g

I.C.S. LITTLE GIANT

RADIO

OPERATORS
ANDBOCK 4







Radio Handbook

A HANDBOOK OF REFERENCE

FOR

Those Interested in the
Radio Art

BY

International Correspondence
Schools

SCRANTON, PA.

1st Edition, 50th Thousand, 6th Impression

SceaNTON, Pa.
InTERNATIONAL TexTBOOK COMPANY

024



CoryriGHT, 1923, BY
INTERNATIONAL TEXTBOOK COMPANY
CorYRIGHT IN GREAT BrITAIN
ALL R1GHTS RESERVED

Printed in U. 8. A, 1
-
Pagss or
InTerRNATIONAL TEXTBOOK COMPANY
Scranton, Pa. s

™



PREFACE

The publishers have endeavored to compile in
this Radio Handbook such information as will
be of value to persons engaged in radio work.
This important branch of the art of communica-
tion has a wonderful future of usefulness in the
development of many lines of activity. A con-
siderable portion of the Radio Handbook is
devoted to explanations, in simple language, of
the theories underlying the action of the apparatus
used in radio practice. The developments of the
future are based on a clear conception of the
action of the present devices and circuits.

The following subjects are treated: The funda-
mental principles of electricity and magnetism;
batteries ; generators ; motors; radio devices, their
connections, and operation; radio transmitting and
receiving stations; radio measurements; radio
experiments; radio formulas: telegraphic code
and code practice; radio license regulations;
national code for radio apparatus; definitions of
radio terms; tables of special appllcatxon to radio
apparatus, also tables of data of general engineer-
ing value, including trigonometric tables and tables
showing the square, cube, square root, cube root,
and the reciprocal of any number. A very com-
plete index serves as an aid to ready reference.

Among the many to whom the Radio Handbook
should be of service are navigation officers; port
captains; employes at life saving stations; oper-
ators at radio compass stations; employes of the

i1



iv PREFACE

weather bureau; foresters; prospectors; farmers;
aviators; and the large army of amateurs who
operate receiving stations. The radio experi-
menter will find data of service in checking the
operating conditions of existing apparatus and in
constructing new devices.

The Radio Handbook was compiled by Mr.
Harry F. Dart, E. E, and was technically
edited and printed under the direction of Francis
H. Doane, Principal of our School of Electrical
Engineering.

INTERNATIONAL CORRESPONDENCE SCHOOLS
April, 1923 Scranton, Pa.



INDEX

A

“A” battery, 233
Abbresviations, Codes of,
41

A B C code, 417
Accumulator 98
Air gap, 90
Airplane antennas, 8]
Alexanderson altcrnator,
39, 258
Alternating current, 13
A.-C. supply for receiving
sets, 348
A.-C. supply for sending
sets, 351
Alternation, 14
Alternator, Alexanderson,
3
Elementary
armature, 133
300-cycle revolving-arma-
ture, 134
inductor, 500-cycle, 136
inductor, 100,000-cycle, 138
inductor, Principle of,
36

1
Revolving-field, 128
sets at telcphone trans-
mitting stations, 273
Single-phase, 132 A
Undamped-wave stations
using, 259
Alternators, Genecral
theory of, 126
American Morse code, 405
Ammeter for power cir-
cuit, 7
Ammeters, ~

revolving-

Ammeters, Expansion type
of,
for radio circuits, 7
Hot-wire type of, 7
Ampere, Definition of. 7
Amplification factor, 395
Radio and audio, 337
Amplifier action of three-
e;emcnt electron tube,

237
Amplifiers, Audio -fre-
quency, 331
Classification and types
of, 325
Inductively coupled, 330,
332

Large.capacity, 339
Radio-frequency, 327
Resistance-coupled,
331
Transformer-coupled, 328,
332

327,

Angles, Measure of, 454
Anode, 95

Antenna circuit, coupled,
250

circuit, Tuning the, 296
Coil,

Definition of, 73

Directly excited, 249
Fan-type, 77

Indirectly excited, 250
insulators,

Inverted L-type, 75
masts, 87

modifications, 79
Multiple-section, 76
propertics, Measurement
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Antenna, Range of, 87 Batteries, General classifi-
Resistance of, 82 cation, construction,
spreaders, 88 and operation of stor-
systems, 73 age, 98
T-type, 75 Battery chargers of various
towers, 87 types, 120

Umbrella-type, 76
Vertical wire, 74
Antennas, Airplane, 81
cosil, Characteristics of,
11

Properties of, 8
Wave-length of tlat top.
510

Arc, Direct-current, 187
generators, Factors af-
fecting the frequency
of, 190
generator, General prin-
ciples of, 186
Oscillating, 187
Poulsen, 186
telephone transmitter, 273
Arcs, Measure of, 454
Armstrong super-regenera-
tive circuit, 377
three-tube circuit, 3%0
two-tube circuit, 378
Arrester,
Artificial magnet, 16
Asembling of storage bat-
tery.
Atmospherics, 4
Audio frequency, 15
frequency amplifiers, 331
frequency transformers,
66

oscillator, 201
Autodyne reception, 320
Autotransformer, 54
Avoirdupois weight, 4534

B
B. & S. copper-wire
gauge, 487

“B" battery, 233
Back electromotive force,
161

voltage, 161 )
Batteries, Electric, 94

Effect on an electron
tube of a plate. 219
Beat-current reception of

signals, 315
Bipolar generators, 145
Broad wave, Effect on a re-
ceiving station of trans-
mitting on a, 249
Buzzer, 312
1,000-cycle oscillator, 201
Special testing, 201
Testing, 199
transimitter, 253
Uses of, 199

C
“C” battery, 303
Capacity measurements

with wavemeters, 356
of condensers, 43
Unit of, 40
Carborundum-crystal re-
ceiving set, 294
detector, 177
Carrier current, 273
Cascade amplification, 337
Cathode, 95
Cells, Dry, 96
Storage, 98
Wet, 95
Centigrade and Tahren-
heit degrees, 500
Centimeter of capacity, 40
Centimeters of inductance,
34

Changing the wave-length,
86, 231

Characteristics of coil an-
tennas, 511
of three-element tube, 394
of two-element tube, 390
Charges, Electron theory
applied to, 3



viii INDEX

Cubes, Examples of, 486
Cubic measure, 454
Current, Alternating, 13

Carrier, 273

curves, 306

Definition of, 4

Direct, 13

Pulsating, 13, 144

Saturation, 221

Single-phase, 132

Unit of, i
Currents, Direction of, §
Curves, Received-current,

Cycle, 14
D

Damped-wave electron-
tube detector sets, 301
wave transmitting cir-
cuits, 246
waves, 245
Decimal equivalents of
parts of 1 inch, 457
Decrement measurement
with wavemeter, 359
Decremeter, 362
Deﬁn?ions of radio terms,
42.

Degrees, Centigrade and
Fahrenheit, 560
Depolarizer, 96
Depolarizing agents, 96
Detector action of three-
element electron tube,
233
Carborundum, 177
chafracteristics, Summary
of, 1
Electrolytic, 179
Galel}a, 175
Lenzite and cerusite, 177
Perikon, 177
Silicon-antimony, 177
Three-element tube, 303
Two-element tube, 301
Zincite and bornite, 177
Detectors. Crystal, 174
Direct-coupled receiving
sets, 288

Direct coupling, 51
current,
-current arc, 187
-current generators, 142
-current machine, QOpera-
tion of, 153
-current motors, 150
Direction finding by a coil
antenna, 91
Directly excited antenna,
299

Dielectric, Definition of, 40
Dot, dash, and space,
Length of, 409
Double-slide tuner, 288
Dry cells, 96
cells, General uses of, 98
measure, 454
Dynamic electricity, 4
Dynamos, 142

E

Effect of plate battery, 219
Electric batteries, 94
circuits, 20
current, 4
power, Unit of, 12
work, Unit of, 12
Electrical and radio formu-
las, 400
terms, 1
units and measuring de:
vices, 6
Electricity, Dynamic, 4
Quantity of, 6
Static, 1
Electrolytic detector, 179
interrupter,
Electromagnetic effect, 31
field, 31
Electromagnets, 33
Electromotive force, §
force, Unit of, 11
Electron, Definition of, 3
theory, 21
theory
charges,
-tube detector s e t s,
Damped-wave, 301

applied to



INDEX vii

Charges, Electrostatic, 1
Charging panel, 119
storage batteries, 117
Chemical rectifiers, 120
Choke coils, 36
Chopper, 313
Cipher, A B C code, 417
Circuit-breakers, 164
-interrupting devices, 312
Multiple, 29
Series, 29
Super-regenerative, 377
Circuits, Calculation of
frequency of, 83
Coupled, 49
Oscillating, 46
Parallel,
Receiving, 284
Regenerative, 398
Resistance of, 20
transmitting, Damped-
wave,
Circular measure, 488
Code, International, 407
Learning the, 415
Morse, 407 X
Phillips punctuation, 408
practice apparatus, 411
practice with key, 414
Codes, 405
of abbreviations, 416
Secret, 417
Coil antenna, 78
antenna, Direction find-
ing by a, 91
antennas, Characteristics
of, 511
Coils. Induction, 68
Commercial receiving sets,
365

Commutation, 142
Commutator, 142
Care of, 154
Compass, 16
Compound generator, 148
-wound generator, Auto-
matic regulation of a,
149
Compounding, 149
Condenser, Definition of, 40

Condenser, Plates of, 40
Telephone, 291
Condensers, Capacity of, 43
Coupling,
Fixed, 42
in parallel, 44
in series, 44
Variable, 41
Condensive coupling, 51
reactance,
Conductors, 15
in parallel groups,
sistance of,
C.-W. receiving sets, 311
C.-\}'_;lstation with chopper,
/

C.-W. siations, 238
C.-W. system, 245
C.-W. transmitting circuit,
Combination,
Construction of lead-sul-
phuric-acid cell,
Continuous waves, 245
Control devices for D.-C.
motors, 161
Conventional signals, 409
symbols for radio devices,

Re-

Conversion factors, 448

Copper wire, Resistance
variation with  fre-
quency, 494

wire tables, 487

Copperclad wire, 494

Coulomb, 6

Counter electromotive

force,

Counterpoise, 74
Coupled circuits, 49
Coupling, Condensive, 51

devices,

Direct, 51

Inductive, 49

Variation of, 61
Crystal detectors, 174
Crystals, Galena, 175
Cube root,

root, Examples of, 484

root table, 466
Cubes, 466
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Electron-tube radio-tele-
phone transmitters, 277
-tube transmitters, 263
tube, Two-element, 218
tubes, 216
Electrons, Movement of,
2

Electrostatic charges, 1
laws,
Electrostatically
receiving set,
End-turn losses, 86
Ether, 244
Evolution, 464
Exciter, 128
Expansion-type ammeters,
7

coupled

F

Fahrenheit degrees, 500
Fan-type antenna, 77
arad, 40
Federal Jr. receiver, 375
Feed-back coupling, 242
Field coils, 145
coils and connections, 155
Electromagnetic, 31
excitation, Methods of,

frame, 145
-magnet cores, 145
rheostat, 146
Filament battery, 233
Filter, High-pass, 343
Low-pass, 344
Filters, Application of, 345
General use of, 341
Main types of, 341
Necessity for, 345
tuned in receiving sets,

Fire regulations, Under-
writers’, 441
Fixed condensers, 42
Flat spiral-coil transform-
ers,
-top antennas, Wave
lengths of, 510
Formulas, Electrical and
radio, 400

Frequencies, Common, 14
Frequency, Audio, 15
Radio, 15
wave-length, and oscil-
lation constant, 500
Fundamental principles of
three-element electron
tube, 225
Fuses, 164

G

Galena crystals, 175

Galvanic battery, 94

Galvanometer, 10

Gcne;sal conversion factors,
4

operating instructions for
storage batteries, 117
Generator, Accumulatively
compounded, 149
and motor rotation, Re-
lation of, 152
Armature of, with sev-
eral coils, 14
Compound, 148
Differentially compound-
ed, 149
Flat-compounded, 149
parts, 145
Separately-excited, 146
Series, 147
Shunt, 146
Generators and motors, 126
arcf, General principles
ot,
Bipolar, 145
Direct-current, 142
dir?ct-current, Inspection
ot,
Government license, Oper-
ator’s, 40
station license, 438
Grades of licenses, 441
Grebe receiving set, 365
Grid battery, 303
condenser and leak, Ac-
tion of, 310
condenser with three-ele-
ment tube, 307
leak, 308




o ek

R R R~

b 4 INDEX

Grid modulation, 277
of electron tube, 225
Ground switch, 89

H

Hard tube, 379
Helical-coil transformers,
58

Henry, 33

Hertzian waves, 181

Heterodyne reception, 317

High-frequency resistance

measurements, 387

-pass filter, 343

Honeycomb-coil data, 512
coils, 3

Hot-wire ammeters, 7

Hydrometer, 104

I

Impedance, 45

Inch, Decimal equivalents
of parts of, 457

Indirectly excited antenna,

2
Indu;:tance coil, Standard,
3

coil, Variable, 37
Definition of, 33
devices, 36
measurements with wave-
meters,
Unit of, 33
Induction coils, 68
Inductive reactance, 36
Inductively coupled am-
plifiers, 330, 332
coupled receiving  set,
2

29,
Inductor alternator, 100,000-
cycle, 138
alternator, 500-cycle, 136
alternator, Principle of,
136
Insulating materials, Prop-
erties of, 494
Insulators, 15
Antenna, 88
Intern ational abbrevia-
tions, 419

International ohm, 23
Interrupter, Expianation of
the action of an elec-
trolytic, 72
Mechanical, 72
Mercury, 72
Interstage transformers, 66
Involution and evolution,
464
Ton, Definition of, 187
Ionization, 187

K
Key, Code practice with,

41,
Method of holding, 412
radio, Large-capacity,

radio, Small-capacity, 194
Rel.ay, 196
s;:‘rlx;:g, Adjustment of,

Keys, radio, General uses
of, 19,
Troubles of, 198
Kilowatt, 12
-hour, 13

L-type antenna, 75
Laws, Electrostatic, 2
Lead burning, 111
Lead-in, 75,
-sulphuric-acid cell, Con-
struction of,
Learning to receive, 415
License, Government sta-
tion, 438
Manufacturer’s, 437
Operator’s  government,
440

regulations, Radio, 437
Licenses, Grades of, #1
Lightning arrester, 90
Linear measure, 453
l.ines of force, 18
Liquid measure, 455
Loading coil, 296

coil, Definition of, 86
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Loading coils, Wave-length
of, 513

Lodestone, 16

Logarithms, 506

Loud speakers, 214

Low-pass filter, 344

M

Magnavox, 214
Magnetic attractions and
repulsions, 17
ficld, 18
flux. Building up a, 147
force, 18
rectifier, 121
substances, 18
Magnetism, 16
Residual, 19, 71
Magnetos, 145
Magnets, Artificial, 16
North pole of, 17
Permanent, 16
South pole of, 17
Manufacturer's license, 437
Masts. Antenna, 87
Measure, Circular, 488
Cubic, 454
Dry, 454
Linear, 453
Liquid, 455
of angles or arcs, 454
Square, 453
Measurement of antenna
properties, 384 .
Measurements of  high-
frequency  resistance,
387

Measures, 453
of capacity, Metric. 456
of length, Metric, 455
of surface, Metric, 456
of volume, 456
of weight, Metric, 456
Measuring capacity with
wavemeter,
decrement with wave-
meter, 359
devices, Electrical, 6
inductance with wave:
meter, 357

Measuring natural wave-
length with wavemeter,
358

Mechanical interrupter, 72

rectifier, 121

Megohm, 23

Mercury interrupter, 72

Meters, Watt-hour, 12

Metric system, 455

Microfarad, 40

Microhenry, 34

Microhm, 23

Micro-microfarad, 40

Microphones, 204

Milliammeter, 10

Millihenry, 34

Mm!ula!ed signals, Receiv-
ing, 322

Modulation, 271

Grid, 277
Plate, 277
transmission, 269

Modulator. 24

Morse code, 407

Motor action of conductor
flux, 150

and generator rotation,
Relation of, 152

direct-current, Reversal
of rotation of, 152

electromotive force, 161

generator sct, 500-cycle
alternator and direct-
current motor, 158

-generator set, Simple
type of.

-generator sets, General
principles of. 156

.generator sets. Uses of,
156 i

.speed regulation, 166

starter, 162

starter, Single-step auto-

matic, 166
starter, Three-step, auto-
matic, 167

Starting a, 165
Stopping a, 165
Motors, Direct-current, 150

-
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Motors, direct-current
Classification of, 153
direct-current, Inspection
of.

