the condenser is eharged is

E=e +e +e;
and since E = Q+ C when the condenser is charged, then

Z’ = [2Y (43 C_z and 6 - C1 (2] Cs
or
€=y
atata
Part 8

MAGNETIC CIRCUITS

Magnets.—A natural form in which iron is sometimes found, magnetite, a
black oxide of iron, is called a natural magnet. If this substance is dipped
into iron filings, the filings will stick to it. Also, if a piece of this ore is
suspended hy means of a silk cord, the piece of ore will assume a position
such that its long axis is in a north and south direction.

An artificial magnet may be made by rubbing a small rod of iron or steel
with a piece of magnetite. The iron rod then has the same properties as the
magnetite and is said to be magnetized. This property is called magnetic
retentivity. A bar of hard steel may retain such magnetic properties indefi-
nitely and is called a permanent magnet. On the other hand, a bar of soft
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steel retains for a short time only the magnetism set upinit. Consequently
soft iron or steel is used when it is essential that the magnetism must respond
closely to changes of the magnetizing force. Other common forms of mag-
nets are the horseshoe or U-shape type and the ring type with a small gap
cutinit. Thin steel magnets are more powerful in proportion to their weight
than thick ones, and, therefore, for a given weight of material, a laminated
magnet (made of thin plates) is more powerful than a solid one. Another
method of making a magnet is to enclose an iron or steel rod in a coil of
insulated wire attached to a battery as shown in Fig. 10.

A compass needle consists of a piece of magnetized steel (permanent
magnet) so mounted that it can swing on a pivot. Such a needle assumes

L LI T )

Fi1a. 10.—Coil and battery for F16. 11.—Lines of force around
making a magnet. a magnet.

a position which lies very nearly north and south. The end which points
north is called the north pole of the needle and the other the south pole.

Magnetic Field.—The effects of magnetism indicate the existence of
so-called lines of magnetic force, which, considered as a whole, are designated
as the magnetic flur. The space in which these lines occur is known as the
magnetic field. The magnetic lines of force seem to center in two regions necar
the ends of the magnet as shown in Fig. 11.

If two magnetic poles attract or repel the same pole, they are said to be
alike, while if one repels and the other attracts the same pole, they are unlike.
Like poles repel and unlike poles attract each other. By this action it is
possible to determine the polarity of a magnet by means of a compass
needle, because the south pole of the compass points to the north pole of the
magnet and the north pole of the compass to the south pole of the magnet.
It is assumed that the lines of force leave the magnet at the north pole,
enter it at the south pole, and continue within the magnet to the north pole.
Furthermore, the compass needle always tends to set itself in the direction of
magnetic field in which it is placed; that is, the north pole of
the needle points in the assumed direction of the magnetic lines of force.
The magnetic force of attraction or repulsion between two poles varies
inversely as the distance between them, provided the distance is considerable
as compared with the size of the poles.
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A fundamental law of magnetism is that one pole cannot occur alone;
meaning, that for a north pole there must be an equal south pole. This may
be verified by the fact that if a bar magnet is broken into two or more pieces,
each piece will have its north and south pole. :

Molecular Theory of Magnetism.—An explanation of magnetism is based
on the assumption that each molecule of a magnet is a small magnet. Inan
e iy unmagnetized piece of steel the small
e ,s:‘ fv:lﬁi‘fﬁq' b ;l"{. magnets are considered to be arranged
‘;@,\J’ﬂ;«)#ﬁ i T ‘:?:’ in a haphazard manner asshown in ¢

(a) of Fig. 12. Under these conditions no
magnetic effect is exhibited, because
Tt .+~ X +7]_ the poles neutralize each other.
T ST * - S When however, a magnetizing force
is applied, each small magnet
assumes a position such that its
north pole turns in the same direc-
tion as that of the magnetizing force.
T S The bar now shows evidence of a
T T 3 2i—#  north pole at one end and a south pole
b S kg EE.E'}::_‘:::: at the other, but inside the magnet
«©) each small north pole of a molecule is
neutralized by an adjacent south
pole. If the bar is broken, however,
the poles on each end of the break no
longer neutralize each other, and consequently each piece of the bar exhibits
a north and a south pole.

Magnetic Shielding.—There seems to be no known insulator for magnetic
flux. Consequently the lines of force cannot be confined to the magnetic
circuit but spread out into the surrounding medium. This unconfined flux
is called the magnetic leakage.

Sensitive apparatus can be protected or magnetically shielded from stray
magnetic fields by enclosing it in an iron container. The iron container
diverts practically all the stray flux from entering its interior.

Magnetic Field of a Wire Carrying Current.—If a compass needle is held
near a wire carrying a current, the needle deflects, thus indicating the pres-
ence of a magnetic field, and assumes a position which is at right angles to the
direction of current flow as shown in Fig. 13. The action of the needle shows
that the magnetic flux exists in circles about the wire and that the direction
of the magnetic field depends on the direction of the current. The relation
between the direction of the current flow and the direction of the magnetic
field is shown by the position of the compass needle, as in Fig. 14. If a
current in a wire is flowing away from the observer, the direction of the lines

Fig. 12.—Arrangement of small mag-
nets in steel bar.
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of foree is in a clockwise direction (the same as the travel of the hands of a
clock). If a current in a wire is flowing toward the observer, the direction
of the lines of force is in the opposite direction or counterclockwise. Another

Conductor,
s

<

NoCurrent Passing  Current PassingThrough  Current PassingThrough
Through Conductor  Conductor Left foRight  Cunductor Right to Lef+

Fio. 13.—Compass needle held near wire carrying electric current.

way of stating this relation is based on the screw rule. If a screw is rotated,
its direction of travel corresponds to the direction of current flow, and its
direction of rotation to the direction of the magnetic field.

Fia. 14.—Relation between direction of current flow and magnetic field.

The magnetic ficld extends to an indefinite distance from a wire or other
conductor, but at points some distance from the wire the effect becomes
more feeble. If the current stops, the magnetic field, together with its

®
-
S
) n N
T
Magnetic Attraction Magnetic Repulsion
(Fields Interlink) (Fields Repel)
Fi1g. 15.—Resultant magnetic field of currents Fi1a. 16.—Di-
in wires in opposite directions. rection of mag-
netic field around

loop of wire.

effects, disappears. When the current is started through the wire we may
think of its magnetic field as coming into existence and sweeping outward
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from the axis of the wire as a center. An alternating current produces an
alternating magnetic field which has the same frequency as the current and
reverses cvery time the current does. It follows, then, that if the currents
in two adjacent wires are in opposite directions the resultant magnetic fields
are opposed, while if the currents are in the same direction the fields combine

o -_I{='r v"\rf.-'y-‘y' -~
fgeiics
R R o e Mo M-

Fia. 17—Direction of magnetic field of a solenoid.

as shown in Fig. 15. The direction of the magnetic field around a loop of
wire carrying a current is shown in Fig. 16.

Solenoids.—A coil consisting of & number of turns of wire which is used for
producing a magnetic field is called a solenoid. The direction of the magnetic
field of a solenoid, as shown in Fig. 17, may be determined by the application
of the screw rule (page 61). The winding may consist of several layers asin

F1a. 18— Direction of magnetic field of multilayer coil.

Fig. 18. The magnetizing power of a solenoid may be increased several
hundred times by the use of a central core of soft iron.

Magnetic Circuit of Generator—The magnetic circuit of a generator is
shown in Fig. 19. The leakage flux is that portion of the magnetic field
which passes from one field core C to the next, without entering the arma-
ture A. The flux leaving the field core divides when it reaches the yoke
Y and again when it reaches the armature. It should be noted that the
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cross-sectional area of the yoke and of the cores must be large enough to
carry the leakage flux as well as the useful flux. An increase in the leakage
flux requires the use of an increased amount of iron in the cores € and of cop-
per wire in the solenoids producing the magnetic field.

F1a. 19.—Magnetic circuit of electric generator.

Ampere-turns.—The value of the ampere-turns of a cireuit is equal to the
product of the turns of wire in the circuit and the amount in amperes of the
current flowing through the turns. Thus, a current of 2 amperes flowing
through 100 turns of wire gives 200 ampere-turns. It is, of course, essential
to deduct from the total those ampere-turns, if any, which produce an
opposing magnetic field.

Flux.—The flux in a magnetic circuit corresponds to current in an electric
circuit. It is defined as the total number of lines of force in a magnetic
circuit. Magnetic flux may be expressed in terms of a unit called a mazwell
but more usually as lines of force.

The flux density of a magnetic field is the number of lines of force on
a unit area at right angles to the direction of flux. The theoretical unit
is called a gauss which is one line of force per square centimeter, but flux
density .is more commonly given in lines of force per square inch.

Magnetomotive Force.—The function of the magnetomotive force of
a magnetic field is to drive the inagnetic flux through a magnetic circuit.
In this respect it is similar to the electromotive force of an electric circuit.
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The magnetomotive force of a circuit is expressed in units called gilberts,
which are calculated by multiplying the ampere-turns by 1.257.

Reluctance.—Reluctance of a magnetic circuit corresponds to the resist-
ance of an electric circuit and is the opposition of a magnetic circuit to the
flow of magnetic flux through it. The unit reluctance called an oersted is
the reluctance of a centimeter-cube of air.

Permeance.—Permeance corresponds to the conductance of an electric
circuit and is equal to the reciprocal of the reluctance. It is that property
of a magnetic circuit which allows the passage of magnetic flux.

Permeability.—The permeability of a substance is the ratio of the flux
existing in it to the flux which exists under the same conditions if the sub-
stance is replaced by air; that is, permeability is a measure of the ability of a
substance to carry magnetic lines of force compared with the ability of air.
The permeability of air is taken as 1. The permeability of ordinary iron
and steel ranges from about 50 to 2,000 with a value of 5,000 or more for
special steels.

Reluctance of a Magnetic Circuit.—The reluctance of a magnetic circuit
is proportional to its length and inversely proportional to its cross-section
multiplied by the permeability. This may be expressed as R = L + Ay,
where R is the reluctance in oersteds, L is the length of the circuit in centi-
meters, A is the area of the cross-section of the circuit in square centimeters,
and u is the permeability.

A combination of reluctances in parallel is treated in the same manner as
resistances in parallel. A combination of permeances (reciprocals of reluc-
tances) in parallel is equal to the sum of the individual permeances, just as
parallel conductances of an electric circuit are added to find the resultant
conductance.

Magnetic Saturation.—The permeability of iron or steel varies with the
kind of material and with the flux density. The value of permeability for a
given flux density is equal to the value of flux density at that point divided
by the corresponding value of magnetomotive force. The variation in
permeability of a substance may be shown graphically by plotting values
of magnetomotive force in gilberts per centimeter against the corresponding
flux densities. This gives the so-called magnetization curve or normal
saluration curve as shown in Fig. 20,

The accompanying curve of permeability may be drawn by plotting the
ratio of flux density to magnetomotive force in gilberts per centimeter for
a number of points of the curve in Fig. 20,

Law of Magnetic Circuit.—The quantities of flux, reluctance, and mag-
netomotive foree of a magnetic circuit bear the same relation to each other
as the current, resistance, and electromotive force of an electric circuit;
that is, the flux is equal to magnetomotive force divided by the reluctance.
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Hysteresis.—Experiments show that the magnetization lags behind the
magnetizing force, meaning that the degrees of magnetization corresponding
to values of an increasing magnetizing force are not the same as the degrees
of magnetization corresponding to the same values of a decreasing mag-
netizing force. This effect is called hysteresis, and a typical cycle of mag-
netization called a hysteresis loop is shown in Fig. 21. It is generally
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considered that this lag of magnetization is due to molecular friction which
results in the expenditure of energy in carrying the iron through a cycle of
magnetization. The amount of energy spent thus is the hysteresis loss.
Silicon steel has low hysteresis and eddy-current (page 11) losses and
consequently is used very generally for the cores of high-efficiency solenoids.
In the magnetic circuits of electric generators in which the iron loss is less
important than in smaller apparatus, the less expensive open-hearth steel
may be satisfactorily used.

Magnetic Linkage.—The lines of magnetic flux around a wire carrying a
current are closed curves, and the electric circuit also is closed. The lines
of magnetic flux are thought of as always inlerlinked with the turns of wire in
the circuit. The number of flux lines passing through a coil will depend on
the current, and any change in the current will change the number of link-
ings. The total number of linkings N is always equal to the number of
turns of wire n times the magnetic flux ¢; that is, N = n¢. The number of
linkings may be varied by changing the amount of flux (due to a change in
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current) or by changing the number of wire turns. Thus if a loop as in
Fig. 22 is placed near & coil of wire carrying a current, some of the flux lines
will pass through the loop. The number of these flux lines passing through
the loop may be changed by varying the number of turns of wire in the coil

F16. 22.—Flux lines of solenoid linked with circuit AB.

or by changing the number of flux lines through the loop. The latter may
be done by rotating the loop or by otherwise moving it with respect to the
coil.

Induced Electromotive Force.—If there is any change in the number of
linkings between the flux and the turns of wire, an electromotive force is
induced in the circuit which will cause an induced current to flow when the
circuit is closed. An example of this action is shown in the case of two

Fi1g. 23.—Induced electromotive force F1a. 24.—Induced electromotive force
in solenoid. in parallel wires.

solenoids placed as in Fig. 23. When a current starts in the solenoid A,
a current will be induced in the solenoid B and will flow as long as the current
in 4 is increasing. If the current in A becomes steady, no current will then
be induced in B. If the current in A decreases, the current in B reverses.
The magnetic field of the induced current always tends to oppose the change
that causes the induced current.
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The case of parallel straight wires is illustrated in Fig. 24. If the current
starts, changes, or stops in one of the wires, a current is induced in the other.
Such an action occurs in cross-talk on telephone lines or where there is
interference from alternating-current power lines. To reduce such cross-
talk in telephone wires, the two wires of a pair are transposed at certain
intervals so that over any considerable distance the voltage induced by
adjacent wires acting on a transposed pair is zero.

The magnitude of the induced voltage depends on the time rate of change
of the number of linkings. This is expressed as

Induced voltage = —It! = —%‘2
where { is the time in seconds in which the change n¢ takes place. To get
the induced voltage in volts, this equation must be divided by 108. The
minus sign indicates that the induced voltage acts ini opposition to the effect

Fia. 25.—Magnetic flux in coil.

which produces it. If a coil is connected to a battery asin Fig. 26 and the
switch S is closed, current will flow in the coil. This current sets up a
magnetic flux linking the coil. The value of this flux N is proportional to
the current / and may be expressed as
N =1LI

where L is called the self-inductance or simply the inductance of the circuit.
The self-inductance of a circuit is the magnetic flux linked with it which is
due to a unit of current flowing in it as given by the equation L = N + I.
The value of L depends on the number of turns of wire, on the shape and size
of the turns of wire, and on the permeahility (page G4) of the medium
surrounding the circuit.

It is obvious that the greater the number of turns of wire and the greater
the amount of iron in the core of a coil the greater is its self-inductance.
Likewise, the greater the self-inductance of a circuit the greater is its property
to oppose the voltage applied to it. Thus a circuit might have a self-
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inductance so large that no variable current could pass through it. A coil
having this property is called a choke coil.

The unit of self-inductance is the henry. A coil is said to have a self-
inductance of one henry if a rate of current change of one ampere per second
produces an induced voltage of one volt. For practical work, smaller parts
of a henry are used, such as the millikenry (one-thousandth of a henry) and
the microhenry (one-millionth of a henry).

Electromotive Force of Self-induction.—As the flux increases in a circuit
like Fig. 23, it induces an electromotive force (voltage) in the coil. The
magnitude of this self-induced voltage depends on the number of turns of
wire in the coil and the rate at which the flux increases. The direction of the
induced voltage is such as to oppose the increase in the flux linkings of the
coil, or, in other words, the induced voltage must oppose any increase of
current. On the other hand, when the circuit is broken, the induced voltage
is in the same direction as the original current and tries to keep the current
flowing.

The electromotive force of self-induction e may he expressed, then, as

c=—Lt

where e is the value of induced voltage in volts, L is coefficient of self-induction
in henrys, and 1/t is the rate of change of current with respect to time.

The minus sign, as already stated, indicates that the induced voltage
opposes the change of current.

Energy of Magnetic Field.—It is a well-known fact that matter cannot
set itself in motion and that energy for its movement must be supplied from
outside itself. So in an electric circuit a current cannot set itself in motion
and energy must be supplied from an available source of electromotive force.
This is obvious because the current as it increases must flow against a
counter-electromotive force. The establishment of a magnetic field about an
electric circuit has been explained. When this field collapses or disappears,
the energy stored in the field is returned to the circuit. The maintenance
of a constant field, however, does not require an expenditure of energy. It
can be shown that the energy W of a magnetic field is

: W = LLI*
where W is the energy in the magnetic field in watt-seconds, L is the indue-
tance of the circuit in henrys, and 7 is the current in amperes.

If two coils are in such a relation to each other that a voltage is induced in
one because of a change of current in the other, the coils are said to possess
mutual inductance. It follows, then, that the voltage e4 induced in coil A
due to rate of change of current 75/t in coil B is

eq = —Ml—ts volts.
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Likewise, the voltage e induced in coil B due to a rate of change of current
I4/tin coil 4 is
In
By
where M is the mutual inductance in henrys and ¢ is the time in seconds.

The mutual inductance of two circuits depends on the size and construc-
tion of the circuits, their distance apart, their relative position, and the
nature of the material between them, because these factors affect the
magnetic flux which links both circuits. The mutual inductance decreases
rapidly as the distance between the two circuits is increased.

If two coils are placed so that their axes are in the same line, their mutual
inductance is largest for that spacing. If the axes of the coils are at right
angles, their mutual inductance has its lowest value, and if the axes of the
coils are parallel, their mutual inductance is greater than for the right-angle
position. A metallic sheet placed between two coils has a shielding effect
and reduces the mutual inductance by shielding.

Induction Coil.—The action of an induction coil, illustrated in Fig. 26,
depends on mutual inductance. As shown here, the primary or low-voltage
winding, of a few turns of large wire, is wound on an iron core C and connected

ég =

Fis. 26.—Primary and secondary windings of induction coil.

to a battery. When a current flowing in the primary winding magnetizes the
core, the armature A is pulled toward the core and breaks the primary
circuit. This rupture of the primary circuit reduces the attractive force
of the core and releases the armature which is then pulled back by the
attached spring, thus again completing the primary circuit; and the action
of the device will be repeated. A condenser is placed in parallel with the
points of contact of the armature in the primary circuit to reduce sparking
when the circuit is broken. The frequency of movement of the armature
depends on its weight as well as the stiffness and length of its spring.

The interruption of the primary current is accompanied by a change of
flux in the core. This varying flux induces a high alternating voltage in the
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secondary or high-voltage winding which has many turns of fine wire. The
secondary winding is heavily insulated from the primary. An induction
coil may be used to supply the high voltage required in charging the con-
densers of spark transmitters (page 40). By suitable design the secondary
winding may be made to discharge across the air gap shown in the figure.
The power of an induction coil, however, ig limited by the capacity of the
device for interrupting the circuit.

Coefficient of Coupling.—Two circuits are said to be coupled when the
mutual inductance between them is greater than zero. The theoretical
mazximum value of mutual inductance of two coils or circuits is M,, = VL.,
where L, is the total self-inductance in henrys of one circuit, L, the total
self-inductance in henrys of the other circuit, and M, the maximum mutual
inductance in henrys between the two circuits. This, however, represents a
condition of no leakage. The degree of coefficient of coupling k is the ratio
of the actual M to the theoretical maxinum value of mutual inductance;
that is,

M

k 5 ——=20p0
‘\/Llln

Inductances in Series and in Parallel.—Inductances in series may be
added like resistances. If inductance coils are so far apart that mutual
inductance is negligible, inductances in parallel combine like resistances in
parallel.  If mutual inductance is considered, the total value of inductances
in series L, is

e =L+ Lo+ Ly - - +2(Mia+ My + My g+ - - - ).
Some or all of the mutual inductances may he negative. For two tnducta
in parallel the total inductance L, is in henrys,
Lo = . LiLs — M
P L+ L, =2M
The term 2M changes sign if M is negative.

Part 4
ALTERNATING-CURRENT CIRCUITS

Reactance.—A constant direct current in a circuit meets no opposition
other than the resistance. In the case of a variable current, however, the
conditions are different. In a circuit with inductance, the flow of a variable
current is opposed by the voltage induced because of the variation of the
current. In a circuit containing capacity, the condenser charges and dis-
charges as the current changes and consequently it influences the flow of
current. In a circuit containing both inductance and capacity, the effect of
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one may be offset by the cfiect of the other. Usually, however, one of these
quantities has the stronger effect, so that, in addition to the resistance, the
current meets another opposition called the reactance. Reactance due to
inductance is named inductive reactance, and that due to capacity is capacity
reactance.

The explanation of the variation of reactance with the frequency of the
changes of current is simple. The more rapidly the current changes the
greater is the induced voltage in a circuit and hence the greater the inductive
reactance. In the case of a condenser, however, as the current changes are
increased, the reactance becomes less. This happens because the greater
the number of charges and discharges of the condenser taking place every
second the greater is the quantity of electricity (current) which flows. In
most cases the reactance of a circuit for radio service is greater than its
resistance.

In order to determine the value of the current in a circuit it is necessary
to combine the reactancc with the resistance in order to get the total
opposition or tmpedance to the flow of the current.

Alternating Current.—An alternating current is one in which electricity
flows around the circuit, first in one direction and then in the opposite
direction. It starts from a valuc of zero, increases to a maximum, drops to
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Fia. 27.—Magnetic field of simple  Fiu. 28.—Circle diagram and wave curve
dvnamao. representing alternating voltages.

zero again, reverses its direction of flow, increases to a maximum, and
finally drops to zero. The highcst value of current reached is the amplitude
of the current. During this interval of time the current is said to have
passed one complete “cycle’” of changes. The number of such cycles per
second is called the frequency.

An alternating voltage of this kind may be produced in a coil revolving in a
uniform magnetic field, such as in the simple dynamo of Fig. 27. The single
turn of wire isshown in such a position that the magnetic flux passing through
it is a maximum. When the wire is rotated in either direction, the flux
passing through it is changed, and hence a voltage is induced. As the wire
is rotated, the change of flux through it is greater in some positions than in
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others and the voltage at the slip rings S varies in a definite manner. Ina
circle diagram, such as at a of Fig. 28, the vertical distance from the hori-
zontal axis to the end of a revolving line represents the induced voltage.
Thus the vertical lines as shown represent the voltages induced when the
coil has passed through angles of 30, 60, and 90 degrees, respectively. If a
chart is made taking the distance along a horizontal line to represent degrees
of revolution and the vertical distance from this line to represent induced
voltages, a wave curve as in b of Fig. 28 is obtained.

A pure sine wave of voltage may be expressed as e = Eosin wt (page 12).
where ¢ is the instantaneous value of voltage in volts at a time ¢, E, the maxi-
mum value of voltage in volts, w is 2xf in which f is frequency in cycles per
second, ¢ the time in seconds, and r is 3.1416.

This equation when plotted on a curve sheet gives a sine-wave diagram
as shown by b in Fig. 28. The amplitude of the wave is marked in the figure.

Harmonics.—Ordinary alternating-current generators do not have mag-
netic fields which are exactly uniform, so that the current and voltage pro-
duced do not go through their changes in the same way as the ideal sine
wave illustrated in the figure. Such irregular or distorted currents and
voltages have, in addition to the fundamental frequency, other frequencies
called harmonics which are multiples of the fundamental. The fundamental
frequency is sometimes called the first harmonic. Thesecond harmonic hasa
frequency twice that of the fundamental; the third, a frequency three times
the fundamental; and so on.

The usual alternating-current lighting circuit carries a current having a
frequency of 60 cycles per second. The currents used in radio work may
have frequencies between the limits of about 10,000 to 15,000,000 cycles per
second. Alternating currents which have a frequency of less than 10,000
cycles per second are audio-frequency currents, while those with frequencies
greater than 10,000 cycles are radio-frequency currents.

Effective Values of Alternating Quantities.—If a direct-current instrument
for measuring current flow is put into an alternating-current circuit, its
indicator or needle pointer cannot follow the rapid changes of current and so
takes a position which corresponds to the average of all the current values
during one cycle. This average value, however, is zero, because the changes
of current in one direction are the same as those in the other direction. The
same behavior is noticed if a direct-current volmeter is put into an alter-
nating-current circuit. '

The indicator of an alternating-current instrument always deflects in the
same direction regardless of the direction of the current or voltage. This
deflection is proportional to the square of the current and, on an alternating-
current circuit, would be determined by the average of the squares of all the
current values during a cycle, For an alternating-current sine wave it can
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be shown that the ammeter deflection is proportional to a value which is one-
half of the square of the maximum value.

But the effectiveness of an alternating current is not based on its average
value but on its heating effect and is expressed in terms of an equivalent direct
current which would produce heat at the same rate.

The heating effect of a current is proportional to the square of its value
(amperes). Tor a direct current / then, heating effect is proportional to 72
For an alternating current the heating effect is proportional to the average
of the square of the current values in one cycle, or, proportional to one-half
the square of the maximum current. This may be expressed as /,2/2 where
I, is the maximum value (amplitude) of current. From these relations it
may be shown that I = /T,3/2 or I = 0.707 I,; that is, if an ammeterisinan
alternating-current circuit having a current whose maximum value is I,
(assume 100 amperes for example) the instrument (ammeter) will have a
reading of the effective current I of 0.707 I, (or 70.7 amperes). Likewise, an
alternating-current voltmeter will always read the effective value of the
voltage, which is equal to the maximum value multiplied by 0.707. Con-
versely, the effective values multiplied by 1.414 give the corresponding
maximum values.

Circuit Having Resistance Only.—If an alternating voltage is applied to a
circuit having resistance only, the current at any instant is found by dividing
the voltage at that instant by the resistance of the circuit. In this type of
circuit the current is zero when voltage is zero, the current is highest when
voltage is highest, and, in fact, the changes in current keep step with those
of the voltage. The current and voltage are said to be “in phase.” For
this case, then, in an alternating-current circuit having_ resistance only
(non-inductive),

I = E/R where I and E are effective values of current (amperes) and vol-
tage (volts).

The power in this circuit, at any instant, is equal to the product of the
values of current and voltage at that instant. The average power for a
cycle, however, is equal to the product of the effective current and the effec-
tive voltage; that is,

Average power P = I X E.

Phase of Current.—Difference in phase of a current is nothing more than
difference in position of voltage and current waves in a cycle. It is generally
referred to as difference in time, expressed as a fraction of the length of a
eycle, thus: one-quarter of a cycle, one-half of a cycle, and so on. Phase
difference may be expressed also as an angle. Thus a difference in phase
of one cycle is considered as the equivalent of an angle of one revolution, or
360 degrees. One-quarter of a cycle then corresponds to 90 degrees, and
one-half of a cycle to 180 degrees.
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The consideration of phase difference is useful in circuits in which the
current and voltage do not pass through their maximum values at the same time.
Thus, in Fig. 29, the current lags behind the voltage to an extent that the
phase difference is one-eighth of a cycle, or 45 degrees.

In a circuit containing only non-inductive resistance the current and
voltage are in phase as indicated in Fig. 30. On the other hand, in any

Fia. 29.—Diagram showing phase Fia. 30.—Phase relations with
difference between voltage and non-inductive resistance (voltage
current. and current in phase).

circuit having a reactance there must be a difference in phase between the
current and the voltage.

Circuit Having Inductance Only.—An approximation ta a circuit having
inductance only is one consisting of a large inductance coil of heavy wire
with a very low resistance. When an alternating voltage is applied to this
circuit, the variations of the current induce a voltage in the circuit which
increases as the inductance and also the rate of current variation are
increased,
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Fia. 3L—Diagram of applied and Fia. 32.—Non-inductive and induec-
induced voltages (angle of lag 90 tive resistances in series.
degrees).

In Fig. 31 the current varies in value most rapidly at points A, B, and C
where it passes through zero. At these points the induced voltage has its
maximum value. At points D and E, where, momentarily, the current does
not change at all, the value of the induced voltage is zero. It can be shown
that the applied voltage and the induced voliage are, at every instant, equal
and opposite as shown in the figure. The effect of the induced voltage is to
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oppose changes in the current. Consequently, in this case, the current is
found to lag behind the applied voltage by 90 degrees.

The induced voltage has a value of 2xfLI in which = is 3.1416, f is the
frequency in cycles per second, L is inductance in henrys, and 7 is the effec
tive value of the current in amperes. From this relation the effective value
of the current 7 is

Ei
= 5L

Inductive Reactance.—The term 2xfL is known as inductive reactance,
sometimes expressed as X1, and i8 measured in ohms. Inductive reactance
increases a8 the frequency or inductance or both are increased. Thus,
at 50,000 cycles per second the reactance of a coil having an inductance of
0.3 henry is

Xi. =2 X 3.1416 X 50,000 X 0.3 = 94,245 ohms.

This inductive reactance rcduces the current just as a resistance of the
same value would, but no energy is lost in heat. In a purely inductive cir-
cuit, energy is stored in the magnetic field in one-half of a
cycle and returned to the circuit during the other half of

I

the cycle. &
Circuit Having Resistance and Inductance in Series.— bé‘

If i is the instantaneous current, the voltage required to X

force this current through a non-inductive resistance R ¢

is Ri, and the voltage rcquired to overcome the induced

voltage of the inductance is X.i. Hence, the instantaneous R

value of the applied voltage ¢ is Ri + X1i. But these Fra. 33.—8ize
values of non-inductive and inductive voltage cannot be gfe :rg:: et::lilg]e
used to cal(.:ulate the effective a‘pphed voltage, because the relation betw eeﬁ
voltages Ri and Xii are not in phase. When the volt- jmpedance, re-
age Ri is zero, the voltage X .7 is at a maximum. Thesum actance, and re-
of the two voltages may have a maximum value which is sistance.

less than the sum of their individual maximum values.

This may be shown by an experiment in which an alternating current is
passed through a circuit containing non-inductive and inductive resistances
connected in serics as in Fig. 32. Three voltmeters marked a, b, and c are
used to measure the voltages between the points A and B, B and C, and C
and A, respectively. The effective voltages indicated by the voltmeters are
such that the reading of instrument ¢ is not equal to the reading of b plus
that of a, as would be expected for direct current. The voltmeter a indicates
now a reading of R/, and b a reading of X.I where [ is the effective value of
current, such as would be obtained with an alternating-current ammeter.
The voltmeter ¢ indicates the effective value E of the applied voltage which is
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represented by the hypotenuse of a right triangle wiose sides are RI and
X1I. The relation between the sides and hypotenuse of a right triangle is
such that

E? = (RI)* + (XpI)* = I*(R?* + X1%).