Multiple-section antenna,
76

N

Natural magnet, 16
wave-length, Calculation
of, 84
wave-lengths of flat-top
antennas, 510
Negative resistance, 377
Nickel-iron-alkaline cell,
Advantages and appli-
cations of, 115

-iron-alkaline cell, As-
sembly of, 112
-iron-alkaline cell, Ca-

pacity of, 113
-iron-alkaline cell, chang-
ing electrolyte of, 116
-iron-alkaline cell,
Charging of, 116
-iron-alkaline cell, Ef-
ficiency of, 114
-iron-alkaline cell, Plates
of, 111
-iron-alkaline cell, Re-
pairs to, 117
-iron-alkaline cell, Sepa-
rators and electrolyte
of, 113
-iron-alkaline cell, Spe-
cial precautions f’or, 116
-iron-alkaline cell, Volt-
age of, 114

o

Ohm, International, 23

Ohm’s law, 24

Open spark gap, 182

Operating a sending sta-
tion, 283

Operation of direct-current
machines, 153

Operator’s government li-
cense, 440

Oscillating arc, 187

Oscillating arc, Undamped-
wave stations using, 260
circuit coupled to an.
tenna, 250
circuits, 46
Oscillation, frequency, and
g&:;vc-length constant,

tr?;lsformers, Purpose of,
Oscil6lations, Production of,

Oscillator action of three-
element electron tube,
239

Audio, 201
Overloads, 154

P
Pancake coils, 60
Parts of 1 inch, Decimal
equivalents of, 457
Perikon detector, 177
Phlws punctuation code,

Plate battery, 233
modulation, 277
Polarization, 95
Pole faces, 145
pieces, 145
shoes, 145
Positive resistance, 377
Potentiometer, 294
Poulsen are, 186
Powzcsx:’-buzzcr transmitter,

transformers, 52
rimary battery, 94
Properties of insulating
materials, 494
Protective devices, 164
Pulsating current, 13, 144
Push-pull amplifier, 339

Q
Quenched spark gap, 183

R
Radiation resistance, 82




s Wngiogmnd .

INDEX xlii

Radio and audio amplifica-
tion, Circuit connec-
tions for, 337

devices, 171
experiments, 384
formulas, 400

frequency, 15
-frequency amplifiers, 327
-fg;qucncy transformers,

keys, 193
license regulations, 437
receiving circuits, 284
recciving transformers, 61
symbols, 422
telegraphic abbreviations,
419
telephone sets using
alternators, 273
terms, Definitions of, 425
transmitters, Explanation
of the action of, 204
transmitting transform-
ers, 56
Radiola Sr. receiver, 373
Range of antenna, 87
Rating of telecphone re-
ceivers, 213
Reactance, Condensive, 44
Inductive, 36
Received-current
Receiver horn, 214
Receivers, Telephone, 209
Receiving circuits, Radio,
284

curves,

modulated signals, 322
set. Carborundum-crystal,
294

set, Electrostatically
coupled, 295

set, Federal Jr., 375

set, Grebe, 365

set. Inductively coupled,
292

set, Radiola Sr., 373

set, Tuning a, 297

set, Tuning antenna-cir-
cuits of,

Recciving  set,
house RA, 370
set with tuned oscillat-
ing circuit, 290
sets, Calibration of, 362
sets, Commercial, 365
sets, Crystal-detector, 284

Westing-

sets, Direct-coupled, 288
sets, lductively coupled,
292

sets, Telephone, 322

sets, Telephones in an-
tenna circuit, 286

sets, Undamped-wave, 311

sets, Vacuum-tube, 301

sets with A.-C. supply,.
348

sets with tuned antenna,
287

stations, Regulations for,
2

telephone signals, 322
transformer, Complete, 65
transformers, Radio, 61
undamped-wave telc-
graph signals, 311
Reception, Autodyne, 320
Beat-current, 315
Heterodyne, 317
Reciprocals, 466
Examples of, 487
Rectifier, Mechanical, 121
Tungar, 123
Rectifiers, Chemical, 120
Tube, 123
Regenerative circuit, 323

receiver, Operation of,
398

Regulation, Motor-speed,
166

Regulations for receiving
stations, 442 ]
for transmitting stations,

444
Radio license, 437
Underwriters’ fire, 441
Relation of generator and
motor rotation, 152
Relay key, 196
Residual magnetism, 19, 71
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Resistance-coupled ampli-
fiers, 327, 331
devices, 21 i
measurements, High-fre-
quency, 387
Negative, 377
of antenna, 82
of conductors in parallel
groups, 30
Positive, 377
Radiation, 82
Unit of,
variation with frequency,
494
Resonance, 46
Reversal of rotation of
direct-current motor, 152

Revolving-field alternator, .

12
Rheostat, Field, 146
Rheostats, 22
Rotary spark gap, 184
Rotor, Definition of, 126

S

Saturation current, 221
Secondary cells, 98
Secret codes, 417
Seebeck effect, 172
Self-heterodyne reception,
320
-im{luctance, Definition
ot,
Sending set with voltage
transformer, 248
sets, Autotransformer
coupling of antenna of,
250

sets, Directly coupled
antenna of, 247

sets, Transformer coup-
ling of antenna of, 250

sestssl with A.-C. supply,

sets with direct-current
supply. 54

station, Operating a, 283

stations, Wave curves at,
254

Secparately excited gener-
ator, 146

Series generator, 147

Shape of received- current
waves, 299

Shunt, 30

generator, 146

Silicon-antimony detector,

Single-phase alternator, 132
-phase current, 132
slide tuner, 288
-step automatic motor
starter, 166
Skin effect, 25
Space charge effect, 222
Spark gap, Open, 182
gap, Quenched, 183
gap, Rotary, 184
gap, Synchronous, 252
gaps. Nature of, 180
gaps, Nature of dlscharge
of, 181
gaps, Operation of, 180
gaps, Types of, 182
Sparking dlstances. 499
distances in air, 186
Special international Morse
code signals,
letters, 409
Specific gravity, 104
Spreaders, Antenna, 88
Square measure, 453
root, 464
root, Examples of, 484
root table, 466
Squares, 466
Examples of, 485
Stag;iard inductance coil,

Starting a motor, 165
box, Simple type of, 162
res:stance, Purpose of,
162
rheostat, 162
Static, 4
electricity, 1
Station license, Govern-
ment, 4.
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Stations, Undamped-wave,
Stator, Definition of, 126
Stopping a motor, 165
Storage batteries, 98
batteries, Charging, 117
batteries, Charging panel
for, 119
batteries, Charging,
through lamps, 118

batteries, Charging,
through resistors, 117

batteries, General oper-
ating instructions for,
117

bat;eries, Normal voltage
ot,

battery, Capacity of, 106

battery, Efficiency of,
106 .

battery, Initial charge
ot,

battery, Polarity of, 107
battery, Putting out of
commission, 110

battery, Regular charge
o

batt'ery, Returning to
commission, 110

cells, 98

Strays, 4

Super-regenerative circuit,
Armstrong, 377
Switches on  receiving
transformers, 62
Symbols, Radio, 422
Synchronous spark gap, 252

T

Tables and data, 448
Copper wire, 483
Trigonometric, 459

Telephone apparatus, 204
circuits, Grid modulation

ot,
circuits, Plate modula-
tion of, 279

receivers, 209
receivers, Rating of, 213

Telephone ~eceivers, Stand-
ard type of, 210
recelvers, Watch-case
type of,
signals, Rcccwmg, 322
transmitter, Arc, 275
transmitrers, 204
transinitters, Electron-
tube, 277
transmitting circuits, 271
Telg;hony, Definition of,

Temperature, 499
c02e7fhc1eut Definition of,

coefficients of copper re-
sistance, 28
Terms, Electrical, 1
radio, Definitions of, 425

Thermocouple materials, 173

Thermoelectric couples, 171
force, 171
force, Application of, 173
Three-element electron

tube, 225

-element electron tube.
Amplifier action of,
237

-element electron tube.
Characteristic curves
of, 231

-element electron tube,
Detector action of, 233
-element electron tube,
Modulator action of, 24/
-element electron tube,

Oscillator action of, 239
-element tube, Character-
istics of, 394
-element tube detector,
303

-element tube with grid
battery, 303

-¢element tube with grid
condenser, 307
-element tubes, Commer-
cial types of, 226

-step automatic
starter, 167

Tikker, 314

motor
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Toll charges, 422
Torque,

Towers, Antenna, 87 1
Transformer-coupled ampli-
fiers, 328, 332 i
Transformers, Audio-fre-

quency, 66
Cooling of, 55
Core-type, 54
Flat-spiral coil, 60
Helical-coil, 58
Interstage, 66
oscillation, Purpose of,
57

Power, 52
Radio-frequency, 67
Radio receiving, 61
Radio transmitting, 56
Shell-type, 54
Special types of, 66
Transmitter, Capacitive, 209
Electrolyte-type, 208
Granular-carbon, 206
Power-buzzer, 253
Solid-back, 207
teleplione, Are, 275
Variable-resistance type,
204

Transmitters, Telephone
and radio, 204
telephone, Electron-tube,
7

Transmitting circuits,
Damped-wave,
stations, General features
relating to the classifi-
cation of, 244
stations, Regulations for,
444

transformers, Radio, 56
Trigonometric functions,
457

tables, 459
Triode, 225, 303
Troubles on direct-current
machines, 154
Troy weight, 454
Tube rectifiers, 123
Tuned filter in receiving
sets, 346

Tuner, Double-slide, 288
Single-slide,

Tungar rectifier, 123
Tung;g a receiving set,

coils, 61

coils, Dimensions of, 513

set with wavemeter, 362

the antenna circuit, 296
thé-leslement electron tube,

-element tube, Character-
istic curves of, 220

-element tube, Character-
istics of, 390

-element tube detector,
301

-element tube, Elemen-
tary principles of, 218
-clement tube, Uses of,

Types of antennas, 74

L

Umbrella-type antenna, 76
Undamped-wave receiving
sets, 311
-wave stations with al-
ternator, 259
-“;nve st;tions with elec-
ron-tube osci
b cillators,

-wave stations with os-
cillating arc, 260
-wz:;ge telegraph stations,

waves, 245
Underwriters’ fire regula-
tions, 441
Unit of resistance, 23
Units, Electrical, 6

v

Vacuum-tube amplifier, 237
-tube detector, 233
-tube oscillator, 239
-tube receiving sets, 301
-tube transmitters, 263
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Vacuum tubes, 216
Variable condensers, 41
Variation of coupling, 61
Variomcter, 38

used as tuner, 288
Volt, 11
Voltage, 11

and current curves, 306
Voltaic battery, 94
Voltmeters, 11

w
Watt, 12
-hour, 12
-hour meters, 12
Wave, Broad, 249
-length, Changing, 86,
281

-length, frequency, and
oscillation constant, 500
-length measurement with
wavemeter, 358
-length ranges of various
tuning coils, 513
-lengths of flat-top an-
tennas, 510 "
shapes in various cir-
cuits, 254
train, 256
Wavemeter, Definition of,
283
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ELECTRICAL TERMS

INTRODUCTION

Electricity manifests itself as an eleciric charge, or as
an electric current. An electric charge is an accumula-
tion of static clectricity, or electricity at rest, which
causes it to be given the name of electrostatic charge.
This kind of electricity is contrasted with an electric
current, which is eclectricity in motion. Because of
similarity in the characteristics of both an electrostatic
charge and an electric current, the ultimate cause of
both is supposed to he the same, as will be shown later.
In general, only the electrical terms and the principles
of their direct application, or relation, to radio will be
considered under the heading Electrical Terms.

STATIC ELECTRICITY
ELECTROSTATIC CHARGES

Electrostatic charges, or electric charges, as they are
frequently called, may be produced by rubbing a glass rod
with silk, or by rubbing a rod of sealing wax with flannel.
The rubbing operation causes the rod in either case to
be electrified. If a light pith ball supported by a thread
is brought near the rod electrilied by either means, the

M e———



2 ELECTRICAL TERMS

ball will be attracted toward the charged rod, and will
take the position shown in Fig. 1.

If the pith ball is allowed to touch the charged glass
rod, some of the charge will pass from the rod on to
the pith ball, and the ball will be suddenly repelled.
The pith ball then has a charge like that on the glass
rod, and the ball will tend to move out of the field of
the glass rod. If, however, the charged wax rod is
brought near the charged pith ball, the ball will be
attracted toward the wax rod.
Similarly, were the uneclectri-
fied pith ball touched by the wax
rod, the charged pith ball would
be repelled by the wax rod and
attracted by the glass rod.

This action demeonstrates that
there are two kinds of electric
charges, to 'which the names
positive and negative have been
applied. The charge developed
on glass when it is rubbed
with silk is arbitrarily called
positive, and that developed on

Fic. 1 the wax, being just the op-

posite, is called negative. Al-

though only one kind of charge was present on either

charged rod, neither charge could be developed with-

out the development of the other charge; in this

case, the charge of opposite sign resides on the

cloth with which the rod was rubbed. The piece of

silk has a negative charge and the piece of flannel a

positive charge. Likewise, if equal and opposite charges
ire combined, the effect of each is neutralized.

ELECTROSTATIC LAWS

The following laws apply to electrostatic charges:

1. When two dissimilar uneclectrified substances are
rubbed together, one assumes a positive and the other a
n.gative charge.
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2. An unelectrified body on coming into contact with
an electrified body becomes eclectrified with a charge
similar to that on the electrified body.

3. Similarly charged bodies repel each other; dis-
similarly charged bodies attract each other.

ELECTRON THEORY APPLIED TO CHARGES

The charges on bodies, and many other electrical
phenomena, may be explained by the clectron theory. An
atom is the smallest part into which matter may be
divided by chemical means. An cleciros is a minute
particle of negative electricity, and reprusents the smallest
known component of matter. It is conceded that all
atoms consist of a mass, or nucleus, of positive electricity
and that cach atom of any particular substance has a
definite number of electrons associated with it. The
electrons from different materials are all alike, and cannot
act chemically with other electrons. Electrons are noth-
ing but definite amounts, or packages, of elcctricity, and
are always the same. They are many thousands of times
smaller than atoms. The constants of the electron are:
radius=1.9X10-13 centimeter; mass=8.8X10-28 gram;
charge=1.59X10-19 coulomb. Some of these values are
under discussion, but they are sufficiently accurate to
show the minuteness of the electron and its properties.

Normally an atom has enough clectrons collected around
it so that its positive charge is neutralized or balanced,
and it exerts no influence on its surroundings. A posi-
tively charged body has a deficiency of electrons, and
tries to draw to it any electrons that may come within
its neighborhood. A negatively charged body has a
superfluity of electrons, and consequently tends to reject
or push away any excess electrons that may be near it.
The bLody with the negative charge will, however, try
to move toward a positively charged body, due to the
law that unlike charges attract. The space surrounding
a charged body constitutes an electric field, and another
charged body in this field tends to be moved; away, if
it has a like charge, or closer, if it has an unlike charge.
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STATIC, OR STRAYS

Ordinarily the electric charges are not visible, but
if a very large number of them are accumulated, they
may produce a group of fiery sharp points accompanied
by an audible crackling sound. If very large, the
accumulation may produce an electric spark several inches
long. From this analogy it secems that the charges on
drops of rainwater and moisture in the air combine
to form the immense charges necessary to produce
lightning flashes. Similarly, the smaller charges residing
on the moisture in the air, even with a clear sky, are
sufficiently strong to produce considerable interference
in radio receiving sets, which is commonly designated
as static, strays, or atmospherics. This is supported by
the fact that during the summer months when the static
effects are greatest, there is a much higher humidity,
that is, more moisture in the air, than in the other
months of the year. In the damp atmosphere of the
tropical regions, there is a great deal more static than
elsewhere. Even though a lightning discharge occurs at
some distance, there may be a considerable disturbance
produced in the receiving set by induction. This appar-
ently occurs even when the lightning discharge is beyond
a visible range. Means for reducing tbe effect of static
will be considered later.

DYNAMIC ELECTRICITY
ELECTRIC CURRENT

An electric current is a flow of electricity, and mani-
fests its presence by the magnetic or heating effects it
produces. Just as water can be forced through a pipe
and made to do work, so can electricity be forced
through a wire and made to do work. The exact nature
of an electric current is rather speculative, hut under
the electron theory it is considered that electrons in
motion constitute an electric current. More will be
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said about this later. Due to the small charge carried
by each electron, it is necessary that an immense number
of them pass any particular point per unit of time to
produce an appreciable current. The electrons act like
messengers to carry the electricity in small packages from
place to place.

ELECTROMOTIVE FORCE

The factor causing the flow of electricity is called the
electromotive force (oiten written e. m. f.) and it is
correct to say that an electromotive force establishes an
electric current. The flow of electricity, or electric
current, in a wire depends upon the electromotive force
causing it just as the rate at which water flows through
a pipe depends upon the pressure behind it. The
electromotive force may be produced by an electric battery
or a suitable machine, several types of which will te
discussed later.

From the viewpoint of the electron theory, it may be
considered that a wire is made up of many atoms with
their attendant electrons in rapid promiscuous motion.
When an electromotive force is applied at the ends
of the wire, the electrons move along the wire due to
the influence of the charges which may be considered
as established by the electromotive force. The flow of
electrons, each carrying a small charge of electricity,
establishes an electric current. One theory is that the
electrons migrate along the wire to carry the charges,
while another theory is that the charges are relayed from
electron to electron. It seems that both actions take
place as multitudes of electrons move back and forth
very rapidly, and there is a very slow drift of the
electrons as a whole.

DIRECTION OF CURRENT

The direction of flow of electricity is not definitely
known. For convenience, it has been agreed that the
electrical condition called positive represents a higher
electromotive force than that cu'led negative, and that
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electricity tends to flow from a positively to a negatively
electrified body. Positive and negative are represented
by the signs + and — respectively, and electricity is said
to flow from + to —.

The flow of electrons constituting a current is thought
to be influenced by the electromotive force, and the
direction in which the electrons migrate has been proved
to be from a point of ncgative potential to a point of
positive potential.

The direction of the flow of electrons is apparently in
direct opposition to the assumed direction of the flow
of electricity. It is the universal practice to consider
an electric current as passing from a position of positive
potential to one of negative potential, and the flow of
electrons is known to be in just the opposite direction.
It is, however, entirely possible that the current is
actually in the assumed direction, and not in the direction
of the flow of electrons.

ELECTRICAL UNITS AND MEASURING
DEVICES
QUANTITY OF ELECTRICITY

Electricity is measured by its effects, or the work it
does; the greater the effect, or the work done, the
greater is the quantity of electricity. When electricity
flows through the electrolyte of an electric cell, for
example, some of the liquid is decomposed into gases,
and the greater the quantity of electricity, the larger
is the formation of the gases. When electricity is caused
to flow through an electrolyte containing a metal in solu-
tion, some of the metal is deposited on one of the
electrodes, the amount being proportional to the quantity
of electricity.

The coulomb is the unit of quantity of electricity,
and is the quantity that deposits a certain amount (.01725
grain) of metallic silver from a carcfully prepared
electrolyte containing silver dissolved in mitric acid.

B — B R PR, =~
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This statement is true regardless of the time required
for making the deposit.

CURRENT

The ampere (abbreviated amp.) is the practical unit
of the rate of flow of electricity, or the unit current,
and is the rate when 1 coulomb flows each second; that is,
amperes cqual coulombs per second. The value, or
strength, of an electric current is practically always
expressed in amperes. This unit expresses the flow of a
definite quantity of electricity per second. One milliam-

pere is ampere; 1,000 milliamperes equal 1 ampere.

e
1,000

} . 1 o
One microampere is ampere, or — — milliam-

1
1,000,000 1,000
pere.

AMMETERS

Ammeter for Power Circuit.—In practical work, elec-
tric current is measured by means of an instrument
called an ammeter, of
which Fig. 2 shows
one type commonly
used in lighting and
power circuits. The
ammeter is connected
in series in the cir-
cuit by inserting the
ends of conductors in
the openings in the
two binding posts and
clamping them with
the thumbscrews at FiG. 2
the tops of the posts.

The current in the circuit causes the pointer to deflect
over the scale to a figure indicating the strength of
current in amperes.

Ammeters for Radio Circuits.—Ammeters of the
expansion iype, or, as sometimes called, of the hot-wire
type, are often used for measuring current in radio cir-

I TR,
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cuits. The action of the instrument is based on the heat-
ing effect of a current in a conductor, and the change
of length of the conductor with its change of temperature.
The heat developed in a given conductor is propoertional
to the square of the current, and the length of the con-
ductor increases or decreases with an increase or decrease
of the temperature. The square of a number is the
product obtained by multiplying the number by itself.
For example, the square of 4 is 16, or 4 multiplied by
4i or the square of 25 is 25 multiplied by 25, equals 625.
Fig. 3 shows the principle of expansion ammeters. The
wire by means of which the current is to be measured
is kept taut between two fixed points ¢ and b by
spring ¢; a pointer attached to the wire at d moves over
a scale marked so as to indicate the current being
measured. An in-

crease of the cur-

dFﬂ s rent in the wire
- causes the wire to
lengthen, the spring
takes up the slack,
and the pointer
moves along the scale
toward the right. With a steady current, the pointer
comes to rest at some point and a reading may be taken.
If the current decreases, the wire contracts and the
pointer is moved toward the left to a new position. In
commercial instruments, means are provided so that a
slight change in the length of the conductor causes a
considerable change in the position of the pointer.
Instruments of the expansion type are made for measur-
ing current or voltage on either direct-current or alter-
nating-current circuits. An external shunt is used with
a switchboard ammeter above S-ampere capacity and an
internal resistance for voltmeters reading up to 150
volts.
A commercial type of hot-wire or expansion-type
ammeter is shown in Fig. 4. The heater wire is located
under the scale, so it cannot be seen in this illustration.

r£16. 3
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As the length of the wire changes with temperature, its
length changes whether this temperature is due to that
in the room or
to the current
under observation.
It is necessary,
therefore, to pro-
vide a correcting
device, so that the
needle can be set
over its zero posi-
tion hefore taking a
reading, in order
that the deflection
shall read the true
current. A knob n
enables this cor-
rection to be made
by shi‘f!ing or‘u: Frc. 4
supporting post in
the proper direction. This particular instrument was
designed for mounting on the front of a panel and
' therefore has the ter-
minals on the back side.
Another design  of
expansion-type ammeter
is shown in Fig. 3.
This is a so-called por-
table type, and has its
two terminals ate and b.
An adjusting knurled
screw at ¢ permits of
any necessary correc-
tion for shift in posi-
tion of the needle due
to changes in room
temperature. It is well
to remember that this type of instrument is equally
accurate on direct- or alternating-current circuits of
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any frequency. The heater wire in this particular
instrumentis made of platinum ribbon. The scale
is not uniform, that is, the divisions near the lower
range of the scale are much smaller than those near the
upper limit. These instruments may also be obtained in
cases suitable for mounting on the front of a panel, or
for mounting so that the face is flush with the panel.
Where larger ranges of values are desired, it is neces-
sary to use a shunt. The shunt is a low-resistance path
connected across the amineter terminals so that only a
fractional part of the current goes through the ammeter.
The instrument must be calibrated with the shunt in place
by comparing its readings
with those of a standard
instrument or one that can
be relied upon. For use in
radio work, the shunt must
be of special design else it
will give erroneous read-
ings under some conditions.
A milliammeler operating
on a somewhat different
principle is shown in Fig. 6.
Briefly stated, its principle
s: a short low-resistance
wire carries the current to
be measured. Against this wire is soldered a thermocouple
which is heated by any current in the main wire. The
principle of a thermocouple will be described under that
heading. The electromotive force produced by the heat-
ing of the thermocouple is utilized to actuate a sensitive
current-indicating instrument, often called a galvanometer.
The scale of this galvanometer may be calibrated to read
directly the current in the main wire in amperes or
smaller units. The scale in this case will he congested
near the lower values of current. For some uses, which
will he mentioned later, the square of the current is
desired. If the instrument is so calibrated, a uniform
scale, as shown in Fig. 6, will obtain. This type of instru-
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ment may be made very sensitive, and seldom needs a
zero correction. It may be obtained in a portable, front-
of-panel, or flush type of case. The latter type is shown
in Fig. 6.

ELECTROMOTIVE FORCE

The wvolt is the practical unit of clectromotive force,
and is the electromotive force that will cause electricity
to flow at the rate of 1 ampere through a circuit with a
resistance of 1 ohm. Because of the name of its unit,
electromotive force is commonly called wvoltage.

VOLTMETERS

In practical work, voltage is measured by an instru-
ment called a voltmeter. One common type is shown in

Fig. 7. A voltmeter should be connected across a circuit,
and will then indicate the clectromotive force between
the points on the line to which it is connected.

In the electric system, the flow of electricity through
the circuit is due to the electromotive force applied to
the terminals of the circuit. This clectrical pressure
forces a current against the resistance offered by the
wires and other devices connected in the circuit. The
current through the voltmeter causes a deflection of its
needle over a scale marked in volts. The electromotive

— i — s —
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12 ELECTRICAL TERMS

force may be supplied by an electric battery or some other
source of electric power.

A smaller voltmeter, but one capable of giving very
good results, is shown in Fig. 8. This instrument is
about 3 inches across the face and a little over 1 inch
in depth. It may be obtained for widely different scale
ranges, and in several different styles of cases. This
and the preceding type of voltmeter are suitable for use
on direct-current circuits only.

If the resistance of a circuit remains the same and the
electromotive force applied to its terminals is increased,
the current will be increased. A decrease of the electro-
motive force will result in a decrease of current. If the
electromotive force remains constant and the resistance
of the circuit is increased, the current will be decreased;
when the resistance is decreased, the current will be
increased.

ELECTRIC POWER

The watt is a unit of electric power and represents a
certain amount of work done in a unit of time. In any
direct-current circuit, the power in watts equals the
product of the current in amperes and the electromotive
force in volts, effective in that circuit.

The kilowatt (often written kw.) is also a unit of
electric power in extensive use. One kilowatt equals
1,000 watts, the larger unit being used when measur-
ing large amounts of power. No practical device for
measuring the power in radio circuits has been developed.

ELECTRIC WORK

The watt-hour is a direct measure of electric work
and equals 1 watt of power maintained for 1 hour. As
this unit combines the elements of both rate and time,
it is adapted to the measurement of the supply of eleec-
tricity, that is, electric work or energy.

Special electric meters are made which measure the
amount of electric work or energy furnished by a cir-
cuit, and are commonly called watt-hour meters. As the

- S —
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name suggests, the reading may be in watt-hours, although
the kilowatt-hour (1,000 watt-hours) is the unit generally
employed for commercial purposes. The kilowatt-hour is
often written kw.-hr,

OTHER TERMS
DIRECT AND ALTERNATING CURRENTS

Electric currents are of two general classes, direct
current and alternating current, these names being to a
large extent descriptive of the chief characteristic of the
class to which each applies. A direct current is a flow
of electricity always in the same direction. The
flow of electricity from a battery is a direct cur-
rent, and as it is unvarying so long as the cir-
cuit is unchanged it is further designated as a con-
tinuous direct current. The current from most machines
which generate direct currents have small variations or

[ e ]
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pulsations due to inherent characteristics of the design
and construction, and the current, strictly speaking,
should be called a puisating direct current. In most
electric work the pulsations from a direct-current
machine are insignificant, but in some phases of radio
work, the ripples may be so objectionable as to prevent
the use of a generator unless special auxiliary devices
are used.

An alternating current is a flow of electricity that
reverses in direction usually at periodic intervals.
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Two such reversals or alternations of the current con-
stitute a cycle. The frequency of an alternating current
is expressed as the number of cycles per second. A
representation of an alternating current is made in Fig. 9.
Let the line ab represent an axis or reference line. Start
at any instant of time, as at a, and let the current be
zero. As time progresses, indicated by spaces to the
right of a, the current gradually increases in a positive
direction, indicated by this portion of the curve being
located above the axis, until the curve reaches a maximum
value at ¢. At this instant the current has the positive
value ¢d. The current then starts to decrease until it
reaches e, at which point it has zero value, that is, there
is no flow of electricity for a brief instant of time.
There is then a flow of electricity in the opposite direc-
tion until it reaches the maximum value fg, equal in value
to the maximum positive value cd. Negative values are
located below the axis. The current then approaches
zero and reaches it at point h.

This cycle of events is repeated through another period
of time to give the curve through point s and up to 5. The
portions of the curve ace, efh, etc., form alternations of
current, and two successive alternations such as between
a and h, or hand b, form cycles of current. If this
were a 60-cycle current, the time of eacb cycle or rather the
duration of each cycle would be Jy of a second. The
number of alternations per second would be twice the
frequency, or, in this case, 120 per second.

COMMON FREQUENCIES

American commercial alternators deliver alternating
currents at 60 or 25 cycles per second. Some machines
are in use which deliver alterating currents at frequencies
of 500 and 900 in certain kinds of radio work. For
another branch of radio work, machines giving frequencies
of 100,000 and even 200,000 are used. The special
features and uses of these machines are considered under
their proper headings.

Frequencies below 10,000 down to about 32 are audible
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to the human ear, hence are known as audio frequencics.
Some individuals can hear sounds at frequencies above
10,000 but this value is generally considered as a good
arbitrary limit. The frequencies commonly used in radio
communication lie above 10,000 aund are called radio
frequencies. Frequencies below 15,000 are seldom used
in radio, as frequencies below this value give poorer
results.

CONDUCTORS AND INSULATORS

A good conductor of electricity is a substance that will
offer very little opposition to the flow of electricity through
it. Materials vary in their ability to conduct electricity,
some being very much better conductors than others.

Among such materials, arranged in order with the best
conducting material first, are silver, copper, gold,
aluminum, zinc, brass, phosphor-bronze, platinum, tin,
nickel, lead, German silver, steel, iron, mercury, carhon,
and water. Silver and gold are too expensive to be
generally used for electric conductors. Copper, being
plentiful and comparatively cheap, is in very general use,
and aluminum is also much employed, particularly where
light weight is ‘important.

An snsulator is a non-conductor which offers so much
opposition to the flow of electricity that practically no
current can pass through it. Among the Dbest known
insulating materials are glass, porcelain, rubber, mica,
ebonite, dry paraffined wood, paper, vulcanized fiber,
asbestos, pure asphalt, air, and oils. Insulators are used
to support conductors and to keep the electricity confined
to the wires intended for it. For example, telegraph,
telephone, and electric-light wires on poles are fastened
to glass or porcelain insulators.

It is important to remember that as all materials con-
duct electricity to a certain extent, it is impossible to
divide them absolutely into groups of conductors and
insulators; but for practical purposes they may be so
divided, as the resistance of a good insulator is several

million times that of a good conductor.
3
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MAGNETS AND MAGNETISM

Kinds of Magnets.—A natural magnet is a piece of ore
(a natural substance containing a mineral) that has the
property of attracting pieces of iron, steel, and a few
other metals. This ore was. first discovered in the
province of Magnesia, Asia Minor; the peculiar property
was therefore called magnetism, and the name magnet

was applied to a piece of ore possessing the
property.

Later the discovery was made that if such
magnets were suspended so that they could
turn freely, all would come to rest in posi-
tions pointing north and south. Small bars
of the ore were thus used to guide ships
over the scas. They were therefore called
lodestone (leading stone), a name that is
also applied to the ore. These lodestones were
thus the forerunners of the modern com-

Fic. 10

pass.

A bar or needle of hardened steel rubbed with a lode-
stone acquires properties similar to those possessed by
the lodestone, and is called an artificial magnet. Artificial
magnets that retain their magnetic characteristics for a
considerable period of time, are called permanent magnets.
Fig. 10 shows a common form of permanent magnet, con-
sisting of a bar of steel bent into the shape of a horseshoe
and then hardened and magnetized.

A piece of soft iron called an arma-
ture, or keeper, placed across the
two free eunds helps to retain the
magnetism.  Artificial magnets are
also made in the form of straight
bars. Magnets of this type are
sometimes used in small electrical
machines and devices. Fia. 11

A compass consists of a magnetized steel needle, Fig. 11,
resting on a fine point so as to turn freely in a horizontal
plane. When not in the vicinity of iron, steel, or other
magnets, the necedle will come to rest with one end
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pointing toward the north and the other toward the
south. The end pointing northwards is called the north
pole, and the opposite end is called the south pole.
Magnetic Attractions and Repulsions.—If one end of a
bar magnet is brought near a compass needle, as in Fig. 12,
the needle will be deflected from its north-and-south posi-
tion, one end being attracted by the permanent magnet
and the other repelled. If the other end of the bar
magnet is presented to the compass needle, the end of
the needle which was formerly attracted will be repelled.
If the magnet is dipped into iron filings, the filings
are attracted toward the two ends and adhere there in
tufts, while near the center of the bar there is no attrac-

Frc. 12

tion and the filings will not adhere there. If onc end
of the magnetized bar is brought near a piece of soft
iron, the iron will be attracted, and, if not too beavy,
will be lifted by the magnet, and adhere to it. Both
ends of the bar magnet will exhibit exactly the same
attraction toward the piece of soft iron.

The two ends of the bar magnet, although acting alike
in attracting iron filings and pieces of soft iron, must be
in some way different from each other, since one end
will attract only the north pole of the compass needle,
and the other end will attract only the south pole. If
the ends of the bar magnet are marked by the letters
N and § to identify the north and south poles, and the
magnet is again presented to the compass needle, it will
be found that the north pole of the magnet attracts the




18 ELECTRICAL TERMS

south pole of the compass needie and repels the north
pole, and that the south pole of the magnet attracts the
north pole of the needle and repels the south pole.
These experiments show the general law applying to all
maguoets, that like magnetic poles repel each other wiile
uniske poles attract cach other.

Magnetic substances are those substances that are capa-
ble of being attracted by a magnet. Iron and its alloys
are the principal ones, but nickel and cobalt possess mild
magnetic properties. Nearly all other materials are
unaffected by magnetic influences, and are called non-
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magnetic. Non-magnetic materials allow a magnetic field
to be established through their body practically the same
as it would be were the material not present.

The space surrounding a magnet in which any magnetic
substance will be attracted or repelled is its wmagnetic
field, or simply its field. Magnetic attractions and repul-
sions are found to act in definite directions, and along
imaginary lines, called lines of magnetic force, or also
Iines of force.