From this the effective value of the current produced by the effective applied

voltage E is
— ____E .
VR + X2

Addition of Alternating Quantities.—The addition of alternating currents
is best explained by means of a diagram. In Fig. 34 the curves /, and I,
represent the instantaneous values over one
cycle of two alternating currents which are in
phase. The sum of currents I, and /s at any
point in the cycle is obtained by finding the
height of each curve at the given point and
adding the two heights. The values thus
obtained can be used to obtain the current
curve I;.

For two currents which are not in phase, as
I, and I, in Fig. 35, the procedure is exactly
the same, although consideration must be given
to the fact that values above the reference line

Fie. 34.—Instantaneous gre considered as positive, and those below
values of two alternating yhe Jine ag negative. In this case the sum of
currents in phase, . :

the currents I, and I. gives the current
curve I;. It should be noted that the resultant current I; is not in phase
with either I, or I,

The term +/R? + X%, known as the impedance of a circuit, takes the
place in alternating-current calculations of the resistance in direct-
current work. The relation between impedance, resistance, and reactance
is the same as that between hypotenuse, base, and height of the right
triangle of Fig. 33.

Power Factor.—The power lost in heat in any circuit is I*R. The
apparent power is EI. To get the actual power, the apparent power must
be multiplied by a number called the power factor; that is,

Actual power = EI X power factor, where
resistance R

Power factor = W =3

I3

Circuit Having Capacity Only.—When an alternating voltage e is applied
to a circuit containing capacity, the voltage starts from a value of zero,
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as at a in Fig. 36, and as long as the voltage increases in an assumed positive
direction, the current flows info the condenser. The direction of flow of
this current is positive and will continue in that direction as long as the
voltage continues to increase. When the point b is reached, the voltage ¢
stops increasing and the current becomes zero again. Between the points
b and c¢ the voltage is decreasing. Consequently the current now flows
out of the condenser and will be considered as having a negative direction of
flow. Beyond the point ¢ the voltage reverses and charges the condenser
in the opposite direction, hence the direction of flow of the current still is

3
I
:]sol-
F16. 3&—Instantaneous values of Fig. 36.—Voltage and current
two alternating currents not in relations in charging a condenser
phase. (90 degrees difference in phase).

negative. When the voltage e reaches its negative maximum, the current
reverses and becomes positive. It should be apparent, therefore, for the
conditions of voltage and current relations illustrated by this figure, that
the current which charges the condenser is, in phase, 90 degrees ahead of the
applied voltage. In general, the charging current is increased when the
capacity is increased, when the frequency is increased, and when the applied
voltage is increased.
These relations may be expressed by symbols, thus,

= 2xfCE

in which I is the effective value of the charging current in amperes, f the
frequency in cycles per second, C the capacity in farads, E the effective value
of the applied voltage in volts, and « is 3.1416.

Capacity Reactance.—Similar to the inductive reactance X, is the capacity
reactance X. of a condenser, which is expressed in ohms by the equation

E 1
Xe=T =mpe
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This equation shows that the capacity reactance increases if the capacity
is reduced or if the frequency is lowered. For instance, at 60 cycles per
second the reactance of a condenser having a capacity of 0.2 microfarad is
10¢

Xo= 531416 X 60 X 0.2 — 1300 ohms.

The figure 10¢ is necessary to change microfarads into farads. At 100,000
cycles per second, however, the reactance drops to a value of 8 ohms. It
is clear, therefore, that a condenser offers less opposition to a high-frequency
current than to one of low frequency;
in other words, the greater the fre-
quency of the applied voltage the
greater the current flow.

Theoretically no power is dissipated
in a condenser bhecause the electric
energy stored during the charging pro-
cess is given back to the circuit when
the condenser discharges. In well-
designed condensers in which the plates

Fia. 37.—Voltage relations with are separated by an air space the loss
yesistgnce, inductance, and capacity is very small, but in condensers in
Ligeerica which the plates are separated by solid

dielectrics this loss is appreciable.
A condenser of the latter kind behaves as if it had a resistance in series with
it, the value of which depends upon the kind of dielectric, the capacity, and
the frequency. This resistance effect decreases as the capacity increases
and as the frequency increases.

Circuit Having Resistance, Inductance, and Capacity in Series.—When
an alternating voltage is applied to a circuit in which a resistance R, an
inductance L, and a capacity C are connected in series, a current will flow
producing a voltage IR across the resistance, /Xy, across the inductance,
and 71X, across the capacity. The terms Xp and X, are the inductive
reactance and the capacity reactance, respectively. If these several voltages
are referred to the current with regard to phase, it is seen that the voltage
IR is in phase with the currcnt, the voltage /Xy leads the current by 90
degrees, and the voltage /X, lags behind the current by 90 degrees. These
relations are represented in Fig. 37.

For complicated alternating-current circuits the use of the sine wave
diagram is quite cumbersome and represents instantaneous values only.
A clearer relation between the quantities concerned is obtained by a vector
diagram. In such a diagram an alternating quantity may be repres:nted
by a line called a ““vector”’ which indicates both direction and effective value.
Thus, in Fig. 38, if the vector I represents the direction and effective value
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of the current, then the voltage /R, being in phase, must lie along the
“current” vector. The voltage /X which leads the current I by 90
degrecs is drawn 90 degrees ahead of / in a counterclockwise rotation, and,
similarly, /X, is drawn 90 degrees behind 7. It is elear from this figure, as
in the one above, that the voltages IXz and /X, are in direct opposition to
each other. The net effect is found by subtracting the smaller from the
larger, obtaining then the quantity I(X. — X.), as shown in drawing b
of Fig. 38. The effective value of the applicd voltage E, then, is the hypote-

[
{u »iﬁ RJ R
|
S (XX, )7
E\\ el 4 é X-X¢)
v NS C.
%,
Ooe
(a) (b) )

Fia. 38.—Vector dingram.

nuse of a triangle having /R for one side and /(X — X.) for the other side.
These quantities are so related that

E = VIR + XL — IXo)t

from which
E

..
VR + (XL — Xo)?

The impedance Z in ohms is equal to VR? + (X1 — Xo) A circuit of
this kind acts as though it has a single reactance equal to the difference
between the inductive reactance and

the capacity reactance. 1f the c  §F- 'l
inductive reactance is the greater, the g !
circuit acts like an inductive circuit, E !
but if the capacity reactance is the k! !
greater, the circuit acts like a condenser R | E

IR'E/R

Fia. 39.—Voltage and current
relations in circuit with capacity
and resistance in parallel.

circuit. The quantities resistance, in-
ductive reactance, capacity reactance,
and impedance are related as in the
right triangle of drawing ¢ in Fig. 38.

Circuit Having Resistance and Capacity in Parallel.—In a circuit having
parallel paths, the voltage across each of the paths is the same, but the
current in each path may be different. This effect is opposite to that of a
series circuit, in which the same current flows through each part of the circuit
but the voltages across the individual parts may be different.
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If an alternating voltage is applied to a circuit consisting of a capacity
(’ and a resistance R in parallel, the current and voltage relations are shown
asin Fig. 39. In this case the applied voltage E is used as the reference line.
The condenser current /. is drawn 90 degrees ahead of E, and the resistance
current /z is drawn in phase with E. The external current 7 is the resultant
of I. and Ig. The current / is expressed by

1 =B\, + o,

The term I;i + (2xfC)? is called the admittance of the circuit and its

reciprocal is the impedance.

A parallel combination of this kind is the equivalent of a leaky condenser
or of an antenna (page 82) having defective insulation.

Circuit Having Inductance and Capacity in Parallel.—If an alternating
voltage is applied to a circuit consisting of inductance and capacity in

%
L o
g
~ [
)
wIE
“N R L
5
Firu. 40.—Voltage and current Fi:. 41.—Voltage and current
relations in circuit with inductance relations in cireuit having capacity
and capacity in parallel. in parallel with inductance and

resistance in series.

parallel, the current and voltage relations are as shown in Fig. 40. The
condenser current /. leads the applied voltage E by 90 degrees and the coil
current /1 lags behind E by 90 degrees. If I, is greater than Iy, the resultant
external current is 90 degrees ahead of E, while if /. is greater than /.,
the resultant current lags 90 degrees behind E. If /. = I, no current will
flow in the external circuit. This is the condition called *“parallel reso-
nance,” and the resonant frequency is f, = 1/2x+/LC

Circuit Having Capacity in Parallel with Inductance and Resistance in
Series.—In practice an inductance coil has always resistance. The intro-
duction of resistance into the circuit of Fig. 40 (inductance and capacity)
changes the current and voltage relations to those of Fig. 41.
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1 c ..
RT ¥ Gl L The resultant current / then is in phasc
ER

with the voltage and is equal to I = R+ '(21.rfL)’ or, by substitution,

At resonance

I =E %g » meaning that the circuit acts as if it had a resistance of . + RC

where L is the inductance in henrys, R is the resistance in ohms, and C is the
capacity in farads.

Part b

RADIO CIRCUITS

Radio currents are merely alternating currents of low power but of high
frequencies ranging from 1,000,000 to about 300,000,000 cycles per second.
Ordinary alternating-current power, on the other hand, is generated and
transmitted over wires at frequencies from 25 to 60 cycles per second. It
is this great difference in frequency which accounts for the difference in
the behavior of a radio circuit of very high frequency when compared with
an alternating-current circuit of low frequency.

In & radio circuit the inductive reactance of even a small induction coil
consisting of a few turns of wire must be given due consideration. A con-
denser of small capacity which would block out almost entirely the flow
of a low-frequency current will pass readily a current of the high frequencies
of radio currents. At the so-called “radio frequencies” (20,000 to 3,000,000
cveles per second) the mutual effect of one circuit on another is increased,
the skin effect (page 88) is much greater, the eddy currenis (page 11) are
larger, and the dielectric losses (page 58) are increased.

TapLe XV.—ErrFECT OF FREQUENCY VARIATION ON REACTANCES

Frequency, cycles | Inductive react- atecty ‘;'eact,- Total reactance,
per second ance of coil, ohms EEERTH CRI T, ohms
ohms

60 0.188 — 530,000 —530,000
1,000 3.142 — 31,840 — 31,837

100,000 314 .2 - 318.4 = 4.2
100,700 316.23 = 316.23 0
1,000,000 3,142 | - 31.84 3,110
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The effect upon the inductive reactance of a coil and the capacity react-
ance of a condenser when the coil and the condenser are in series as the
frequency is increased frem 60 to 1,000,000 cycles is shown in table XV
from Bureau of Standards Bulletin 40. 1In this case the coil has an induc-
tance of 500 microhenrys and the condenser a capacity of 0.005
microfarad.

It is obvious that the inductive reactance of the coil increases from a small
to a considerable value as the frequency is increased. The capacity reactance
of the condenser, on the other hand, changes from a high value at low fre-
quencies to such a small value at high frequencies that it may be neglected in
most calculations.

Series Resonance.—In a circuit in which a resistance, an inductance,
and a capacity are in series, the total reactance will be zero at a frequency at
which the inductive reactance is equal to the capacity reactance. This
frequency is called the resonance frequency of the circuit, and the circuit is
said to be in “resonance,” meaning that it is tuned to the operating fre-
quency of the circuit. Since at resonance Xy = X, or 2xf,L. = 1/2xf,C, the
resonant frequency is f; = 1/2x+/LC where L is in henrys and C in farads,
orf, = 159,200/+/LC where L is in microhenrys and C in microfarads. The
resonant wave length is then 1,884+/LC where L is in microhenrys and C in
microfarads.

At this condition of resonance the current is greatest and the impedance is
least; and the equation for current / becomes E + R. The voltages across
either the inductance or the capacity, however, may be much greater than E,
as they exist in their respective circuits even though the resultant effect on
the circuit as a whole is that the one neutralizes the other. Thus, if in 2
circuit of a radio receiving set the voltage of an auxiliary circuit including a
condenser is impressed on the input side (grid circuit page 36) of a vacuum
tube, then at the point of resonance the condenser voltage may have a
value many times that of the incoming voltage.

Likewise in a transmitting circuit the voltage between the antenna and the
ground connection inay have a high value at resonance so that the antenna
of a.radio transmitting station must have an insulation which is adequate
for a relatively high voltage.

Tuning.—A circuit is tuned to resonance when the reactance is reduced to
zero, so that the impedance of the circuit consists only of the resistance.
At frequencies other than the resonant or tuned frequency, the inductive and
capacity reactances are unequal and their difference enters the expression
for impedance (page 37). At frequencies less than the resonant fre-
quency, the capacity reactance is larger than the inductive reactance, hence
at low frequencies the current is reduced by the capacity while at high
frequencies it is reduced by the inductance.
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In the expression f, = 1/2x+/LC it is seen that the resonant frequency
depends on the product L X C. On page 17 is given a table showing the
relations between f, and L X C.

Resonance Curve.—The response of a tuned circuit to a given frequency
is indicated by a resonance curve which shows the reduction of the current
on both sides of the point of resonance. Such a curve is obtained by plotting

20
L
o)
s /
_/
02'.00 2300 2400 2500

Capacity,micromicrofarads

F1a. 42.—Resonance curve.

the current (or current squared) against a range of frequencies around the
resonant value. The curve in Fig. 42 is drawn for a circuit in which B = 4.4
ohms, L = 377 microhenrys, f = 169,100 cycles per second, and the applied
voltage E = 19.2 volts. The values for /? as C is varied from 2,200 to
2,500 microfarads arc obtained from the expression
E?
) .

R 4+ (X1 — X.)?
where X1, and X. are, respectively, the inductive and the capacity reactances.

At resonance the value of the current is / = E + R = 4.36 amperes.
The voltage across the inductance at resonance is Xp/ = 2 X 3.1416
X 169,100 X 377 X 10~* X 4.36 = 1,750 volts. In termms of capacity
reactance X, and resonant current /, the voltage across the condenser
at resonance is X./ or 1,750 volts. It is obvious, of course, that these
voltages are mueh greater than the applied voltage of 19.2 volts. If the
resistance of the circuit is increased, the current at resonance is decrcased
in a somewhat greater proportion.
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The “sharpness” of resonance, or selectivily, is a quantity which indicates
the fractional change in current for a given fractional change in either C or L
at resonance. It may be shown that the sharpness of resonance thus defined
is equal to the ratio of the inductive reactance X, to the resistance R, that is,
2zfL/R. 1t should be noted that as the value of resistance is made less, the
resonance curve becomes sharper and that as R is increased, the curve
becomes flatter.

Parallel Resonance.—In the paragraph on series resonance (page 82)
an explanation was given of the behavior of a circuit in allowing the flow
of maximum current for a given applied voltage. The same principle is
applied in preventing the flow of a current having a certain frequency but in
allowing the flow of currents having other frequencies. The device used
for this purpose is called a filter and consists of an inductance in parallel

Fig. 43.—Circuit consisting of Fi16. 44.—Vector diagram of cur-
condenser in parallel with induc- rent and voltage for capacity in
tance and resistance to illustrate parallel with resistance  and
parallel resonance. inductance.

with a capacity. By suitable adjustiment of the values of inductance and
capacity, the circuit of a filter can be made to oppose a current of a given
frequency. This procedure involves the principle of parallel resonance.

If an alternating voltage E is applied to a circuit consisting of a condenser
in parallel with an inductance and a resistance, as in Fig. 43, the total current
I flowing in the external circuit will divide into a current /5 flowing through
the coil and a current I. flowing through the condenser. If ammeters
are put into the various circuits and the capacity varied, it will be seen that
the value of /, approaches that of 7z and that the value of the total current
I decreases. At some definite value of capacity the total current will reach
its lowest value. At this point the currents I, and Iz are nearly equal but
may have values many times that of the total current.
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A mathematical treatment of the action of this circuit shows that the
total current I is the vector sum (page 10) of the currents I and /. in
the two branches. If the condenser loss is neglected,

I.= —2%fCE and Iy = ——t .

+/R?* + (2xfL)?

The sum of the two currents with consideration for their phase relationship
is

1 = E\(24¢ - gy n) + (& ek

The vector diagram is shown in Fig. 4. When C = B +€21fl;)'5’ the

total current / is in phase with the voltage E and is equal to Ip =
R +E(§;er')"' This is the condition for parallel resonance and gives a
value of the external current which is a minimum in the case where the
capacity C is varied. If parallel resonance is obtained

by varying the inductance instead of the capacity, the

conditions for minimum current in the external circuit ad

are slightly different.

At radio frequencies (page 39), however, the resistance
of an inductance coil is very small, compared with the coil Z
reactance. In this case the relation between C and L as
given above for parallel resonance becomes 2xf,C =
1/2xf,L. where f, is the resonant frequency and f = T,
1/2x+/LC. In other words, the value of f, for parallel L
resonance is the same as the resonant frequency in series .

N G. 45.—Vec-

resonance (page 82). This indicates that at parallel (o diagram of
resonance, the series combination of condenser and current and volt-
coil is apparently in a condition of series resonance. 3ge for condition
It will be remembered that in series resonance, the °f Parallel reso-
condenser and coil voltages are equal and opposite.
Consequently, since the condenser and coil currents are nearly equal and
opposite, their difference accounts for an external current of very low value.
The total resonant current is then I, = ER/(2xf.L)?. A vector diagram for
this case is shown in Fig. 45. The total current, being the vector sum of
I. and I1, may be very small. The equivalent effect of the coil and con-
denser together upon the external current is that of a large impedance having
a value of (2xf.L)*/R.

On either side of the point of resonance the value of the total current
increases if the inductance or the capacity or the frequency is changed. This
variation in current value with change in frequency is shown in Fig. 46,
for a circuit in which L is 377 microhenrys and C is 0.002,35 microfarad.
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At low frequencies the increase in current is due to the effeet of the capacity,
and at high frequencies it is due to the effect of the inductance.

A series combination, therefore, of inductance and capacity has a reactance
which is equal to zero when 2xfl. = 1/2xfC, while a parallel circuit under the
same conditions has a reactance which is so great that theoretically it is equal
to infinity, Hence a series combination is used when a current of a certain

14

o\ ~
o\ |

I1x108 2x108
w

F1a. 46.—Resonance curve of parallel circuits.

frequency is to be a maximum, and a parallel combination is used when a
current of that frequency is to be excluded from a circuit.

Capacity of Inductance Coils.—All kinds of inductance coils have capacity
in addition to inductance. This is due to the capacity which exists between
the turns of wire as well as to the stray capacity such as that between the
terminal posts and that between the coil and ground. This capacity is
called the distributed capacity of a coil, and, although its value is small, it is
of the same order as other capacities used in radio circuits. A coil, then,
must be treated as if it were an inductance in parallel with a capacity.
Hence even a eoil by itself has a definite frequency of resonance which
depends on its inductance and capacity. Neither the distributed capacity
nor the inductance varies with frequency, but the equivalent inductance
of the coil (considered as inductance in parallel with capacity) varies accord-
ing to the relation

L
1 — 2)TLC
In this equation L is inductance in henrys and C is distributed capacity of the
coil in farads.

Equivalent inductance =
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The reactance of a coil varies with the frequency of the current it carries,
increasing up to the frequency of resonance. Coils used for radio-frequency
work. (page 39) should be designed for low distributed capacity.

Part 6
COUPLED CIRCUITS
Coupling.—When two circuits have some part in common or are linked

by a magnetic or electrostatic field, they are said to be coupled. There
are two general classes of coupling, the direct and the indirect.

(a)-Inductance tb)-Capacity (¢)- Resistance

F1a. 47.—Three types of direct coupling.

Three types of direct coupling are illustrated in Fig. 47. This indicates
that two circuits may be coupled directly by the use of (1) inductance,
(2) capacity, or (3) resistance. [ndirect coupling is illustrated in Fig. 48 by
two types, the inductive and the capacitive. The primary is considered to be
that circuit to which the voltage is applied, and the other circuit is called the
secondary circuit. *

G

(a)-Inductive (b)- Capacitive
F1a. 48.—Two types of indirect coupling.

Close or tight coupling is said to exist when a change of current in one
circuit produces a considerable effect upon the other. When coupling is
loose, one circuit produces only a slight effect upon the other.

In direct inductive coupling, the coupling is made closer by increasing the
amount of common inductance without changing the total inductance of the
circuit. In direct capacity coupling, the coupling is made closer by reducing
the capacity of the common condenser. In indirect inductive coupling, the
coupling is made closer by moving the coils nearer or by increasing the induc-
tance or either coil. In indirect capacily coupling, the coupling is made
closer by increasing the capacity of the coupling condensers €, and C, as
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in Fig. 48. Direct coupling is not used much in radio work because sharp
tuning or loose coupling is difficult to get together with an efficient transfer
of power from one circuit to another. Indirect capacity coupled circuits are
used mostly in radio-receiving and amplifying circuits.

Resonance Curves.—Two circuits will resonate to but one frequency if the
coupling between them is loose, but if the coupling is tight, {wo resonant
frequencies are observed. One of these is lower than the frequency of each
circuit by itself and the other is higher. As the coupling is made tighter, the
two resonant frequencies are spread farther apart in value. The resonance
curve of a circuit with loose coupling is indicated by the dotted curve in
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Frg. 49.—Resonance curve of circuit with loose and tight coupling.

Fig. 49, and that for a circuit with tight coupling, by the full-line curve.
These two resonant frequencies are caused by the mutual inductance
(page 68) of the two circuits. The mutual inductance and also the
individual inductances of the two circuits vary momentarily and affect the
coefficient of coupling which is equal to M + /L L.

If a primary circuit and a secondary circuit are adjusted separately to
have the same frequency f, it can be shown that the relation between this
frequency, the coefficient of coupling, and the two resonant frequencies
fiand f3is

__ 7 -_f .
= ™M T
As the coupling is made looser, k decreases because the mutual inductance M
becomes smaller (compared with L, or Ls) and the two frequencies fi and
f2 approach each other in value and finally become equal.

Part 7
HIGH-FREQUENCY RESISTANCES

Skin Effect.—When a voltage is applied to a wire, the effect of the self-
induced voltage in the wire, as the current builds up, acts to increase
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the current flow near the surface of the wire and to oppose the flow near the
center. With a direct-current voltage, the distribution of current over the
cross-section of the wire finally becomes uniform; but with a high-frequency
alternating voltage the current strength is greatest near the surface of the
wire because the current does not have time to reach a steady value on
account of the rapid changes of voltage. This behavior, called skin-effect,
is equivalent to a reduction of the cross-sectional area of the wire and
accounts for the observed increase in resistance at high frequencies.

Effective Resistance.—The resistance of a wire to a high-frequency current
is, therefore, several times greater than its resistance to direct current. The
effective resistance at a given frequency is found by dividing the power loss
by the square of the effective current.

Effective resistance of a circuit may be increased appreciably by induction
between it and adjacent circuits or other conducting bodies. A condenser
in a radio circuit increases the effective resistance because of the heating of
the dielectric insulating material and also because of the energy loss due to
the “brush’” discharge accompanying its operation at high voltages.
Another factor which adds to effective resistance is the spark resistance of a
so-called ‘“‘spark gap.”

Form of Conductors.—Thin tubing is more suitable than a solid wire as a
conductor for high-frequency currents, because the core of a solid wire is
ineffective on account of skin effect. For a given cross-section, thin tubing
has a high-frequency resistance less than that of any other form of conductor.
Stranded wire, to be effective, must be made of enameled or otherwise
insulated strands so placed that each strand comes to the surface as much
as any other strand. A stranded cable in which the strands are braided is
better than one in which they are merely twisted. When a conductor in the
form of a strip is used, precautions should be taken to make the perimeter
large in proportion to the area. '

Part 8
DAMPED OSCILLATIONS

Oscillating Circuits.—If a constant alternating voltage is applied to a
radio circuit, a constant alternating current is produced with an amplitude
which does not vary; that is, the circuit is made to oscillate at the frequency
of the applied voltage, and the oscillations produced are forced oscillations.
Energy losses in the circuit are supplied from the external source of power.
Oscillations of current, however, may be produced in a circuit without the
application of an external voltage, as in the discharge of a condenser.

Condenser Discharge.—When a charged condenser is connected to a
circuit containing inductance and resistance, as in Fig. 50, oscillations of the
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current will be produced but they will continually diminish in strength, as
indicated in Fig. 51, because the electrical energy is spent in overcoming the
resistance of the circuit.

As the condenser discharges, a current flows out of it, and the difference
of voltage between the plates becomes less. The condenser is thus giving
up its energy, which is transferred to the magnetic field of the coil. When
the condenser has discharged and its plates are at the same voltage, the
current still flows, and consequently the condenser begins to be charged in
the opposite direction. If there is no resistance in the circuit, the voltage
of the condenser will attain its original value and the current will drop to

L
C
R
S
Fi1:. 50.—Condenser connected to cir- Fi1e. 51.—Continually diminishing
cuit with inductance and resistance. oscillations in condenser which is

discharging.

zero. Energy, however, is being lost in heat and radiation. The effect of
the condenser voltage is now to oppose the current flow, and energy is being
transferred from the coil to the condenser. At this point the condenser has
been recharged, but in a direction opposite to that at first. Then the
condenser begins to discharge again and the flow of current continues until
the condenser is charged once more as originally. The total amount of
energy in the condenser continually decreases until it is all spent and the
oscillations cease.

It is evident that the value of the current is greatest when the voltage of
the condenser is zero. As the condenser voltage approaches its greatest
value the current decreases to zero and then flows in the opposite direction.
Current alternations of this kind in a circuit are called electric oscillations
and, because no external source of voltage is used, they are known as free
oscillations. Oscillations which continually decrease in strength are called
damped oscillations. If the energy losses of the circuit are supplied from an
external source, undamped oscillations are produced which do not decrease in
strength but persist indefinitely. Hence the resistance of the circuit must
be known to determine the rate at which the oscillations decrease. The
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series of oscillations produced when a condenser discharges is called a wave
train.

Frequency.—It can be shown that if R, L, and C are the resistance in ochms,
inductance in henrys, and eapacity in farads, respectively, of a circuit, the
frequency f of “free” oscillations in the circuit and likewise the natural
frequency of the circuit is

In an aperiodic circuil, that is, onc which has no true natural period at
which currents will tend to oscillate in it, the quantity (R/2L)?is greater
than 1/LC. Consequently free oscillations are not produced and the current
drops to zero value hut does not reverse in the direction of flow. In most
radio circuits, however, the quantity R/2L is small enough to be neglected,
and hence the expression for frequency becomes, approximately,

pol
2xVLC

Decrement.—The ratc at which oscillations are damped or decreased
depends upon the resistance and inductance of the circuit. The rate of
damping increases as the resistance is increased and as the inductance is
reduced. The numerical measure of the rate of decrcase is taken as the
natural logarithm (page 12) of two maximum values which are one cycle
apart. This value is the decrement for a complete oscillation. Except for
large values, the decrement is approximately equal to the decimal difference
between successive maximum values; thus, if the decrement is 0.1, each
maximum value is approximately 0.1 greater than the next. -

Wlen the resistance of the circuit is not very great the decrement may be
expressed in three forms, as follows:

Decrement = 1(21%1) = xR(2xfC) = ’R\/g'

The radio laws of the United States limit the decrement to values not greater
than 0.2 because of the interference caused by stations which are damped
highly. For a dccrement of 0.2, the number of oscillations which are com-
pleted hefore the amplitudc falls to one per cent of the first value is about 23.
This number is obtained by dividing 4.6 (natural logarithm of 100) by the
decrement 0.2.

If the decrement is small, sharper tuning is possible than if the decre-
ment is large. There is also less interference with a station that is working
at a different frequency if the decrement is small.

Oscillations in Coupled Circuits.—If a primary circuit (page 87) excited
by a charged condenser is closed directly or by means of a spark gap and
acts upon a closed secondary circuit (page 87), the resulting reactions
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are quite complicated. In general, the oscillations in each circuit consist of
two damped oscillations at different frequencies. Energy is transmitted
alternately from one circuit to the other, and back again.

In order to get efficient radiation of energy, the electrical energy of the
system should be prevented from returning to the primary circuit after it
has once entered the secondary. If this is done, the secondary circuit
oscillates at the natural frequency. This kind of excitation is called impulse
ezxcitation and may be ohtained by the use of an arrangement known as the
quenched gap, as explained helow.

Quenched Gap.—In a quenched gap the spark gap in a primary circuit
consists of a number of short gaps in series. This arrangement prevents the
recurrence of a spark discharge after the first primary oscillation. At this
point the secondary contains all the energy and oscillates at its natural
frequency.
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SECTION III
RADIO ACCESSORIES AND INSTRUMENTS

Part 1
INDUCTANCE COILS, CONDENSERS, AND FILTERS

Inductance Coils.—In radio work an inductance coil may be used with a
condenser for tuning a circuit, and an inductance coil may serve also to
transfer energy to another coil by induction. The inductive effect of a coil
depends on the size of the coil, the wire, and the kind of winding. The
turns of wire must be insulated from each other by a covering, or by spacing
in a single-layer coil, and must be wound in the same direction. In general,
inductance coils may be classified according to their use in radio reception,
or in transmission.

Inductance Coils Used in Radio Reception.—The coils used in radio
receiving sets are wound with magnet wire, silk or cotton-covered or
enameled. The wires should be spaced closely on a tube of insulating
material such as pasteboard, wood, fiber, bakelite, or a similar material.
Insulated ““litzendraht’ (litz wire) is sometimes used for magnet wire.

The use of a stranded enameled wire like lilzendraht instead of a solid wire
has the advantage that it offers a lower resistance at radio frequencies than
solid wire. Over the range of frequencies from 600 to 1,500 kilocycles per
second the resistance of a solid wire is about 40 per cent greater than that of
a twisted cable wire. At frequencies less than a few kilocycles per second and
also at frequencies greater than about 1,500 kilocycles, however, the resist-
ance of solid wire is less than that of a twisted-cable type of wire.

Inductance coils may be wound with single-layer, multilayer, bank,
spider-web, honeycomb or duolateral, toroid (doughnut shape), or binocular
types of windings. A number of these types are illustrated in Fig. 1.

Various forms of winding have been devised to reduce the distributed
capacity (page 86) and hence to increase the range over which a coil may
be used with a given condenser. Another important objective is to increase
the efficiency of the inductance by reducing the dielectric losses (page 57)
as much as possible and, also, in some cases, to confine the magnetic field of
the coil.