The direction of lines of force in a magnetic field can
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be tested by means of a small, freely suspended magnet,
as the needle of a compass. The needle always turns
until the direction of the lines of force within its body
coincides with the direction of the lines of force in the
field, as at m, Fig. 13. The north pole of the needle
always points in the direction of the lines of force.
Lines of force are usually represented by dotted lines,
and their direction by arrowheads on the dotted lines.

If a bar magnet is surrounded by air, the magnetic
forces act in curved paths, connecting the poles, as indi-
cated in Fig. 13, in which only a few lines of force are
represented. The common assumption is that the forces
act from a north pole and toward a south pole; that is,
the lines of force pass out from the north pole, through
the surrounding air, in at the south pole, and through
the magnet to the north pole. This is called the direction
of the lines of force, and the complete path is called the
magnetic circuit. The total magnetisn, or all the lines of
force collectively surrounding a magnet, is called the flux
of a magnet, or the magnetic flux.

Residual magnetism is the magnetism remaining in iron
or steel after the magnetizing influence is no longer active.
These two materials differ in their ability to retain
magnetism, hard steel being much more retentive than
iron, especially if the iron is of a soft grade. Very
soft iron, although casily magnctized, will retain none
of its magnetism after the magnet or other magnetizing
source is removed. Poor grades of iron—that is, iron
that is neither pure nor very soft—will retain some mag-
netism after the magnetizing source is removed, behaving
in this respect somewhat like steel. Hard steel is dif-
ficult to magnetize to a high degree, but retains a large
portion of its magnetism after -the magnetizing force
is removed.
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ELECTRIC CIRCUITS

DEFINITIONS OF CIRCUIT TERMS

An electric circuit is a conducter, or a combination
of conductors, through which clectricity may flow. A cir-
cuit may, and generally does, include a source of electro-
motive force, and often includes devices for utilizing
the electrical energy, or for storing it. Such a circuit is
closed, or made, when it is continuous so that electricity
may flow from a given point around the whole path and
back to the starting point. The circuit is broken, or open,
when it forms an incomplete conducting path, effectually
preventing the flow of electricity.

An electric circuit is said to be grounded when part of
it is connected with the earth by a conductor. This term
is also frequently used to designate a circuit which has
a ground return, that is, part of the circuit includes a
path through the earth. Such circuits are sometimes
used in telegraph practice. The more common practice,
however, is to use circuits formed entirely of metal con-
ductors, which may be designated as metallic circuits.
There is usually less loss of energy over metallic circuits
than over thosc of which the earth forms a part.

PROPERTIES OF A CIRCUIT

RESISTANCE

Even through the best conductors there is some opposi-
tion to the flow of electricity. This tendency of all sub-
stances to resist the passage of electricity is known as
resistance. In general, conductors have low resistance,
and insulators have comparatively high resistance. Resis-
tance manifests itsclf by causing a dissipation or loss of
electrical energy, which is, in most cases, undesirable.
Some electromotive force is, therefore, expended in send-
ing a current through the conductors used to connect
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the devices in a circuit. The electrical resistance cor-
responds with the friction or resistance offered to the
flow of water through a pipe.

From the viewpoint of the electron theory, it is con-
sidered that conductors are made up of atoms whose
electrons are more free to move about than are those in
insulators. Under the influence of an electromotive force,
the electrons tend to move along the conductor, but have
multitudes of collisions with the atoms which make up
the conductor. This hindrance to the free motion of
the electrons constitutes the resistance effect, and mani-
fests itself by the heating of the conductor. As the
vibrating motion of the atoms increases with a rise in
temperature, the collisions hetween the electrons and
atoms increase in frequency, and there is then a greater
hindrance to the electron flow. With a larger current
in the conductor, there is a larger eclectron movement
with a consequent increased agitation of the atoms caused
by their increased hombardment. This results in heating
of the conductor, which increases with an increase of cur-
rent.

If large amounts of power are to he transferred over
long distances, it is desirable that low-resistance con-
ductors be used. Copper and aluminum, both of which
possess low resistance and are quite cheap, are commonly
employed in this work. Many times it is desirable to use
a device possessing considerable resistance, either as a
heater or to control the flow of electricity to some other
electrical device. Alloys, or combinations of several
metals, are commonly used in this work, although iron
wire or even long lengths of cast iron are used if large
amounts of power must be absorbed.

RESISTANCE DEVICES

A type of resistance unit often used in radio practice
is shown in Fig. 1. It is designed for mounting on a
panel as indicated at a, with the knob b projecting on the
front. A shaft from b comes through the panel to ¢
and is fastened to a slider d which moves over a consider-
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able length of resistance wire ¢. One terminal is pro-
vided at f, the other terminal being connected to the
sliding contact d by suitable means. The amount of
resistance wire included between d and f determines the
effective resistance of the rheostat. This device is com-
monly used to decrease the voltage of the source of
current, so that only a safe current may pass through
the apparatus in use. In this type of apparatus the
resistance may be made to be continuously variable and
in practically infinitely small steps, a desirable feature
in some radio work.
Devices for accomplishing
the same resuits in slightly
different designs of ap-
paratus are very common.

Fic. 2

Sometimes it is not necessary or desirable to change the
resistance after the resistance device has been inserted.
Such a wunit is shown in Fig. 2, and it will maintain
4 its constant resistance indefinitely unless abused. The
conductor, in this case a long length of very fine high-
resistance wire, is wound on an insulating tube and after-
wards covered with an insulating and heat conducting
material. This protective coating, often of enamel, pre-
vents decomposition of the resistance material, and acci-
dental contact with the live conductors. The coiled
wires at the ends are for connecting the unit to the
desired circuit, or apparatus.
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UNIT OF RESISTANCE

The practical unit of electrical resistance is the inter-
national ohm. The international ohm is the resistance of-
fered to the passage of an unvarying current by a column
of mercury 106.3 centimeters (41.85 inches) high and
weighiag 14.4521 grams (.50973 oz.) at a temperature
of 0° C. This standard is of interest only in making
accurate scientific measurements. For general practical
work, use is made of instruments that indicate either
the resistance in ohms, or other measurements from which
the resistance can be calculated. For very small resis-
tances, the millionth part of an ohm is used as a unit,
and is called the microhm; for high resistances a million-
ohm unit is used, and is called the megohm.

The resistance of a conductor depends on the material
of which it is made, on the size and shape of the con-
ductor, and to some extent on the frequency of the cur-
rent. With direct current, the last factor is eliminated.
The characteristic property of the material is called its
resistivity, and is given for different materials in a table
elsewhere in this handbook.

The resistance to direct current is calculated by the
formula

i
R=p‘—1
in which p = ordinary, or volume, resistivity; ! = length
of conductor; a = cross-section of conductor; and R = re-
sistance to direct current.

This formula will give the resistance in ohms when
the dimensions of the conductor and its material are
known. The relation may he expressed in the following
manner: If the length of a conductor be doubled, its
resistance will be doubled; if its length be halved, its
resistance will be halved; an increase in the length of a
conductor or a decrease in its diameter will cause an
increase inm its resistance; a decrease in the length or
increase in the diameter will cause a decrease in its
resistance.
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OHM'S LAW

The relation between the current, electromotive force,
and the resistance, is expressed by Ohm’s law. The sub-
stance of the law has been given in the statement that
the flow of electricity increases with increased electro-
motive force, and decreases with increased resistance.
In problems, current is commonly expressed in amperes,
electromotive force in volts, and resistance in ohms.
Ohm’s law may be written in the following three forms:

Rule L—Amperes equal volts divided by ohms.

Rule IL—Volts equal the product of amperes timas
ohms.

Rule IXL.—Ohms equal volts divided by amperes.

. . E

These relations stated as formulas give: I = R
E .

E = IR, and R = T where I = current in amperes,

E = electromotive force in volts, and R = resistance in
ohms. If there is in the circuit more than one source of
electromotive force, the value of the resultant electro-
motive force must he used in these formulas. Further-
more, if the circuit contains inductance or capacity, the
formulas are not applicable to variable, or alternating,
currents.

If a given conductor offers a resistance of 2 ohms to
a current of 1 ampere, it offers the same resistance to a
current of 10 amperes, provided the temperature of the
conductor is net changed. Hence, the resistance of a
given conductor at a given temperature is always the
same, irrespective of the strength of the current or the
electromotive force of the current. The resistance of a
conductor is a property of the conductor itself, depending
on its dimensions, the material of which it is made, and its
temperature; the resistance will remain the same, no
matter what the value of the current through the con-
ductor, provided the temperature is not allowed to change.
In most cases, however, an increase of the current will
cause an increase in the temperature of a conductor,
because it is not usual to provide special precautions for
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keeping the temperature constant, Under such circum-
stances a change in current would cause a change in
resistance.

SKIN EFFECT

When a conductor is acted on by tromotive
force, the current is not established instantly throughout
the cross-section of the conductor, but is created at the
surface first, and then diffuses inwards. This surface
concentration, which is usually called skin effect, is not
noticeable on direct currents, nor usually on commercial
power circuits, as the phenomenon is very rapid, and ouly
a very short interval of time is required for the current
distribution over the cross-section to hecome uniform.
As the current springs into existence at the outer edge
and diffuses inwards, it will take a longer time for the
attainment of the final steady state with a conductor of
large cross-section than for one of atively smaller
section.

With a moderately low-frequenc, ating current
in a large conductor, the current may reverse before
the current distribution has become uniform. This means
that part of the central core of the conductor does not
carry current, and in so far as its electrical properties
are concerned, some of the core might be eliminated.
In fact, this very thing is done under some conditions
in cable practice, when the core is made of hemp rope
or other non-conducting material. The result of the skin
effect is to increase the resistance of the conductor on
alternating current to a value higher than its direct-
current resistance. In commercial power work this
increase of resistance is seldom greater than one or two
per cent., but it might easily exceed these values, were
no precautions taken,

With a high frequency, say above 50,000, the time
interval between reversals of the current is much reduced,
and consequently the current can penetrate to only a
very small depth. The skin effect may easily be so great
that the resistance of a single solid conductor is only
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slightly less than that of a thin tube with the same outside
dimensions. This means that the high-frequency resis-
tance of the conductor is several times its direct-current
value. If the wire is only a few inches long, this higher
resistance may not be objectionable, but it becomes of
paramount importance in long conductors. As is the case
with other resistances, the skin effect is manifested by
the increased heat loss that it causes in the current-
carrying part of the conductor.

In addition to the cross-section of the conductor, the

. Duf
skin effect always depends upon the factor V:_“L where

# = permeability of the material; f = frequencpy of the
current; and p = volume resistivity, in microhm-centi-
meters. This illustrates that the skin effect in good con-
ductors is greater than in wires of high resistivity, other
things being equal.

A very important term in the abeve factor is n. or the
permeability. This causes the skin effect of the con-
ductors made of magnetic material to show an exaggerated
increase of resistance with an increase of the frequency.
The permeability of copper is 1, hence this term does not
affect copper conductors.

For a straight cylindrical wire, the increase of resis-
tance due to skin effect may be easily obtained. The

Lo hiere i 3.1416, and d is the

. S o
diameter of the wire in centimeters, By reference to a

value + = x# d

table given in the back of this volume, the ratio of —

may be obtained for the calculated value of . The valug
R is the resistance at the high frequency £, while R, is
the direct-current resistance. When this ratio is known,
the increase in resistance, in per cent.,, or the actual
resistance in ohms, at the desired frequency may be
obtained.

The high-frequency resistance when current-carrying
conductors are close together, is higher than when they
are separated at least several centimeters. The proximity
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of the conductors causes a still further segregation of the
current, or perhaps a bunching of current on one part of
the circumference, with the result that the conductor
exhibits a still higher resistance than that attributable to
skin cffect. This feature becomes important in coils
where the turns are quite close together, and is more
noticeable in multi-layer short coils than in long single-
layer coils. It is practically impossible to calculate the
increased resistance that may occur in coils, because of
the many factors to be considered.

Where high-frequency currents only are to be carried,
it is often economical to use metal tubing instead of solid
rods. Another method of reducing the amount of waste
material is to increase the surface of the material by
using many fine insulated wires bunched together.

Ordinary bunching or twisting of the uninsulated wires
does not suffice, as those not om the outside are really
not effective in reducing the skin effect. A very moderate
insulation between wires, such as enamel or a cotton
covering, will reduce the skin effect a great deal. Some
advantage is gained by using smaller individual wires,
but smaller than No. 38 B. & S. gauge is not practical.
The best mecthod is to combine the strands in a sort of
hollow basket weave, taking care that each strand takes
up successively all possible positions in the cross-section.

TEMPERATURE COEFFICIENT
The change in the resistance of a substance per ohm
per degree change of temperature is the femperature
cocfficient. 1f R, is the resistance of a piece of wire at
any temperature /;, and a is the temperature coefficient of
the substance at that temperature, its resistance I't‘2 at a
higher temperature f may be calculated by the formula
R,=R,(1+ab
where ¢ is the difference in temperature between ¢, and &
If the resistance R, at a lower temperature ¢ is desired,
R, =R, (1 —-at)
where a is, as before, the temperature coefficient at the
starting temperature, or in this case at the temperature &
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The value of the temperature coefficient a taken from any
table must be for Fahrenheit or centigrade scales;
whichever is used to express the temperature change.
The Standards of the American Institute of Electrical
Engineers specify that the temperature coefficient of
copper for centigrade degrees shall be deduced from the
relation of 1 divided by the sum of 234.5 and the value
of the starting temperature under cousideration. Thus,
if a temperature rise from, say, 40° C. to 60° C. is to be
1 1
2335 + 40~ 2743
= .00364. This value of a would then be used in the
formula for temperature increase, and the value for ¢
would be the difference between 60 and 40, or 20.
With a temperature decrease from 60° to 40° centi-
grade, the value of a at the starting temperature, 60°,
would be obtained as given previously. This would be

1 < o o
3395560 = .0034, which is @ in the formula for tem-

considered, the value of a would be

perature decrease where ¢ is the 20-degree temperature
change.

TEMPERATURE COEFFICIENTS OF COPPER
RESISTANCE

Temperature of the Con-'-l'ncrease in Resistance of
ductor in Degrees C. at' Copper per Degree C., per
Which the Starting Re-| Ohm of Starting Resis-

sistance 1s Measured. tance.

0 .00427

S .00418
10 .00409
15 .00401
20 .00393
25 .00383
30 .00378
35 .00371
40 .00364
45 .00358
50 .00351
55 .00345
60 .00340
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SERIES GROUPING

Electric conductors, sources of electromotive force, or
devices using electricity, may be connected in several
ways. A series circuit is formed when the connections
of its parts are such as to provide only one continuous
path for the flow of electricity. All the electricity must
pass through each conductor, making the current equal
in each of the conductors. For example, Fig. 3 repre-
sents a closed series circuit from cell B through ¢-r-e-r~d
and through cell B. The cell, conductors, and resistances

| ;

B
o i
L]

Fi6. 3

are in series, because they are in one path; the same
current exists in all of them, and its direction is indicated
by the arrows.

Fig. 3 serves to show the usual, or conventional,
method of representing resistances, which is by the sharp-
pointed wavy line as shown at r, and r,, The resistance
of several conductors or resistances connected in series is
equal to the sum of the resisjances of the conductors and
resistance devices. In the above circuit, if the resistance
of the battery and conductors were neglected, the resis-
tance would be R=r+r,

If it was desired to include the resistance of the con-
ductors and the battery, their resistances would merely
be added to the others, since all are in series. It is well
to note that the current in any part of a series circuit
is the same as in any other part.

PARALLEL GROUPING
Divided Circuits.—Conductors are connected in parallel,
or multiple, when so joined that each will carry part of
the total current in the circuit of which they are branches.
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Fig. 4 shows a closed circuit consisting of a source of
electromotive force, and conductors a, b, ¢, and d. Con-
ductors b and ¢ afford two current paths betweea con-
ductors a and d, and are therefore in parallel. Either
path b or ¢ could be broken without -interfering with the
flow of electricity through the remaining path, because
each is independent of the other. The arrows indicate
the direction of the current with normal circuit conditions.
Each branch is

. == a shunt of the

other, or in shunt

(T with it, and the

( ) two together form
a divided circuit,

¥ —gt b A circuit shunted

Frc. 4 by a low-resi§-
tance conductor is
said to be short-circuited by it, and the shunt in
such case may be called a short circuit, or simply a short.
Resistance of Conductors in Parallel Groups.—in Fig. 4,
the two paths b and ¢ together are larger, and hence
lower in resistance, than either path would be alone.
Joining in paraliel two conductors of the same material
and of the same size and length is equivalent to making
one conductor twice as large as cither one of the two
joined, and doubling the size of the conductor divides
its resistance by two. The joint resistance R of any
number of resistances r,, r,, etc., in parallel, may be deter-
mined by the following formula, in the denominator of
which there should be as many terms as there are resis-
tances in parallel:

1
R S,
ol B
n rr rnn r

This formula applies whether the individual resistances
are of equal values or not.

When electric cells or other gources of electromotive
force are connected in series, their voltages add algebrai-
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cally. That is, all acting in one direction are added,
while those acting in the opposite direction are sub-
tracted.

Parallel connection of sources of electromotive force
should only be made of devices possessing equal voltages
and then only so as to assist the current output for the
combination of devices, cells, and conductors.

With parallel connection of the cells, all of the positive
terminals should be connected together and all of the
negative terminals counected together, and these two
common points used as the rcgular terminals. The open-
circuited voltage of the battery will then be that of any
one of the cells. The current capacity of the battery,
however, will be increased over that of one cell.

ELECTROMAGNETIC EFFECT

There is a magnetic field set up in the medium sur-
rounding a conductor carrying electricity. This field is
strongest at the surface of the conductor and grows
weaker toward the center of
the wire, at which point it
is zero. This field is often
represented by lines of foree
which, if the conductor is
isolated, form concentric
circles about the conductor,
as indicated in Fig. 5. Here
the conductor is threaded
through a piece of cardboard,
and iron filings are used to
indicate the presence of the
lines of force. The filings
arrange themselves as concentric circles throughout the
length of the conductor.

Since this magnetic field is due to an electric current,
it is often called an electromagnetic field, and it acts on
a compass just like the field of a permanent magnet.
With a current-carrying conductor held over a compass,
as indicated in Fig. 6, the needle will be deflected as

4
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shown by the curved arrows. This is true only with
the current in the direction indicated by the long straight
arrow. If the conductor is moved to a position below

. S ——
W (N 5
Fi16. 6

the compass, the needle will reverse its direction of
movement.

The direction of the magnetic lines of force may he
determined by the following rule: Grasp the conductor
with the right hand with the extended thumb pointing
in the direction of the current; the lines of force of the
magnetic ficld are then in the direction in which the
fingers point, in circles whose planes are perpendicular
to the wire.

Fic. 7

A much stronger magnetic field may be secured by
winding the current-carrying conductor into a coil. Fig. 7
represents such a condition, and illustrates how the lines
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of force of the individual turus combine to form larger
loops a or b enclosing several or all of the turns. The
lines of force within the coil are roughly parallel to the
axis or center line of the coil, while outside they pass
from the north pole around in large loops to the south
pole. The north pole is the one toward which the
extended thumb points when the coil is grasped by the
right hand with the fingers pointing in the direction ot
the current in the conductors.

Current-carrying coils are often used as electromagnets,
as by this means very strong and easily controlled fields
may be obtained. The amount of flux (designated by ¢)
is dependent upon the magnetic field intensity, area, and
the magnetic permeability. The latter term shows that
materials, such as iron which has a high permeability,
increase the flux in an electromagnet coil. For this
reason an iron core is always used in electromagnets.

INDUCTANCE

Coils of wire are also frequently used for the inductance
which they possess. The inductance of a coil, or of a
straight conductor to a smaller extent, is that property by
virtue of which it is capable of storing up energy in electro-
magnetic form. The inductance of any conductor depends
upon the amount of flux linked with that circuit. This
magnetic flux may be due to a current in the conductor
under consideration or to the flux produced by a current
in another circuit. The self-inductance of a circuit is
the inductance produced by the current in that circuit
setting up a magnetic flux which links some part of the
circuit. The magnitude of the effect of self-induction
depends upon the shape and size of the magnetic circuit,
and is a constant for a given circuit if the surrounding
medium has a constant permeability.

UNIT OF INDUCTANCE

The unit of inductance is the henry. An inductance of
1 henry exists in a circuit when a current changing at a

S —
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rate of 1 ampere per second induces an electromotive
force of 1 volt in the circuit. As the hensy is quite large,
the one-thousandth part of it, or the millihenry, is fre-
TOIOO or 10-3 henry.
The microhenry = ﬁool,m' or 108 henry. Inductances
may also be measured in centimeters of inductance, one
millihenry being equal to 1,000,000 centimeters of induc-
tance.

If I is the current in amperes, T the number of turns
in a coil, & the number of lines of force due to the
coil, tken the inductance of the coil in henrys is

_#T
% 10

quently used. The millihenry

The inductance in henrys of a coil containing no iron
may be computed by the formula

47T2A
L=

in which T is the number of turns in the coil, A4 is its
mean area in square centimeters, and [ is its length in
centimeters. For a cylindrical coil whose mean area is
m 3, the formula reduces to
1 =3:948r272

o

If the radius 7 and the length of the coil ! are given
in inches, then the inductance in henrys is

‘ 7, 10028, 1
' =T 0w

These two formulas are strictly true only for a long
coil in which the length is twenty or more times the
diameter, and the depth of winding is small compared to
the mean radius. However, they may be used to deter-
mine approximately the inductance of any ordinary
solenoid containing no magnetic material.

————— - —
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It should be understood that the lines of filux about a
coil are invisible, in fact do not exist as such, but lines are
merely convenient ways of representing the direction and
paths of the magnetic flux. The medium surrounding
the coil is placed under a magnetic strain and the field
remains fixed or constant so long as the current does
not change. No energy is required to maintain the field,
and when the electromotive force producing the field is
removed, all of the energy required to establish the mag-
netic field is returned to the electrical circuit.

If a bar magnet be inserted into or withdrawn from a
coil the terminals of which are connected with a sensitive
current-indicating device, a deflection will be obtained
while the magnet is in motion. A similar current indica-
tion will be obtained if the coil is moved with respect
to the magnet. If the magnet is moved into the coil,
the deflection due to the current will be in a certain
direction. If the magnet is moved out of the coil, the
deflection will be in the opposite direction. This is the
principle upon which electric generators and motors
operate. A more complete discussion of this subject is
given elsewhere in this volume. It should be noted that
relative motion is necessary for this form of electric
generation. The lines of force from the magnet cutting
the coil are the real factor causing the generation of
electricity.

As the inductance of a coil represents a magnetic
strain in the field about the coil, energy must be used
to produce this field, and place it in its stressed condi-
tion. When a direct current is sent through a coil, the
current at the instant of closing the switch is limited
by the resistance of the conductor and by the inductance
of the coil. The space about the coil soon becomes mag-
netized, and the current, for the fixed voltage, after a
short interval of time, is limited only by the resistance
of the conductor.

If an equa! voltage from an ajternating-current supply
system is impressed on the circuit, it will be found that the
current will be somewhat less than when a direct-current




36 ELECTRIC CIRCUITS

supply was used. The inductance of the coil has been
effective in forestalling the complete establishment of an
electromagnetic field during the individual alternations of
current, and the current has not had a chance to reach
the same values as it did when a direct current was
employed.

INDUCTIVE REACTANCE

The property of the magnetic characteristics of a coil
that impedes the passage of an alternating current 1s

called its inductive reactance, and it is measured in ohms.
The reactance may be calculated by the formula

Xi=2mwfL,

where X; is the reactance in olms, 7 equals 3.1416,
f is the frequency, and L is the inductance in henrys.
The reactance represents an opposition to the passage of an
alternating current in addition to that offered by the
regular resistance, but the reactance of itself does not
produce any energy loss in the circuit.

INDUCTANCE DEVICES

Choke Coils.—The preceding formula shows that the
reactance of a coil depends largely upon the frequency
and that it incrcases with the frequency. Coils with an
iron core have more reactance than air-core coils of the
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same size, due to their larger inductance. In some cases
coils are used which have little reaction or opposition to
the passage of low-frequency currents, but form an effec-
tive barrier to currents at relatively higher frequencies,
because of their greater reactance at those frequencies.
Such coils are called choke coils, and may easily be made
by winding many turns of fine wire on an iron core.
Standard Inductance Coil.—A standard of inductance
is shown  in Fig. 8. The coils arc wound of strands of
insulated wire so that they are accurate on any frequency.
The winding is in two sections which are arranged so
that there is very little external field, hence no effect
is caused by external in-
fluences. Care is also taken
that therc is no magnetic
material in the mountings. a N
They must also be securely o, |
wound and fixed in place i
after setting to the desired
value. The whole is mounted
in a substantial case to pro-

3380

tect the coils from dirt and .

injury. z =
Variable Inductance Coil. & & NE—

A type of “inductance coi} slo 5

which is extensively used in ) F1c. 9 -

radio sending work is shown

in Fig 9. The winding ¢ is mounted on a cylindrical
frame b. Each turn in this case is brought out to a ter-
minal ¢ to which connection may he easily made by con-
nectors d. These are arranged so that they can be slipped
over the different plugs, and the number of turns in use
can be readily changed.

Honeycomb Coils.—A long piece of wire may be
formed into a short coil possessing large inductance, by
the type of winding indicated in Fig. 10. It will be
noticed that there is considerable space between adjacent
turns of wire and that the wires of one layer lie at an
angle with those in the adjacent layer. The capacity

R, A - g
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effect of one wire upon those adjoining is thus reduced
and it is entirely practicable to construct coils of this
type with several layers of conductor. On account of
the open type of construction, they are sometimes called
honeycomb-wound coils, an" are sold under several trade
names. They are customarily furnished with leads from
the ends of the winding, which starts at the center and
is gradually built up to the desired thickmess layer by
layer.

Variometer.—The usual purpose of changing the num-
ber of turns used in coils of receciving transformers is to
change their inductance. Another method by which this
may be accomplished consists in dividing the winding into
two sections and then placing these sections so that tbe
inductance may be changed by
altering their relative positions.

Fic. 10 Fic. 11

In Fig. 11 is shown the operating principle of a devic
commonly called a zariometer, for varying the inductance
of a circuit. The outer coil g is usually stationary and
the inner coil b is so mounted that it may be rotated within
coil . Tle knob ¢ is on the end of a shaft that passes
through both coils and supports the inner coil. The mov-
able. coil rotates when the shaft is turned, and the angle
between the two coils is thus changed. A pointer d and
scalle e indicate the angular relation between the two
coils.
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As indicated in Fig. 11, the wire is wound on forms
that are sections of the surfaces of spheres. In this man-
ner the two coils may be of almost the same diameter and
yet the inner coil may be freely rotated. The num-
ber of turns of wire used will depend upon the
design and the size of the winding space avail-
able. In actual practice the coils are often wound on
short cylindrical tubes. In such a case, however, the
diameter of the inner tube must be much smaller than that
of the outer onc in order to allow the movable coil to be
rotated. In other cases the outer winding is placed on a
cylindrical tube and the inner one is on a spherical
surface.

The stationary and the movable coils are connected in
series and the variometer may be connected in any
desired circuit. When the coils are in parallel positions
and are connected so that electricity flows through them
in the same dircction, the lines of force which they estab-
lish act in the samec direction, and thc coils have prac-
tically no effect on ecach other. In this position the in-
ductance of the device is at its maximum, as the lines of
force of both coils are added directly. When the inner
coil is turned to some other position, its lines of force
move also and do not act completely in unison with the
flux set up by the outer coil, but at an angle with it.
The effect of a portion of the total number of lines of
force is thus lost and the inductance of the device is
decreased. Continued rotation of the inner coil will
decrease the inductance more and more until the posi-
tion is reached in which the two coils are parallel and
.opposing each other. If then the two coils are equal,
the inductance of the device will be nearly zero, as the
lines of force of the two coils will tend to neutralize
each other.

A distinct advantage of this type of construction is
that a coutinuous variation of inductance may be made
over the whole range of values obtainable with this device.
When complicated switch arrangements are used, the
inductance is usually variable by steps of one turn of the
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winding. As commonly used, the variometer is made in
small sizes and is depended upon to give a small range
of gradual inductance variation.

CONDENSER

An electric condenser is formed by two conductors or
two groups of conductors separated by some insulating
medium, usually called a dielectric. Such a device ap-
parently has the ability to store up a large quantity of
electrical energy in an electrostatic form, hence the
name. The conducting elements are commonly called
plates, as they are usually made in the form of large
flat surfaces.

Capacity (C) is comparable to the capacity of a bottle
containing air. The addition of a given amount of air
will raise the pressure more or less, and the amount of
air required to produce a certain pressure in the bottle
may be taken as the measure of the capacity of the bottle.
This capacity is analogous to the electrostatic capacity of a
condenser, which is measured by the quantity of electricity
with which it must be charged in order to raise its elec-
trical potential from zero to unity.

UNIT OF CAPACITY

The unit of capacity is the farad. A condenser hag a
capacity of 1 farad when 1 coulomb is required to raise
its potential from zero to 1 volt. Since the farad is very
large, its millionth part, or the microfarad, is generally

- . . 1
d the practical t. Tt Ty
used as practical uni he microfarad 1,000,000’ or
9 o . 1
10-¢ farads. Th cro-mic d 1 to — —
araas € Mmicro-mi rafara 1S equa (] ]’000'000

microfarad. Another unit of capacity, sometimes used, is
the centimeter of capacity, which is one nine hundred

. 1
thousandth of farad (4—— i )
5 a microtarac 900.000 mlcrofarad One

centimeter of capacity is approximately equal to 1.11
micro-microfarads.
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CONDENSER DEVICES

The condenser shown in Fig. 12 serves to illustrate the
principle involved. The two conducting plates a and b are
quite close together, and the inter-
vening air forms the dielectric. As
soon as the circuit is closed through
the battery, there will he a flow of elec-
tricity into the condenser. The flow
will be at a maximum value upon clos-
ing the circuit and then will rapidly
fall off so that after a fraction of a
second the flow will practically have
ceased and the condenser will be
charged. With the Dbattery connected
as shown, plate a will receive a posi-
tive charge, and plate b a negative charge.

Variable Condensers.—A commercial condenser unit is
shown in Fig. 13 (a), which shows the plates, while
view (b) gives an illustration of the complete unit. The
set of plates a, view (a), are rigidly mounted and remain

(a) Frc. 13 (%

stationary. The plates b are mounted on a movable axis so
that they may be swung into the spaces between the sta-
tionary plates. Both sets are semicircular. With plates b

R —
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only partly interleaved between the stationary ones, the
capacity of the condenser is small, while with the plates b
in between those of @, the exposed surfaces are a maximum
and the capacity of the condenser is a maximum.

In Fig. 13 (b) the condenser unit is mounted inside a
suitable case ¢. The case affords considerable protection
to the condenser from the effect of ouiside influences and
tends to make its readings wore reliable. The scale d in
this case is mounted on the condenser shaft and rotates
with it

An extension handle ¢ attached to the knob f provides
an easy method of making fine settings of the condenser
as it is casier to move a handle of this form a very small
amount than it is to turn a knob a like amount. Readings
of the angular position of the movable plates are made
between a pointer g mounted on the case and the mov-
able scale d. Two terminals /i are provided, one being
connected to the group of stationary plates and the other,
through a flexible conductor, to the movable set of plates.

Fixed Condensers.—Some types of fixed condensers are
formed of cither square or circular aluminum plates which
remain fixed in their relative positions. The air forms
the dielectric. Groups
are formed by connect-
ing alternate  plates,
which sets then form
the two plates of the
condenser. This con-
struction is commonly
used in the case of
standard condensers that
must be very accurate

Frc. 14 and of unvarying ca
pacity.

The usual fixed condenser is made with a solid dielec-
tric. Under these conditions the plates are separated by
the dielectric material itself, hence the plates do not re-
quire enough mechanical strength to make them self-
supporting. They remain fixed in place after the con-




ELECTRIC CIRCUITS 43

denser is once assembled, and so are made of very thin
sheets of conductor. Such a condenser is shown in
Fig. 14. This condenser has mica sheets as a dielectric
and is used in sending sets. A condenser of this type
will withstand a very high voltage, and for a given volume
will store a comparatively large amount of energy. The
aluminum protective case a forms one terminal. The other
terminal is shown at b and is mounted on the cover ¢
made of insulating material. Heavy lugs on the case serve
as supports for mounting the condenser.

CAPACITY OF CONDENSERS
1f a difference of potential of E volts exists across
the terminals of a condenser of C farads capacity, then
the charge of Q coulombs in the condenser may be cal-
culated from the formula

Q=CE

from which c:%

and E:g
The capacity of a condenser is given by the formula

885 Ka
dx10w°
in which K is the inductivity of the dielectric between
the tin-foil or metal plates; a is the area in square centi-
meters of all the dielectric material actually between and
separating the condenser plates; and d is the average
thickness in centimeters of the dielectric material. If
there are » insulating layers, each of area s, then ¢ = ns.
When a and d are given in square inches and inches,
respectively, the formula becomes
2,218 Ka
Tdx 109
The capacity of a condenser is therefore dependent on
the dielectric material, its area, and its thickness. By
reference to the table of inductivities given in this
volume the inductivity or dielectric power of many

C (microfarads) =

C (microfarads) =

e

——
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materials may be obtained. There are many materials
which so far as the capacity is concerned are much
better than air, but thcy have objections which preclude
their use in many cases.

It should be noted that the quantity of electricity that
may be stored in a condenser is controlled by the voltage
across its plates, but this does not affect the actual
capacity. There is some capacity between neighboring
wires, but, due to the small size of the plates or wires
and the relatively large spacing, this feature is often
negligible. In coils, where adjacent turns are quite
close together, the capacity is ordinarily small. With
high frequencies, however, this capacity effect may intro-
duce serious complications and produce unlooked for
results.

Condensers in Parallel.—When two or more condensers
are connected in parallel, the joint capacity C is equal to
the sum of their capacities, that is, C= C+C +C+ etc.