93
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The single-layer coil is the standard type of inductance in radio scts for
the reception of broadeasting. It may be ‘‘space’ wound (as in Fig. 3,
page 97) on tubing or self-supported (without tubing). The diclectric loss
in a coil wound on a frame made of narrow insulating strips is less than that
of a coil wound on a tube.

;// L2l L7727

(a)-Single Layer (b)-Bank

\5:, Ny

(d)- Spiderweb (e)-Toroidal Coil  (f)-Binocular Coil

F1a. 1.—Types of inductance coils.

In commercially operated radio equipment for telegraphic service (dot-
and-dash), the multilayer or the bank-wound coil is generally used, because
it affords a large inductance in a small space. A bank-wound coil has much
less distributed capacity than a multilayer coil.

Transmitting Inductance.—The transmitting inductance coil used for
radio transmission is usually wound according to the type of the transmitter,
Spark transmitters (page 40) may use coils of large copper wire, brass
tubing, or strips on an insulated frame. In most modern transmitters of
this kind the coils are wound with ‘‘strip’ wire, the turns being in a flat
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spiral form, and are wound edgewise. Arc and vacuum-tube transmitters
(page 467) use coils of similar shape but are generally made with heavy
twisted cable. At frequencies below a few kilocycles per second and also
at frequencies above about 1,500 kilocycles the resistance of solid wire is less
than that of twisted cable.

Iron-core Inductances.—This type of coil has a large number of turns
of wire on an iron core which may be of either the closed or the open type.
It acts as an impedance to the flow of a varying or alternating current and
is used in audio-frequency circuits. Iron-core coils of this kind may have
inductances ranging up to several hundred henrys. Iron cores are not used
in coils required for coupling radio-frequency circuits because they increase
the inductive reactance and thus prevent the current from reaching its
maximum value in any alternation before the voltage reverses. Iron, how-
ever, is used in audio-frequency transformers and usually also in intermediate
transformers.

The alternating-current inductance of an iron-core coil decreases rapidly
as the core becomes increasingly magnetized. This action is of importance
in the choke coils. It may happen that a rectified current (page 39) mag-
netizes the core to such an extent that the suppressing effect of the choke coil
is considerably diminished.

Choke Coil.—The choke coil is a coil with a large inductance which is
inserted in a circuit to offer a high inductive reactance to a varying current
and thus prevent any sudden surge of current, as well as also to limit the
current to a certain range. One of its uses is in direct-current supply cir-
cuits to protect apparatus from excessive currents. Choke coils (with or
without iron cores depending on their use) are called reactance coils and may
serve the same purpose or may be employed to exclude currents of unwanted
frequencies.

Reactance Coil.—A reactance coil is made with a number of turns of wire
on an iron core. The value of reactance may be varied by means of taps on
the winding or by moving the iron core into or out of the coil. At commer-
cial frequencies (25 to 60 cycles per second) such coils are used in alternating-
current circuits to put the circuit into a condition of resonance (page 82) and
also to insert an inductive reactance which will decrease the value of the
current.

Radio-frequency Choke Coil.—At radio frequencies such coils with air
cores have a very high reactance. They may be used to prevent the flow
of a radio-frequency current in a circuit. A reactance coil used for this
purpose is called a radio-frequency choke coil. .

A choke coil which is to be used to prevent the flow of a radio-frequency
current may have an inductance of about 1,000 microhenrys with two or
three hundred turns of wire on a half-inch tube.
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A choke coil used in a filler circuit (page 36) must not have an excessive
resistance to direct current and the inductance must be large enough to
smooth out current ripples. An iron core with an air gap is used to provide a
strong, confined magnetic field. A coil of this kind in a radio receiver may
have an average value of inductance of 75 henrys. A large coil of this type
is called a filter reactance.

A reactance regulator is an iron-core reactance coil having a tapped
wmdmg and is used in series with the primary winding of a transformer to
give resonance at a certain frequency.

Variometer.—A variometer is an arrangement which provides a fine
adjustment of inductance. It consists of insulated wire wound on insulated

. T
Receci,ving Set

(b)

o3
Rectiving et
eceivin,
-r"ﬂece/vmgé'ef e
)

F1a. 2—Types of wave traps.

frames so arranged that the inner one may be turned within the other. The
two coils are connected in series and each has the same number of turns.
When the movable coil is in such a position that its magnetic field is in the
same direction as that of the stationary coil, the inductance is greatest.
When the movable coil is turned so that its field is directly opposed to that
of the other coil, the inductance is least.

In transmitters operated with vacuum tubes the variometer is-generally
used to provide close tuning. Its design is the same as that of a variometer
for a radio receiver but it is much larger and stronger.

Wave Traps.—A wave trap is a combination of an inductance and a
condenser so arranged that it utilizes the principle of resonance in the
elimination of undesired signals. The values of inductance and capacity
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used are generally the same as those found in the tuned radio-frequency
circuits of the receiving set, because the wave trap must be capable of
tuning to the same range of frequencies as the receiver. Three varieties of
wave traps, under various names, have been much used.

In the first of these a coil and a variable condenser in parallel are connected
in the antenna circuit as shown in a of Fig. 2. The wave-trap circuit is
adjusted for resonance with the undesired signal and, in that condition,
offers a high impedance to the frequency to which it is adjusted but a smaller
impedance to other frequencies. The lrap circuit, used as in b in Fig. 2, offers
a low impedance to the frequency to which it is tuned but a high impedance
to other frequencies.

The arrangement shown in ¢ of Fig. 2, when tuned to the interfering
frequency, induces in the antenna circuit a voltage which acts in opposition
to that of the undesired signal.

In another scheme the coil and condenser, connected in series, are placed
in the antenna circuil as shown in d (Fig. 2). When the trap circuit is
tuned to the interfering frequency it offers a low impedance to that frequency
which is thus by-passed to ground.

Calculation of Inductance of Coils.—Formulas are given in this section for
the calculation of the inductance of coils in the form of a helix of round wire
or of strip wire wound edgewise, of a flat spiral coil, of a multilayer coil,
and of a single-layer coil. The formulas cannot be used for iron-core
inductances.

Inductance of Helix of Round Wire.—The inductance of the helical single-
layer coil or solenoid of Fig. 3 is given in microhenrys by

_ 0.0395aK

= b

where @ and b are shown in Fig. 3, a being the mean radius of the solenoid
and b the total length of the solenoid; n is the number
of turns of wire in the single layer; d is the diameter
of the bare wire; and K is a shape faclor depending
on the relative dimensions, all lengths being exprsesed
in centimeters. A brief table of values of K is given
on page 98. In the figure, D is the pitch of the
winding or the distance between the centers of
adjacent wires in centimeters, and cis the radial thick-
ness of the winding in the same units. Round Wire
Ezample.—Find the inductance of a solenoid which g . 3 _ Heljcal
has 15 turns of bare wire 0.4 centimeter in diameter, gingle-layer solenoid.
the pitch of the winding being 1.1 centimeters and
the diameter of the core 24 centimeters.
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In the formula d =04, D =11, n =15 b =nD =16.5, a = 12 +
0.2 = 12.2 centimeters. Then since the ratio of diameter to length is
2a/b = 24.4/16.5 = 1.48, K as read from the table on page 98 is 0.598.
By using these values in the formula, the inductance L in microhenrys is
given by
L = 0.0395 X 12.2* X 152

16.5
If it is desired to compute the inductance more closely than a few per

cent, more accurate formulas should be used as given in Bureau of Standards
Circular 74 and in Bureau of Standards Scientific Paper 169.

X 0.598 = 48.0 microhenrys.

TaBLE XVI.—SHAPE Facror K oF HgLicaL Inpucrance CoiLs

Ratio of Ratio of Ratio of

diameter 2a K diameter 2a K diameter 2a K

to length b to length b to length b
0.00 1.000 0.70 0.761 3.50 0.394
0.05 0.979 0.80 0.735 4.00 0.365
0.10 0.959 0.90 0.711 5.0 0.320
0.15 0.939 1.00 0.688 6.0 0.285
0.20 0.920 1.25 0.638 7.0 0.258
0.25 0.902 1.50 0.595 8.0 0.237
0.30 0.884 1.75 0.558 9.0 0.219
0.40 0.850 2.00 0.526 10.0 0.203
0.50 0.818 2.50 0.472 25.0 0.105
0.60 0.789 3.00 0.429 100.0 0.035

Inductance of Helix of Edgewise-wound Strip.—Referring to Fig. 4,
in this case the formula for the inductance of a helix of edgewise-wound strip
is
_ 0.0395a%n2K _ 0.0126n2 ac
- b b

where K is the shape factor as given in the above table.

Ezample.—As an illustration of use of the formuls, a helix of 30 turns is
wound with metal strip, which is 0.635 centimeter in width, to form a
solenocid of which the mean diameter is 25.4 centimeters, Here D = 0.635,
a =127, ¢=0.635 b=nD =30X0.635=1905 For2a/b = 1.333,
K = 0.623.

L

microhenrys.
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Then from the above formula the inductance is
L = 0.0395 X 12.72 X 900 X 0.623 _ 0.0126 X 900 X 12.7 X 0.635
19.05 19.05

L = 187.4 — 4.9 = 182.5 microhenrys.

Sectional Viewof  Side View of
FlatSpiral Wound  Flat Spiral
Flat Conductor of Metal Ribbon
Fia. 4.—Helix of edgewise-wound Fi16. 5.—Flat spiral.
strip.

Inductance of Flat Spiral. —The inductance of a flat spiral as shown in
Fig. 5 is given by

] 2 2
L= 0.01257an’[2.303(1 + 3';—a, + gfﬁ,) log,os—; -0t y’]

where a = a1 + ¥(n — 1)D; d = 4/bs + ¢a; and ¥ and ys are shape
factors given in table XVII.

TasLe XVII.—SHAPE FacTors FOrR FLaT SpirAL INDUCTANCES

b/e W l Ys b/e Y1 Ys
0 0.500 0.597 0.50 0.796 0.677
0.025 0.525 0.598 0.55 0.808 0.690
0.05 0.549 0.599 0.60 0.818 0.702
0.10 0.592 0.602 0.65 0.826 0.715
0.15 0.631 0.608 0.70 0.833 0.729
0.20 0.665 0.615 0.75 0.838 0.742
0.25 0.695 0.624 0.80 0.842 0.756
0.30 0.722 0.633 0.85 0.845 0.771
0.35 0.745 0.643 0.90 0.847 0.786
0.40 0.764 0.654 0.95 0.848 0.801
0.45 0.782 0.665 1.00 0.848 0.818
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Ezample.—A flat spiral of 38 turns is wound with copper ribbon of which
the cross-sectional dimensions are 0.953 centimeter (3¢ inch) by 0.795
centimeter (3¢, inch), the inner diameter being 10.3 centimeters, and the
measured pitch 0.4 centimeter. Here n = 38, b=0953, D=04, ¢c=

nD =38 X 04 = 15.2, 2a, = 10.3; therefore o =

5.15 + %7 X 0.4 = 12.55;

d = ~/0.953% 4152 = 15.23 centimeters,
8a . b? . ¢
i i 96a1 = 0.0152, 1601 =

0.091;

a5 = 0.0002

oo

= 0.0627. From the table,

¥ = 0.5604 and y; = 0.599. Then from the
preceding formula,
L = 0.01257 X 12.55 X 38* X [2.303 X 1.015 X
Fie. 6.—Multi- logie 6.592 — 0.560 + 0.091 X 0.599]
igz:; coil for wave ; _ 3034 microhenrys (correct to one-third
) of 1 per cent).
Inductance of Multilayer Coil.—The coil is made of insulated wire closely
wound as in Fig. 6. Such coils are used in wave meters. The inductance
is given by

2 2,
i o QBT 0.0126nac ¢ 55 4 )

where E is given by the following table:

b/e E b/c E b/c E

1 0.000 8 0.266 20 0.310
2 0.120 9 0.273 22 0.313
3 0.175 10 0.279 24 0.316
4 0.208 12 0.289 26 0.318
5 0.229 14 0.296 28 0.320
6 0.245 16 0.302 30 0.322
7 0.256 18 0.306

Ezample.—A coil has 15 layers of insulated wire, with 15 turns to a layer,
the mean radius being 5 centimeters. The coil is 1.5 centimeters deep and
1.5 centimeters in axial length.
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Here a = 5, n = 255, b = ¢ = 1.5, From table XVI, K is 0.267, and E
is zero. ‘Then the formula gives

2 2
0.03948 x gs X 225! o ( oy — 001257 X 2355 X 5% 1.5

L = 8,887 — 2,205 = 6,682 microhenrys.

Inductance of Single-layer Coil.—The inductance of the single-layer coil
shown in Fig. 7 is computed by the formula for the helix.

Ezample.—A coil has 400 turns of wire in a single layer, the pitch of the
winding is 0.1 centimeter, the radius of the coil measured to the center of the
wire is 10 centimeters. Here a = 10, n = 400, D = 0.1, b = nD = 40.
Since 2a/b = 29, = 0.5, K is 0.818 (table XVI), then

7 B DT3¢ 4001 o oig o

For any other inductance calculations see Bureau of Standards Circular
74, Sections 66 to 73, and Bureau of Standards Scientific Paper 169.

L =

X 0.693

12,920 microhenrys.

Glass
Dielectric

i
I
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Fig. 7.—Single-layer coil. F16. 8.—Leyden-jar condenser.

Condensers.—Condensers are made with either a fixed or a variable
capacity, depending upon the purpose for which they are used. In general,
condensers are classified in two groups—those for low voltages (less than
500 volts) and those for high voltages (over 500 volts).

Fixed Condensers.—In radio work a fixed condenser is generally used
as a by-pass to allow the flow of alternating current but to prevent or
“block” the flow of direct current. One type of fixed condenser for low-
voltage service consists of sheets of aluminum foil separated by sheets of
waxed paper. These sheets may be pressed together and confined between
blocks of insulating material, or they may be rolled and put into a metal
container. Generally, the assembly is pressed into form, held in place by a
clamp, and sealed with paraffin or wax. Such condensers may be obtained
with a number of voltage ratings ranging from about 150 to 1,000 volts.
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For high-voltage service a wider spacing between the plates is necessary
than for low-voltage, and air or oil is used as the dielectric. If the capacity
is to be variable, the condenser consists of two sets of plates, one stationary,
and one movable. A fixed condenser with a dielectric of air or oil is bulky
when built in large capacities but has the advantage that the dielectric is
self-healing if a rupture occurs. Several types of such high-potential
condensers are the mica condenser, the Leyden~jar type, and two others, the
compressed-air type and the glass-plate tin-foil type, which are not used in
modern installations.

The Leyden-jar type, as shown in Fig. 8, consists of a large glass jar coated
on the inside and outside, including the bottom, with a coating usually of
copper deposited by an electrolytic process. In a jar of standard size with a
capacity of 0.002 microfarad the copper coating extends to within 4 inches of

Fi1a. 9.—Mica condenser.

the top. A puncture in this type of coating is indicated by the fiery appear-
ance around the hole. The glass dielectric will break down at a voltage of
about 35,000 volts. .

The mica condenser, such as the Dubilier transmitting type, consists of
several sections in an aluminum case. Each section is made up of about a
thousand sheets of mica and tin foil, one section of tin foil being separated
from the next by a sheet of mica which is cut somewhat wider than the foil
sheets to avoid brush discharges between them. An insulating adhesive
material is forced through the condenser to eliminate air, moisture, and
vacuum pockets. Finally wax is poured over the section assembly in the
case, and a pressure plate is screwed on to maintain a constant spacing of the
various parts. One terminal of the condenser comes out through the cover
of the case, and the case itself often serves as the other. The advantages
of a mica condenser such as the one shown in Fig. 9 are that it has a large
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capacity in a small space, its construction is rugged, its capacity is constant,
and its losses are small. The maximum working voltage of the type illus-
trated is 25,000 volts.

In a compressed-air condenser the plates are set up in a closed container
in an air pressure of several hundred pounds per square inch. The diclectric
strength of compressed air is much greater than that of free air and con-
sequently this type of condenser is suitable for high-voltage work. ~Although
such a condenser is self-healing if a breakdown occurs, it has the disadvantage
that apparatus is necessary to maintain the air pressure.

The glass-plate tin-foil condenser has sheets of tin foil which are separated
by plates of glass. In this type the condenser is in a container filled with
oil. The oil is actually the dielectric. The sheets of tin foil must be much
smaller than the sheets of glass to prevent brush discharge at the edges of
the glass.

In general, a fixed condenser using a solid dielectric is not self-healing.
A special type of condenser often used as a protective device is constructed
with mica and tin foil in such a way that if a puncture takes place, the foil
around the hole melts away until the gap formed becomes long enough to
break the arc.

Condensers for radio transmitters using short-wave circuits must be so
designed that atmospheric conditions will not cause any change in their
capacity, and the plates must be well separated in order to obtain a high
breakdown potential. Transmitting condensers are rated according to their
capacity and breakdown potential. The plates are usually of brass or
aluminum with rounded edges to reduce the tendency to brush discharge.
The design of the frame and of the plate assembly is intended to decrease the
creepage loss as much as possible.

Filter Condensers.—A filter condenscr must have a breakdown voltage
congiderably greater than the full working voltage of the rectifier in order
to withstand a surge of high voltage. A fixed condenser for such use is made
with tin foil and a dielectric of either paper or mica. Condensers with paper
dielectrics are now made for a maximum voltage of about 2,500 volts.

Variable Condensers.—A variable condenser, used for radio tuning
purposes, generally consists of two groups of aluminum plates so arranged
that one group may be moved with respect to the other. In most cases
the dielectric is air. The main difference between this and the fixed type
of condenser is in mechanical construction. Because of limitations in
insulation and in manufacture it is used only for receiving sets, laboratory
instruments, and transmitters of low voltage. Variable condensers with
air as the dielectric are made in capacities up to 0.005 microfarad, and with
an oil dielectric up to about 0.010 microfarad. The breakdown voltage
is increased congiderably when oil is used ag the djelectric.
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A straight-line capacity condenser, such as is used in receiving sets,
has semicircular plates. In this type the capacity varies directly with the
setting of the plates. In a straight-line wave-length condenser, such as is
used in wave meters, the stationary plates are semicircular and the movable
plates have a special shape. The shape is designed to give a uniform wave-
length scale in tuning. In a straight-line frequency condenser the stationary
plates are semicircular and the movable plates are shaped to give a uniform
frequency scale in tuning.

Rating of Condensers.—The manufacturer’s name plate on a condenser
must indicate the capacity of the condenser and its voltage rating. The
voltage rating of the condenser must be greater than the full working voltage
of the circuit to take care of surges of high voltage.

Electrolytic Condenser.—Certain metals such as aluminum, magnesium,
and tantalum, when immersed in a solution called the electrolyte, allow elec-
tricity to flow in one direction but not in the other. T'wo electrodes of this
kind practically prevent all flow of electricity and constitute an electrolytic
condenser. Such condensers are usually constructed with aluminum
electrodes. The disadvantage of this type compared with the dry type is
that it has an appreciable energy loss.

The critical voltage of an electrolytic condenser is the maximum impressed
voltage which it will stand without permitting an appreciable leakage current.
The critical voltage for aluminum in an electrolyte of sodium sulphate is
40 volts, and for aluminum in ammonium phosphate, ammonium citrate, or
sodium tetraborate, it is about 470 volts.

The blocking effect of the aluminum is due to a very thin oxide or hydrox-
ide film on the aluminum covered by a thin layer of gas, the resistance of
which may be several million ohms per square centimeter. In comparing
this device to the ordinary solid condenser, the gas layer corresponds to the
dielectric, and the aluminum electrode and the electrolyte correspond to
the two plates of the condenser.

The capacity depends only on the voltage at which the electrodes are
formed and the material of the electrode, and not on the nature of the
electrolyte. The capacity decreases rapidly as the formation voltage is
increased. Thus the capacity for aluminum is about 2 microfarads at a
formation voltage of 50 volts, 0.4 microfarad at 200 volts, and 0.1 micro-
farad at 600 volts.

It is essential that the oxide film and the gas layer cover only the portions
of the electrodes which are in the electrolyte. Otherwise considerable
arcing may take place between the exposed surfaces and the electrolyte.
The energy losses in condensers on continuous duty are greater at high
than at low voltages. It is, therefore, desirable for such duty to use several
low-voltage units in series, ’
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Calculation of Capacity.—The capacity of a condenser consisting of two
similar metal plates is
¢ = 0.088552
where C is the capacity in micromicrofarads, d the thickness of dielec-
tric hetween plates in centimeters, A the surface area of one side of one
plate in square centimeters, and K the dielectric constant (page 55).
For the multiplate condenser which, instead of one pair of metal plates,
has N plates with the alternate ones connected in paralle], the capacity is

C = 0.[:3355‘4(1{1 it} X

For a variable condenser with gemicircular plates the maximum capacity
when the movable plates are between the fixed plates is
K(ry® —r)(N — 1)
d

where N is the total number of parallel plates, r1 the outside radius of
plates in centimeters, and rs the inside radius of plates in centimeters.

It is essential to remember that capacity exists between any adjacent
conductors. Thus the capacity of two No. 8 wires of copper, which are
1,000 feet long and 1 foot apart, is 0.0032 microfarad.

Filters.—A filter is a device which allows the flow of currents having
certain frequencies but blocks currents of other frequencies. It consists
of a combination of inductances and capacities which offers a.low impedance
to a certain range of frequencies and a high impedance to others. In a
radio receiving set a filter may be used to block the passage of undesired
frequencies, and in a transmitting set for blocking frequencies which are
1ot to be transmitted. Certain principles of design which are applicable to
filters have been given under resonance (page 84).

Filter System for Rectifier.—The filter system in the rectifier unit of a
receiving set is substantially as shown in Fig. 10. ‘The choke coils (page 95)
are made with a laminated iron core. The capacity of the last large con-
denser must be large enough to supply the full current requirement of the
receiver on peak loads. The combination of coils and condensers serves
to smooth out the variation of the input current and to maintain a steady
direct-current output. As the incoming current varics it induces in the
coils & counter-electromotive force in a direction such that it tends to
oppose any changes of the current. The condensers, which are charged to
a certain value by the voltage induced in the coils, will discharge when the
voltage applied to them becomes less than that value; that is, the condensers
tend to oppose any changes of the voltage. Filters are generally classified

C = 0.139¢
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as (1) low-pass type, (2) high-pass type, and (3) band-pass type. A low-
pass filler as shown in Fig. 11 allows the flow of currents of low frequencies
but blocks those of higher frequencies. The high-pass Jilter (Fig. 11) allows
the flow of currents having frequencies ahove a given value but blocks those

50 » 30
Henrys enrys 135+
+
Rectified =" W0l —1— Sl +—— °
Input Filter Vo
Chokes R.'e_qulafor- Tube 90+
b ., ’7—"" “+
Fifler | } Direct
Condensers, B- Currert
4mtd. Output
C4.5-
[ ;
— 1 LT 5es-
- 2mfd.

F1a. 10.—Filter system for rectifier.

of lower frequencies. The band-pass filter (Fig. 11) allows the flow of
currents having frequencies within a given range but blocks those of other
frequencies. The effectiveness of a filter system in eliminating the undesired
frequencies increases as the resistance of the coils is reduced and as more
units are added. The figures indicate one unit of each system.

T .rg é
{a)-Low Pass (b)-High Pass (¢)-Band Pass
Fi1a. 11.—Types of filters.

Filter systems are applied for various other purposes such as the elimina-
tion of commutator (page 211); ripple elimination of interference to broad-
cast reception by the key clicks from the transmitters (page 455) used by
amateurs; elimination of interference from electrically operated devices
(page 445).

" Part 2
PRACTICAL MEASURING INSTRUMENTS

Instruments are required for the measurement of electrical quantities in
circuits. The instruments commonly used in transmission, reception, test-

www americanradiohistorv com


www.americanradiohistory.com

Sec. ITI) RADIO ACCESSORIES AND INSTRUMENTS 107

ing and laboratory work include ammeters and voltmeters for the measure-
ment of direct and alternating currents, galvanometers, ampere-hour meters,
wattmeters, frequency meters, radio-frequency ammeters—in general the
action of such measuring instruments depends on either the magnetic effect
of a current or its heating effect. ’

Galvanometer.—The operation of a galvanometer depends on electro-
magnetic principles. This instrument may be used to detect the presence of
small electric currents less than a millionth of an ampere and to measure
their amounts and directions. Its sensitiveness and frailty make it applicable
mainly for laboratory work. Its action is based on the movement of a
magnet placed in the magnetic field of a wire carrying a current. The
magnet may be stationary and the coil movable or the magnet may be mov-
able and the coil stationary. The moving element carries a pointer which
passes over a graduated dial. In the most sensitive types there are no pivots
or springs and the coil is suspended by a long thin wire, and instead of an
indicating pointer, a small mirror attached to the coil shows its move-
ments by the change in the direction of light reflected from it.

Direct-current Voltmeter.—A diagram of a voltmeter is shown in Fig.
12. This type, called a moving-coil meter, consists of a stationary magnet
and a movable coil. A pointer attached to the coil passes
over the scale, which is graduated to indicate voltage
values. A spring attached to the shaft of the pointer
resists the movement of the coil and brings the pointer
back to zero when no current is flowing through the
instrument.

A voltmeter must be connected across the voltage which
is to be measured. On this account a high resistance is
placed within the device in series with the moving coil to
prevent a short circuit. The positive terminal of a volt-
meter should be attached to the positive side of the circuit. ~_Fi1¢. 12.—
The range and value of voltage values depend on the Direct - current

. . . voltmeter.
design of the meter and the amount of the series resistance.
Thus a millivoltmeter has a small resistance and can be used to measure
small fractions of a volt.

An external resistance called a mulliplier nay be used with a voltmeter
to increase its range. The meter reading is multiplied by a constant which
depends on the resistance of the multiplier.

Direct-current Ammeter.—The action of an ammetcr is the same as that
of a voltmeter. Its construction is different because an ammeter is a Jevice
of low resistance which is connected in series in a circuit to measure the cur-
rent. For this reason the series resistance in an ammeter is omitted.
Ammeters of this simple type are made for small currents only. For large
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currents the instrument is provided with a resistance, called a shunt, con-
nected across the terminals, as shown in Fig. 13. This shunt diverts a
portion, usually one-tenth, of the main current to the coil. The meter is
actuated by the small current which passes through its coil, but the scale is
calibrated to indicate values of the total current. No shunt other than the
one provided with an instrument may be used without a recalibration of
the readings.

The scales of voltmeters and ammeters of the electromagnetic type used
for direct-current measurements are calibrated in equal divisions with each
unit having the same space value as the next. The scale of an alternating-
current meter (page 109), however, has space divisions which are not equal
but which increase as the square of the value.

Moving R
Corl
FCurrent
E Coils
Line z .
v Vo/tage Coil
Shunt ]
Fig. 13.—Shunt connection for F16. 14.—Wattmeter.
ammeter.

Wattmeter.—A wattmeter is an instrument which indicates the power
taken by a circuit. In direct-current work the power is equal to volts times
amperes, but in an alternating-current circuit the power is equal to volts
times amperes times the power factor (page 10).

The wattmeter, as shown in Fig. 14, consists of a stationary current coil
of low resistance, which is connected in series with the circuit, and a movable
voltage coil, which is provided with a series resistance of high value and is
connected across the circuit. Iron cores or permanent magnets are not used.
The voltage coil is connected to a pointer and is provided with springs which
bring the pointer to zero when no current is flowing through the meter.
Connections to the line circuit are made through four terminal posts on the
meter. Thus it performs the functions of an ammeter combined with a
voltmeter.

Hot-wire Ammeter.—Another type of current-measuring device, the
hot-wire ammeter, depends for its action on the expansion of a heated
wire, instead of on the effect of a magnetic field on a coil. It may there-
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fore be used on either direct or alternating current. As shown in Fig. 15, the
resistance wire fastened between points A and B will stretch, as it is heated
by a current. The change in length of the wire is taken up by the spring 8
and causes a movement of the pointer. The position of the pointer may be
adjusted by a regulating screw.

Alternating-current Meter.—For alternating-current measurements a
inodified form of the magnetic-type instrument becomes necessary which
utilizes the effect of a magnetic field on
a small plate of iron. Two kinds of
devices for the measurement of low-
frequency alternating quantities are

F1a. 15.—Hot-wire ammeter. F1a. 16.—Alternating-current volt-
meter.

available, the moving-vane type and the inclined-coil type. The action of
the moving-coil type, shown in Fig. 16, depends on the repelling effect
hetween two magnetized plates A and B, one of which is fastened to a coil
C and the other to a pointer. These instruments act on alternating current
because, although the iron plates change in polarity when the current
reverses, each has the same polarity as the other and consequently they
still repel each other. In the inclined-coil type the ficld of the coil exerts
a twisting action on a plate fastened to the shaft of the pointer.

A voltmeter of this variety has a coil with many turns of fine wire and a
series resistance; an ammeler has a low-resistance coil with a small number
of turns of heavy wire. For heavy currents a number of hot wires in parallel
must be used to avoid heating the wire so much that its resistance changes.
The disadvantage of the hot-wire measuring device is that it is slow in
response and that the pointer must be adjusted to zero position frequently.

Thermocouple Ammeter.—A meter much used for the measurement of
high-frequency currents depends on a thermoelectric effect and utilizes the
voltage which is developed when the junction of two dissimilar metals is
heated. The thermocouple consists of two wires of dissimilar metals such
as steel and constantan, or manganin and constantan. Two ends of these
wires are welded together and connected to a conductor carrying the high-
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frequency current. The other two ends are connected, as shown in Fig. ’

17, to a sensitive indicator such as a galvanometer. The heat of the con-
ductor affects the junction of the thermocouple and generates in the wires a
voltage which actuates the galvanometer. This voltage, which always
acts in onc dircction, depends only on the amount of heat and not on the
direction of the current in the conductor. The
deflection of the galvanometer is proportional to
the square of the current flowing in the con-
ductor. Hence the divisions of the scale are

o\ /d not uniform, having a greater space value at the

A Hot Wire B upper end of the scale than at the lower. For
Fia. 17.—Thermocouple currents of more than a few amperes these
ammeter.. instruments are made with several thermo-

couples in series. The disadvantage of the
thermocouple ammeter i8 that the thermocouple corrodes readily.

Current-transformer Ammeter.—For economy and accuracy, a more
satisfactory device for the measurement of heavy currents of radio frequency
consists of a combination of a galvanometer, thermocouple, and current
transformer. The transformer has a primary (page 69) of one turn
connected in the high-frequency circuit. The secondary (page 70) is
wound on a laminated iron ring core and is connected through the thermo-
couple to the galvanometer. At high frequencies the secondary current
is equal approximately to the primary current multiplied by the ratio of
primary to secondary turns. One advantage of this arrangement is that
only a change in the ratio of the number of turns in the primary and second-
ary windings is necessary to adapt the instrument for a different range of
current values.

Ampere-hour Meter.—This is an instrument which indicates on a scale
the condition of charge of a storage battery in ampere-hours. The pointer
is moved by a small motor connected so that the current flowing in the bat-
tery circuit passes through it. The speed of the motor depends on the num-
ber of amperes of current flowing in the circuit. By connecting a revolution
counter to the motor a direct reading in ampere-hours is obtained of the
quantity of electricity which has passed through the meter.

When the battery is being charged, the pointer moves toward zero on the
scale, and when the battery discharges, the pointer moves toward the high
values on the scale. When the pointer reaches a mark on the scale at the
value of the ampere-hour rating of the battery, the operator places the
battery on charge. When the pointer approaches zero during the charging
operation, it is arranged to open the charging circuit.

Frequency Meter.—Two common types of meters which indicate fre-
quency are the vibrating-reed and the induction types.
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The vibraling-reed frequency meter is provided with a number of steel
strips each of which has a different natural frequency or period of vibration.
The strips are placed so that a magnet carrying a current of a certain fre-
quency sets into vibration the strip which has that particular natural fre-
quency. A scale calibrated to frequency values is placed along the series of
strips.

A modern induction frequency meter, illustrated in Fig. 18, consists of a
moving disk which is actuated by two balanced coils each of which is con-
nected across the circuit. One coil has in series with it a non-inductive
resistance, and the other a reactance. The pull of each coil on the disk
depends on the frequency and the square of the current. But the pull of
the coil in serics with the reactance decreases as the frequency increases,
because less current flows through the coil on account of the increase
in self-induction. The pull of the other coil, however, is increasing

and consequently the disk moves

until the forces are equalized. A

frequency meter when used on a

generator is connected across the
7" N generator terminals.

-

v

{ 3

Fii. 18.—Induction frequency meter. F1a. 19.—Cirecuit connections of wave
meter including buzzer.

Wave Meter.—A wave meter is generally made with a fixed inductance in
series with a variable capacity. The values of capacity and inductance
depend on the range of the instrument. The circuit connections including
a buzzer (page 34) are shown in Fig. 19. The direct-reading type of wave
imeter shows the wave length in meters or the frequency in kilocycles on a
dial. The indirect-reading type is provided with a chart which shows wave
length or frequency values corresponding to condenser settings.

The wave length or the frequency of the circuit of this device may be
varied by changing the value of the capacity. If the wave length of the
instrument is made the same as that of some oscillating circuit within its
range the wave meter is in resonance with that circuit. The wave length
of the instrument in meters is equal to 1,884 4/LC where L is the inductance
in microhenrys and C the capacity in microfarads,
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The condition of resonance is indicated by a maximum reading of a hot-
wire or thermocouple ammeter placed at point 4 in the circuit marked A
in Fig. 19.  If the ammeter, instead of being inserted directly into the cireuit,
is coupled (page 87) to it, the coupling may be varied to allow a maximum
meter reading. A less accurate method uses a crystal detector in series
with a pair of head phones connected across the condenser as shown in the
figure. Another method, seldom used, indicates resonance by the brilliancy
of a lamp, such as a neon tube (p. 745), placed across the condenser. Neither
of these other methods, however, gives any indication of the relative
value of the current at resonance.

A wave meter, excited by a buzzer, as shown in Fig. 19, may be used as an
oscillator or transmitter of waves of a known frequency, to calibrate another
wave meter or a receiving set. Other uses of the wave meter include the
tuning of a transmitter, the indirect measurement of the wave length of a
transmitter by the calibration of a receiver, the measurement of decrement
(page 91), degree of coupling, the fundamental wave length of an antenna,
the eapacity of a condenser, and the inductance of a coil.

Kolster Decremeter.—The decremeter (Bur. Standards Scientific Paper
235) may be considered as a wave meter in which the movable plates of the
variable condenser carry a dial grad-
uated in values of decrements (page
91). This device gives a direct

o reading of the decrement on a dial.
7 D r The wiring diagram for this instru-
T ment is shown in Fig. 20. The first
E B4 step in finding the decrement of a
— —{ =

circuit is to set up a condition of
resonance by changing the capacity
F1a. 20.—Kolster decremeter. of the wvariable condenser until
the ammeter shows a maximum
reading. Then the current is reduced to one-half the maximum reading by
manipulating the condenser. The decrement scale is then fastened in its
zero position. The next step is to turn the plates of the variable condenser
continuously pest the point of maximum current until the current falls to
one-half of the maximum value. At this point a reading is taken of the
value on the decremeter scale opposite the zero reference mark. This
reading minus the decrement of the instrument itself gives the required
decrement of the circuit.

Hydrometer.—A hydrometer consists of a calibrated float enclosed in a
glass tube. The glass tube is provided at one end with a piece of rubber
tubing and at the other end with a rubber bulb which is used to draw the
liquid into the tube. The float inside the tube is weighted at one end and has
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a graduated scale along the other. The specific gravity of the liquid is
observed on the scale at the surface of the liquid in the tube. A commercial.
type of hydrometer is shown in Fig. 21.

The specific gravity of a liquid is the weight of a
certain volume of the liquid compared with the same
volume of distilled water. The specific gravity of water
is taken as unity or 1. In the case of a lead-cell storage
hattery the specific gravity of the electrolyte indicates the
condition of the electric charge of the cells.

Wheatstone Bridge.—A circuit called the Wheatstone
bridge is used to measure an unknown resistance in terms
of known resistances. A diagram of this circuit is shown in
Fig. 22. The voltage drop between points a and c is the
same over the path abc as over the path ade. Hence
some point b on the upper path must have the same voltage
as a point d on the lower path. When such points have
been located, a galvanometer G connected between b and d
will show no deflection. With a current /, (amperes) in the
upper circuit, I, in the lower, and r, and rs being the respec-
tive resistances in ohms, the voltage drop I, is equal to
the voltage drop I.r; so that

Iy = Irsandr +ra =10 + I,

Similarly, in this figure, Iprs = Iriandrs + v =1, + Ip.

Consequently ry + r3 = r2 &+ rOrry = rory + .

An unknown resistance r, may be calculated from this
relation.

il

d :I -I-I_Illll

ryo, T2
Ip
= © =
k 7
Fia. 21. Fia. 2%.-—Wheatatone
Hydrometer bridge circuit.
Part 8

RADIO RECEIVING SET TESTERS

The Weston tester, model 547, for radio receiving sets is designed for the
gervice requirements of all ordinary types of radio receivers, whether oper-
ated by direct current or alternating current. This testing device measures
the various alternating- and direct-current voltages used in receiving sets
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either at the vacuum-tube sockets or at any other part. It can be used to
indicate continuity in the circuits of the set and also to test the vacuum
tubes, including the alternating- and direct-current screen grid types
(UX-224 and UX-222) and the power tubes (UX-250, UX-245, and UX-210),
under the same conditions that exist when the tuhes are in their sockets.
All tests can be made with this instrument by using the voltages normally
supplied to the receiving set by its batteries or by the so-called “socket-
power” units (page 261), with no change in the connections, so that an
auxiliary power supply is not required.

Instruments and Switches.—The Weston testing sethas three instruments:
(1) a direct~current milliammeter, (2) a direct-current volt-milliammeter,
and (3) an alternating-current voltmeter. The arrangement for properly
connecting the instruments to the circuits is shown in Fig. 23.

The alternating-current voltmeter has five ranges—750, 150, 16, 8, and
4 volts. Any of the three lower ranges can-be connected directly across the
filament terminals of the so-called *tester plug”’ by setting the alternating-
current selecter switch to the desired range. These ranges are for the
purpose of measuring the filament or heater voltages of tubes which have
their filaments heated with unrectified alternating current, commonly called
“raw” alternating current. The 150-volt range is provided for the purpose
of measuring the voltage of the line and the 750-volt range for measuring
the voltage of the secondary windings of the transformer. These two high
ranges are available only at the binding posts marked *“750,” ““150,” and
“+.” The low ranges are also available at the binding posts marked
13 16, ” 118, " l(4’ r” and “ +.”

The direct-current volt-milliammeter has eight ranges—750, 250, 100,
50, 10, and 5 volts and 100 and 2.5 milliamperes. The 750 and 250
ranges are for the plate- sometimes called “B’’ voltage measurements; the
250, 100, 50, and 10 are for grid-bias (page 36) voltages; the 50 range is also
used for cathode-voltage readings; the 10-volt range is for filament voltage
measurements, and the 5-volt range is also used for testing the continuity
of the circuits. The 2.5-milliampere range is for use in measuring the
““screen”’ current of screen-grid tubes (page 305), and the 100-milliampere
range is for measuring the plate current of rectifier tubes (page 286).

The direct-current milliammeter has two ranges—100 and 20 milliamperes,
Either range, as desired, may be used by throwing the “Ma.” toggle switch
to the 100-milliampere scale or to the 20-milliampere scale. Shunts can be
obtained to add milliameter ranges of 2- and 10-ampere scales. The 2-
ampere range is provided especially for measuring the current in a dynamic
loud-speaker (page 129) and also in field coils, trickle chargers, etc. The
10-ampere range is for measuring larger currents such as are required of
5- or 7.5-ampere battery chargers and similar devices.
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Two bipolar dial switches are provided to connect the direct-current
milliammeter to the various circuits as designated on the dials. They
are arranged in such a manner that the instruments cannot be connected
across two circuits at the same time.  For all readings on dial 2, dial 1 must
Confained “C*  Flexible Test Leads
8 for k

Binding Posts
for ScréenGrid ~ UX  MA.Toggle °

Grid and UY-Socket Pl
Continuity Jests 3 Y 7ubex=-1|:rs E,:J-!.fsef Sw.'fc!h .:fedcr ug .
0.C.
Milliammeter
|~100/20 MA.
750V,
150V,
« 750V,
w Ee ul
- -250V.
] W
:: o | - IOOV.’“'_
c ¥y o
o --50V. o
o 8V.- o
] -=I0V. &
9 4. v
S o SV. ©

A.CSelector Binding Posts for
Switch Continuity Tests and
16/8/4 Voits Toggle Switch for
ACVo Ifme;er Two Range Resisia”hnce
*y i | Measurements wi
750/150/16/8/4 Volts ; i Contained Gattery
SWITCH No.| SWITCH No.2
Off Off
A-10 C50 Rev.
A-10 Rev. K50 Neg.
8-750 K-50 Pos.
B8-250 Contr.Grid +100
C-100 Neg. Contr.Grid -10
C-250 Pos. VM.B.P
€50 Neg. Cont. Test
C-50 Pos. ScreenCurrent 2.5 MA.
Switch No.2 Rect. Tube 100-MA.

Fiu. 23.—Weston testing set.

be set to the position marked “‘switch 2.”” A smaller switch is provided and
is marked “4,” “8,” “16,” and “off.” It is intended for use in selecting
the desired ranges of alternating-current filament voltage for connecting the
alternating-current voltmeter directly across the filament terminals.
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All ranges of the three instruments, except the 100- and 2.5-milliampere
ranges of the volt-milliammeter, are brought out to binding posts for making
voltage or current measurements directly on batteries, socket-power devices,
continuity tests, or for any purpose for which the ‘“‘cord and tester plug”
device is not adapted.

General Tests.—When radio receiving sets having tubes operated with
“raf®” alternating current are to be tested, the alternating-current volt-
meter may be left in the circuit during the tests for plate voltage, plate
current, grid-bias (page 36) voltage, and the tube tests described later.
This allows the operator to follow any changes which may occur due to
variations in the filament voltage during the tests. The wiring for the 750-
and 150-volt ranges of the alternating-current voltmeter is entirely insulated
from the low-voltage ranges and all other circuits in the test set. Although
only one range can be used at a time to obtain correct readings, no damage
can result if high and low ranges are connected simultaneously. Either of
the high-voltage ranges may remain in the circuit during any of the other
tests. The low-range binding posts for alternating-current voltages must
not be used when the “tester plug”’ is inserted in the radio set, on account of
possible interconnections.

The alternating-current voltmeter switch should be placed in the “off”
position when direct-current type tubes are being tested with the direct-
current voltmeter and its associated bipolar switches. No harm will result,
however, if this alternating-current meter is left in the circuit while direct-
current measurements are being taken; but because the alternating-current
voltmeter takes more current for its operation than the direct-current instru-
ment, slightly inaccurate readings may result. The “tester plug’’ should
be removed from the radio receiving set when the binding posts are used on
account of possible interconnections in the radio set.

Resistance Measurements.—Resistances from 100 to 100,000 ohms may
easily be measured without additional equipment, by setting the dial
switches to *‘Cont. Test,” connecting the unknown resistance to the binding
posts marked ‘““Cont. Test,” and comparing the deflection of the central
instrument with the instruction chart.

Capacity Measurements.—Capacity values from 0.25 microfarad to 10
microfarads may be determined by connecting a variable resistance in series
with the voltage range of the alternating-current voltmeter, the condenser
to be measured, and a 110-volt (60-cycle) alternating-current supply line.
The capacity in microfarads is obtained by comparing the deflection of the
voltmeter with the instruction chart.

Tests of Radio Receiving Sets.—The following tests are made
with the “tester plug” in the radio-set socket and the tube in the tester
socket.
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Direct-current Filament Voltage.—Dial 1 is set at “A’” or “A Rev.” to
obtain an up-scale deflection. The alternating-current selector switch
must be at the off position. The voltage is read directly on the 10-volt
direct-current scale.

Alternating-current Filament Voltage—The alternating-current selector
switch is set to the desired range and the voltage is read directly on the
alternating-current voltmeter.

Plate Voltage—Dial 1 is set at ‘“B-750" or ‘“B-250"" and the voltage is
read directly on the direct-current voltmeter.

Grid-bias Voltage—Dial 1 is set at “Neg. C-100” or ‘““Neg. C-50"’ and
the grid-bias voltage (page 36) is read on the direct-current voltmeter;
for the 100-volt range the 10-volt scale is used and the reading is multiplied
by- 10; for the 50-volt range the 50-volt scale is used.

When the filament voltage of direct-current radio receiving sets is being
measured, if the voltmeter indicates up-scale with dial 1 at ‘A Rev.,” the
grid-bias measurement should be made with dial 2 at ““C-50 A Rev.,” dial
1 being first set to switch 2. The reading is then taken directly on the
50-volt scale.

Screen-grid Voltage—The shorter lead is connected with a clip, between
the binding post marked, ‘“grid term,” and the tip of the tube. The longer
lead is connected with a clip between the binding post marked ““grid clip”
and the grid clip in the radio receiving set. Then dial 1 is turned to ‘‘Pos.
C-250" or “‘Pos. C-50"" and the voltage is read directly on the 50- or the 250-
scale of the direct-current voltmeter.

Screen-grid Current.—Dial 1 is set to switch 2 and dial 2 at a screen-current
value of 2.5 milliamperes. The carrent is then read on the 250-range of the
central instrument, but this reading must be divided by 100 to get the value
of the screen-grid current in milliamperes.

Cathode Voltage.—Dial 1 is set to switch 2 and dial 2 is set at “K Neg.
—50" or “K Pos. —50,” whichever gives an up-scalc deflection. Then the
voltage is read directly on the 50-volt scale of the central instrument.

Conirol of Screen-grid Voltage.—The short lead is connected with a clip
between the binding post marked ‘‘grid term’’ and the tip of the tube,
and the long lead is connected with a clip between the binding post marked
“grid clip” and the grid clip in the radio receiving set. Dial 1 is turned to
switch 2 and dial 2 to ““Cont. grid — 10"’ or “Cont. grid +100.” If the tube
is being used as a screen-grid amplifier (page 306) the voltmeter will give
an up-scale deflection at the “Cont. grid —10” setting; if the tube is being
used as a space-charge (page 285) amplifier, the voltmeter will give an up-
scale deflection at the ‘‘Cont. grid 4100” setting.

Plate Current.—The ‘“Ma.” toggle switch is set to 100 or 20 milliamperes
depending on the range desired, and the plate current is read directly on the
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direct-current milliammeter which is connected in the plate circuit at all
times.

Grid Current (for Other than Screen-grid Tubes).—If grid current is present
in amplifier tubes, it will be indicated by a deflection to the left of zero on
the central meter, when the switches are set for screen-grid current. If
any grid current is present it may be due to a gaseous tube (page 280) or to
oscillating (page 391) or unbalanced circuits.

Grid Test.—First the reading on the direct-current milliammeter is noted
and then the push button marked ‘‘Press for grid test’’ is depressed. An
increase in plate current will result because the grid-bias voltage is decreased
by 4.5 volts (voltage of the small dry battery). The amount of increase in
plate current indicates the condition of the tube. Grid tests may be made
without the aid of additional adapters in the same manner on the UX-227-
type tube when used as a detector.

Grid Test for Screen-grid Tubes.—The control grid voltage is measured
by setting dial 1 to switch 2 and dial 2 at “Cont. Grid —10.”” If at this
position the voltmeter moves the pointer in the wrong direction, it indicates
that the tube is being used as a space-charge (page 285) amplifier. In this
case the push button marked ‘‘Press for grid test’ should be used instead
of the one marked ‘“Grid test on S. G. tubes.” If the voltmeter gives an
up-scale deflection, the push button marked ‘“Grid test on S. G. tubes”
should be used. An increase in plate current will result because of the
change in grid-bias voltage from the normal value to zero. The way in
which the tube is being used must be determined hefore the grid test is made.
As stated previously, if the tube is being used as a screen-grid amplifier,
the voltmeter will give an up-scale deflection when dial 2 is set at ‘‘Cont.
Grid —10”’; but if it is being used as a space-charge amplifier, the voltmeter
will read in the proper direction when the dial is set at ‘‘Cont. Grid
+4100.”

Testing Rectifier Tubes.—All rectifier tubes of the filament type may be
tested with this instrument. For this kind of service, dial 1 is set to switch
2, dial 2 is turned to ‘‘Rect. Tube —100 Ma.,” and the milliammeter toggle
switch is set at 100 milliamperes. Then the ‘“tester plug’’ is inserted in the
socket of the rectifier and the tube is placed in the test set. If the tube is
of the UX-281 type (half wave) the milliammeter will indicate the total
plate current; but if the tube is a full-wave rectifier such as the UX-280
type, the milliammeter will indicate the current in one plate and the central
instrument will indicate the current in the other plate. This gives the cur-
rent in both plates simultaneously and the two readings should be added to
get the total current. Both instruments should give the same reading. If
they do not, it is an indication that the emission of one filament is lower than
that of the other.
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The tester plug must not be inserted in the socket of the rectifier and the
push button must not be pressed until the dial switches are in their proper
positions. Filament voltage may be measured in the same manner as for
any other type of tube.

Testing Batteries and Eliminators.—The ‘“‘tester plug’’ must not be inserted
in any socket of the set when batteries or eliminators are being tested. For
such testing dial 1 is set to switch 2 and dial 2 is turned to “Vm. B. P.”
The two flexible leads with the test prods should then be connected to the
voltmeter binding posts—‘black’” to ‘“minus,” and “red” to the range
desired. The instrument can now be used as a multi-range voltmeter to
measure the voltage in any circuit or in any of its parts. The test leads
may also be connected to the alternating-current posts so that measure-
ments may be made of the line voltage as well as the high and low voltages
of power transformers. ) .

Continuity Tests.—When a continuity test is to be made of circuits,
dial 1 is set to switch 2 and dial 2 is turned to ‘‘Cont. Test,” and the two
test leads are then attached to the two binding posts marked ‘ Cont. Test.”
The voltage of the contained battery may now be checked by touching the
two leads together—the voltmeter should indicate 4.5 volts which is read on
the 50-volt scale, divided by 10. The two leads are then connected to the
part of the apparatus in which the continuity of the circuit is to be checked.
The indication on the direct-current voltmeter using the 10-volt scale can
be compared with the chart supplied with the tester, which shows the
resistance of the circuit directly in ohms. If the resistance of the circuit is
below 5,000 ohms, the toggle switch marked ‘‘ High Res.—Low Res.” should
be moved to the side marked “Low Res.” For resistances higher than 5,000
ohms, however, the toggle switch should be moved to ‘High Res.”” When
it is set at the ‘‘High Res.” position, the voltmeter has a resistance of 1,000
ohms per volt, and at the ‘‘Low Res.” position the voltmeter has a resistance
of 100 ohms per volt. When continuity tests are being made, all power,
must be disconnected from the apparatus which is being tested.

With the addition of a small test panel the Weston model-547 instrument
can be used as a vacuum-tube voltmeter, a resonance indicator page 667),
an oscillator (page 38), a vacuum-tube reactivator (page 291), and an
ordinary vacuum-tube tester (without the radio receiving set).

Part 4
RESISTANCE UNITS, INSULATORS, AND CRYSTALS

Resistors.—A resistance unit for radio-frequency use must be of sufficient
size so that it will not be heated excessively by the current. Also, a resist-
ance unit should have a low temperature coefficient, a constant resistance
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for a given range of frequencies, and a form of construction which allows
a low value of distributed capacity and of inductance. Wire of the alloy
called manganin is much used for this purpose. It is interesting to note
that the inductance of a straight wire having a direct-current resistance of
40 ohms, a length of 50 millimeters, and a diameter of 0.025 millimeter
(0.001 inch) is 0.15 microhenry. To minimize inductance and capacity
effects a special form of winding is used. In this type of winding a wire
is wound on a form of a suitable insulating material, as, for example, bakelite
with a space between the turns equal to the diameter of the wire. Another
wire parallel with the first is wound in the unfilled spaces in the form in a

Fia. 24.—Winding to minimize inductance and capacity.

direction opposite to that of the first wire, as shown in Fig. 24. With this
construction the currents in the two wires flow in opposite directions and
adjacent wires are kept at nearly equal potentials. Units of resistance
over 1,000 ohms are sometimes made in the form of a tape which has the
resistance wire for the woof and cotton threads for the warp. This type is
non-inductive but is suitable for small currents only.

A resistance unit which is used merely as a load or to regulate voltage and
current need not possess a constant value but must have ample radiating
surface and a low temperature coefficient.

Resistance Units for Large Currents.—It is difficult to design a resistance
unit which can carry a heavy radio-frequency current and at the same time
have a constant resistance over a given range of frequencies. A unit of this
kind'may be made of wire or ribbon of manganin or nichrome wound on an
asbestos tube in a way that will reduce the inductance and distributed
capacity. The required current-carrying ability is obtained by connecting
small units in combination.

Standard Fixed Resistances.—Standard resistance coils, accurately
measured, are obtainable in a range from about one hundred thousandth
of an ohm to several hundred thousand ohms. Likewise, any required
current-carrying capacity and degree of accuracy may be specified.

Grid Leak.—A grid leak is a type of high-resistance unit used in the
operation of a vacuum tube as a detector. It is made in various forms such

www americanradiohistorv com


www.americanradiohistory.com

Sec. Ill) RADIO ACCESSORIES AND INSTRUMENTS 121

as a length of high-resistance wire, a piece of high-resistance metal, a mark
made with a graphite pencil on an insulator, or a pile of small carbon plates
so arranged that a variation of the pressure upon them changes the resist-
ance. Such units may be obtained in values from 0.25 megohm to 8 or
10 megohms. .

Fixed Resistances for Small Currents.—The construction of fixed-resist-
ance units for small currents depends considerably on the degree of resist-
ance. Thus for resistances of a few thousand ohms the unit may be made
of high-resistance wire wound on an insulating tube and covered with enamel.
For resistances of the order of about 50 megohms the unit may consist of an
insulating tube wound with a wire made of carbon and a special kind of
clay. A resistance unit of several thousand megohms may consist of a
small glass tube from which the air has been removed and which has a very
thin coating of tungsten on the inside surface. A somewhat different type
utilizes a strip of paper coated with India ink.

For small-current work it is essential that the resistance remain constant
under variations of temperature and under mechanical vibration.

Center-tap Resistance Unit.—In the operation of vacuum-tube filaments
on alternating current it is necessary in some circuits to use the mid-potential
point of the filament. A resistance unit of about 60 ohms commonly used
for this purpose is mounted across the filament terminals of a tube socket
and has a connection which provides the center tap of the filament. In
cases where unbalancing occurs it is desirable to have an adjustable center
tap which may be varied to the exact neutral point.

Potentiometer.—This device is a variable resistance of about 500 ohms.
The wire-wound type of potentiometer uses a resistance wire of a nickel alloy,
wound on a non-absorbent strip
backed with a bakelite insulating form.
The resistance unit of a potentiometer
may, however, be made of graphite
with a sliding arm of carbon. A poten-
tiometer (Fig. 25) is used to regulate
the degree or the polarity of voltage
applied to a circuit. This device is iy, 25—Potentiometer or voltago
esgentially an arrangement for sub- divider.
dividing a voltage and is more correctly
called a voltage divider. The relation between the source of voltage, the
resistance, and the divided voltage is shown in Fig. 25. It is apparent
that the voltage of point ¢ may be varied from a negative to a positive
value, corresponding to the supply voltage.

Rheostat.—In gencral, a rheostat is a variable-resistance unit having a
considerable current-carrying capacity. A type of rheostat frequently used
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consists of a layer of wire wound on an insulating tube with a sliding contact
which moves along the wire so that current may be made to flow through
any desired portion. This type, however, is not suitable for heavy currents.
Large rheostats usually consist of resistance units connected between switch
points, with the wire of a unit embedded in enamel.

In very large rheostats the units consists of metal grids exposed to the air
for cooling. ‘The grid type of resistance is generally applied in commercial
and industrial electrical equipment. Another type of rheostat for heavy
currentsis made of a pile of carbon disks or plates. The assembly is arranged
g0 that a screw may be turned to vary the electrical resistance.

A type of fixed-resistance unit called an amperite has heen used in series
with the filament circuit of a vacuum tube instead of a rheostat.

Liquid Rheostat.—A compact formn of rheostat for use with extremely
heavy currents consists of two metal plates immersed to a variable depth
in a conducting liquid. If water is used, its resistance may be decreased
by the addition of a small quantity of salt to allow more current to flow.
Such a rheostat may be cooled by the use of a metal container with radiating
ribs or by circulating the liquid.

Starting Rheostat.—One type of starting rheostat or ‘starting box”
for a direct-current shunt motor (page 225) is shown in Fig. 26. The
resistance is made up of wires or grids mounted in an
iron box which must be ventilated. The handle and
the electromagnet M are mounted on an insula-
ting panel of slate. The internal connections
are indicated by dotted lines. The terminal L is
connected to one side of the supply circuit,
F to the shunt field post of the motor,and A to
the armature of the motor. The other terminal
of the motor is connected to the opposite side
of the electric supply circuit.

When the handle of the rheostat is moved to
its extreme position to the right, the resistance is all
cut out, the iron strip K touches the electromagnet
M, and the handle is held in place. If the voltage is lost for any reason,
the handle is released by the magnet and is pulled back by the spring S to
open the motor circuit. The resistance units are in series with the armature
at starting and are cut out one by one as the starter handle is moved. In
the final position of the handle the full supply voltage is applied to the
motor circuit.

Fuse.—A fuse may be considered as a resistance unit which is used to
prevent the flow of excessive current in a circuit. The resistance portion
is a piece of wire or strip of an alloy of lead and tin inserted in series with

FiG. 26.—Starting rheo-
stat for electric motor.
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the wires of an clectric circuit. The fuse is marked to indicate the value
of current at which the resistance will melt and thus open the circuit. The
size of fuse which can be used in a given wire without causing excessive
heating, according to the National Electrical Code, is given on page 22.

Decade Resistance Boxes.—A resistance box of the decade type consists
of a number of coils of wire and suitable switches which may be manipulated
to introduce single coils or any desired combination of coils in a circuit.
The range of resistances may be from a fraction of an ohm up to 100 or
more megohms. Each resistance unit is marked with its resistance value
to provide a means of quickly calculating the total resistance inserted into
a circuit. The coils are wound with fine wire in a manner to reduce the
magnetic field.

This type of unit is suitable for use with currents of low values. In a
circuit of low inductance, however, a decade resistance box may change the
inductance of the circuit, but a readjustment of the capacity of the circuit
will compensate for the variation.

Insulators.—An insulator is essentially a device used to separate a
conductor from nearby electrically charged bodies. It may be considered
as a fixed condenser in which the dielectric is the material of the insulator,
and the plates are the terminals of the insulator or the conductor and nearby
conducting surfaces. Consequently the factors which must be considered
in the selection of condensers, such as dielectrics, insulations, and power
losses, apply also to insulators.

Power losses in an insulator appear in the form of heat and, if severe
enough, will cause the insulator to fail. The losses in the solid dielectric
may be reduced by a form of construction which diverts the path of the
clectric field from the solid dielectric to the air. The path must be long
cnough to prevent the voltage from jumping across, hence the length of an
insulator is determined by the voltage at which the insulator is to
be used.

Types of Insulators.—The two types of insulators are those for low-voltage
work and those for high-voltage service. The insulation of a low-voltage
circuit such as the antenna of a receiving set is just as important as that
of a high-voltage circuit operating at 10,000 to 30,000 volts. Although
the voltages and currents encountered in a receiving antenna are extremely
small, the receiver is under a severe handicap if much of the electrical
energy is allowed to leak away.

An insulator which is dusty, greasy, or sooty will allow leakage of electrical
energyv. If the dielectric is non-uniform or if it is cracked enough to permit
the entrance of moisture, the insulator will soon become defective. Glazed
porcelain or glass insulators are capable of withstanding high voltages but
are not satisfactory where subject to severe mechanical vibration. A
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composition called elecirose which is made with a shellac binder is often used
for molded insulators. The purpose of ribs and*petticoats on insulators is
to lengthen the leakage path and to allow water to run off the body of the
insulator., When an insulator is designed to stand the strain of the wire it
supports, it is called a strain insulator.

A high-voltage insulator, in addition to the essential qualities of an
insulator for low-voltage service, must provide sufficient support for the
wire and must properly insulate the circuit. It is generally made with a
shield designed so that the path of most of the lines of electric force is
through the air rather than through the solid dielectric. High-voltage
insulators for radio work are made in several types and in various sizes and
shapes.