Condensers in Series.—When two or more condensers
(% C,__, Cu, cte. are joined in series, their joint capacity C
is equal to the reciprocal of the sum of their reciprocals,
that is,

1

Cei— 1

1
c.+c To et

There are as many terms in the denominator as there
are condensers connected in series. FKor example, the
capacity of four condensers of 2, 4, 5, and 8 microfarads
capacity connected in series is calculated as follows:
$4+t+4+1=1.075, and 1075 .93 microfarad.

CONDENSIVE REACTANCE

The opposition or reactance of a condenser to an
alternating current is called tbe capacitive or condensive
reactance as distinct from the jnductive reactance of a
coil. Expressed as a formula it is

_¥l
Xe=zxjc
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where X is the condensive reactance in ohms, f is the
frequency, and C is the capacity in farads. The reactance
of a condenser, therefore, decreases with an increase of
frequency, which is just the opposite to the action of an
inductance. It follows then, that the reactance effect
of a coil in an alternating-current circuit may be com-
pletely annulled by connecting a condenser of equal
reactance in series in the circuit.

IMPEDANCE
The total opposition to the passage of an alternating
electric current through a circuit is grouped under the
head of impedance. The impedance includes the effect
of the resistance, inductance coil, and condenser, if all
are present. In a series circuit the impedance Z may he

expressed as [ .
Z= VR3+ (2 WfL—E xlf__C).

where R is the resistance and the other terms of the
equation represent the inductive reactance and the
capacitive reactance.

Such a circuit is represented in Fig. 15,
where a is the resistance connected in series
with the inductance coil b and the con-
denser ¢. These are considered as con-
nected across a source of alternating cur-
rent at d. To calculate the alternating
current in the circuit, Ohm’s law should
be changed to

E
o
where Z is the preceding value of impedance e 15

in ohms. On a direct-current circuit, there would be a
flow of electricity until the condenser became charged,
then the current would cease.

As has been stated, the reactance of a coil may be
annulled by that of a condenser in series, providing the
reactances are equal. This would he expressed as

1

A AL

I ——— T T R——.
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When these two terms are equal they will cancel in the
equation for the impedance Z, leaving Z = VR* + o =R.
Such a circuit would offer exactly the same opposition
to an alternating current as it would to a direct current,
namely, the direct-current resistance of the component
devices and of the circuit connections. There would be
no impedance except the resistance effect so far as an
electromotive force connected across the circuit would be
concerned, although the coil and condeuser would still
possess their individual reactances.

When the inductive and condensive reactances are
equal and their effects are neutralized, the circuit is said
to be in a state of resonance. This condition is frequently
required in radio circuits and the preceding formulas show
how easily it can be obtained. It is important to note that
the state of resonance critically depends upon the fre-
quency, and if the frequency changes, either L or C, or
both, must be changed to secure a new resonance point.
Theoretically it is possible to use any combination of
values of L and C to secure resonance on any given
frequency. Also, if a circuit is free to oscillate electri-
cally, the frequency of the oscillating current will depend
upon the values of L and C.

OSCILLATING CIRCUITS

PRODUCTION OF OSCILLATIONS

A charged condenser may be removed from the charg-
ing source, and will hold its charge for some time. It
may be discharged by connecting the two plates by a
wire. If one end of the wire were connected to one plate
and the free end brought near the second plate, a spark
would be seen to jump across the gap just before the
wire touched the plate. A current-indicating device in
series with the wire would show the passage of a con-
siderable amount of electricity. When the spark ceases,
the condenser will be found completely discharged.
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The short duration of the spark makes it appear that
there is only one rush of current, but as a matter of fact
there are several such passages of current in a very short
time; this is known as an oscillatory discharge. The
charge on the positive plate rushes through the wire and
onto the other plate, which becomes positive and dis-
charges back into the first plate. At each passage of the
current some energy is given up in the light, heat, and
sound of the spark, and in the resistances of the wire
and of the spark. This dissipation of energy soon uses
up the clectricity stored in the condenser and the oscilla-
tions cease. With a given charge in the condenser, the
number of oscillations depends directly on the resistance
of the path between the plates. With the usual case of a
fairly low-resistance wire, there will be several cycles of
current, each of smaller amplitude than the preceding one,
until the current ccases altogether. This dying out of a
current is commonly called damping. If the condenser
plates are connected by a high resistance, such as a wet
string, the discharge may take place so slowly that no
reversal of current will occur.

With an inductance coil connected in series with a
charged condenser to form a local circuit, very good con-
trol of the number of oscillations may be obtained, as
well as of their frequency. By adjusting the reactances
of the inductance 'and capacity to suitable values, the
current may be made to oscillate many times before it
dies out. Here, as elsewhere, the resistance in the circuit,
or any added resistance, materially affects the damping
of the oscillatory current. In general, the resistance and
capacity tend to dampen the current rapidly while the
inductance tends to prolong it. In order to have feeble
damping, which is usually desired, there must be a high
value of inductance in the circuit and low values of
resistance and capacity.

The frequency of the oscillatory current established in
a circuit which is free to oscillate is

L3 8 R
/=2= NL¢aD
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If the resistance is zero, the formula reduces to
1

f="" —

27 NLC
In an oscillatory circuit, it has been stated, the resis-
tance tends to damp out the oscillations. If the resistance
exceeds a certain value in proportion to the other factors
in the circuit, the circuit may not oscillate. Expressed
as a formula the condition is, if R is greater than

L N, . : .
ZV(__‘ the circuit will not oscillate. However, if R is

less than 2\/% there will be an oscillatory discharge
current from the
condenser.

The effect of
resonance in a
series circuit and
the effect of the
resistance ar e
shown in Fig, 1.
At a, with a cer-
tain condenser set-
ting below reso-
nance, the alternat-
ing current
through the series
of devices is small.
As the capacity
setting is in-
d creased, the line

surrent increases

3

Line Currens

a e a A e
until point b is

Corndenser Capacity reached, at which

Fic. 1 point the inductive

aund condensive
reactances balance, and the current is limited by
the total resistance present in the circuit. If the con-
denser effect is increased, the current rapidly decreases,
showing that the impedance of the combination is again
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larger than at resonance. At ¢ the current will have been
reduced to about its value at a. Beyond the limits of
@ and ¢ the current will likewise he small. The current
axis starts at zero on the figure, but the condenser set-
tings were taken only for values near the resonance con-
dition. With a relatively higher resistance in series with
the same inductance and capacity, a resonance point will
be found with the same value of capacity as before, as
indicated at d. The resistance is then so large that it
limits the maximum value of the current to a greater
extent than formerly. It was considered that the induc-
tance of the coil was kept constant while the curves in
this figure were obtained.

COUPLED CIRCUITS
INDUCTIVE COUPLING

As has been stated, an electromagnetic field is estab-
lished around a coil carrying an electric current. This
is represented in Fig. 2 (a), where a battery a is con-
nected through a switch b to a coil ¢d. At the instant
of closing the switch there is a flow of electricity through
the circuit in the direction indicated by the arrows near
the battery. Simultaneously lines of force will start out
from the coil, their direction being indicated by”the arrow-
heads placed at various points. If another coil, such
as ¢f, is in the vicinity, it will be cut by the lines of force,
and an electromotive force will be induced in it. This
electromotive force will cause a flow of electricity in the
coil and its external circuit if the terminals of the coil of
are connected by a conductor. While the current in the
first, or primary, coil is increasing, the current in the
second, or secondary, coil will be in the direction indicated
by the straight arrow near the right side of view (a).
As soon as steady conditions obtain in the primary circuit,
the lines of force of the flux will remain fixed. There
will then be no electromotive force induced in the secon-
dary and no current therein.

'y
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When the key is opened as indicated at b in view (b),
the current through the primary coil stops, and the
electromagnetic field starts to collapse. Some of the lines
of force again cut the secondary coil, but in an opposite
direction. The electromotive force and resulting secon-
dary current are the reverse of their former values, the

current being as indicated by the arrow at the right side
of view (b). As soon as the flux in the primary shall
have died to zero there will be no more cutting of the
secondary coil, and its current will be zero. The preced-
ing type of coupling is known as inductiye coupling, since
it makes use of the inductance coils.
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DIRECT COUPLING

Direct coupling is represented in Fig. 3, with a the
common coil acting simultaneously as a primary and a
secondary winding, or, in
effect, as an autotrans-
former to couple two
tuned circuits. It acts
as a primary for the cir-
cuit through coil & and
condenser ¢ which is ex-
cited by an alternating
current introduced at d.
The secondary circuit in- Fic. 3
cludes the coil ¢ and con- '
denser f in addition to the inductance effect of coil a. At
any instant there is electricity flowing from both side cir-
cuits into one end of the coil ¢ and out at the other end.
The action is therefore different than if coil 2 were
eliminated, as then there would at any instant be a
flow of electricity in one direction or the other
through t h e circuit
c-b-c-f. Coil a performs
the actual transfer of
energy between the pri-
mary and secondary cir-
cuits, and must be con-
sidered wherz obtaining
the natural period of
oscillation of both the
primary and secondary
Fic. 4 circuits.

CONDENSIVE COUPLING
The transfer of energy between tuned circuits may also
be accomplished by using a common condenser, as repre-
sented in Fig. 4. Here the transfer is by electrostatic
means, while in the case indicated by Fig. 3 it is by
electromagnetic means. The condenser a, Fig. 4, has an
effect on the natural period of each of the two oscillating
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circuits, and must be considered in calculating their
periods.  This type of coupling is known by the name of
condensive coupling.

COUPLING DEVICES
POWER TRANSFORMERS

The principle of coupling is used to a large extent in
transformers. Tn a transformer the primary winding
receives a certain amount of energy, and through the
action of lines of force this energy is transferred to
the secondary coil. In order that most of the flux from the
primary shall cut the secondary in order to produce a
large transfer of energy, such devices are often made with
short coils placed close together, or with relatively long
coaxial coils. Such a device cannot be used on a direct-
current system, but with an alternating-current supply,
the current is continually reversing, and an electromotive
force of equal frequency with that of the primary coil
will be induced in the secondary coil.

If the number of turns in the primary and secondary
are the same, the voltage and current of the two coils
will be the same except for the small losses caused by the
transfer of energy between circuits. The ratio of trans-
formation follows the law

Na
E=22F
2 Nl.l
where E, and E, are the primary and secondary voltages,
and N, and N, are the primary and secondary turns,
respectively. The current follows a similar law, but with

different ratios, as

N1

I =—-1

N2t
where I, and I, are the currents in the primary and sec-
ondary windings, respectively. These formulas show that
the voltage or current may be changed to nearly any
desired values, by changing the ratio of turns.
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Since the power in both circuits must be the same,

except for the transformation losses,
Ex Ix = E: 1:

where the symbols have their former values. This also
follows from the theory of the conservation of energy,
namely, that energy cannot be created or destroyed. To
reduce the losses, iron-core transformers are often used
in low-frequency circuits,

thus insuring a greater flux Core
linkage. -
“Low L
Vs oy ;
- couls .\

High
o/t
JCois_ia

Core

#igh Voltoge Cerls
- Low seitoge Coils

Fic. § F16. 6

The essential parts of a transformer are shown in
Fig. 5, and consist of two coils ¢ and b wound on an iron
core. When one of the coils, for example a, is connected
with a source of alternating voltage, this coil becomes the
primary and receives energy, at some particular voltage,
from the source. By means of the magnetic action of the
alternating magnetic flux, indicated by dotted lines in the
figure, the voltage of the primary coil is transformed into
another voltage, which is made available at the ends of
the secondary winding b. The windings are insulated
from each other, hence the transfer of energy is by the
magnetic flux linking the two windings.

_-k—-z—— a—
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The core-type transformer consists of a single magnetic
circuit of square, rectangular, or cruciform cross-section,
with a rectangular opening, or window, to accommodate
the windings. The windings, which are usually of
cylindrical shape, are placed on the two legs of the mag-
netic circuit, entirely
surrounding them.
Relative positions of
the windings and
core are shown iIn
——1 Fig. 6. The low-
— voltage coils, unless
¥ large and heavy con-
: nections prevent, are
usually placed next to
the core, and the
high-voltage coils are
external a n d con-
centric with them.

T h e shell-type
transformer, Fig. 7,
is distinguished by a

v divided magnetic cir-
(] L ] cuit, all coils being

-Colly

Core

-

. I -
tow On one leg. The mid-

4 i Ve .

il - X dle leg is usually

1 - L3

= 1. divided, as shown,
_HiA

virtually making two
Fre. 7 core-type magnetic cir-
cuits in multiple.
The windings on the shell-type transformer are usually
of so-called pancake construction, shown in Fig. 7, the
groups of high- and low-voltage coils being so arranged
as to give the best operating characteristics,
Autotransformer.—An autotransformer is a transformer
having but one winding, which serves both for the primary
and secondary coils. Fig 8 shows the general arrange-
ment; A represents the laminated iron core on which are
wound two coils ¢, # connected in series so that they
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practically form one coil. The primary line wires are
connected to the terminals a, b, and the secondary line
wires to ¢, a. The ratio of the secondary potential E
to the primary potential E_ depends on the ratio of the
number of turns t’ to the total number of turns between
a and b. For example, if #* is one-third the total number
of turns, the voltage E, will be about one-third the line
voltage and the current taken from the secondary will be
about three times that drawn from the line wires. The
secondary terminals may be

connected to points anywhere E,
along the coil.

The chief advantage of the
autotransformer lies in the sav-
ing effected by the combination ES_J
of the primary and secondary __&

windings. The electrical con- -
nection between the high- and £
low-voltage coils is very undesir- \ \ [ l 1 I ‘ H
able in practice, on account of ¢ 14

the liability of getting a high
voltage impressed on the low-
voltage windings because of A
faults in the_ wl.ndmgs or in Fic. 8
the external circuits,

Cooling.—Hcat is developed when there is current in
one or both of the windings of the transformer. The losses
causing this heating are brought about chiefly by losses
due to resistance in the windings and to the rapid re-
versals of magnetic flux in the iron core. When the
transformer is operating under rated load, the losses may
be considerable and in large units special means must be
provided for preventing overheating of the coil windings.
The maximum capacity of a transformer is the maximum
load it can carry without developing heat enough to injure
the insulating material. This capacity can, therefore, be
increased by employing means to cool the transformer.,
Among the common methods of cooling are self-cooling,
air-blast cooling, and oil cooling.
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Self-cooled transformers are those of small capacity
and dimensions in which the ratio of the exposed surface
of the active materials to the volume of the materials is
so large that no special means of cooling are considered
necessary. The cooling is effected by natural air-currents
created by the difference in tempcrature of the windings
and the surrounding air, and by direct radiation. In
the air-blast cooled transformer, which is usually of
the shell type, the heat is carried away by air-cur-
rents forced through
ducts in the windings
and core. Oil-cooled
transformers, espe-
cially in the larger
sizes, are extensively
used, The cores and
coils of such devices
are submerged in oil,
which transfers heat
from the windings to
the outer tank. In
addition to carrying
away heat, the oil
serves as an insulator
between the various
windings, and between
the windings and the

Fi16. 9 core.

RADIO TRANSMITTING TRANSFORMERS

A transformer used in some small-power radio sending
installations is shown in Fig. 9. This transformer is
designed to receive energy from the usual power-supply
line, and to deliver it at a much higher voltage to the
oscillating circuit. A simplified diagram of the same
transformer is given in Fig. 10, with the same reference
letters. The primary winding a, secondary coil b, and
the common magnetic circuit ¢ comprise the usual trans-
former clements. Suitable primary terminals d and see-

lt— — B -,
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ondary terminals ¢ afford connections to the power supply
circuit and output lines.

In many cases it is desirable to change the power out-
put of the transformer. This is readily accomplished by
providing a magnetic shunt as shown at the left side of
Fig. 10. The shunt path for the flux is through the iron
core f and the air gap g. This air gap may be com-
pletely closed by the tongue or armature h, its position
being controlled by the small gear-wheel { to which the
handle j is fastened. The gear-wheel i meshes with teeth
on the tongue s and thus, when rotated, moves the tongue
into or out of the air gap.

When the tongue fills the air o ©
gap, there is a closed magnetic k
circuit through the iron core f ! :
in shunt with the one through
coil b. As there is consideralle
opposition to the establishing
of flux through coil b when it
is loaded, most of the flux will
follow the path through the core f.
Withdrawing the toungue a short
distance places an air gap in the
Rux path through f. The air gap
offers greater opposition to the
cstablishment of the flux than
does the path formed entirely of Fic. 10

iron, therefore some of the flux will shift from path §
to path ¢. Continued withdrawal of the tongue incrcases
the length of the air gap until it reaches such a value
that practically all of the flux follows path ¢. The output
is then a maximum and nearly all the flux which is
produced is utilized in useful output. Other means may
be used for changing the length of the air gap, but
the principle is the same in any type. In any trans-
former employing the variable magnetic shunt, the input
current will also decrease with decreases of output.