A transmitting antenna may have a high voltage imposed on it and must
be carefully insulated to prevent leakage. A defective insulator will cause
a marked decrease in the antenna current and the radiation, as may be
noted from the ammeter reading.

Crystals.—Crystals of various kinds have long been used in radio com-
munication. They played an important part as detectors in receiving sets,
particularly thosc of the reflex type. Crystal detectors are still furnished
as auxiliary equipment with commercial receivers for use in the event of a
vacuum-tube failure. A quartz crystal which has piezo-electric properties
(page 125) is widely used in frequency control circuits for radio
transmitters.

Crystal Detectors.—The minerals, natural or artificial, which may be
used as detectors in contact with a metal (steel) point are galena (lead
sulphide), iron pyrites (iron sulphide), molybdenite (molybdenum sulphide),
hornite and halcopyrite (combinations of iron sulphide and copper sulphide),
zincite (zinc oxide), and carborundum (crystalline silicon carbide). In
most cases a light contact with a fine wire gives best results, but some
crystals are more efficient with a blunt contact point under pressure. Many
crystals do not have a uniform sensitivity over the entire surface, while
others lose their sensitivity in spots, deteriorating also with use, exposure to
excessive heat, or exposure to air.

Crystal detectors must have either the property of unilateral conducthty
(rectification) or the property of varying conductivity under different
applied voltages. Almost all kinds of detectors which depend on contact
between two dissimilar substances have both of these properties to some
degree.

A crystal detector which acts as a unilateral conductor offers a greater
resistance to the flow of current through it in one direction than in the oppo-
gite direction. If an alternating voltage is impressed on such a crystal
detector, more current, therefore, will flow in one direction than in the other.
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A direct-current ammeter in such a circuit will give a reading. The usual
erystal detectors have a resistance of 1,000 to 10,000 ohms in one direction
and about ten times as much in the other direction.

A crystal detector which has a variable conductivity under different
applied voltages must be used in series with an auxiliary battery. Usually
this arrangement is used only with carborundum. Crystals of silicon, iron
pyrites, and galena are equally sensitive with or without the battery. The
current-voltage characteristic curve
of a carborundum detector is shown in 2000 1
Fig. 27. This curve illustrates the
increase in conductivity as the volt- 1600
age is increased. A mineral which
does not possess this property has
a conductivity which is constant
under different voltages; consequently
the current-voltage curve for such
a mineral is a straight line. The 7
voltage of the auxiliary battery is A
adjusted for operation at the bend 4

. q 20 10 0
of the curve. At this point a small po i 20
increase of voltage in one direction Volts
results in a relatively large increase
of current, but the same decrease Fis, 27.—Characteristic curve of
in voltage results in a very small carborundum detector.
decrease of current.

The relative sensitivity of a crystal detector as compared with a vacuum-
tube detector may be shown by the minimum antenna current necessary
to produce a given response in ear phoncs. Thus for the ordinary crystal
a current of 500 units might be required; for one of unusual sensitivity, a
current of 100 units; for & vacuum-tube detector, 100 units; for a ‘‘soft”
tube, 10 units; and for an oscillating tube, 0.1 unit.

Piezo-electric Crystals.—Quartz and other crystals become electrically
charged when compressed and change their shape slightly when charged
electrically. If mechanically vibrated they will produce an alternating
voltage and if subject to an alternating electrical field they will vibrate.
These properties are known as piezo-electricity. A properly cut quartz
crystal, if put under pressure, will show a difference of potential of several
volts between its faces. A quartz crystal disk has a definite natural period
of oscillation which depends on its size and shape and the manner in which
it is cut from the body of the crystal. Furthermore, the disk will hold the
original frequency of oscillation for long periods of continuous operation.
The fundamental wave length of the crystal depends on its thickness and is

Microamperes
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approximately from 100 to 110 meters per millimeter of thickness. Crystals
are ground with a mixture of carborundum and emery applied with the
surfaces parallel. They are tested in a vacuum-tube oscillating circuit until
the required frequency is obtained. If there is even a slight variation in
the thickness of a quartz disk, it will not produce oscillations in a tube
circuit, because the portions of different thicknesses attempt to oscillate at
different periods of vibration.

The piezo-electric property of a quartz crystal is utilized to control the
frequeney of oscillation of a vacuum tube. An arrangement of a quartz
disk and a vacuum tube in an oscillator used for producing standard-fre-
quency service is shown in Fig. 28. The quartz disk is confined loosely
between two metal plates M and N. If
the plate circuit is tuned to a frequency
approximately equal to that of the
quartz disk, the circuit will oscillate.
A hot-wire type of ammeter (page 108)
placed in series with the condenser C
will deflect only when the quartz is
oscillating, and this provides a convenient
means for a test. Tuning the plate
F1e. 28.—Oscillator for standard Circuit does not cause any change in

frequency. the frequency of oscillation and serves

only to increase the amount of energy which

passes into the grid circuit from the plate circuit. In other words,

the amplitude of the electric oscillations will be a maximum when the

frequency of the tuned circuit is approximately equal to that of the
crystal.

Quartz crystals are used in circuits for producing oscillations of standard
frequency and also for correcting, or for setting, the frequency of a trans-
mitter. If a beat note (page 408) is observed between the frequency of a
station and that of the quartz oscillator, the station frequency is adjusted
until zero beat is obtained. Where a quartz oscillator is used to set the
station frequency, it acts on the grid circuits of the power tubes through
intermediate amplifiers.

The holder for the crystal is arranged so that the crystal is maintained
at a fixed distance from the sides of the container and so that only a very
light pressure is put on the upper contact plate. The container is hermeti-
cally sealed and kept at a constant temperature. At high frequencies of
operation a variation of 10°C. in the temperature of the crystal will cause a
variation in frequerrcy of about 1,000 cycles. A erystal may become inop-
erative if it becomes greasy from handling. It must then be washed in a
solvent for grease.
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Part b
TELEPHONE RECEIVERS, LOUD-SPEAKERS, AND MICROPHONES

The telephone receiver is used to convert into sound waves an alternating
current which has superimposed on it a signal wave form of audio frequency.
Two receivers (ear phones) of the type shown in Fig. 29 constitute a head sel.
The pole pieces N and S, of soft iron, are attached to the permanent
magnet H. The two coils M, M are wound with fine wire and connected
in series so that the received current flows through both. In the standard
receiver there may be as many as
10,000 turns of wire with a direct-
current resistance of 1,000 to 1,500
ohms, but special receivers may
have a resistance as high as 8,000
ohms. At the high frequencies
used in radio services the impedance
is many times the direct-current
resistance. A diaphragm D of thin
soft iron is placed close to but not Fia. 29.—Telephone recciver (head set).
touching the pole pieces. The
distance between them, usually a few thousandths of an inch, determines
the sensitivity to a great extent. The permanent magnet exerts a steady
pull on the diaphragm, and upon this is impressed the effect of the magnetie
field of the coils. The variations of the current in the coils follow the sound
variations directed toward the transmitter and produce corresponding
variations in the magnetic field of the coils. Thus the diaphragm is put
into vibration and reproduces the sound waves which strike the transmitter.
This diaphragm has a natural period of vibration, resonant frequency, at
which its response is a maximum. Special receivers of the ‘““tuned” variety,
in which the resonant frequency can be changed, have been made. The
diaphragm can vibrate only at an audio-frequency rate. If it could vibrate
at very high frequencies the sound would be beyond the range of the human
ear.

One disadvantage of this simple type of receiver is that the movement of
the diaphragm with currents of high amplitude is so great that distortion
results.

Balanced-armature Telephone Receiver.—In this type, illustrated in
Fig. 30, a soft-iron armature is pivoted through the core of the coil A
and is arranged so that its movement is transmitted by a lever and connect-
ing rod to a mica diaphragm D located as in the standard receiver. Other
non-magnetic materials, such as pressed paper, light wood, and “doped”’
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cloth, have been used for the diaphragm. There is no pull on the armature
until & varying current flows through the coil, because the path of the mag-
netic field is across the gap from one pole piece S to pole piece N. If a
current flows in the coil, the magnetic field in the gap is diverted so that
its path is along the flat pivoted armature.
This forces the armature to move on its
pivot. Consequently the vibrations produced
in the armature by a signal current are
of greater amplitude than if the armature is
under an initial stress. The armature is
mounted so that its movement is increased
through the action of the lever. This receiver
Fio. 30— Balanced-arma- has the advantage that th.e hi.gh Permeabilii_;y
ture telephone receiver. (page 64) of the magnetic circuit results in
a large force from a small signal current. A
current of a fraction of a micro-ampere gives a satisfactory response in
well-made head phones.

Loud-speakers and Microphones. Balanced-armature Loud-speaker.—
The first loud-speakers for radio work used an operating unit which was
essentially the same as that of the balanced-armature head phone (telephone
receiver). Horns of various sizes and shapes similar to the “bell” of a
musical instrument were developed to improve the poor performance of
such loud-speakers on notes of low frequency. Such an arrangement gave
improved sound effects but it was of inconvenient size.

Exponential Horn.—This type of horn is intended to reproduce efficiently
the vibrations of a diaphragm over a wide range of frequencies. The taper
of this horn increases at an ‘‘exponential’”’ rate such that the area of a
cross-section through the horn is doubled for each unit of increase in its
length. Such horns are seldom built in lengths of less than six feet because
an increase in the rate of expansion raises the minimum frequency which
the horn will reproduce. .

Cone Speaker.—The type of loud-speaker illustrated in Fig. 31 utilizes
a balanced armature which acts on a cone-shaped paper diaphragm through
a lever and connecting rod. This diaphragm consists of a double cone
fastened at its back to the frame. The adjoining edges of the two faces
of the cones are glued together. The connecting rod must be centered in
the front cone. The position of the rod may be changed by means of
adjusting screws. Several types of the conical diaphragms have been
developed. Among these are the single free-edge cone, the single cone
fastened to the frame, the double-free-edge cone, the double reversed free-
edge cone, and the double cone with adjoining edges fastened to the frame.
A few of these conical diaphragms have been made with oval-shaped cones.
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This type of loud-speaker gives a much better response on low fre-
quencies, but below frequencies of about 100 its efficiency drops very
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F1a. 31.—Cone type of loud-speaker.
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F1a. 32.—Moving-coil type or dynamic loud-speaker.
sharply. Another disadvantage is that the armature strikes the poles on

loud signals.
Moving-coil or Dynamic Loud-speaker.—The essential feature of the

moving-coil or dynamic loud-speaker, as shown in Fig. 32, is a so-called
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voice coil placed in a magnetic field. The field coil is energized from an
external source of direct-current power, usually the output of the rectifier
in the power-supply unit, and requires from 4 to 15 watts. In other types
the field current is obtained from the alternating-current light circuit of
110 volts through a step-down transformer and a dry-contact rectifier.
The voice coil, consisting of about a hundred turns of fine wire, is centered
in the air gap of the magnet and so mounted on the core that it is free to
move along the core. The voice coil is fastened to a cone-shaped paper
diaphragin. The interaction of the magnetic fields of the field coil and
the voice coil forces the voice coil to move back and forth along the core
corresponding to the variations of the current in the voice coil. This
movement is transmitted to the diaphragm and reproduced as sound. The
outer edge of the diaphragm is attached to a small metal ring faced with
felt which bears against a baffle board. The hole in the board has a diameter
equal to that of the outer edge of the cone. The moving coil is of low
resistance and must be connected to the power tube through an output
step-down transformer in which the ratio of turns in the primary to sec-
ondary coils is about 25:1.

The method of mounting will affect the quality of reproduction at low
frequencies. ‘“Free’’ mounting gives poor reproduction at frequencies
around 400 cycles per second. Good response at 100 cycles inay be obtained
by mounting the loud-speaker in an enclosed cabinet. Difficulties due to
mechanical resonance may be remedied by cutting holes in the back or
bottom of the cabinet and covering the inside with sound-absorbing material.
The best response to low frequencies of which the loud-speaker is capable is
obtained by mounting it with the front edge of the cone close to the periphery
of a hole in a baffle board which has a sufficient area. One recommendation
is that the distance fromn the front of the cone, through the air, around the
baffle, to the back of the cone should be one-quarter of the wave length of
the lowest note desired. Thus, if the velocity of sound is taken as 1,083
feet per second, the wave length at 100 cycles per second is 130 inches and
that at 50 cycles is 260 inches. One-quarter of these values gives the travel
around the baffle as 32.5 inches for the 100-cycle note and 65 inches for the
50-cycle note.

This loud-speaker will reproduce frequencies as low as 40 cycles per
second but may overemphasize the high audio frequencies. Some types
minimize this over emphasis on high notes by the use of a filler shunt. Com-
pared with the ordinary cone type, which is limited to a power input of
about 1 watt, the dynamic loud-speaker can operate on a maximum of
ahout 10 watts.

Inductor Dynamic Loud-speaker.—In this type two U-shaped permanent
magnets are used to supply a fixed magnetic field. Instead of a moving
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voice coil, there is a moving armature. The armature, however, instead
of rocking on a pivot, moves back and forth in a direction along the pole
faces. The support for the armature is
provided by the springs S, S, shown in s
Fig. 33. The voice coils C and C) are con-
nected in series. When a current flows
in the direetion shown, the field between

st
i

i

e

- ] -A
the poles P, P is increased while that =—%
between P, P, is decreased. Consequently a A B
greater force is exerted on the armature bar G i

A than on 4, and the armature moves to the
left. When the current reverses, the movement
of the armature changes in direction. The
outstanding advantage is that no direct-current
excitation is required for the field.

Phonograph Pick-up.—An electrical pick-up device in connection with the
audio amplifier of a receiving set is used to reproduce phonograph records.

i \ﬁ

Fig. 34.—Phonograph pick-up.

Fic., 33.—Inductor
dynamic loud-speaker.

One example of the magnetic type is the Bosch unit, as illustrated in Fig.
34. The reproducer A which carries a needle is fastened through a swinging
arm B to a base E. The two leads G of the
reproducer pass through the volume control C to
a socket plug D. In order to use the device the
detector tube is removed from its socket, the
plug D is inserted, the receiver is switched on,
the record on the turntable is rotated, and the
needle of the reproducer is placed on the record.

A section of this phonograph reproducer is shown
in Fig. 35. The needle I is held in the armature,
which is pivoted on knife edges and vibrates in the
air gaps O and P of the pole pieces N. The
magnetic field is obtained from a permanent
magnet. Movement of the armature induces in

Fia. 35—Ph h 2 q . q
te ,ep,odu02:°“’“p the coil @ an alternating voltage which varies

in strength in accordance with the ‘‘curves”
on the phonograph record. This voltage is impressed on the audio-frequency
amplifier (page 355) of the receiving set through the socket plug.
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Microphone Transmitter.—This instrument is acted on by sound waves
to cause corresponding variations in an electric current. The carbon micro-
phone transmitter of the single-button type as shown in Fig. 36 is essentially
a speech-controlled variable resistance, because the resistance of the carbon
varies with changes of the pressure upon it. The carbon grains C are con-
fined between the hard carbon plates E and F, which are insulated from each
other and serve as the electrodes of the device through the terminals G and
H. The button L is fastened to the carbon plate F and is kept in contact
with the aluminum diaphragm D by a metal spring S.

Y

e

\@.\\\\\

——
b

Fra. 36.—Carbon microphone transmitter (single-button type).

If a source of voltage is connected across the terminals, it will cause a
current to flow from one carbon plate through the carbon grains to the other
plate. A sound wave striking the diaphragm induces vibrations in it which
are transferred to the carbon plate and thus varies the pressure on the carbon
grains. This variation of pressure also varies the resistance between the
carbon plates, and consequently the current in the external circuit has the
same characteristics as the sound wave. One disadvantage of this type is
that it introduces distortion on sounds of high intensity. Also, the flow
of current through the carbon produces a hissing noise.

One type of carbon microphone takes a current of about 25 milliamperes
and has a power consumption of about 0.3 watt on a supply of 12 volts.

Double-button Microphone.—In this type, the diaphragm has a cup of
carbon grains called a butlon on each side and is connected into the circuit )
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as shown in Fig. 37. When a sound wave strikes this diaphragm so as to
increase the pressure on one set of carbon grains, the pressure on the other
get is reduced. Consequently the current decreases in one branch of the
circuit and increases in the other. The combined effect of these currents
is to reduce distortion and

to increase output. The Lz, T

resistances of the two - 3 T
buttons must be equal to —%—" P F aAmplifier
avoid distortion. The 1 Tube
transformer used with this I

microphone has a mid-tap AAAAA t.” ToA
on the primary w1ndlr}g. Fig. 37.—Carbon microphone transmitter
The response to frequencies (double-button type).

over a range of from 1,000
to 6,000 cycles per second is quite uniform. This type of microphone is in
general use in broadcasting stations.

Magnetic Microphone.—This type depends on the action of a coil in &
magnetic field. The construction is such that a sound wave striking a
diaphragm causes it to vibrate and thus to vary the strength of the magnetic
field around the coil. The varying voltage induced in the coil has a fre-
quency characteristic of the same form as that of the sound wave. In
another type the diaphragm is attached to a coil which is located in a
permanent magnetic field. The movement of the coil in the field induces a

voltage in the coil. A pair of

head phones (telephone receivers)
may be used as a magnetic
Condenser microphone.
ERRERE Condenser Microphone.—This
type consists of a thin metal

diaphragm placed close to but
insulated from a thick metal
! . plate. The diaphragm and plate
8ias  Grid A
Resistance Resistance together form an air condenser
(page 55) of small capacity.
: This condenser, in connection
with a battery and resistance units as shown in Fig. 38, is arranged so
that a sound wave striking the diaphragm varies the capacity of the
condenser and also the voltage across the resistance. This voltage drop
acts upon a vacuum tube which serves as the input to a speech amplifier.
The response to frequencies over & range of from 40 to 6,000 cycles per
gecond is quite uniform. The condenser microphone gives more perfect
reproduction than the other types but it is less sensitive and necessitates

Fig. 38.—Condenser microphone.
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the use of a greater degree of amplification to produce an output of equal
volume.

Part 6
TRANSFORMERS

General Principles.—The principle of induction is utilized in a transformer
to change the voltage of an alternating current. In a ‘‘step-up” trans-
former the output voltage is higher than the input voltage; in a ‘‘step-
down” transformer the output volt-
age is lower than the input voltage. A
- simple transformer as shown in Fig.
PrimarylL Secondary 39 consists of two coils of insulated wire

) wound on a common core of silicon-
steel sheets. The primary coil is con-

Simple sidered the input side and the secondary
Transformer . .
) cotl the output side.
F1a. 39.—Simple transformer. Operation of Transformer.—An alter-

nating current flowing in the winding
of the primary coil produces an alternating magnetic field in the core.
The small current which flows in the primary when the secondary is ““open”
is called the no-load or open-circuit or magnelizing currenf. The magnetic
field in the core induces in the primary winding a back voltage practically
equal in value to the applied voltage. This magnetic field also induces an
alternating voltage in the secondary winding. If the secondary circuit
is closed, an alternating current will flow, producing a magnetic field which
opposes that of the primary current, and consequently the magnetic flux
of the core is reduced. This reduction decreases the primary inductance
and allows a greater primary current to flow. In other words, if the second-
ary current increases, the primary current increases also.

A chassification of transformers according to their construction consists
of air-core transformers and iron-core transformers. Transformers are used
in radio receiving circuits for coupling one stage to another in audio-fre-
quency amplifiers, for coupling stages in radio-frequency amplifiers, for
operating the filaments of vacuum tubes, and for producing high voltages
for the plate supply of vacuum tubes. In radio transmitting circuits they
are used for charging the condensers of a spark system (page 40) and for
the plate supply of vacuum tubes in a tube type of transmitter.

Audio-frequency Transformer.—This is a device used to couple the output
circuit of one vacuum tube in an audio-frequency amplifier to the input
circuit of the next following tube. The transformer should have a nearly
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flat amplification curve (page 136) from about 150 to 5,000 cycles per second.
A non-uniform curve results in sound reproduction which is distorted because
certain frequencies are overemphasized. The core must be large enough
so that it will not be saturated by the direct current in the plate circuit
connected to its primary. If a core is saturated the variations of the plate
current caused by the reception of a radio signal can produce but little addi-
tional magnetic flux; consequently all the plate-current changes are not
transferred to the secondary circuit, and the quality of the signalis
affected. Q

The impedance of the primary winding of a transformer is designed to
match the impedance of the output circuit or the resistance of the plate
circuit of the vacuum tube with which it is used.

Transformer Construction.—The greater the primary impedance relative
to the plate impedance the larger will be the voltage impressed on the pri-
mary coil of a transformer and, consequently, also the amplification. A
primary inductance of 100 henrys has an impedance of 628,000 ohms at
1,000 cycles and 62,800 ohms at 100 cycles, which is about six times the
plate resistance of the tube. The reduction of impedance with frequency
decreases the amplification at low frequencies. The primary inductance
depends on the number of primary turns, the cross-section of the core, the
length of the iron-core path, and the amount of direct current flowing in the
primary circuit. High core losses diminish the amplification at all frequen-
cies. The voltage amplification increases rapidly with an increase of the
primary no-load reactance at low values of reactance, but more slowly
at higher values. Beyond a certain point, then, there is little to be gained
by increasing the reactance. The factors of size and cost must be con-
sidered, also, for an increase in the core increases the size of the unit, and if
inore primary turns are used, more secondary turns are necessary for a
given ratio of secondary turns to primary turns.

Since the primary and secondary coils cannot occupy the same space,
there is a certain amount of magnetic flux called leakage flux which does not
link both coils. This produces the leakage inductance which decreases
amplification at all frequencies.

The capacity effect between turns and between layers is small and affects
amplification only at high frequencies. The capacity effect between the
primary coil and the sccondary coil also acts as a short circuit between the
two windings at high frequencies and tends to decrease amplification.

If the transformer ratio, that is, the ratio of secondary turns to primary
turns, is made high, and there are many turns on the primary, a very large
number of turns are obviously needed on the secondary. This results in an
increased internal capacity effect which, with the input capacity of the next
tube, brings the natural frequency of the secondary circuit within the range
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of audio frequencies and causes a resonance peak. Amplification beyond
this natural or cut-off frequency is very poor.

It has been shown that amplification of low frequencies requires a large
number of primary turns and that a large number of secondary turns dimin-
ishes the amplification of high frequencies. Consequently a transformer
is made with a rather low ratio of secondary turns to primary turns, a core
having a large cross-section, a low internal capacity, and a low leakage
inductance.

Amplification Curves.—The performance of a group of modern trans-
formers is shown in Fig. 40. A UX-112A vacuum tube was used and oper-
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Fiu. 40.—Amplification curves of modern types of transformers,
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ated with a plate voltage of 68 volts and a grid-bias voltage (page 36) of
—3 volts. The specifications for the several types of transformers are given
in the following table:

TaABLE XVIII.—TRANSFORMER SPECIFICATIONS

n | . Induetance, no q
Ratio of . Resistance, i . Primary-
secondary | Maximum ohms d"efl::l‘,'yr:em" inducug:q
Type of to pri- primary with 3 milli-
transformer | mary c‘:nrfﬁ{‘_tv amperes
wmtimga, amperes Pri- | 8econd- Pri- | Second- c?‘l:nec:t
| mary ary mary ary
AF5.:...... 1:3.5 10 2,400 | 34,000 180 2,330 110
AF3........ 1:5 5 1,375 | 26,000 95 2,330 55
AF3........ 1:3.5 ) 1,900 | 26,000 190 2,330 85
AF4........ 1:3.5 5 950 8,800 42 515 35

The effect of the lower primary impedance of the AF4 transformer is indi-
cated by the decrease in amplification at low frequencies, as shown by the
curves in Fig. 40, Both the AF3 and the AF4 transformers have a cut-off
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frequency at about 8,000 cycles per second. The small resonance peaks are
due to the effect of internal capacity and leakage inductance.

The effect of a strong radio signal is to reduce amplification. This occurs
because a strong signal causes an increased current to flow in the grid circuit
of the amplifier tube. This current flows through the secondary winding
of the transformer and acts so as to reduce the voltage developed.

A condition of resonance at 5,000 cycles or more does not produce a very
noticeable effect on reception, because the efficiency of the loud-speaker
at such frequencies begins to drop off. A condition of resonance at moder-
ately low frequencies may be detected by laboratory measurements but,
if small, does not perceptibly affect the performance of the amplifier.

The frequency characteristic of a multistage amplifier (page 355) may
differ considerably from that of a single transformer. Interstage coupling
may increase the effect of resonance conditions, and the coupling resulting
from a common plate-voltage supply may cause a considerable change in
amplification at low audio frequencies.

An audio-frequency transformer is of the step-up type with more turns
of wire on the secondary than on the primary winding. The usual ratio
of turns is three to one. The secondary winding, consisting of thousands
of turns of very fine wire, must have a low value of distributed capacity to
avoid by-passing currents of high audio frequencies around the winding.
The maximum allowable primary current is about 10 milliamperes. Usually
the secondary turns are wound over the primary but in one type of trans-
former both are made up in sections which are placed next to one another
on the core. Some transformers are enclosed by a metallic shield which
may be grounded.

Audio-frequency transformers should have a separation of several inches
from each other, or they should be mounted so that the cores are at right
angles. These precautions may minimize the difficulties caused by inter-
action of the magnetic fields of transformers.

Radio-frequency Transformer.—This unit is usually made of two single-
layer coils on separate forms with the secondary outside the primary.
The mutual inductance (page 68) between the two windings may be fixed
or variable depending on the construction. The ratio of the number of
turns in the windings is calculated for a maximum energy transfer and not
primarily for voltage increase. The mutual inductance of such an air-core
transformer is quite small. The impedance of the primary coil should be
equal to the impedance of the vacuum tube with which it is used in order to
get a maximum flow of current. Such transformers may have a primary
inductance of about 10 microhenrys and a secondary inductance of 200 or
more microhenrys. To prevent magnetic and static coupling, radio-fre-
quency transformers may be shielded, or they may be so mounted with
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rclation to each other that the interstage coupling is greatly decreased. In

one arrangement (Fig. 41) three coils A, B, and C are mounted so that the

axis of each is at 90 degrees to the others, and in another arrangement the
axis of each coil makes an angle of about 58 degrees with the base.

Transformers used for alternating currents of radio frequencies are made

with air cores. Tron is not so effective at radio frequencies in increasing

the magnetic flux as at low fre-

H quencies. This eondition exists

) because time is required for the

magnetization to advance from

< the outside to the center of the

--M-- | @ core; that is, the current reverses

t 8o rapidly that the field is reversed

(a)-Three Coils at Right Angles before it penetrates an iron or

steel core to any appreciable

A/ B/ c /
distance and is confined to the
§ § § “ o outer portion of the core.
’ Power Transformers.—Trans-
£ z y

A i formers for use in circuits carrying
(b)-Method of Coil Spacing considerable power, called power
Fia. 41.—Method of coil mounting.  transformers, may be -classified
according to their construction
88 open-core and closed-core types. In the open-core type the mag-
netic lines of force are not at all confined to an iron core but it is intended
that some will pass through the air. On the other hand, in the closed-core
type the magnetic lines are confined as much as possible to the core. The
leakage flux is that part of the magnetic lines due to one winding which does
not link the other winding. The leakage flux may be reduced by the use
of a closed core, or a core of large cross-section, or by winding one coil over
the other.

In a transformer the ratio of the primary voltage E, to the secondary
voltage E, is equal to the ratio of primary turns N » to secondary turns N,.
Expressed as a formula, this becomes

EP — NP

E, N,
It may be shown also that the primary ampere-turns (page 63) are equal
to the secondary ampere-turns, or /,N, = I,N, whence

I. N,

1, ~ N,
The power in the primary circuit multiplied by its power factor (page 76)
is equal to the secondary power times its power factor.

www americanradiohistorv com


www.americanradiohistory.com

Sec. 111}  RADIO ACCESSORIES AND INSTRUMENTS 139

Transformer Losses.—The losses in a transformer consist of the heat
lost in the wire, eddy currents, and hysteresis. The primary winding of a
transformer must have a low reststance for direct current in order to keep
down the I*R loss. The core is laminated to reduce the heat loss due to
eddy currents which are currents induced in the core. Silicon steel, which
has a high permeability (page 64), is used to reduce the hysteresis loss,
which is the heat developed by the changes of thé flux density in the iron
which accompany the flow of an alternating current. Alloys have been
developed recently which have a higher permeability and consequently a
lower hysteresis loss than silicon steel.

Commercial types of transformers may be classified into two types accord-
ing to the relative positions of the iron and the windings, that is, the core
type and the shell type, as shown in Fig. 42. The distributed-shell type of

Distributed Rectangular " Simple
Shell Core Shell

Fro. 42.—Windings of typical core and shell transformers.

construction is used on single-phase transformers for service up to about
4,600 volts. Single- and three-phase transformers for higher voltages and
medium power are made with a rectangular core, while high-capacity high-
voltage transformers generally are of the simple-shell type.

Series Connections.—The two coils of a transformer winding, for either
the primary or the secondary, may be connected in parallel or in series.
Assume a ‘“‘step-down” transformer, 10:1 ratio of turns, in which each
eoil of the primary winding is designed to carry 10 amperes at 1,100 volts
- without excessive heating, and in which each coil of the secondary is designed
for 100 amperes at 110 volts. If the two primary coils are properly con-
nected in series, they constitute, in effect, a single primary coil which can
be connected to 2,200-volt mains to take 10 amperes without overheating
unduly. If the two secondaries are properly connected in series, they con-
stitute in effect a single secondary which will deliver 100 amperes at 220
volts,
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Two coils of a transformer winding are properly connected in series when
the current which flows through them follows around the core in the same
direction in both coils. Figure 43 illustrates the proper and improper
methods of making series connections. When two primary coils, improperly
connected in series, are put on the supply mains, the current which flows

through the two coils will have equal and

(NI

A

| P opposite magnetizing action in the two coils,
vl *¥[_.B Connection 80 that practically no magnetic field will be
created and no “back voltage” will be

3 r induced in the windings to balance the
LA *@ Improper  applicd voltage. The flow of current is
4 x Connection 4} ercfore opposed only by the resistance

Fio. 43.—Right and wrong of‘ the coils, which is v‘ery‘low, and by the
methods of making series con- B8light back voltage which is due to leakage.
nections of transformers. As a result, a very large current will tend

to flow, producing short-circuit conditions.
An improper connection of the secondary coils does not lead to short-
" circuit conditions but will result in zero voltage between terminals.