Purpose of Oscillation Transformers.—The high-fre-
quency alternating currents, or oscillations, as they are
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sometimes called, are wusually produced in circuits
especially arranged for this purpose. These oscillating
currents are then transferred to the antenna for sending
by means of an oscillation iransformer. Ordinary iron-
core transformers do not permit high-frequency currents
to pass through them readily, hence the necessity for
air-core transformers with proper characteristics. Devices
serving the same purpose, and in almost a similar manner,
are used in radio receiving work. In this case they are
commonly called receiving transformers, although other
names such as funers and couplers are less frequently
applied.

Helical-Coil Transformers.—In Fig. 11 is shown a com-
mon type of oscillation transformer which is used in many
medium-power sta-
tions. The larger
helical winding a
is customarily the
primary, or the
one which receives
the energy from
the generating de-
vices, although
the coils may be
used interchange-
ably. An alter-
nating current in
coil @ sets up
lines of force
which interlink

Fre. 11 the windings of

the secondary coil

b and establish high-frequency currents within it. The

secondary, which is also a helical winding, is connected

in series with the antenna system, hence the energy of

the oscillating current is transferred to the radiating
system, and sent out into space.

The whole device is mounted on an insulating base c.
Insulating posts serve to support the windings and to keep
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the turns of wire in their proper relative positions. The
windings of the transformer shown are made of heavy
copper wire. Adjustment is provided by means of a hinge
joint d which allows the secondary coil to be moved over
a considerable range of positions with respect to the
primary. When the coil b is moved away from coil a
there will be fewer lines of force cutting it, hence the
energy transmitted to the secondary will be smaller.

In order to change the number and the positions of the
turns of tbe primary and seccondary coils that are active,
clips similar to the one shown in Fig. 12 are attached
to the ends of the wires leading to the transformer.
These connectors are
clipped onto the turns
at the proper points
to produce the electri-
cal effects desired.

Fic. 12

To reduce the losses due to skin cffect, it is desirable
to use flat strips of copper or copper ribbon instead of
round copper wiie. The oscillation transformer shown
in Fig. 13 has both its primary winding ¢ and secondary
winding b made of flat copper strigs. Unlike the previous
type, the secondary winding is larger in diameter than the
stationary primary coil. As in the preceding case, the
secondary is hinged at one cdge. The principle of opera-
tion is not changed by this different arrangement of the
coils. The small clips shown at ¢ enable the circuit wires
to be connected to the windings at any desired points.

ST ——— e
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Flat Spiral-Coil Transformer.—Another type of con-
struction is shown in Fig. 14, in which the two cnils
a and b are each wound in the shape of a flat spiral,
which gives rise to the name of flat spiral-coil transformer.
The conductors are flat copper strips, which are set in
grooves in radial insulating supports. Mounting blocks

Fic. 14

and a hinge arrangement ¢ permit the coils to be placed
in different relative positions. When they are near
together, practically all the lines of force established by
one coil will cut the other and a maximum of energy
will be transmitted from one coil to the other.

As the coils are separated, the transferred cnergy will
decrease considerably, and when the coils are at right
angles very little encrgy will be transferred. As the
coils are identical, either may be used as the primary and
the other as the secondary. Clips are provided for connect-
ing to the counductors at any desired points. Quite accu-
rate adjustments may be made between the two circuits
including these coils by changing their relative positions.
The flat-spiral coils are also known as pancake coils.

Instead of the coils being hinged, these flat coils may
be mounted on a common axis along which they may be
moved. The coils remain parallel during the complete
range of adjustments; the distance between the two coils
determines the amount of energy transferred from one
to the othe:. The principle of operation is nearly the
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same as in the preceding case, as the greater the distance
between the coils the smaller will be the number of lines
of force linking the secondary, and the smaller will be
the energy transferred.

For the best operating conditions, it is preferable to have
the primary and secondary windings made up of separate
coils. In some installations a single flat-spiral or helical
type of coil serves both as the primary and secondary.
Its action may be compared with that of an autotrans-
former. Clips are attached at the proper points on the
coil to give the desired ratios of energy transformation.

Variation of the Coupling.—A method for varying con-
tinuously the coupling between two circuits is indicated
in Figs. 15 and 16. Fig. 15 shows a simple oscillation
transformer of helical coils closely coupled. Nearly all
the lines of force of one coil interlink with the windings
of the other. When one of the coils is moved to one
side as shown by Fig. 16, many
of the lines of force do not in-
terlink and the coupling is con-
siderably  reduced. Intermediate
settings give uniformly variable
change in the linking of the lines c
of force with the two coils. This
method of variation is also ap-
plicable to the pancake type of
coil. The foregoing method of varying the coupling
has not come into general use in the United States,
although it has been successfully applied in other countries.

Fre. 13 Fic. 16

RADIO RECEIVING TRANSFORMERS
Receiving Transformers.—The amount of energy trans-
ferred and radiated from sending stations is quite large,
a fact which necessitates the use of rather large windings
in the oscillation transformer. The amount of energy
handled by a receiving set is in all cases very small.

For the transfer of this energy from the antenna circuit

to the actual receiving devices it is common practice to
use an oscillation transformer. As the energy is so
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minute, the windings are constructed of many turns of
very fine wire. In most cases the wires are insulated by
cotton or silk covering, although it is possible to wind
them in such a way that an insulating air space will be
left between adjacent turns.

Simple Receiving Transformers.—A quite simple re-
ceiving transformer, or tuning coil, as it is sometimes
called, is shown in Fig. 17. The primary coil, shown at g,
is connected directly in the antenna circuit. The sec-

ondary coil b is of a smaller diameter and may be moved
into or out of coil a by sliding along stationary rods which
support it. By this means the amount of coupling may
he varied over a considerable range.

A slider ¢ may be moved along coil g, and it makes
contact with the individual turns of the wire. The slider
makes electrical contact between the wire which it touches
and the terminal on the rod on which the slider operates.
Only those turns of the primary coil which are connected
between the wire with which the slider makes contact,
and the end of the coil which is connected to the antenna
circuit, carry the antenna current. The action of switch d
is explained later.

Switches Used on Receiving Transformers.—The action
of the slider on the primary coil is indicated by Fig. 18.
The coil a is shown diagrammatically, as is also the rod &
carrying the slider ¢. If the antenna circuit is now con-
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nected to terminals b and d, only the portion de of the
entire length df of coil a will carry the antenna current
and be effective in establishing lines of force. A larger
or smaller number of turns of the primary may be used
by moving the slider to the right or left respectively.

A different type of switch arrangement is that used on
coil b and shown at 4 in Fig. 17. Fig. 19 illustrates the
connections for such a switch. The main coil is shown
at ¢ and the switch proper at b. Taps 1, 2, 3, 4, and 5
are connected by suitable leads to such points on the coil
that equal numbers of turns are included between adjacent
contact points. The wire which carries the secondary
current is that included between the point with which the
switch point makes contact and the fixed terminal ¢ that
is connected to the receiving devices. In this case, the
portion of coil cd between ¢ and ¢ is the part which
actually carries the secondary current. The circuit is
completed through the lead
to switch point 3, and then
through the switch & to
the other terminal of the
receiving devices.

Fic. 18 Fic. 19

The number of turns in which current is established
may be increased or decreased by moving the switch to
the right or left respectively. Every change of position
of the switch connects or disconnects several turns of
wire, the number depending upon the total number of
turns in the coil and the number of contact points.

The arrangement shown in Fig. 20 permits adjustments
by individual turns over the complete range of the
primary coil. Switch ¢ makes contact with points between
each of which are connected ten turns of wire. The
adjustment of switch b is over points which are connected

6
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by leads to adjacent turns on a section of the coil ¢
Fig. 20 does not show ten turns between adjacent points
of switch a, but assuming this condition, then the sctting
shown would be such that fifty-five turns would receive
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the antenna current. The current enters at switch a,
passes through the portion of the coil connected between
the switches, and out at switch b. For a preliminary
rough setting, switch ¢ would be placed on a point near
the desired value and the final and more careful adjust-
ment would be made by changing switch b to the proper
contact point.

Other switch arrangements for accomplishing the adjust-
ment by single turns are possible and are in successful
use. A careful inspection will usually reveal the method
of operation. In some cases numbers are stamped near
the switch points which refer to the number of turns of
wire connected in the circuit when the switch is on that
contact point.

It is often desir-
able to use only one
set of coils for all
radio receiving
work. This mneces-
sitates the use of
rather long coils of
wire for the com-
plete range of variations desired. It has been found in
practice that the turns of a coil which are not used take
considerahle energy from the useful portion and thus prove
a detriment to the receiving system. In case only a small
portion of the coil is actually used and the coil is very large,

a

Fic. 21
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the above consideration is very important. The means
often taken to prevent this loss are represented in Fig. 21.
The coil is divided up into three sections a, b, and ¢,
and a switch d of regular design makes contact with sev-
eral switch points, which are in turn connected to the
coil by short leads. Switches ¢ and f serve to connect
the short coil sections in series when it is desired to use
more than one section.

If it is desired to use only a short length of coil,
switches ¢ and f are opened and the blade of switch d
is placed on the proper point 1, 2, or 3. The coils b and ¢
being totally disconnected from the circuit, have no effect
on coil a, hence cannot produce any losses. If a larger
coil is desired it is only necessary to close switch ¢ and

move the blade of switch d over to points 4 or 5. When
it is necessary to use all the turns of wire, switches ¢ and f
are closed and the blade of switch b is placed on point 7.
The losses caused by turns which do not carry any cur-
rent are often termed end-furn losses. A switch such as
has just becen described for sectionalizing a large coil,
is called an end-turn switch.

Complete Type of Receiving Transformer.—A receiving
oscillation transformer combining several refinements of
design is shown in Fig. 22. The box a houses the
primary coil, thereby affording considerable protection
from reckless handling. The secondary coil b may
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be moved into or out of the primary on the sliders
which both support and guide the movable coil. The
double-switch arrangement ¢ permits adjustments of the
number of primary turns by single steps, or turns,
by the method which has already been desecribed. These
switches are connected to the two terminals at d, onme of
which provides a ground connection, the other one being
for the attachment of the antenna lead-in.

Should a high-voltage discharge come in on the aerial
wires, it would readily pass across the short air gap
between the terminals at d and discharge harmlessly to
the ground, thus protecting the transformer. A simple
switch ¢ permits adjustment of the number of secondary
turns actually conmnected in that portion of the circuit.
Connection between the secondary coil b and the secon-
dary terminals at f is made by means of flexible con-
ductors. An end-turn switch g divides the primary into
two sections, one of which
may be disconnected, when
it is not required, in order
to minimize end-turn losses.

Fi6. 23 Fic. 24

Special Types of Transformers.—In some radio work it
is necessary that enérgy be transferred between circuits
of the receiving set. These circuits sometimes carry
audio-frequency and sometimes radio-frequency currents,
and, due to the characteristics of the circuits, must have
a high impedance. This latter property is secured by
making the windings of a very large number of turns
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of fine wire closely wound together. Such a transformer
for audio- or low-frequency currents is shown in Fig. 23.
The shell-type iron core g provides a good path for the
magnetic flux which interlinks both windings. The
primary coil b is wound next to the core, and the sec-
ondary coil ¢ nearly surrounds the primary. For some
purposes the ratio of the number of primary turns to
secondary turns is one to one, while in others it may be
as high as ten to one. Three to one is a very common
ratio in radio circuits.

For radio-frequency work it is generally more desir-
able to use an air-core type of transformer as shown in
Fig. 24. The secondary s surrounds the primary, which
is not visible. End-pieces at b afford protection to the
winding, as well as form supports for the ends of the
windings. Where several such transformers are usec,
it is well to see that they are not located so that the
magnetic flux set up by one affects any of the windings
of the others.

It is generally a waste of time and effort to try to
make an individual transformer of either of the two
types just mentioned. The ones purchased are made of
thousands of turns of very fine wire, so fine that it is
very desirable to use machine winding. The number of
turns to use and the design and material of which the
iron core is made, if there is one, are very important
points to consider.

If an air-core coil is to be constructed, it is well to
make several coils of different numbers of turns of wire
and to try them out until the best combination is secured.
The wire may be No. 40 B. & S. gauge cotton-covered.
It may be wound on spools with a winding space about
§ inch in diameter by § inch long. The spool may be
turned from bard rubber or bakelite or even fiber. The
spools with the wire wound on them are placed end to
end in operation, and after satisfactory results are secured
the best two spools are mounted in position.
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INDUCTION COILS

An induction coil is an apparatus depending on the
principle of mutual induction for producing a pulsating
or an alternating current of electricity. Induction coils
consist essentially of two coils, primary and secondary,
wound around a core consisting of a bundle of iron wires.
In Fig. 25, the secondary coil § is composed of a large
number of turns of fine insulated wire, while the primary
coil P contains only a few turns of heavy insulated wire.

Fic. 25

Both coils are wound on a spool O of insulating material
fitting over the iron core C.

The primary circuit is automatically opened and closed
at D in the following manner: A spring F tends to keep
the circuit closed between a platinum contact piece D
attached to the spring F and the contact screw K. As
soon, however, as the circuit is closed by the action of
the spring, the current from the battery B begins to cir-
culate through the primary coil P around the core C,
thereby magnetizing the core and causing it to attract
the iron armature [f{, thus breaking the primary circuit
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between D and the point of the adjustable screw K. On
opening the circuit between D and K, the magnetic flux
of the core begins to decrease, the spring once more
closes the circuit, and the entire operation is again
repeated. These actions take place in rapid succession,
a large number of times a second, constantly producing a
change in the number of lines of force passing through
the core and thereby inducing a current in the secondary
coil. A switch " connects the post E with the terminal
P, and the terminals P‘ and P, are joined to the battery
B through leads L, and L,. The terminals §, and §, of
the secondary conl are not. for the present, connected
with each other; the secondary coil is therefore open.

A condenser R consisting of two sets of plates ¢ and b
is connected across the break in the primary circuit and
allows the magnetism of the core to decrease much more
rapidly when the circuit is broken than if the condenser
were not used. When the primary circuit is opened,
its self-inductance tends to keep the current passing across
the break in the form of a spark; but when a con-
denser is used, this current charges the condenser
instead of producing a spark across the break. After
the current has charged the condenser, the latter immedi-
ately discharges through the circuit a-E-H -P -B-P ~wire
P’-primary coil P-wire P- and back to the condenscr R.
This current, being in the direction opposite to the current
due to the battery B, demagnetizes the iron core with
great rapidity and thus produces an extremely high electro-
motive force in the secondary coil. At first, the electro-
motive force of self-induction establishes the current that
charges the condenser. When the condenser discharges,
the voltage of discharge is sufficiently high to overcome
the opposing electromotive force of the battery and to
force a small instantancous current through the battery
and the primary coil against the resistance of these
devices.

The spark at D is very much less with this condenser
than it would be without it. By trial a condenser of
proper capacity may be selected so that it is possible
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practically to interrupt the current and reduce the mag-
netism of the core to zero almost instantaneously. In this
way the maximum induction is produced in the secondary
coil with a given current in the primary coil.

When electricity starts to flow in the primary circuit,
the self-inductance of the coil causes a rather gradual
increase in the current strength in the primary circuit,
and, consequently, the induced electromotive force in
the secondary coil is comparatively small. When the
primary circuit is brokem, however, the current not
only almost instantly decreases from its maximum value
to zero, but it is quickly followed by the reverse current
from the condenser; consequently, a very intense electro-
motive force is produced in the secondary winding.
Therefore, the tendency is to induce a very much greater
current in the secondary winding in one direction than
in the other. In most induction coils, a spark gap in the
circuit of the secondary winding gives this winding a
very high resistance; for this reason, the electromotive
force induced in the secondary coil, when the primary
circuit is made, may be too weak to produce a spark, that
is, a current, across the air gap. Hence, there may be
no current in the secondary winding when the current
in the primary is made. However, when the primary
circuit is broken, the electromotive force induced in
the secondary is usually sufficient to force a current across
the air gap. As a result, a current may be produced
practically in one direction only in the secondary winding.
There is, of course, always a tendency to produce a cur-
rent in both directions and doubtless there is a current
in both directions in many cases.

The more turns that the secondary coil contains, the
more turns will be exposed to the effects of the inductive
influences of the primary coil. The electromotive force
developed in the secondary coil would, up to a certain
limit, increase in direct proportion to the increased
number of turns that are wound in the same space on the
bobbin; but as the total power in watts developed in the
secondary coil cannot be increased without increasing
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the power supplied to the primary, an increase in voltage
can be obtained, with constant output, only at the
expense of a decrease in current strength. Increasing
the sectional area and decreasing the length of the wire
in the secondary coil will decrease its voltage and increase
its amperage for a given output.

Comparisons Between Various Colls.—When coils are
mentioned, it is customary simply to state their sparking
distance, say 8, 10, or 12 inches, or whatever the same may
be. This gives no idea whatever of the real power of
the coil. It is necessary to know not only the pressure
indicated by the sparking distance, but also the strength
of the current and the number of sparks produced per
second. Two coils may be made to give exactly the
same length of spark, but the sparks may be of a very
different nature. In one case the spark may be thick
and intensely white, and in the other thin and bluish.
The former coil is the more powerful and the more
expensive to build. To produce the larger current through
the secondary circuit necessary to establish the thick
spark, the parts of the induction coil must be made
heavier, thereby incrcasing the expense for material and
possibly raising the cost for labor.