Parallel Connections.—If the two primary coils of the transformer just
mentioned are connected properly in parallel, they constitute in effect a
single primary coil which is suited for direct connection to 1,100-volt mains
and will take 20 amperes. If the two secondary coils are connected properly
in parallel, they constitute in effect a single secondary coil which will deliver
200 amperes at 110 volts. The two coils of a transformer winding are
connected properly in parallel when the current, which divides between
them, flows around the core in the same direction in
both coils, that is, so that both coils magnetize the Nl&‘"ﬂ

core in the same direction. Figure 44 shows the == =
proper and improper methods of making paralle

connections. When two primary coils, improperly M
connected in parallel, are put on the supply mains, —

the currents in the coils oppose each other in their Fre. 44.—Right
magnetizing action on the core. As a result, the core and wrong methods
is not perceptibly magnetized and very little back Zin’?"’:’:‘i ol:;a:al:)e;
voltage is induced in the coils. This allows a heavy (ransformers.
flow of current and produces short-circuit conditions.
Two secondary coils, improperly connected in parallel, give rise to short-
circuit conditions. A voltmeter can be used to check transformer con-
nections and may prevent serious damage to the windings.

Single-phase Connections.—As mentioned before, the primary coils of a
transformer may be connected either in series or in parallel, and the second-
ary coils likewise may be connected in series or in parallel.
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Two or more transformers may be banked, or operated in parallel. Figure

45 shows two transformers in parallel serving a single-phase two-wire line
and also two transformers serving a single-phase three-wire line.

e T

J omw)

—__J
p—

Two-Wire Distribution Three-Wire Distribution
Fia. 45.—Transformers in parallel serving two-wire and three-wire lines.

Two-phase Connections.—In a two-phase or a three-phase system the
step-up or step-down transformation (page 134) is accomplished, in general,
hy a separate transformer of the ordinary type for each phase.

In most cases the mains of a two-phase primary ecircuit are four wire (Figs.
46 and 47). The secondary or distribution circuits are generally four wire,
although a few three-wire secondary circuits are in use. Figure 46 shows a
two-phase system in which the power in each phase is received and delivered

Supply
Mains Supply,
erimarp Mains
| } Vrmany |
HEareal ! ;
Yary 1 (T ,
€, v)
Distribution Systern
Dsstribution System|
Fia. 46.—Transformer connections F1a. 47.—Transformer connections
for four-wire two-phase supply to four- for four-wire two-phase supply to
wire two-phase distribution. three-wire two-phase distribution.

by a separate transformer in that phase. Both primary and secondary
circuits are four wire. The two-phase three-wire system, in which one wire
is used as & common return for both phases, is shown in Fig. 47 and indicates
the use of two ordinary single-phase transformers.
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Three-phase Connections.—The usual line for a three-phase system
consists of three wires, each wire being in effect a common return for the
current in the other two. Where three transformers are used, they may
be connected in delta (Fig. 48) (also called mesh) or in Y (also called star)
(Fig. 50). In a delta connection on the primary side, the three primaries
are connected in series, and the line wires are connected to the three corners
of the resulting triangle. Ina Y connection on the primary side, one termi-
nal of each primary is brought to a common point and the other terminal
is connected to a line wire. The secondaries also may be connected either
in delta or in Y, or they may be connected in a delta when the primaries
are in Y, or vice versa.

It is necessary to keep in mind the distinction hetween phase voltage and
phase current, and line voltage and line current. Thus, in a delta connection
the line voltage equals the phase voltage, while the line current is equal to
1.73 times the phase current. Likewise, in a Y connection the line voltage
equals 1.73 times the phase voltage, while the line current is equal to the

Fig. 48.—Transformer connections Fia. 49—Open delta connections of
for three-wire three-phase delta con- transformers.
nection of primary and secondary coils.

phase current. Thus, in a balanced three-phase circuit the volt-ampere
load is equal to 1.73 times the line current times the line voltage. In Fig.
48 there are shown three ordinary single-phase transformers with their pri-
maries connected in delta to the three-wire, three-phase supply mains, and
with their secondaries connected also in delta to the three-wire, three-phase
distribution or service mains. The delta connection of both primaries and
secondaries is preferred in practice, since with this arrangement the com-
plete three-phase transformation still iseffected even though one transformer
may be entirely disconnected because of a burn-out or a breakdow=. 1t
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should be noted that when one transformer is disconnected, the arrange-
ment is really a “V’’ or an ‘““open-delta’ connection, such as that shown in
Fig. 49. Under these circumstances, line current and line voltage are equal
to phase current and phase volt-
age. Thus, the volt-ampere capac-
ity with a V connection is equal

to the product of line volts and
line amperes. This is 0.577 of the .---_-F ‘:l---j; -==1
delta capacity, which is equal to i o " J
1.73 times line voltage times line Y=oy -.U-qJL -c=-
current.

The diagram of transformer

connections using the primaries in
delta in a three-phase, three-wire
supply circuit, and the secondaries Neyiral
in Y in a three-phase, four-wire ;5. 50.—Transformer connections of
distribution circuit, is given in three-phase three-wire delta supply to

Fig. 50. The function of the three-phase four-wire Y or star distribu-
tion.

fourth or neutral wire is to carry
the unbalanced current, and, of course, with a balanced load, the fourth
or neutral wire carries no current. This is similar to the function of
the neutral wire in a direct current, three-wire system (page 215).
- Transformers may be connected
Three-Phase Circuit with either their primaries or second-
aries either in delta or in Y. With
a delta-connected primary and a Y-
connected secondary, the secondary
voltage is equal to 1.73 times the
voltage which would result from a
delta connection. With a Y-con-
nected primary and a delta-con-
nected secondary, the secondary
voltage is equal to 0.577 times the
voltage which would result from a
Y connection.

Second Phase Phase-change Connections.
Fig. 51.—Scott connections of trans- Changes may be made from two to
formers for three-phase supply circuit. three phases, or from three to two

phases, with or without a change in

voltage, by means of special transformers which have the required ratio
of transformation. This change is made by the use of the Scott connection
on two single-phase transformers as shown in Fig. 51 which illustrates
a three- to two-phase transformation.
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Three-phase Transformers.—In general, a three-phase transformer has a
common magnetic circuit for three sets of single-phase windings. As com-
pared with three single-phase transformers, a three-phase transformer is
lighter, smaller, more efficient, cheaper, easier to install, and lower in first
cost. On the other hand, it is not so flexible and, in case of failure, causes
more interruption to service. For these reasons the three-phase transformer
is used mostly in large sizes.

Parallel Operation of Transformers.—In order that transformers may
operate in parallel they must have the same ratings as to voltage, ratio
of turns, and regulation. In this connection it is necessary to consider the
polarity of the windings, as explained ecarlier in this section. A group of
single-phase transformers having the same polarity and connected for
parallel operation must have similar connections throughout. Under
certain conditions, three-phase transformers cannot be operated in parallel.
When such an installation is to be made, it is a good precaution to make
thorough tests with a voltmeter before permanent connections are begun.

Autotransformers.—An autotransformer is made with hut one coil.
As shown in Fig. 52, part of this coil serves as hoth a high-tension and a low-
tension winding (primary and secondary). A transformer made with two

-200Volfs - [e-C00 o/ - -
0 10
L) va i) Ri ] .
204000008

Omps 104mp. =
<)
20 20
Amp. Amp, I mp.
Load Load
0.
o “oHs

Fia. 52.—Autotransformer connections.

windings and a rating equivalent to that of an autotransformer requires
more wire, more core iron, is higher in cost, and lower in efficiency. When
the ratio of transformation is not large, an autotransformer may be used
to good advantage.

In the form of a compensalor, the autotransformer is used to start alter-
nating-current motors. The construction is such that at starting, a reduced
voltage is applied to the machine.

Cooling Transformers.—The coils of a transformer may be immersed
in oil to aid in dissipating the heat. Transformers of small size are cooled
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hy exposure to the air. The secondary winding generally has a safety
gap (page 238) for protection if the voltage increases beyond a certain
value. The transformer case is grounded.

Hazards and Efficiency of Transformers.—Whether air or oil cooled,
transformers are a source of both life and fire hazards. Care must be taken
in choosing a location for them and in the method of mounting. By ground-
ing a transformer case the danger from fire and the hazard to life from
clectric shock are reduced. The installation of a ground connection (p. 82)
must receive the same care and consideration as any other part of the
electrical system. The grounding of the case of an instrument
transformer is desirable because it prevents danger from shock. All
adjacent metal work also should be grounded as a protection against this
danger.
~ The efficiency of a transformer is equal to the ratio of output to input.
The diffcrence between output and input is the amount of the various
losses. In well-designed transformers the efficiency may be as high as 94
to 98 per cent, increasing with the size of the unit.

Part 7

RADIO-FREQUENCY RESISTANCE AND INDUCTANCE COILS

The method of measuring the coils of different shapes and of different kinds
of wire as used in radio receiving sets is shown in Fig. 53. This method is
described in detail in Bureau of
Standards Technologic Paper 298. The
effective resistance R of a coil may be
found by direct comparison with a

-

standarc! variable resistance R, after the Egﬂ"’,‘kro Current
test coil and the condenser C are \ Indicator
tuned to resonance. The apparent ! Rs
inductance L is calculated by the formula

25,350 High-Frequency

L= o Source
Fia. 53.—Metho§i of n.\easuring

where the inductance L is in micro- characteristics of coils.

henrys, the frequency f is in kilocycles
per second, and the measured resonance capacity C of the series condenser
is in microfarads.

Characteristics of Coils.—The method employed is to compare, at radio
frequency, several types of coils commonly used in radio receiving sets, the
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coils having been adjusted to the same self-inductance at a frequency of
1,000 cycles per second. This value represents the minimum of the apparent
inductance, larger values being obtained at the broadcast frequencies. The
direct-current resistance is, of course, different for the various coils, since
some shapes require more wire than others for the same inductance at
1,000 cycles per second. The function of a coil in a receiving set is essen-
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F1a. 54.—Curves for evaluating capacity of coil at different frequencies.

tially to introduce inductance in the circuit, for practical reasons a given
amount of inductance being introduced with the minimum possible length
of wire and of resistance. On account of the capacity action of a coil the
apparent inductance is usually much larger at broadcast frequencies, since
the decreased inductance due to skin effect (page 88) is sinall in comparison.
The capacity action of a coil tends to transfer more or less energy across the
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turns than along them, thus changing the effects of the coil with increasing
frequency gradually into a condenser, with a resistance which is due to the
insulation between the turns.

The quality of a coil can be considered in terms of a number of different
properties, each of which is of importance in the use of the coil. For use
in the tuned circuits of a receiving s¢t the important characteristics are:

85
80 - HK _
s 1 ol | 4

|

Y
B

: i 79 flange
200 300 400 500 600 700 800 900 1000 1100 1700 1300 1400 1500
Kilocycles per Second

F1a. 55.—Radio-frequency resistance at different frequencies.

1. The radio-frequency resistance. A low rate of resistance at the actual
frequencies used is desirable.

2. The magnitude of the ratio of the inductance to the resistance L/R
should not be unreasonably small compared with the value obtained at
1,000 cycles per second. This ratio enters into the sharpness of resonance
(page 83) which a circuit containing the coil would have.
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It should be noted that the inductance L denotes here the apparent
¢tnductance, which is always larger at radio frequencies than at audio fre-
quencies. This value increases very rapidly as the frequency of the circuit
approaches the natural frequency of the coil; but, unfortunately, the approxi-
mate natural frequency of a coil corresponds to a frequency range within
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Fia. 56.—Ratio of increase of resistance over its direct-current value to its
direct-current value at different frequencies.

which the coil is of little practical value. The apparent increase of the
inductance L of a coil is mostly due to the capacity of the coil, and this
effect is, in general, much larger than the decrease of inductance due to
a non-uniform current distribution in a wire or other conductor. There
are several natural frequencies of a coil which do not bear definite harmonic
ratios (page 72) to each other.
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3. The percentage increase of radio-frequency resistance to the direct-
current resistance. This value should not be unreasonably large.

4. The percentage decrease of the ratio of the inductance to the resistance
L/R at radio frequencies with respect to the value at audio frequencies at,
for example, 1,000 cycles per sccond.  This value should not be unreason-
ably large.
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Fra. 57.—Ratio of inductance to resistance at different frequencies.

5. The apparent inductance. This value should not be too large com-
pared with the value at 1,000 cycles per second, because the increase is
mostly due to the capacity of the coil.

The above characteristics show certain merits of a coil, for which reason
their variations with the frequency of the circuit are plotted in Figs. 54 to
57 and 63. It is of importance that a coil should have a comparatively low
radio-frequency resistance if this requirement does not make necessary a
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shape and size of the coil which is unusually bulky. The curves for the
characteristics given in paragraphs 1 and 2, and as shown in Figs. 55 and 57,
are therefore of importance for rapid inspection of the results. The curves
corresponding to paragraph 5, as shown in Fig. 54, give a means for evaluat-
ing the capacity of a coil.

Description of Test Coils.—The comparisons of coils given here apply to
those of the so-called ““low-loss’ type and do not include shapes which are

SINGLE NARROW
LAYER BASKET
WEAVE

pos ‘i'&le‘j

RADIAL
BASKET
WEAVE

BANKWOUND

F1a. 58.—Various shapes of test coils.

seldom used for radio work at broadeast frequencies. As an exception, an
ordinary two-laver coil was measured in order to illustrate the unusual
changes taking place in such a coil. The various shapes of test coils are
shown in Fig. 58.

To establish a basis of comparison, the inductance of all the coils is
assumed to be adjusted to 291 microhenrys at 1,000 cycles per second, which
is the approximate value of the inductance frequently used in receiving
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equipment for tuning to broadcast frequencies. For the sake of brevity the
different shapes of coils are designated by capital letters, as is shown in the
following tables. The kind of wire used is indicated by subscripts. Thus,
Das indicates a honeycomb coil using No. 28 American wire gage (A.W.G)
and double-cotton covered (d.c.c.) wire; 7' indicates a loose basket weave
using No. 16 (A.W.G.) d.c.c. wire; and Ny, a two-layer bank-wound (Fig.

TasLe XIX.—KEy ror Test CoiLs, Usiné No BINDER

Kind of coil Symbol ’ Kind of coil ‘ Symbol
Single laver. .. ........... A ' Two-layer............... E
Radial hasket weave on | Narrow basket weave. .. .. | F
cardboard.............. | B Loose basket weave....... | I i
Radial basket weave on Bank wound, two-layer. .. N
hard rubber............ C Bank wound-three-layer. . th
Honeycomb.............. D Bank wound, four-layer... H

59) coil using litz wire. All litz wire in the coils has thirty-two strands of
No. 38 d.c.c. wire and corresponds roughly to the cross-section of No. 23
(A.W.G.) wire. In this wire thirty-two No. 38 (A.W.G.) enameled copper
wires are braided together. In order to have comparative tests on various
binders, six single-layer coils are of the same size as A ;5 and are coated with
the materials indicated in the following table, which gives the designations
used.

TasLe XX.—KEy ror Test CoILs, Using BINDER

Binder used Symbol Binder used Symbol
Shellac................... Kas Spar varnish............. P
Commercial insulating var- Collodion................ Qs

nishA................. Lag Commercial insulating var-|
Paraffin.................. M nshB................ Rss

Detailed information of the coils is given in the following comprehensive
table. The resistance of a coil at 1,000 cycles per second is, for those given
in the table, practically equal to the direct-current resistance. For this
reason the direct-current resistance is utilized for evaluating the ratio
Lo: Ro at 1,000 cycles per second.
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Figures 59 to 62 show how coils listed in the table are wound. Figure 59
shows the method used for winding a ‘‘three-layer bank-wound” ecoil in
comparison with the winding of an ordinary three-layer coil. Figure 60

8
%

Lo ELYE
AR AR

1 G L ]
. - Ordinary Three -Layer Windin
Three-Layer Bank Winding (Useless for Currents of the 'mg“ )

F1a. 59.—Three-layer bank winding.

illustrates how the ‘“narrow basket-weave” coil is made in which the coil
is built up along a series of pins, which are removed after the coil is finished.
Figure 61 shows the method used in winding the “loose basket-weave”

Fia. 60.—Narrow bhasket-weave Fic. 61.—Loose basket-weave winding.
winding.

coil, which requires a pair of pins for each corner. The spacing is 10 milli-
meters between the two pins of a pair. Figure 62 shows the method used in
making the “honeycomb” coil. The zigzag winding is illustrated by the
view of the entire cylindrical surface. The winding is built up along the
radii of the coil.
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Explanation of Results.—Figure 54 shows the curves for the apparent
self-inductance of the various test coils as a function of frequency. As on
all the curve sheets, the dotted curves indicate the different coils for which

i
2345678900 BwsETBRDaDNST YR ) § 3
00000000 L] o0 O

o0 0 0000000000 000060009
234567 8091011213141616171 1900 nWBB
[Ea— 2N, }imes theinside radius of the coil ===

Fig. 62.—Honeycomb coil.

litz wire having thirty-two No. 38 strands is used. The loose basket-weave
type of coil and the single-layer coil give the lowest apparent inductance over
100
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Fig. 63.—Curves for percentage decrease in ratio of inductance to resistance at
different frequencies.

the entire range of broadcast frequencies (500 to 1,500 kilocycles per second).
This indicates that the coil capacity is comparatively low, while the ordinary
two-layer coil (Ezs) acts more or less like 2 condenser, since the coil is exceed-
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ingly large. Figure 55 gives the curves for the radio-frequency resistance of
the coils. It is seen again that the values of the resistance vary greatly.
Naturally, the ordinary two-layer coil (Ess) has very large radio-frequency
resistance within the broadcasting range. Though its dircct-current resis-
tance is only 2,75 ohms, the effective resistance at 500 kilocycles per second is
162 ohms, at 580 kilocycles it is 465 ohms, and at 748 kilocyeles it is 1,800
ohms. The resistance increases very rapidly until it is mostly due to the
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F1a. 64,—Radio-frequency resistance of single-layer coils at different f requencies.

dielectric resistance across the insulation between the layers. A three-layer
coil wound in the ordinary way (ordinary multilayer coil) and adjusted, like
all the other coils, to 291 microhenrys at 1,000 cycles per second has a radio-
frequency resistance of several thousand ohms at a frequency as low as 400
kilocycles per second. Figure 63 gives the curves for the pcreentage
decrease in the ratio of the inductance to the resistance L:R at different

frequencies,
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F1a. 68.—Radio-frequency resistance of honeycomb coils at different frequencies.
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Effect of Wire Size on Resistance.—In order to show the effect of the
gize of the wire, curves for the resistance of No. 28, No. 24, and No. 16
d.c.c. wires are plotted and compared with each other and with litz wire
which has thirty-two No. 38 strands. These comparisons are shown in
Figs. 64 to 71. It will be noted that in all cases the litz wire, which corre-
sponds roughly to No. 23 solid wire a8 regards its cross-section, has the lowest
effective resistance. If solid wire is used, it appears unnecessary to use
wire larger than No. 24, although No. 16 gives, for the lower frequencies,
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Fig. 69.—Radio-frequency resistance of two-layer bank-wound coils at different
frequencies.

resistances which are slightly lower. Such a large size of wire would,
however, make the winding of certain types of coils more difficult and the
size of the finished coil too large for convenient use in receiving sets.  Figure
64 shows a single-layer coil the turns of which are spaced by a distance
equal to the diameter of the wire. There seems to be no large reduction in
resistance except at the higher frequencies.
Effect of Broken Strands in Litz Wire.—The following table shows that
_there is no large change in the resistance of a coil of litz wire if a few strands
are broken and the broken ends are not joined. The radio-frequency
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current apparently finds its way back across broken, disconnected strands;
even if as many as six strands are broken, the radio-frequency resistance is
only 3.4 ohms as compared with 3.1 ohms for unbroken strands.
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F1g. 70.—Radio-frequency resistance of three-layer bank-wound coils at different
frequencies. -

TasLe XX]II.—RESISTANCE oF BROKEN Litz Wire (aT 750 KiLocycLes)

Broken LI Broken Resist- Broken L Broken L
strands . strands ance, strands LIy strands ance,
ohms ohms ohms ohms

0 3.1 ‘ 8 | 3.6 I 16 5.4 [l 24 [ 9.5

1 3.2 9 3.8 17 5.6 25 10.8

2 3.2 10 3.8 18 6.1 26 13.5

3 3.3 11 4.2 19 6.4 27 14.4

4 3.3 12 4.4 20 7.4 28 16.5

5 3.3 13 4.4 21 7.6 29 21.7

6 3.4 14 4.4 22 7.8 | 30 42.4

7 3.5 15 4.7 | 23 8.4 | 31 51.6

Lits wire used is 32 No. 38" which has thirty-two strands of No. 38 A.W.G. enameled
wire braided together. .
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Effect of Binder on Efficiency.—The binders listed in table XXIII on this
page apply to a single-layer coil, just enough of the binder being used to cover
the entire surface of the wire. The varying nature of the different binders
will probably result in slightly different thicknesses. After the application
of the binder the coils should be thoroughly dried. The measurements of
resistance are a little difficult when a binder is used, even though great care
is taken that the binder is dry. For instance, in some cases the effective
resistance of a coil on which a binder is used will be smaller by a fraction
of an ohm than the resistance of the coil without a binder. The binder
seemed to increase the difficulties of accurate resistance adjustments. The
symbols are explained in table XX.

TaBLE XXIII.—VARIATION wiTH FREQUENCY OF RADIO-FREQUENCY
REsISTANCE FOR DIFFERENT BINDERs, OHMS

Rs, Lgs,

com- com-

Frequency, Ags, nO Qs nferclal nferclal K3, M,
kilocycles St || C2HEs | Mo 1N8U- 1 ohellac | paraffin
: dion lating | lating
varnish | varnish
B A

300 3.9 3.8 3.9 3.8 3.7 3.9
400 4.4 4.3 4.4 4.3 4.1 4.6
500 5.1 4.9 5.0 4.8 4.8 5.2
600 5.9 5.5 5.7 5.3 5.6 6.0
700 6.7 6.3 6.6 6.0 6.6 6.8
800 7.6 7.1 7.5 6.8 7.6 7.8
900 8.5 8.0 8.5 7.7 8.8 9.0
1,000 9.4 8.9 9.6 8.8 10.1 10.3
1,100 10.3 10.0 10.8 10.1 11.4 11.8
1,200 11.3 11.0 12.0 11.5 12.8 13.3
1;300 12.2 12.1 13.3 13.1 14.2 | 15.0
1,400 13.2 13.2 14.6 14.7 15.7 16.7
1,500 14.2 14.4 15.9 16.4 17.2 18.5

Conclusions.—The various curves in Figs. 64 to 71 can be used for com-
paring coils of six types at any frequency in the broadcast range. For these
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data to apply it is necessary that the coils be constricted in aceordance with
the information given in Table XXI. The dimensions are such that the
coils are applicable to modern broadeast-reception equipment. A statement
of the important characteristics of the coils is given on page 145.

The curves shown in Figs. 56 and 63 give the changes of resistance and of
the ratio of inductance to resistance L:R with changes of frequency. High
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F1a. 71.—Radio-frequency resistance of four-layer bank-wound coils at different
frequencies.

values of these ratios do not in all cases correspond to high values of radio-
frequency resistance. In some cases, for instance, a particular coil has a
relatively high value for R:R,, although the actual radio-frequency resist-
ance is not large, because the direct-current resistance is comparatively low.
The curves in Figs. 55 and 57 give the actual radio-frequency resistance and
ratio of inductance to resistance at various frequencies.

Of the coils measured the loose basket-weave coil and the single-layer coil,
and next to them the radial basket-weave coil wound on hard rubber, have
the lowest radio-frequency resistance. The four-layer bank-wound coil and
the honeycomb winding have the highest resistance. This cannot, however,
be generalized to other frequency ranges. For instance, for low-frequency
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scts (20 to 100 kilocycles per second), the multilayer bank-wound coil and
the honeycomb coil have relatively low resistances, and they are besides,
good coils mechanically, while the loose basket-weave coil has no special
advantage and the single-layer coil cannot be usgd on account of excessive
size.

There appears to be little reduction of resistance at the lower frequencies
by increasing the length of the spaces between the turns of a coil, so that
the advantage of getting a lower resistance is small compared with the
disadvantage of requiring a longer coil.

The use of ‘“32 No. 38" A.W.G. litz wire gives coils of somewhat lower
resistance than coils wound with solid wire of the same cross-section.
Number 24 (A.W.G.) solid wire has less resistance than No. 28 wire, and No. .
16 wire, for a certain range, has less resistance than Nos. 24 or 28 wire. If
solid wire is used it is not necessary to use wire larger than No. 24 (A.W.G.).
This conclusion cannot, of course, be extended outside the broadcast
frequency range; for instance, No. 16 solid wire would be better than any of
the others for frequencies about 5,000 kilocycles per second.

All the insulating materials which were used as binders cause very slight ~
increases in the resistance of the coils. Collodion seems best and also has
the inherent advantage of drying rapidly after its application to the coil.
This is of especial advantage in the construction of a bank-wound coil.
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SECTION 1V

FUNDAMENTALS OF RADIO COMMUNICATION

Radio Waves.—The action of wave motion is well known in everyday life.
Thus, water waves are transmitted through water as the medium and are
perceived by the eye. Sound waves are transmitted through the air as a
medium and are perceived by the ear. Radio waves are transmitted through
the ether which is the name given to a medium assumed to be present in
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F1g. 1.—Radio waves.

space and in all matter. It is supposed that the ether has a very high
degree of elasticity and that it can be affected only by electrons. A wave
disturbance in the ether travels out from the source in all directions. The
radio waves are detected by means of a receiving apparatus designed for
this purpose.

The length of & wave is taken as the distance from the crest of one wave to
the crest of the next wave, as shown in Fig. 1. The variations passed
through during one such occurrence are said to constitute one cycle. The
pumber of these cycles which occur in one second is called the frequency,

167
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The length of a radio- wave is usually expressed in meters. The distance
traveled by a wave in one second is its velocity.

The relation between wave length in meters, frequency in cycles per sec-
ond, and velocity in meters per second is .

Velocity = wave length X frequency.
The relations given above may be expressed also as
Frequency = velocity + wave length, and
Wave length = velocity -+ frequency.

The velocity of different kinds of waves varies very much, but any one
wave has a definite velocity. Thus, a water ripple may have a velocity of a
few feet per second; a long ocean wave has a velocity of thousands of feet
per second; a sound wave has s velocity of 1,083 feet per second. It has
already been mentioned (page 1) that radio waves, light waves, and heat
waves are called electromagnetic waves and are transmitted at the same
velocity of 300,000,000 meters per second, or about 186,000 miles per second,
but differ in frequency. Obviously, therefore, if the velocity of radio waves
(300,000,000) in meters per second is divided hy the length of one wave
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F1a. 2.—Sine wave.

(wave length) in meters, the quotient is the number of “waves” or cycles
per second. A ‘“‘rough-and-ready” rule is that the Jrequency in kilocycles
per second is obtained by dividing 300,000 by the wave length in meters.

Thus, the frequencies corresponding to wave lengths of 200 and 500
meters are 1,500 and 600 kilocycles, respectively, a kilocycle being 1,000
cycles.

The amplitude of a wave is its height measured from gn average base line
(assumed as along the position of rest) to the top of the wave. A wave may
have a number of shapes or forms. The so-called sine wave is shown in Fig.
2. The oscillating vacuum tube furnishes a continuous wave, and a condenser
discharging in a “gpark” circuit (page 40) gives a damped wave (page 90),
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In radio communication the electric energy is radiated in the form of waves
by a device called an antenna (page 82).

Propagation of Electromagnetic Waves.—An electromagnetic wave is
accompanied by a radiation field consisting of a magnelic component and an
eleciric component which are at right angles to each other and travel in
phase (page 73) at a velocity of 300,000,000 ineters per second. The
magnetic component of the field travels parallel to the ground, moving back
and forth, while the electric component of the field travels in a direction
perpendicular to the ground, moving up and down. Both the magnetic
and electric components reverse their direction of travel once in each half
cycle.

Such waves travel out from their source in all directions with the same
velocity but may become modified in several ways. If they enter a space
having a different dielectric constant (page 55), they are deflected in direc-
tion and reflected. Also, an absorption of energy occurs during their passage
through any medium. The traveling lines of force (magnetic component),
being grounded, are accompanied by earth currents. The lower part of the
wave lags behind the upper part because of the resistance of the earth,
and consequently the wave front becomes distorted. Such modifications
may serve to explain many of the vagaries of radio transmission. It has
heen observed that the intensity of radio waves does not vary directly as the
distance from the transmitter but decreases rapidly at first and then more
slowly. A few of the factors which influence this diminution of intensity
are the time of year, the geographical location, the character of the surface
over which the wave passes, and the hour of the day or night; that is,
the energy is lost in several ways such as in the earth’s surface, in intervening
conductors such as trees and buildings, and by reflection. Another factor
causing a drop in intensity is the increasing length of the front of the wave.
The length of the wave front is the circumference of a circle with the trans-
mitting antenna at its center. If a given amount of energy is to be dis-
tributed over an increasing length of wave front, the intensity of distribution
must obviously diminish. The reduction in power of a wave as the distance
from the source increases is called atfenuation.

Types of Radio Communication.—The type of radio communication which
is employed determines to some extent the kind of radio wave which is
transmitted. Thus, in naval work the type of communication called
continuous-wave (C.W.) telegraphy is used. In this type, the power is #up-
plied to the antenna only when the sending key is depressed and the form of
the wave is as shown in Fig. 3. The amplitude of this wave remains
constant. ’

Spark or damped-wave telegraphy is employed in other marine work. In
this type, a dash or a dot corresponds to a series of wave trains. The form
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of each wave train is damped as shown in Fig. 4; that is, the amplitude of
each succeeding wave is less than that of the wave preceding it.
In interrupted continuous-wave (1.C.W.) telegraphy, each dash or dot
corresponds to a series of continuous-wave groups as indicated in Fig. 5.
Continuous Wave -
F1e. 3.—Continuous (undamped-wave) telegraphy.

In this type the amplitude of the waves in any group is constant, whereas
in spark telegraphy, each wave train is quickly damped from a high ampli-
tude to zero.

alan Oaa JAPYRIE | PO | POR { PR | PO A
—LpatpeLhpe 1 nu' Ll 9
Spark Wave

Fie. 4.—Spark (damped-wave) telegraphy.

In radio telephony the energy is supplied continuously to the antenna, and
a continuous wave is radiated; but its amplitude is varied at a rate which

— W T

Interrupted Continuous Wave
Fig. 5.—Interrupted continuous-wave (dash and dot) telegraphy.

corresponds to the characteristics of the sound wave entering the m icrophonre
(page 132). Such a modulated wave is shown in Fig. 6.

Modulated Continuous Wave
F1a. 6.—Sound modulated wave.

Frequencies Employed in Radio Communication.—A standard wave
length of 600 meters or 500 kilocycles has been adapted for merchant marine
service. A range of from 5,000 to 20,000 meters, or 60 to 15 kilocycles is
assigned for transoceanic service. Naval vessels use wave lengths from 750
to 3,000 or 4,000 meters, or 400 to about 100 kilocycles. Radio broad-
casting is carried on from 200 to 550 meters, or from 1,500 to about 545
kilocycles. A number of broadcasting stations use shert waves in addition
to their regular wave length. A more detailed tabulation of the frequency
assignments for radio communication is given on page 3.

Propagation of Short Waves.—The term ‘‘short wave’’ has been applied
rather indiscriminately to waves less than 100 meters in length. Consider-
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able work has been done in studying the behavior of short waves and
particularly those of 60 meters and less. Their peculiar action is illustrated
in the chart of Fig. 7 (Morecroft, “Elements of Radio Communication”).
It is assumed that the transmitter is rated at 5 kilowatts and that a signal
strength of 10 microvolts per meter (elevation of the antenna) is necessary
to give an audible signal at the receiver.

The minimum transmission distance or range is apparently for the short
waves of about 200 meters. The range of distance increases as the wave

Range in Miles
40 60 80100 200 400 600 1000 2000 4000 6000 10000
1000 7 T 1
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Fi1a. 7.—Propagation of short waves.

length increases above 200 meters and also as the wave length decreases
below 200 meters. The greater increase is on the shorter waves and reaches
a maximum for waves between 30 and 40 meters in length. Waves under
60 meters in length are audible up to the range indicated in the figure and
marked “limit of ground wave’’; but for ranges beyond, they are inaudible
up to the distances represented by the curves of minimum range. Thus, a
30-meter wave is audible up to about 70 miles and, during the daytime, will
not be heard in the region between 70 and 400 miles, which is called the
“gkip distance.” During the daytime the signal would he audible from 400
to about 4,500 miles and, on a winter night, from 4,000 to about 12,000
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miles. These variations in behavior are considered to be caused by a layer
of ionized air located several hundred miles above the surface of the earth.
The reappearance of the wave is said to be due to a portion of the original
wave which is reflected to the surface of the earth from the ionized region
of the atmosphere.

For any wave length the skip distance i8 least at noon and greatest on a
night in winter and decreases as the wave length increases. The skip
distance depends also on the angle at which the wave is propagated, decreas-
ing as the angle is made larger, up to a certain critical angle, at which it
begins to increase again until finally the wave no longer hits the surface of the
carth but goes off into space and is called a “space wave.”

An antenna which is operated at its natural or fundamental frequency
(p. 189) radiates a low-angle wave, and one which is operated on a harmonic
frequency (p. 72) radiates a high-angle wave. The higher the harmonic
the higher will be the angle of radiation.

Radio waves which pass around the earth’s surface in a direction opposite
to that between the transmitter and receiver, or those which pass around
more than once, are known as ‘“‘echo waves.”

Classification of Wave Lengths.—At the Hague Conference held in
September, 1929, the following nomenclature for the classification of wave
lengths was adopted:

Long............ oo 3,000 meters up
Medium...............c.ooiiie.. 200-3,000 meters
Intermediate........................ 50- 200 meters
Short.......... ... 10- 50 meters
Ultrashort.......................... Less than 10 meters

Oscillators for Short-wave Transmission.—Investigations have been
carried out along a number of lines to produce electrical oscillations of the
shortest possible wave length with vacuum-tube oscillators. Stable oscil-
lations may be obtained with wave lengths as short as two meters by using
standard types of tubes and reducing the constants in conventional types
of oscillating circuits. Below the two-meter limit standard types of high-
power transmitting tubes cannot be used because the dimensions of the
tube elements are too large, even though the external oscillating circuit is
reduced to the smallest possible mechanical dimension. It is necessary
to use for the very short wave lengths, thercfore, the low-power tubes, of the
5 or 7.5-watt transmitting type, or else the vacuum tubes designed for
receiving sets.

A 201-type tube (page 290) with the base removed and a 0.001-microfarad
fixed condcnser between the grid and the plate leads as close as possible
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to the glass bulb can be used in the ultraudion circuit of Fig. 8, as a short-
wave oscillator for wave lengths as short as one and one-half meters. The
oncillating circuit consists of the capacity of the fixed condenser in series
with the internal grid-plate capacity of the tube and the inductance of the
two short straight wires, each possibly an inch long, making the connections
with the grid and plate. The oscillations of this device are not very stable,
and the wave length is not variable, since the tuning is fixed largely by the
interelectrode capacity (page 303) of the tube. By extending the length of
the grid and plate wires and moving the fixed condenser up and down these
wires the wave length may be varied and adjusted, but, at the same time, it
will be increased in length to two meters or more.

1Meqohm 0.00/mfd.

v N
( N YT
i ’*
UL .
200 Volts fafeliiio—
F1a. 8—Ultraudion circuit. F1a. 9.—Mesny push-pull circuit.

The Mesny push-pull circuit shown in Fig. 9 produces more stable oscil-
lations than the ultraudion circuit and allows a greater control than most
other devices when short wave lengths are used. The grids and plates of
the two tubes are placed in parallel by means of inductances, the central tap
of each being connected to the filament. The grid and plate inductances
consist of parallel straight wires joined by a so-called shorting bridge.
Stable oscillations may be obtained with waves which are shorter than one
meter. The wave length is varied by sliding the bridges along the grid and
plate wires.

Positive voltages are applied to the plates; and grid-biasing (page 36)
batteries, grid leaks, or straight wire connections to the filament are used.
The wave length is determined by the inductance and capacity in the exter-
nal circuit and also by the fixed grid-to-plate capacity of the tube. With
ordinary vacuum tubes the lower limit attainable is a wave length of about
one and a half meters. Although lower wave lengths have been obtained,


www.americanradiohistory.com

174 THE RADIO HANDBOOK [Sec. IV

almost no variation or control of frequency is possible, and the oscillations
are sometimes unstable.

In the circuit of Fig. 10 the usual plate and grid voltages are reversed in
polarity, a high positive voltage being applied to the grid and a small nega-
tive or zero voltage to the plate. This connection produces extremely high
frequencies, wave lengths of one-half meter and less being obtained. The
oscillations are claimed to occur entirely within the tube and consist of elec-

"w tron vibrations around the grid, the electrons from
L) the filament being drawn at a high velocity toward
the positively charged grid. Many of the electrons
pass through the grid spaces, are repelled by the
negative anode, are again attracted through the
grid, and then repeat the process. The frequency
of oscillation is determined largely by the time
required for the individual electrons to cross the

—Jllllll —' spaces between the electrodes. This of course
Fio. 10.—Reversed polar- depends on the applied field, and hence the fre-
ity cireuit. quency is affected considerably by the voltages

used. There is no external oscillating circuit and
the constants of the external circuit do not affect the wave length. The
amount of energy radiated is very small.

Another system for the production of very high-frequency oscillations
uses the magnetron vacuum tube. A two-element vacuum tube (page 283) may
be made to generate oscillations under certain conditions. If the anode is a
circular eylinder and the cathode is a long straight wire filament at its center,
the presence of an electromagnetic field of uniform strength with its direction
parallel to that of the filament will prevent the filament electrons from reach-
ing the plate (anode) and force them to move in circular orbits whose
diameter is less than that of the cylindrical anode. A minimum wave
length of 0.06 meter (6 centimeters) has been obtained. The wave length
can be calculated approximately from the formula W = 2ct, where ¢ is the
velocity of light in meters per second, ¢ is the time in seconds for an electron
to travel across the anode-cathode space, and W is the wave length in
meters.

Frequency Determination.—The most satisfactory method of measuring
short waves is the arrangement devised by Lecher. By this method a pair
of parallel wires are coupled to the oscillator and so-called standing waves
are produced. A shorting bridge (page 173) on the so-called “Lecher wires”
is adjusted to indicate the position of the nodes (page 184) and antinodes
of the ‘“‘standing” waves. The wave length is determined by the distances
between these points. The indications of nodal points may be obtained by
observing the deflection of the plate-current meter in the oscillator.
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Reflectors and Beam Systems.—Investigations have demonstrated the
practicability of using parabolic reflectors and wave directors on wave
lengths shorter than five meters.

Applications of Short-wave Apparatus.—The applications and possi-
bilities of high frequencies of the order of 500 megacycles at present are not
cstablished. The fact that the size of a complete directive transmitter and
reflecting antenna system is comparable with the dimensions of a large-size
searchlight would indicate possibilities in direction finders for navigation
purposes.

Medical circles are interested in the possibilities of using intense high-
frequency fields for the treatment of certain maladies. Investigations are
being carried out on the effect of these frequencies on blood solutions
(page 766).

The General Electric Company has developed a 6,000,000-volt oscillator
operating at a frequency of 10,000,000 cycles per second, which is intended
to raise the temperature of the human body to 105°F. This effect is to be
used in the treatment of general paresis, a form of paralysis, which is an
after-effect of several diseases.

Kennelly-Heaviside Layer.—The space through which radio waves are
transmitted may be considered to be bounded on its lower side by the earth’s
surface, which has a varying conductivity, and on its upper side, at a distance
of about 100 miles, by a region which also is conducting. This upper region,
of rarified air, is a conductor because the air is ionized by the sun’s radiation.
The space between these conducting regions, however, is a good dielectric.
The upper region is the Kennelly-Ieariside layer.

Certain conducting bodies such as tall steel buildings may absorb as much
energy from a radio wave passing over them as to cause a so-called ‘‘radio
shadow” to be made by the building. In the region of this shadow the’
intensity of the waves may be so low that no radio signals are received. A
steel building also acts very effectively in shielding the interior space of the
building from radio waves, the radio-signal strength measured within the
building being only a small percentage of that outside.

The portion of a radio wave which travels as a space wave (page 172)
is reflecled at the lower and upper surfaces of the ionized layer of air, just
as a light wave is reflected from a shiny surface. Reflected waves some-
times called ‘‘sky waves’’ may meet a guided wave in the Kennelly-Heaviside
layer and either weaken or strengthen its effect depending on the time and
weather conditions. Under the influence of the radiation of the sun, the
air becomes partially ionized, so that the boundary of the upper conducting
region is less in the daytime than at night. In the daytime, then, the space
wave undergoes less reflection, and the guided wave is not increased to any
great extent by the reflected portions. When, however, the boundary of
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the upper region is more definitely marked, as at night, the space wave
undergoes more reflection, and the resultant effect of the reflected portions
together with the guided wave is to increase the radio signal strength.
Certain weather conditions, such as clouds, introduce great irregularities
in the boundaries of the layer of conducting air which result in marked
variations of the strength of radio waves. Again, when the sunset line
passes between the transmitter and the receiver, the boundaries of the air
layer are variable and affect the intensity of the radio signals.

Interference.—In a general way, interference with the reception of
radio waves may be classified as that caused by (1) other transmitting
stations, (2) static and other electrical disturbances, and (3) fading (page
36).

Interference from other stations is being minimized by the use of appara-
tus which maintains a constant frequency of transmission and, in some cases,
by directional transmission and directional reception. Such interference
may be classified in three general groups—that due to (1) an oscillating
radio receiver, (2) to heterodyne interference, and (3) to code interference.
An oscillating radio receiver sets up in its antenna a weak radio-frequency
current which, nevertheless, radiates a wave that is strong enough to inter-
fere with radio receiving sets located nearby. Heterodyne tinterference
(page 36), which produces a more or less constant whistle, is caused by
the interaction of the radio transmission from two stations operating at
frequencies less than 10 kilocycles apart. Broadcast stations are assigned
frequencies that are not less than 10 kilocycles apart because with such a
separation there should be no interference.

Another form of heterodyne interference is due to the effect of a strong
local station on a receiving set which has an untuned input (page 37). If
the radio waves are strong enough to overload the first vacuum tube in
the set, the frequency of the signal which is delivered by the set is twice
that of the original. If, then, the receiving set is tuned to this higher fre-
quency, considerable interference from the local station will result. Inter-
ference of this kind may be prevented by the use of a wave trap (page 96),
tuned to the frequency of the local station. A transmitter which generates
a harmonic (page 72) produces interference similar to the kind just men-
tioned except that the interfering frequency exists outside the receiver.
The reception of a harmonie is avoided by the use of a wave trap tuned to
the harmonic frequency. Interference which frequently is blamed upon
harmonics may be caused by waves radiated from conductors near the
antenna of the transmitter. Electric line circuits and steel buildings may
produce such an effect by the radiation of a wave which has a frequency
determined by the fundamental or natural frequency of the antenna. Code
interference from radio transmitters on ships is observed occasionally at
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wave lengths near the upper limit of the broadcast range. A wave trap
tuned to the interfering wave length may reduce the code signal to a “level”’
which is not objectionable. Interference from amateur radio transmitters
is seldom experienced, because their range of operation is well below, the
lowest broadcast wave length.

Static is an electrical discharge of atmospheric origin which occurs at
irregular periods and cannot he ‘‘tuned out.” Radio waves which are
weaker than the strength of the static at the time of reception are not
intelligible and cannot be amplified, because the static is amplified at the
same time and in the samne proportion. Static comprises about 10 to 15
per cent of all forms of interference to reception.

In commercial work satisfactory results in the reduction of static have
been obtained in somne cases by the use of clevated antennas having direc-
tional characteristics (page 190), coil antennas (page 189), and ground
antennas (page 190). Static is more prevalent in summer than in any
other season and occurs less frequently in northern than in the southern
latitudes. It has been ohserved that static produces less interference at
high frequencies in the vicinity of 10,000 kilocycles per second than at lower
frequencies.

Other electrical disturbances sometimes taken for static are caused by
the turning on and off of electric lights, elevator motors, street-car motors,
wheels of trolley poles, electric refrigerators, automobile ignition systems,
and hundreds of other electrical devices. Methods for minimizing the
effects of such interference are considered on page 448.

As yet, no device has been produced which will eliminate entirely the
effect of static in reception, or even reduce it to any considerable extent.
Most devices which reduce the noise also reduce the radio reception in the
same proportion. The exceptions are found in the case of low, short
antennas, or buried antennas, which will reduce local static effects.

Fading.—Fading is a variation of the strength of received radio signals
at an irregular rate. That is, normal intensity may be maintained for a
short while, then the signals may become loud, and finally ‘the intensity
may sometimes be 80 low that no sound at all is heard. These variations
occur rapidly within a few seconds, or at intervals of an hour or more.

Several kinds of variations in signal strength may be due to the same
causes which are responsible for fading. Thus, in transoceanic communi-
cation, there is a marked increase in signal strength when the entire path of
travel is in darkness, compared to the strength during a period of daylight.
During the day the signal strength is low but quite constant. At night,
however, marked variations in strength accompany the increase in strength,
but such variations are not considered as fading. Usually, fading is under-
stood to consist of variations in intensity occurring at time intervals of several
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minutes. In another variety of fading the time interval may be as small
as several seconds.

Fading is probably due to the interference between radio waves which
arrive at the receiver along different paths. If the different waves are in
phase when they reach the receiver, the result is an increase in signal
strength. If they reach the receiver out of phase, they may so neutralize
each other that the resultant intensity is very low.

Production of Radio Waves.—A wave of any kind may be produced by a
body which is vibrating and which can pass on its vibrations to a medium
capable of transmitting them. In a radio transmitter the oscillating electric
charge of the antenna circuit passes on its oscillations to the surrounding
space.

The radiation field which accompanies an alternating current is trans-
mitted by wave motion. The intensity of this field at any distance from
the transmitter is inversely proportional to the distance and directly
proportional to the frequency.

Even a wire carrying a 60-cycle current radiates a weak electric wave,
but to send out any considerable amount of power, both the frequency and
the current must be increased. The amount of power radiated is propor-
tional to the square of the current and the square of the frequency.

Electric
Field

_Wave form

Magnetic
Field

—— -

F1a. 11.—Radiation from a vertical antenna.

The action of radiation from a vertical antenna is illustrated in Fig. 11.
Only half of the wave is produced, because the antenna is grounded. When
an antenna is grounded, the resultant circuit has the same wave length as
if the antenna is connected to a duplicate of itself. Thus the ground acts
like an image of the antenna, and the wave length of the antenna from the
free end to the ground is twice that of the antenna itself. That is, when the
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ground connection is removed, the wave length of the antenna is halved.
The figure shows an elevation of the electric component (page 169) of the
field, a plan view of the magnetic component (page 169) of the field, and
the form of the wave. The magnetic field is parallel to the surface of the
earth, while the electric field is perpendicular to it. When the wave has
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F1a. 12.—Eleetric component of radiation field.

progressed some distanee from the antenna, the lines of force may be con-
sidered as sections of planes. They may then be represented as in Fig. 12,
which shows the electric component of the field and ean be made to show the
magnetic eomponent also if the drawing is swung through an angle of 90
degrees about the horizontal base line. Both the magnetic and the electric
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Fia. 13.—Distorted electric lines of force.

components of the radiation field reverse as the current reverses.  When the
radio waves travel over an imperfeet conductor, the electric lines of force
are distorted as shown in Fig. 13.

Action in Reception.—A simple explanation of the aetion of an antenna
in radio reception is based on the principle that a voltage is induced in a
wire when a magnetic field moves across the wire; that is, when the magnetic
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field of a radio wave moves past the antenna, a voltage is induced in the
antenna and causes.a flow of current.

Antennas..—The antenna is a necessary part of the apparatus for the recep-
tion or radiation of radio waves. Although a vertical-wire antenna is the
most efficient form for radiation, it is limited to low values of current, because
at high voltages the corona discharge (page 53) at the top of the wire
dissipates considerable.energy. There are difficulties also in the erection
of a vertical wire which has sufficient inductance. The use of the condenser
type of antenna avoids these difficulties. The general type which acts as a
condenser is called simply an antenna, and the type which acts as an induc-
tance is called a coil antenna or loop.

An antenna of the condenser type might consist of two parallel metal
plates, but since the amount of energy radiated or received depends on
the capacity of the system, such an arrangement would be expensive and
bulky. A modification of this construction might consist of one metal
plate elevated over the ground and parallel to it, the conducting surface of
the earth acting as one of the condenser plates. It has been found, how-
ever, that an antenna of horizontal or inclined wires produces the greatest
capacity for a given amount of metal. The capacity is determined by the
number, length, and spacing of the antenna wires and their height above
ground.

In certain cases, as when a good ground connection is not available, or
when no variation of eapacity can be tolerated, a counterpoise is used with
the usual antenna but with no connection made to the ground. The counter-
poise consists of a wire arrangement, similar to that qf the antenna, located
several feet above and insulated from the earth. Sometimes the wires of the
counterpoise are joined by a system of connecting wires. The ground area
covered by the counterpoise should be at least as large as that of the antenna.

When a counterpoise is used with an antenna, the electrostatic field is not
confined hetween the two; actually the fields from both the antenna and the
counterpoise act through the carth as a medium. The counterpoise is
considered to be another antenna of large capacity and low height, and
hence there is a voltage between it and the ground. The counterpoise when
used is connected to the “‘ground’’ terminal of a receiving set.

A well-designed ground system or a counterpoise is necessary to avoid
the concentration of earth currents with the resulting energy loss. It is
apparent that lines of static force are set up between the antenna and the
ground. The lines which pass through the air do not induce a current and
hence do not cause an energy loss. But the lines which must pass through
a conductor in order to complete the path from the antenna to the ground will
set up currents and should be provided with paths of low resistance to reduce
the energy loss to a minimum. A wire-network ground system or a slightly
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elevated counterpoise both serve to distribute the lines of force so that they
enter the earth with no concentration.

Types of Antennas.—The type of antenna used depends somewhat on the
frequency of the radio waves, the length decreasing .as the frequency
increases. Many broadcasting stations use a transmitting antenna consist-
ing of a vertical wire which is several hundred feet in length connected at the
middle point to a short single horizontal span, from 100 to 200 feet long.
For short-wave, high-frequency work, at frequencies of thousands of kilo-
cycles, only a vertical wire antenna is used with a small coil halfway along its

length which is coupled to the oscillating circuit (page 91) of the trans- -

mitter. A transmitting antenna acts electrically in the same manner as
a receiving antenna but the difference in the amount of power is so great
that their physical characteristics vary considerably.

The characteristics of the receiving antenna depend on the degree of radio-
frequency amplification of the receiving set and the distance from the
transmitter. A receiver with several radio-frequency stages will give good
pick-up from a station within about 50 miles on a short single-wire antenna
15 to 25 feet high. If the radio-frequency amplification is weak, and if the
transmitter is at a considerable distance, the antenna wire should be 100 to
150 feet in length and located as high as possible. An indoor antenna is
somewhat less effective than an outdoor one but gives satisfactory results.
Reasonable reception is possible even with an antenna placed along the
picture molding of a room, but a loop antenna does not give sufficient volume
unless the receiver has several stages of radio-frequency amplification, or
unless the transmitter is within 15 miles.

Several types of antennas which have met with favor are shown in Fig. 14.
Special forms for amateur and short-wave transmitters are described in the
section dealing with short-wave transmission.

The T type antenna is used commonly on ships. The lead-in (page 37)
is taken off at the midpoint of the span. The natural wave length of this
type is nearly one-half that of an inverted L antenna of the same length.
The advantages of this type are that its construction is simple and it can be
designed for large stresses. The inverted L type is the one most generally
used and found on many of the smaller ships. The lead-in is taken off at,
one end. This type, like the T antenna, has the advantage of simplicity of
construction, ease of erection, strength, and low cost.

The umbrella type has been used at shore stations and for portable work in
government field service. The outstanding feature of this type is that only
one support is required.

The cage or hoop type is similar to the L and T antennas, and the lead-in is
taken off in the same manner. The wires in the span, however, are spaced at
equal intervals around a hoop instead of along a straight spreader.
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Lead -In
Single Wire Type,

T Type

Lead-In

Inverted L Type

-Lead-In

d

Umbrella Typc l

Fia. 14.—Types of antennas.
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When the same antenna is used for both transmission and reception, the
lead-in is brought to a transfer switch which connects the antenna system to
either the transmitter or the receiver.

The multiple-tuned antenna has been developed to avoid the concentration
of lines of force at the ground connection (page 82). A ground system
providing short paths for the ground currents is obtained, as shown in Fig.
15, by placing along the antenna a series of coils through which the

/ ! I

% b &

Fi1g. 15.—Multiple-tuned antenna.

antenna current may flow. The coils are tuned so that the total reactance
of the parallel paths is equal to the value required for a given wave length.
This type of antenna has a marked directional characteristic.

The Beverage single-wire antenna provides a ‘“‘resonant” antenna circuit in
which a maximum value of current will flow at a given wave length. In
this type the length of the horizontal portion of the antenna is made equal
to the wave length of the signal, or a multiple thereof. The resonant circuit
is obtained by grounding the far end of the antenna through a resistance
equal in value to the impedance of the horizontal portion.

Beam Transmission.—The search for a type of antenna more directive -
than the multiple-tuned form led to the development of beam transmission,
particularly for waves under 100 meters in length. The engineering diffi-
culties involved in the production of a radio wave beam, on aecount of the
large size of the reflector required, limit the method to short waves. This
method is based on the use of a beam antenna (utilizing the principle of
reflection), which consists of many vertical wires set up in the form of a
parabola. When the transmitter is located at the focus of the parabola the
radiated waves are reflected from the vertical wires in the form of a heam
confined in a cone having an included angle of from 8 to about 15 degrees,
depending on the arrangement and number of the wires. One advantage of
beam transmission is that the wave amplitude is reduced only by the absorp-
tion of energy in the medium or in a reflecting surface, and not also by its
distribution in space, as is the case with a wave transmitted spherically.

Antenna Current and Voltage.—The capacity of an antenna is not con-
centrated but is distributed, and each small portion of the antenna may be
considered as forming a small condenser with the earth as the other plate.
As electricity accumulates along the antenna wire, displacement currents
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will flow from the wire through the dielectric (air) to the earth, as indicated
in Fig. 16. At the free end of the antenna the value of the current is zero,
and at the grounded end it is a maximum. The voltage, on the other hand,
has a maximum value at the free end of the antenna and zero at the grounded
end. A large value of capacity concentrated in a part of the antenna results

F16. 16.—Displacement currents  Fia. 17.—Oscillations of rope (traveling
from antenna. waves).

in an increased current in that part. Thus, the advantage of a long flat-top
antenna is that the strength of current flowing to a radio receiver is increased.

Harmonics.—The hehavior of a rope whieh is oscillating will serve as an
introduction to the action of an oscillating antenna. If a rope is shaken as

Fig. 18,—Oscillations of rope (fundamental waves).

shown in Fig. 17, a wave form will travel along the rope to the wall and back
to the hand. If the rope is shaken slowly at a rate which corresponds to
its mechanical period, the wave form appears as in Fig. 18. This vibration
is the fundamental wave, or first harmonic. The portion of the wave from A

(o
AL ————— R~~~ = B A @v@ B
Wave Length = Length of AB Wave Length=%/;(Leng?h AB)
Fia. 19.—Oscillations of rope (second TFia. 20.—Oscillations of rope (third
harmonic waves). harmonic waves).

to B consists of one-half of a cycle, and the wave length is equal to twice the
length AB of the rope. It is apparent that no motion takes place at A and
B where the rope is held and that the motion is greatest at point C. Points
A and B are called the nodes of vibration, and point C is ealled the loop.
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If the frequency of the motion imparted by the hand is doubled, the wave
form appears as in Fig. 19, with nodes at 4, B, and C and a loop on each side
of C. The position of the loops changes as the wave travels back and forth.
This vibration, called the second harmonic, has a frequency which is twice
that of the wave shown in Fig. 18 and a wave length which is one-half of that
of the other.

The third harmonic has the form of Fig. 20 in which there are four nodes
and three loops. The wave length is equal to two-thirds the length of the
rope. )
Vibrations produced in a stiff spring, fastened at one end, have a wave
form like that of Fig. 21. A node occurs at point B, and a loop at point 4
which is free to move. The portion of the curve from A to B is one-quarter
of a cycle, and the wave length of such a vibration is equal to four times the
length AB.

The voltage distribution curve for a sine wave on a vertical antenna, as
shown in Fig. 22, is like that of Fig. 21. The grounded end of the antenna
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Fra. 21.—Vibrations in spring. Fi1a. 22,—Sinc-wave Fi1e. 23.—Sine-wave
voltage distribution current distribution on
on vertical antenna. vertical antenna.

corresponds to point B of the spring, and the free end to point A. No
voltage variation can take place at the grounded end and consequently
a node occurs there, with a loop at the free end. Although theoretically the
wave length is four times the length A B, the actual wave length is about 4.5
times the antenna length because of the effect of the electrical character-
istics of resistance, inductance, and capacity.

The curve of current distribution, as indicated in Fig. 23, is opposite to
that of the voltage and has a node at the free end with a loop at the grounded
end.

The third harmonic, shown in Fig. 24, has a wave length which is one-third
that of the first harmonic, or fundamental. In terms of the length of the
antenna, the wave length is cqual to four-thirds the length AB, or, con-
versely, the antenna length is three-quarters of the wave length.
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Voltage curves of the second harmonic, for two types of vibration, are
shown in Fig. 24a. The wave length is equal to twice the antenna length.
By comparison with Fig. 22 it is seen that the second harmonic wave length
is half that of the fundamental. In one of the curves there is a node at each

end of the antenna and in the other
\ Voltage Curve curve there is aloop at each end. This
¥ means that the antenna must be

! grounded at each end, or free at each
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Fia. 24.—Third-harmonic voltage Fia. 24a.
distribution.

evident that oscillations at the second harmonic or any harmonic of an even
number, cannot take place. An antenna which is free at one end and
grounded at the other can oscillate only at the fundamental and at the odd-
number harmonics having a wave length of one-third, one-fifth, one-seventh
and so on, of the fundamental.

Characteristics of an Antenna.—The length of waves radiated from an
antenna depends on its capacity and inductance. The power which may
be supplied to an antenna is proportional to its capacity, to the square of the
charging voltage, and to the number of charges per second. The supply of
power may be increased by increasing the capacity, raising the voltage, or
increasing the number of charges per second. The limiting value of the
voltage is determined by leakage and brush discharge; and, likewise, there
is a definite maximum limit for the number of charges. The effectiveness
of an antenna as a radiator of energy increases with its height because of the
larger dielectric between the antenna and the ground, which produces a
greater electrostatic field. Actually, the increase in the length of the lead-in
wire (page 37) limits the height that can be used.

The antennas of high-power stations have a large capacity and consist
of many long wires. The capacity of a wire is proportional to its length,
but the capacity of a multiwire antenna is less than the sum of the capacities
of the wires considered separately. In general, the capacity of antennas
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is of the same order as that of the usual variable air condenser. Antenna
capacities range in value from a few hundred micromicrofarads for a small
antenna to ten or fifteen thousand for a large transmitter. The Austin
Jormula for the capacity of a flat-top antenna, not including the capacity of
the lead-in wire, is
C = 40V7 +8854

where C is the capacity in micromicrofarads, A the area of the flat top of
the antenna enclosed by the bounding wires in square meters, and h the
average value of actual height of the antenna above ground in meters.

For a long antenna which has a length I greater than eight times the

width W, this formula must be multiplied by a factor equal to (l + O.OIVIV)-

The inductance of antennas may be from 50 to 100 microhenrys. Some-
times a loading coil (page 37) is inserted in the lead-in wire to tune the
antenna system to a certain wave length. The wave length in meters of a
loaded antenna is given by the formula

W = 1,884\/(L + %“)7.,

where L is the inductance of the loading coil in microhenrys, Lo/3 the induc-
tance of the antenna at all frequencies in microhenrys, and C, the capacity
of the antenna at all frequencies in microfarads.

The total resistance of an antenna is mnade up of several different parts.
The total power supplied is dissipated in the (1) ohmic resistance, (2)
dielectric resistance, and (3) radiation. The power used in overcoming the
ohmic resistance is lost as heat in the antenna, the ground wire, and the
antenna condensers. The power used up in the dielectric is lost as heat in
the dielectric around the antenna, in that of the condensers, and in adjacent
imperfect dielectrics such as guy wires, metal masts, metal stacks, and trees.

The total resistance of an antenna is taken as equal to the power supplied
to the antenna, divided by the square of the antenna current; that is,if
I is the current in amperes measured at the base of the antenna, and R is
the total resistance, then the power P in watts supplied to overcome antenna
resistances is /I*R,or R = P + ]2,

The radiation resistance depends on the frequency of operation as well
as the physical characteristics of the antenna, being a maximum at the
fundamental or natural frequency and decreasing sharply at frequencies
lower than the fundamental.

The power used in overcoming the radiation resistance determines the
radiating power of the antenna. A measure of the efficiency of the antenna
system is given by comparing the relation of the power supplied to the power

:
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radiated. By finding this ratio at various operating frequencies it is possible
to determine the most efficient frequency for radiation.

The change in total resistance of an antenna as the wave length is varied
is shown in Fig. 25. Curve 1 shows that the radiation resistance decreases
as the wave length is increased, since the radiation resistance is proportional

to the square of the wave length. Curve 2 shows

that the ohmic resistance is approximately constant
vl .
>E over the entire range of wave lengths. Curve 3 shows
E'g that the resistance of the dielectric increases directly
m§ as the wave length. If the dielectric losses are small,

the curve 4, which is the sum of curves 1, 2, and 3,
Fia. 25—Change w.'il.l drop gradually‘ bheyond the Point A instead‘of
in antenna resistance TiSing 88 shown in the drawing. The effective
with wave length,  resistance of an antenna on land may range from a
minimum of about 5 ohms, to as much as 30 ohms at

the fundamental (page 172) frequency.

The advantage of a multiwire antenna is that the effective resistance is
reduced by using several wires instead of one, and the ratio of antenna
capacity to inductance is increased. The spacing of the wires should be at
least 0.02 of the span. Methods of measuring antenna resistance, capacity,
and inductance are described on page 639.

Radiated Power.—The effective watts of radiated energy W supplied by a
transmitter are given by the following equation assuming a uniform distri-
bution of current which is equal in value to the maximum current obtained
in an actual antenna:

Wave Length

1,600n? X I*
w = LEEX T
where W is the radiated energy in effective watts, I the wave length of
antenna in meters, h the effective height of antenna in meters, and I the
maximum current, or current at the base of the antenna in amperes.

An accurate determination of the radiated power necessitates the con-
sideration of the antenna form factor which takes into account the physical
characteristics of the antenna. Generally the oulpul of a transmiller
is expressed in terms of meter-amperes, which is the product of the effec-
tive height of the antenna in meters and value of the raido-frequency
current in amperes in the antenna at its base.

Wave-length of Antenna.—An antenna operates at its fundamental wave
length when no inductance or capacity is added to the antenna circuit.
The fundamental or natural wave length of an antenna depends on its shape,
the number of wires, and their length and height. The wave length of the
waves radiated by an antenna is increased by the addition of inductance
(loading coil) and is decreased by the use of a condenser in series with it.
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As the capacity is reduced, its reactance increases, until at zero capacity the
reactance is infinite and corresponds to an open circuit. It has been shown
(page 178) that the wave length is halved when an antenna is ungrounded
or opened. It follows then that the wave length of an antenna cannot be
reduced to less than half the fundamental wave length by the use of a series
condenser. The use of the condenser is objectionable because it decreases
the overall capacity of the antenna and hence the amount of power which
can be supplied.

An approximate calculation sometimes used is that the fundamental wave
length of an antenna in meters is somewhat more than four times the length
of the wire. This relation applies to a vertical-wire grounded antenna and
also to a flai-top antenna, if the length is measured from the transmitter or
receiver along the lead-in to the end of the flat top. An easier and more
accurate measurement of fundamental wave length, however, ‘is obtained
by the use of a wave meter (page 111).

The fundamental frequency of an antenna is the lowest at which the cur-
rent reaches a maximum with no loading inductance (page 37) or capacity.
If this frequency is designated as f, the antenna has other resonant frequen-
cies at values of 3f, 5f, 7/, and so on, which are called harmonic frequencies.
Ordinarily an antenna radiates only the waves having a frequency equal to
that of its fundamental wave length, but if a voltage which has harmonic
frequencies is applied to an antenna, the harmonics may also be radiated.

Directional Effect of Antenna.—A simple vertical-wire antenna has no
directional effect, but an antenna with a long, low top transmits and receives
best in a direction opposite to that in which the top of the antenna points.

The loop or coil antenna is more directional than any other type. The
strongest signal is received when the transmitter being received lies in a
direction along the plane of the coil. This characteristic is applied in the
operation of a direction finder as described on page 789. The actual direc-
tion characteristic, however, is distorted because of the effect of the capacity
which exists between the loop and ground. As a result of this distortion
the position of the weakest signal is not exactly at right angles to the plane
of the loop.

Antenna Construction.—Wooden, latticed metal and tubular metal tele-
scoped masts may be used as the supports of a transmitting antenna, the
type depending mostly on the size of the installation. Guy wires or ropes
are usually needed, but such masts should have some freedom of movement.
A single-wire antenna for a receiving set needs no special form of support,
but if it is swung from a tree the end of the antenna itself should be kept well
away from the tree. The wires of a ship antenna are usually stretched
between two spreaders which are fastened to the masts of the ship. Each
end of an antenna must be insulated from its support by means of suitable
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insulators such as those described on page 123. The supporting masts of
high antennas must also be insulated from the ground. In gencral, a
satisfactory insulator must have adequate mechanical strength as well as
good dielectric (page 53) properties. The importance as well as the
difficulty of suitable antenna insulation for high-power stations is apparent,
of course, because of the high voltage used, which may be over 50,000 volts.
The lead-in wire should be soldered to the antenna wire and located away
from adjacent conductors such as walls of buildings and pipes. All con-
nections in the antenna and ground systems should be soldered to avoid
corrosion which offers a high resistance to the weak radio current.

An antenna wirec must have good tensile strength, low ohmic resistance,
light weight, durability under weather conditions, and a reasonable cost.
Some materials which have been used are aluminum, galvanized iron or
steel, steel coated with copper, enameled solid copper, and enameled stranded
copper. For an ordinary antenna the enameled solid or the stranded copper
wire is satisfactory.

The ground connection may be made to a water pipe, gas pipe, or radiator
pipe. On ships the ground connection is made to the steel hull or to & large
copper plate placed below the water line. If an insulating compound is
used in making the joints in a pipe line, the electrical path to the ground is
interrupted and a good ground connection is not obtainable unless made at a
point where the pipe line joins the underground system. Under some
conditions it is necessary to run ground wires to one or more metal plates
buried in the ground. The plates should have an area several times the
projected area of a multiple-wire antenna and may be arranged in a circle
around the transmitting station. A counlerpoise, used instead of a ground
connection, as described on page 35, must be taut and well insulated from
its supports. In aerial communication the ground connection is made to
the metal frame of a motor, an engine, or a supporting structure.

A ground antenna usually consists of a single wire, with an insulating
and moisture-proof covering such as rubber, located on the surface of the
ground or buried about 6 to 12 inches, or under water. With a ground
antenna, reception is due to that portion of the radio wave which penetrates
the ground. Although the power received by a ground antenna is much less
than that received by a raised antenna, this form of construction has several
advantages. It has a directional characteristic such that the signal is strong-
est when the wire points in the direction of the wave travel. Also, the ratio
of signal strength to atmospheric static is greater than for an elevated
antenna. For transmission, however, there is not much advantage in its
use.

Care of Antenna.—The insulators of an antenna should be cleaned at
least twice a year, and more frequently if the location is in a sooty, smoky
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district. At this time it is advisable to examine the system for loose nuts,
frayed wires, and rusted parts,

Field Strength.—The intensity or strength of a radio wave is taken as the
intensity measured in volts per meter of the electric field, which is approxi-
mately perpendicular to the surface of the earth. The strength of the
field measured within several miles of a transmitter is of the magnitude of
thousantths of a volt per meter, and at distant points may be so small as
millionths of a volt per meter. An explanation of the term volts per meter
may be made by a consideration of the field of a charged condenser. In a
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F1a. 26.—Map showing lines of equul signal strength.

two-plate condenscr, charged to a voltage of say 0.001 volt, with the plates
separated a distance of 0.01 meter, the elcetric field between the plates has a
strength of 0.001 volt in 0.01 meter, or 0.1 volt per meter of height. Thus, the
field intensity of a transmitter may have a value of 10 millivolts at a distance
of 10 miles. Then the energy acting upon a receiving antenna 5 meters in
height is 5 X 10 or 50 millivolts.

The map shown in Fig. 26 and the radio air chart in Fig. 27 indicate the
lines of equal signal strength; that is, all points at which a certain inten-
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sity—for example, 100 millivolts per meter—is observed are connected by
the line marked ‘“100.” In order to obtain the data for such a map, a port-
able measuring device is taken over the region surrounding the transmitter
and values of field strength are observed at many points. The map shows
clearly how rapidly the field strength decreases as the radio waves pass over
the section of the city occupied by high buildings of steel construction.
The elongation of the curves over a region of water indicates a less rapid

T1a. 27.—Radio air chart of New York City.

drop in intensity. By means of the information obtained from studies
of this kind it is possible to determine the hest location for a transmitting
station which is to serve a certain area.

A field intensity of about 5 millivolts per meter of elevation of the ‘receiv-
ing’”’ antenna gives loud volume on a good receiving set, and an intensity of
1 millivolt may be taken as the minimum for satisfactory volume above
the “static level.” An intensity of a few microvolts, however, is not strong
enough to bring the volume of the signal above the ‘static level,” which may
have a strength of from several to a few hundred microvolts per meter of
elevation of the receiving antenna.

The amount of power needed at the transmitter depends primarily on the
range of transmission and also on the strength of static at the receiver and
the frequency of transmission. A field intensity that is sufficient in one
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locality may be inadequate in another. Transoceanic telegraph com-
munication has been carried on at frequencies around 20 kilocycles per
second (15,000 meters) with a range of thousands of miles on a power input
to the antenna of several hundred kilowatts. For longer distances better
results have been observed on high frequencies in the vicinity of 20,000
kiloeycles with power inputs of less than 50 kilowatts.

Calculation of Field Strength.—A formula which is generally used to
determine the field strength E in millivolts per meter of elevation of the
receiving antenna at a distance d in kilometers from a transmitter is

188h1

E=—1r

where h is the effective height of the antenna in meters, I the current in
antenna in amperes, L the wave length of signal in meters, and d the distance
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Fia. 28.—Attenuation factor for values of (‘‘term”).

from transmitter to receiver in kilometers. The above formula, however, is
for transmission at distances of a few wave lengths through free space only,
and does not take into consideration the decrease in intensity due to absorp-
tion of energy in the surface over which the wave travels, or the effect of
reflection. The effective height is taken as the height of the equivalent
single-wire, vertical antenna which gives the same field strength with the
same current throughout its entire length. In a transmitting antenna the
current increases from a minimum at the far end to a maximum at the base.
By increasing the height, the current distribution is improved and the radia-
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tion is increased. The effective height of a loop is taken as the height of
the equivalent single-wire, vertical antenna in which the same value of
voltage is induced.

The absorption effect for daytime transmission over considerable distances
on sea water is taken into account by multiplying the value of E by the

altenuation factor f, thus:
_ (o.oooo47d)
VL

J =2718
where d i8 the distance from transmitter to receiver in meters and L the wave
length in meters.

Values of the attenuation factor which correspond to various values of the
‘‘parenthesis terin”’ in the formula are shown in Fig. 28,

Measurement of Field Strength.—A commonly used method for the deter-
mination of field strength is based on the measurement of antenna voltage
by substitution. In this method an input voltage having the same frequency
as that of the unknown ficld is impressed on a radio receiver. Then the
strength of the applied voltage is adjusted until the output of the receiver
is equal to that produced by the unknown field strength. It follows that
the value of the voltage induced in the antenna by the unknown field is
equal to the applied voltage.

The applied voltage is determined (Radio Field Strength Measuring Sys-
tem, Proc. Inst. Radio Eng., August, 1926) by measuring the flow of a current
through an impedance. Special circuits are used to attenuate (page 169)
currents by definite amounts to obtain a convenient deflection of an ammeter
in the output circuit. The attenuator circuit must be shielded from the
generator circuit or it will pick up energy from the latter of a magnitude
comparable with that of the induced voltage.
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Electric Power for Radio Apparatus.—The voltage range of electric
power required by radio apparatus may be considered in three parts: (1)
the filament supply, (2) the plate supply, and (3) the grid-bias (page 36)
supply. The current and voltage required for this purpose must be
non-fluctuating.

Dry and storage batteries are, of course, sources of non-fluctuating direct
current. The alternating-current mains, usually at 110 volts and 60 cycles,
will supply a non-fluctuating direct current, provided a rectifier (page 39)
and filter (page 105) are used. If the voltage is to be increased, or decreased,
a step-up or a step-down transformer (page 134) is required also. The
direct-current mains, usually at 110 volts, will supply non-fluctuating direct
current provided that a filter is used to smooth out the ripples. In this
- case the voltage can be reduced but not increased. A transformer will not
operate on direct current. Non-fluetnating direct current obtained from a
motor-generator (page 235), dynamotor (page 237), or rotary converter
(page 237) may require the use of a filter. It is also essential with almost
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Fia. 1.—Apparatus for obtaining ‘ pure” direct current.

any kind of supply to provide a control by which the voltage can be varied
to meet the requirements. The general arrangement of apparatus for
obtaining a “pure” direct current from an alternating-current circuit is
indicated in Fig. 1.

Filters.—A filter consists of an arrangement of choke coils (page 95) and
condensers. The choke coils are required to smooth out fluctuations in
current, and the condensers to smooth out fluctuations in voltage. These
condensers and choke coils have different values and locations depending
on how much ‘‘smoothing’’ is necessary and how much voltage and current
are to be handled. The output condenser (page 38) need not be large if
only smoothness is required, but, unless a relatively large one is used, the
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low notes in radio reception will be missed. The greater the current value
to be smoothed out the larger the choke coils must be, and the smaller the
voltage the larger the condensers must be to reduce the fluctuations. Sim-
ilarly, large choke coils and condensers would be required to smooth out the
relatively large fluctuating direct current and the small fluctuating direct
voltage required for the filament supply of vacuum tubes.

Part 1
BATTERIES

A battery consists of several cells which change chemiecal energy into
electrical energy. The essential parts of a cell are two unlike electrodes,
such as zinc and carbon, immersed in an electrolyte in a container. The
electrolyte is a water solution of certain acids, hydroxides, or salts, depending
on the type of cell.

Cells are classified as primary and secondary. The most familiar example
of the primary type is the dry cell, and that of the secondary type, the
storage battery or accumulator. The difference between primary and second-
ary cells depends on the character of the chemieal reactions which oceur in
them. A primary cell cannot be charged by a current of electricity. When
it i8 exhausted it is useless, unless provided with new electrodes and a new
supply of electrolyte. A storage ccll, however, changes chemical energy

Fia. 2.—Cells connected in series.

into electrical energy by a process which is reversible, meaning that a storage
battery may be charged by passing an electric current through it in a direc-
tion which is opposite to that of the discharge current. During this process
electric energy is changed to chemical energy and stored as such in the
battery.

The capacity of a battery is the quantity of electricity which it will deliver
under given operating conditions. It depends, among other factors, upon
temperature, current, allowable voltage at the end of service, and the nature
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of the service. The capacity of a storage battery under specified opcrating
conditions is usually given in ampere-hours (page 110).

Cells may be connected together in scries or in parallel. When cclls are
connected in series, as shown in Fig. 2, the positive terminal of one cell is
connected to the negative terminal of the next cell. The voltage of this
combination is the sum of the voltages of

all the cells. The ampere-hour capacily of X
the combination is no greater than that of - - g
a single cell. :
CeHs arc connected in parallel, as L5Volts
shown in Fig. 3, when all the positive
terminals are connected to one common ¥
line and all the negative terminals yy, 3.—Cells connected in
are connected to the other line. The parallel.

voltage of this combination is equal

to that of one cell, but the amperc-hour capacity is the sum of the capacities
of all the cells. Cells which are used in a parallel combination must be of the
same type and voltage. In a series-parallel arrangement, groups of cells
are connected in series and these groups are connected in parallel.

Simple Primary Cell.—The simple form of primary cell consists of a piece
of copper and one of zinc placed in water containing a small amount of sul-
phuric acid, as shown in Fig. 4. The pieces of metal arc at different poten-
tials with respect to each other, and when they are
joined by a wire, an electric current will flow in the
wire. It is assumed that thc current flows from the
copper through the wire to the zinc and from the zine
through the liquid to the copper. The current is
carried through the liquid electrolyte by particles called
tons (page 279) which carry electric charges. As this
action continues, the zinc gradually dissolves and gas
bubbles gathcr on the copper. The copper terminal is
Fie. 4.—Simple Positive and is indicated by a plus (+) sign, and the zinc

primary cell. terminal is negative and is indicated by a minus (—) sign.

The external circuit is connected to the cell across its
terminals. The ions which carry positive charges move to the positive
terminal, while the ions with negative charges move to the negative term-
inal. When a voltmeter is to be connected to a battery circuit, the volt-
meter terminal which is marked ‘4" must be connected to the plus
terminal of the battery.

Polarity.—The direction of current flow in a wire or other conductor, that
is, the polarity of a conductor, must often be determined in order to gct the
proper connections for certain services, such as batteries, and devices for
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making and breaking a circuit. Most of the methods for determining
polarity depend on either chemical action or magnetic action.

The most commonly used test is the one shown in Fig. 5. If two wires in a
direct-current circuit are held about 14 inch apart in a glass of water in which
a teaspoonful of salt has been dissolved, bubbles will form on the negative
(=) wire. No bubbles, or very few, will be seen on the positive (+) wire.
If the two wires in a circuit are held about }4 inch apart on a small piece of

F1a. 5.—Salt-water test for polarity..

moistened blueprint paper, the paper around the negative wire will turn
white. Another test, in which two wires in a circuit are held against a peeled
raw potato, as in Fig. 6, indicates the polarity by the blue color which
appears on the potato at the point of contact with the negative wire.

“Green Spot

Potato
Fia. 6.—Testing polarity with a potato.

A test depending on magnetic action can be made with a compass needle.
Figure 7 shows the relation between direction of current flow, direction of
magnetic field (page 59), and position of the compass needle. Magnetic
action causes the north pole of the compass needle to point in the direction
of the magnetic field.

Another method of determining polarity of a circuit is by the voltmeter
test. When the positive wire in a circuit is attached to the positive terminal
of a voltmeter, and the negative wire to the negative terminal, the needle
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indicator of the instrument will swing in the right direction over the scale.
If the needle swings in the wrong direction, the connections must be reversed.

Local Action in Batteries.—In the operation of a zinc and copper cell,
certain difficultics arise which are caused by conditions known as ‘“local
action,” “polarization,”’ and “internal resistance.” Pure zinc passes into a

Compass Needle,  Direcfion of
3 &N/Magnef/c F/f/d'\.

N

Current
Currerrt

Fiu. 7.—"Testing polarity with compass needle.

solution only when the cell supplies a current to an external circuit. Com-
mercial zine, however, contains impurities which act with adjacent zinc
particles to form small cells. At such places zinc is always passing into
solution, causing small currents of electricity which are wasted. This loss
of zinc is called local action. Such local action is reduced considerably if
the surface of the zinc is amalgamated with mercury. .

Polarization.—The most familiar form of polarization is the formation
of hydrogen bubbles on the copper when the cell is in operation. This gas
layer reduces the output of the cell hecause it produces a voltage opposing
that of the cell and also it diminishes the area of the surface of the copper
which is in contact with the electrolyte. Both of these conditions increase
the resistance of a cell. This condition may be avoided or minimized by
the use of substances called depolarizers in the form of solids, liquids, or gases.

Internal Resistance.—The internal resistance of a battery must be con-
sidered as part of the resistance of the whole circuit. That is, the resistance
of the entire cireuit is the sum of that of the external circuit and that of the
battery. The internal resistance of any cell varies with the type of cell and
its condition. A lead storage battery has a low internal resistance and
can, therefore, supply a heavy current. A lead storage battery should never
be short-circuited because of the damage which may result to the battery
when a heavy current flows.

Dry Cells.—A primary cell must have a large capacity for voltage and
current, a low internal resistance, and freedom from polarization. Dry
cells have these advantages, are portable, but subject to local action.
Primary batteries are convenient hut expensive to operate. The most
common form of primary cell is the dry cell, which has been described on
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page 197. The open-circuit voltage of the dry cell is about 1.5 volts and the
short~circuit current depends on the type of cell. A so-called “No. 6"’ cell
passes from 25 to 35 amperes on short circuit. The voltage test is much less
harmful than the short-circuit current test as an indication of the condition
of the cell. Dry cells are intended primarily for intermittent use but can
supply a continuous current of small value. Deterioration takes place
even when the dry cell is not in use and is greater for the smaller sizes than
the larger. Batteries which are located in a cool, dry place show little
deterioration, but freezing temperatures must be avoided. The capacity
of a dry cell is about 30 ampere-hours. A 22.5-volt dry battery for radio
service has an ampere-hour capacity of about 3.5 and an internal resistance
of approximately 300 ohms.

Closed-circuit Cells.—This type of cell is intended for use where a con-
tinuous current is required and must, therefore, have a large ampere-hour
capacity and freedom from polarization. One example of this type, called
the gravity cell, consists of a copper electrode in a saturated solution of copper
sulphate, above which is a lighter solution of zinc sulphate surrounding a
zinc electrode. This cell has a voltage of about one volt, but the internal
resistance is considerable. It has been largely replaced by the caustic-soda
cell which has a lower internal resistance. This latter type has one electrode
of zinc and the other of copper and copper oxide which serves as the depolar-
izer in an electrolyte of a 20 per cent solution of caustic soda (sodium
hydroxide). The working voltage is from 0.6 to 1.0 volt depending on the
rate of discharge and length of service. The battery may be renewed by
supplying new electrodes and electrolyte.

Other Wet Cells.—The wet cell, sometimes called the Leclanche cell, uses
as an electrolyte a solution of sal ammoniac in a glass jar and is intended for
light and intermittent service. The carbon-cylinder battery, which is a
form of this type, consists of a zinc rod and a cylinder of carbon without any
depolarizer in a solution of sal ammoniac. This cell has a voltage of about
1.4 volts, and the polarizing action, although quite rapid, is intermittent
because the collection of gas diffuses when the cell is idle.

Storage Batteries.—The type called a storage battery may be charged or
discharged a great many times with one set of electrodes in the same elec-
trolyte. The positive terminal of a storage battery may be marked with a
plus (+) sign, the letters “ POS,” a spot of red paint, or a red bushing around
the terminal post. A voltmeter may be used to determine the polarity of an
unmarked battery. The discharge current flows from the positive terminal
through the external circuit to the negative terminal. When, therefore, the
voltmeter is connected so that the pointer swings in the right direction, the
positive terminal of the voltmeter is connected to the positive terminal of
the battery.
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The open-circuit voltage of a storage cell depends on its chemical construc-
tion and not upon the size or number of plates. Its capacity is given in
terms of ampere-hours at a certain discharge at normal temperature. A
capacity of 100 ampere-hours means that the battery can give 20 amperes for
5 hours. If the rate of discharge is more rapid the capacity is less, and if
the rate of discharge is lower the capacity is greater.

Types of Storage Batteries.—The two general types of storage batteries
are the lead-plate battery, containing an acid electrolyte, and the nickel-iron
or Edison batlery, containing an alkaline clectrolyte.

A lead battery consists of lead plates immersed in a dilute solution of
sulphuric acid. Most portable hatteries are kept in containers made of a
rubher compound; but large batterics are placed in glass or lcad-lined tanks.
The lead plates of portable batteriesareof the pasted type in which theactive
material in the form of a lead oxide paste is pressed into a frame or grid
made of a lead and antimony alloy. These plates must be “formed” by
charging them with a direct current. This charging process, by oxidizing
the positive plates, changes the active material into lead peroxide, which is
brown in color. The negative plates are changed from the oxide to pure
sponge lead, which is gray in color. The required number of positive plates
are welded to a connecting piece to form the positive group of plates, and
the negative plates form another group which meshes with the plates of the
positive group. The negative plates are one more in number than the
positive plates so that the two outside plates of a group are negative.
Separators consisting of thin sheets of wood are generally placed between the
positive and negative plates to prevent contact. In some types, a perforated
or slotted sheet of rubber is added between each positive plate and the
adjacent wooden separator to prevent oxidization of the wood. A cell of
the lead-plate type is shown in Fig. 8.

The nickel-iron battery uses frames or grids made of steel. The active
material in the positive plates is nickel oxide in the form of round tubes.
The material in the negative plates consists of iron in a finely divided state
placed in thin rectangular pockets. The electrolyte is a solution of potassium
hydrozide together with certain other substances, and the container is made
of steel. The cells are connected together by means of nickel-plated copper
connectors. The cells must be insulated from each other because the steel
containers are electrical conductors.

Electrical Characteristics.—The ampere-hour capacity of a storage cell
indicates the number of ampere-hours which can be delivered at a certain
temperature and a final discharge voltage. Thus a certain storage cell may
have a capacity of 100 ampere-hours at 25°C., when a discharge current of
20 amperes continues to a final discharge voltage of 1.75 volts. If the
discharge rate is above normal, the rated ampere-hour capacity will not be
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obtained. On the other hand, if the discharge rate is low, the ampere-hour
capacity is somewhat increased.

Lead-plate Cells.—The open-circuit voltage of a lead-plate cell is about
2.0 volts. As the cell discharges at its normal rate the terminal voltage
drops to about 1.75 volts at practically complete discharge. Such cells
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Fia. 8S.—Lead-plate cell.

should not be discharged beyond this point except when the discharge rate
is considerably above normal. The average voltage over the period of dis-
charge varies with the rate of discharge, heing about 1.95 volts at normal
discharge rates and about 1.75 at high rates.
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During the discharge of the battery the specific gravity of the electrolyte
decreases because of the water resulting from the chemical action when lead
sulphate is formed on the positive and negative plates. The specific gravity
of the electrolyte of a lead-plate cell serves to indicate the state of charge
and may be determined with a syringe hydrometer (page 112). The cell is
considered to be discharged when the specific gravity falls to 1.10.

Nickel-iron Cells.—During the discharge of nickel-iron cells the voltage
falls from the open-circuit value of between 1.45 and 1.52 volts to a final
voltage which is about 0.9 volt per cell. The average voltage over the period
of discharge is about 1.14 volts per cell at normal discharge, and 1.05 at
higher discharge rates. The state of charge of these cclls cannot be deter-
mined by the specific gravity of the clectrolyte. The voltage of a nickel-iron
cell falls more rapidly during discharge than that of a lead-plate cell. Con-
sequently, lead-plate cells are better suited than nickel-iron cells for use
where a constant terminal voltage is essential.

Charging and Maintaining Storage Batteries.—The purpose of charging
a storage battery is to pass a current through theccllsin a direction opposite
to that of the discharge current, in order to reverse the chemical action which
occurs during discharge. During this process the acid absorbed by the
plates during discharge must be driven
out. Direct current must be used

+
for charging storage batteries, and if R Am =
alternating current is to be used for V =
charging, it must be changed into a _gﬂ b =

-direct current by means of a motor-
generator set (page 235), a synchronous
converter (page 237), or some type
of rectifier (page 39). The charging Frg. 9.—Direct-current charging
current may be adjusted by meansof a circuit.
suitable control resistance or rheostat
(page 121) to the value designated as the constant charging rate on the
name plate of the battery.

A charging circuit utilizing a direct-current line is shown in Fig. 9, the
positive terminal of the charging circuit being connected to the positive
terminal of the battery. During the period of charge, the control resistance
may be decreased to keep the currcnt at a constant value because the
terminal voltage of the battery itself gradually incrcases. The value of the
current flowing depends on the differcnce hetween the charging voltage and
the hattery voltage. The charging voltage must be at least 2.5 volts for
cach lead-plate ccll and 1.7 volts for each nickel-iron cell, because the voltage
of the battery acts in opposition to the charging voltage. The amount of
resistance in ohms required in the charging circuit may be calculated from
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the equation B = E'+E’ where E, is the voltage of the line in volts, E,
is the voltage of the battery, and 7 the charging rate in amperes.

The control resistance may consist of a bank of lamps connected in parallel
or of resistance coils for insertion into lamp sockets. In such a device, the
charging rate is increased by connecting into the circuit more lamps in
parallel. To prevent a discharge of the battery through the generator in
case the charging voltage drops or fails, it is necessary to insert into one side
of the charging circuit an underload circuit breaker. This is a device which
acts to open one side of the circuit when the current falls below a given value.
In usual practice the charging period lasts from five to eight hours; and
near the end of this period, large batteries begin to emit gas so that the
current should be reduced to about 40 per cent of the normal charging rate
to avoid excessive gassing and a rising temperature. A charging rate of
several times the normal discharge rate may be maintained until gassing
begins. Continuous overcharging may result in dislodging some of the
‘“active” material from the positive plates. During the charging period of
nickel-iron batteries, no change in the charging rate ismade. They emit gas
throughout the entire charging period of about seven hours. The charging
rate should not be less than the normal amount. Frothing during the
charging of a nickel-iron or Edison battery is an indication that the charging
rate is too high or that the level of the solution is too high. The temperature
of any storage battery during charging or discharging should not be allowed
to exceed 110°F.

The gases emitted during the charging period of a storage battery consist
of oxygen and hydrogen, which may collect in the right proportions to form
an explosive mixture. Good ventilation should be provided in battery
charging rooms, and open flames of any kind must be avoided. Even the
spark caused by a momentary short circuit of the battery wires may serve
to ignite the gases. The bubbles of gas thrown off from the batteries into
the atmosphere carry with them minute particles of the electrolyte which,
in the case of the lead-plate battery, become apparent as choking fumes.
The gassing also causes the loss of water from the cells which must be replaced
by ‘“pure” and preferably distilled water.

Sometimes batteries are charged by the constant-vollage or tapering-charge
method in which the voltage at the battery terminals is kept constant
throughout the charging period. The charging current decreases auto-
matically as the charging process continues, and the period of charge is about
the same as in the constant-current method. The advantages of the con-
stant-voltage method are that a large portion of the