A straight iron core is always used in induction coils,
for when the current in the primary is broken, the
magnetic flux falls from its maximum value, not td zero,
but to a value known as the residual magnetism. This
value in an open magnetic circuit is much less than in a
closed magnetic circuit, so when the primary current is
suddenly reduced to zero, the magnetism drops quicker in
an open magnetic circuit than in a closed one. As the
electromotive force in the secondary is proportional to
the rapidity of the reduction in the magnetic flux, it is
greater with a straight core than with a complete circuit
of iron.

For the iron core, properly annealed No. 24 B. & S.
gauge iron wire is the most suitable, though No. 18 and
No. 20 give satisfactory results and are used oftener.
If one end of the core is used to operate the circuit-
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breaking device, it is filed smooth, but the other end
may be left rough.

Types of Interrupters.—The mechanical interrupter
shown in Fig. 25 is fairly satisfactory for low-power
coils. It is not readily adjustable to different frequencies,
as the wvibrating hammer H has a natural vibration
frequency, and also possesses considerable inertia. If
the current through the primary is very large or the
primary voltage is high, it is good practice to interrupt
the primary circuit at point D in oil. This procedure
assists the condenser in preventing the formation of an
arc when the circuit is periodically opened.

Mercury interrupters are made which depend upon
the breaking up of a stream of mercury to interrupt the
primary circuit. A motor is frequently used to operate
a paddle-wheel arrangement whereby interruptions in
the mercury stream are produced. This type of inter-
rupter has given good results in many cases, but has
not come into general use.

Electrolytic interrupters depend for their operation
upon electrolytic action. The anode, which is in the
primary circuit, consists of a short length of fine platinum
wire projecting from a porcelain tube into the electrolyte
of dilute sulphuric acid. The cathode is usually a lead
plate immersed in the electrolyte. When the current
reaches a certain value, the resistance at the anode is
increased by the formation of gas between the platinum
wire and the electrolyte. The circuit is practically opened
by the gas formation, which now disappears because of
the interruption of the circuit. The circuit is then
reestablished and the cycle is repeated. Adjustment of
the frequency is accomplished by varying the length of
the platinum wire exposed to the electrolyte. Because
of the characteristics of the current interruptions, there
is no sparking and no condensers are necessary. With
the electrolytic interrupter, it is possible to obtain much
higher frequencies than with the mechanical type, for
the reason that there are no moving parts.
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ANTENNA SYSTEMS

PRINCIPLE OF ANTENNA'S EFFECT

An antenna, or aerial, consists of one or more wires
suitably arranged to radiate or receive energy in the form
of electromagnetic waves. Consider a simple type with
a conductor reaching for some distance above and lLclow
a source of very high-frequency current, such as an alter-
nator. The two wires ab and ed,
Fig. 1, in conjunction with the
air which forms the dielectric, act
as a condenser, and can store up
considerable energy. This energy
forms in loops extending out from
the wires as indicated by the dash
lines, called electric lines of force.
The alternator is represented
at ¢ by a conventional symbol.
Simultaneous with the electric
lines there is a combination of
magnetic  lines, indicated by
dotted lines, established at right
angles to the axis of the con-
ductors. These lines merely repre-
sent the approximate path of
some of the lines of force, and it
should be remembered that there are actually more lines
present than are indicated, and that they are distributed
on all sides of the conductors.

These lines are established with each building up of the
current in the antenna, and usually extend for some
distance from the actual wire network. When the cur-
rent dies down these fields start to collapse, and would
do so in a very short time. If, however, the current
he reversed rapidly enough it may start to establish a
new set of electric and magnetic tields around the antenna

Fi16. 1
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system, but in a direction opposite to the former condi-
tion, as the current is now reversed. This new system
will repel the lines of force of the old fields with the
result that they will be sent outwards from the antenna,
causing a wave disturbance in the ether quite like that
caused by the dropping of a stone in a pool of water.
Approximately the reverse action takes place in a receiv-
ing antenna which intercepts the advancing waves and
conducts the energy to some sort of receiving device.

TYPES OF ANTENNAS
VERTICAL-WIRE ANTENNA

Because of constructional advantages it is usually
handier to place the alternator, or other means for
obtaining a high frequency in the antenna, near the
ground. If the lower wire of the type that has been
illustrated were omitted, the capacity effect would be
reduced, and very little radiation would be secured. By
connecting the lower terminal of the alternator to a good
ground connection, there will be a good capacity effect
between the upper wire and the earth. This will work
very well as a transmitting antenna and this method forms
the basis of most of the present-day types. The elevated
wire, which is usually supported by a tower, is, strietly
speaking, the antenna. Where a wire network is used for
the other plate of the condenser, instead of a ground,
it is often called a counterpoise.

The vertical-wire aerial has the advantage over some
other types in that it will send electrical waves in
every direction with equal strength. It is also able to
receive disturbances from any direction with equal
facility, which is in some cases a very desirable feature.
This type of antenna is not commonly used because of
the fact that a very high vertical supporting structure is
necessary. It has been found that other less expensive
types will give very satisfactory results, and in some cases
even more desirable operating conditions.
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INVERTED-L-TYPE ANTENNA

The inverted-L-type antenna is one in which the upper
part of the conductor is placed in an approximately hori-
zontal position, and the general appearance is that of an
inverted L as shown in Fig. 2. The instruments for
sending or receiving would be connected at a. This is a
somewhat cheaper type to install than the vertical-wire type.
For much receiving work it seems to be desirable to make
the antenna at least 40 to 60 feet high and as long as
possible up to 250 or 300 feet.
Good signals can usually be ob-
tained with antennas of smaller
dimensions. In receiving work
this type is not very directional,
although it will receive signals g
from the end opposite the free
end, that is, from the left in the
illustration, somewhat better than from the opposite direc-
tion. Sending antennas in which the flat part is several
times the height, seem to have pronounced directional
features in a direction opposite the free end. Where
the flat top is of about the same dimension as the height
the directional effect is not large.

If it is impossible to make tbe antenna as long as
desired, the capacity effect and receiving ability may be
increased by using two or more wires in parallel. They
should be spaced from 2 to 4 or even 6 feet apart, and
it is seldom economical to use more than four. This
expedient is more often followed in sending antennas
than in those used only for the reception of signals, as
the former require much more careful design and con-
struction.

T-TYPE ANTENNA
The T-type antenna is quite commonly used nn ship-
board because of constructional features. The ends of
the flat top are supported by masts, and a /cad-in, the
name applied to the wire from the elevated network to
the receiving set, is brought from the middle of the
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antenna. Such an antenna is indicated in Fig. 3 with
provision for connecting in a sending or receiving set
at a. This antenna is somewhat directional in a vertical

plane through the horizontal wire,

or to the right and left in the
illustration.

La MULTIPLE-SECTION ANTENNA
= A type of antenna that has been and
’ I‘lc 3';" - is now used in some long-distance

transmitting stations has several
multiple sections which are carefully tuned. The main
features are indicated in Fig. 4, with the high-frequency
alternator at a. The rather long flat top is connected
to ground at several points through large inductance
coils b, ¢, d, e, and f. The action simulates several verti-
cal antennas, which, being in parallel or multiple, have
a lower ground resistance. By properly adjusting the
coils in the various branches, maximum radiation may
be obtained. By unbalancing the adjustments, fairly

[
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good directional properties may be obtained, but appar-
ently with higher loss, or, rather, less effective output.

UMBRELLA-TYPE ANTENNA
The umbrella type of antenna, shown in Fig. 5, has
several radiating wires resembling in arrangement the
ribs of an umbrella. A leadiin wire g connects at the
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top with the antenna wires, and with the set at b. The
black dots on the wires are used to represent insulators
placed at the ends of the conducting wires. From the
lower ends of the antennas guy ropes are stretched
to stakes in the ground. These serve both to keep the
antenna fixed and to support the mast in a vertical
position. This type of antenna is not directional, and
generally has six or eight wires in the elevated network.
The antenna wires should not make an angle of less
than 50 to 60 degrees with the mast or the radiation will

be decreased. Also, the antenna wires should not come
too near the ground, say about half-way, for best opera-
tion, especially in transmission. If the conductors come
too near the ground, much of the radiated energy is fed
into the ground instead of into the ether.

FAN-TYPE ANTENNA

The fan-type antenna is a modification of the single
vertical wire and of the umbrella types. It usually
consists of several wires spreading from a point near the
ground into a large vertical fan shape. A common sup-
port across the top holds all of the conductors in posi-
tion. The wires are all in one plane, but it is not very
directional. This is a very good type of antenna, par-
ticularly for transmitting purposes. The cost of the
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rclatively high supporting towers seems to be an obstacle
in its use.

COIL ANTENNA

The coil, or loop, type of antenna is formed of sev-
eral closed turns of wire with the radio equipment con-
nected directly in the circuit, as at a in Fig. 6. It is
made of one or more turns of wire, from four to ten
turns being the more common. Where several turns
are used, it is desirable that they should not be placed
too close together, else there will be an objectionably
high capacity effect be-
tween turns. The coil
antenna is very direc-
tional in the plane of the
loop, which feature is
one of its chief advan- g
tages. Unless made in | I
awkwardly large sizes it
is not very good as a [
transmitter, hence is lit- i
tle used in transmitting
stations.
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The loop antenna, because of its comparatively small
size, is often mounted on a framework which may be
rotated in a vertical plane. Such an arrangement is
shown in Fig. 7, the loop proper being mounted on a
pedestal. If one edge of the loop is pointed toward the
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sending station, the antenna will pick up signals from
that station with maximum intensity. If the loop he
rotated away from the maximum position, the signals
from that station will gradually grow weaker, until
when the plane of the loop is at right angles with the
intercepted signals, no sound will be obtained. This is
because the advancing wave front cuts both sides of the
loop simultaneously and the induced electromotive forces
neutralize eacb other. While the loop is lined up to
receive signals from one station the interference caused
by other stations off to either side is not very great
since the loop receives poorly from the sides. Of course,
if a powerful set were nearby it might produce consider-
able interference from any position of the loop, but the
interference with a loop antenna would very probably
be less than with any other type of aerial. The inter-
ference from static, which apparently comes from various
directions is usually reduced, due in part undoubtedly to
the directional properties of the coil.

The amount of energy received by a coil antenna is
often very small, but, because of its greater frecdom
from interference, its energy may usually be amplified
or strengthened enough to give louder and clearer signals
than can be received by any other type of antenna.

ANTENNA MODIFICATIONS

A modification of the wvertical-wire antenna is the
so-called tree type, where a conductor or lead-in is con-
nected with the upper part of a tree. The tree juices
seem to act as a fair conducting system and the top
of the tree then forms a condenser plate. While this
method of reception is undoubtedly novel, little else can
be said for it. The tree actually plays a part, as experi-
ments have shown that signals of equal strength were not
received when the wire was disconnected from the tree
trunk.

A single-wire type, using a conducting wire on each
side of the receiving or sending set, can he used in
various positions. The wires may be stretched out along
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the fore and aft decks of a submarine with lead-ins taken
in through the conning tower. Also a cut may be made
in an insulated wire fence and a receciving set inserted
to complete the circuit. One of the sides will act as
the antenna, and the other as a counterpoise, but this
should not be expected to give the most satisfactory
signals.

A similar principle has been applied with lengths of
insulated wire laid on top of or buried a few incbes in
the earth. Reception is often possible a short distance
below the surface of the earth, as the radio disturbances
pass through the cther and also through the earth adjacent
to the surface. It is claimed that signals received over
a buried antenna are particularly free from static dis-
turbances, but the signals themselves are also quite weak.
Some experiments ou submarines have given good results,
as they have been able to receive long-distance messages
even when submerged to a distance of 10 to 20 feet.

A cage type of antenna has about eight wires arranged
around the circumference of a circle of approximately
8 to 10 inches in diameter. This produces a fairly large
capacity effect, and also a relatively low radiation resis-
tance, a term which will be discussed later. The several
wires are rigidly supported in place by ring insulators,
and the whole forms very much the appearance of a long
cylindrical cage. It is supported at the ends, and is
often used with the main part nearly vertical. The lead-in
is taken off at one end. The constants of this antenna
are not as variable as are those of some other types.
Antennas of this type are largely used where space is
Jimited, as on shipboard.

The electric-light wires entering a house are some-
times used to bring in the radio impulses to a receiving
set. As these wires arc usually elevated for some dis-
tance outside the house, they should form good antennas.
In many lighting systems one wire is grounded at the
power house or along the line. This wire, in general,
will not work so well as will the other one. This can
best be determined by test. The electric-light supply
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wire must never be connected directly to the receiving
set, but should be connected through a good condenser,
of small capacity. The condenser forms a barrier to
the Jow-frequency, power-supply current, but offers little
opposition to the radio-frequency currents. This type of
antenna has too large losses, when used to radiate energy,
to permit of its use in an ordinary sending set. The
ground connection from the set may be made in the
usual manner.

When a receiving set is within a very few miles of a
powerful sending or broadcasting station ncarly any large
conducting surface may be used for an antenna. Bed
springs, fire escapes, metallic clothes lines, or lengths
of wire lying on the ground have brought in admirably
clear messages. Even the capacity effect obtained by a
person grasping a short wire from the antenna terminal
of the set between the fingers will serve as an antenna
to pick up perfectly clear signals from a short distance.
For long-distance work, however, the best antenna is
none too good, and an outdoor aerial is practically a
necessity.

AIRPLANE ANTENNAS

Several types of antennas have been used on airplanes.
A trailing wire with a weight at the end to keep it taut has
been much employed. The framework is carefully bonded,
or electrically connected, together to form a counterpoise.
The antenna hangs below the body of the airship in a
curved trailing position, and is a very efficient trans-
mitting and receiving aerial. The antenna is somewhat
directional in the direction of flight. The main objec-
tion to this type of antenna, and a serious one, is that
the long length of wire, 200 to 300 feet, is in the way
in landing and in rapid maneuvering. Coils of wvarious
type8 aud mounted in all available positions give good
results, but are handicapped by the limitation of size and
range. They can be used with the machine on the ground,
which is an advantage in some cases where a forced
landing has been made in an inaccessible place.
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PROPERTIES OF ANTENNAS
RESISTANCE EFFECTS

The main dissipation of energy, and the one which is
desired, is radiation to the surrounding ether. The
radiation of energy is always measured, or indicated, by
the current in the antenna, as there are no suitable
devices or means for measuring the power output.
The power output or radiation is often considered as a
resistance loss, or the power is considered as being used
up in radiation resistance. This is a fictitious term and
is often taken as the resistance that would use up an
equal amount of energy. Although it is often spoken
of as a loss, in the strict sense it is not a loss, as it
represents the real useful output of the antenna. The
amount of power radiated depends upon the shape of the
antenna system, and is proportional to the square of the
maximum current in the antenna, and inversely pro-
portional to the square of the wave-length of the
oscillating current.

There is some dissipation of power due to the actual
resistance of the antenna wires, lead-in, ground con-
nection, etc. This resistance loss is rather hard to
determine accurately, as the current in various parts of
the circuit is not known. The skin effect of all the
conductors carrying current enters in, but this is usually
a small part of the loss. As has been mentioned, the
antenna acts very much like a condenser. If there is a
poor dielectric in the space between the antenna and
ground, such as trees, buildings, or high vegetation, there
is an appreciable loss in this manner. Even the antenna
supports may take considerable energy from the system.
This last loss will be particularly bad in a transmitting
antenna, although it will affect the receiving ability of an
antenna to a degree which cannot be disregarded.

Since the antenna produces a magnetic field and an
electrostatic field it must have the means for establishing
them. This means that the antenna possesses inductance
and condenser effects in addition to the resistance effects.
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This implies that the antenna as a unit may form a
local oscillating circuit whose frequency or wave-length
will depend upon the relative values of these properties.
This is exactly what does happen, and is usually very
important. As has been mentioned, the transfer of energy
by coupling is a maximum when the circuits are tuned to
the same frequency. This applies to antennas even
though they are separated by thousands of miles. An
induction coil is usually connected in series with the
antenna, and energy is taken from the antenna by coup-
ling the receiving set to the induction coil. If the num-
ber of turns in use in the coil is made variable by
means of a slider, the total inductance in the antenna
can be changed to the proper value to put the antenna
in resonance with the desired sending antenna for the
reception of signals with maximum strength,

NATURAL WAVE-LENGTH
Calculation of Frequency.—The frequency, or natural
period of "a circuit, when the inductance and capacity
are concentrated, is given by the formula

1
~or o

In an antenna these properties are not concentrated,
and the inductance in particular peculiarly distributed.
A close approximation is obtained by using & of the total
antenna inductance as the equivalent concentrated
inductance. This gives

1
L,
2#\/(“?“) e
where L is the inductance of the tuning or other coil
in the antenna possessing concentrated inductance, L,

is the total inductance of the antenna only, and C,
is the capacity of the antenna.

f=
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Calculation of Wave-Length.—From the formula for
frequency, an approximation of the natural wave-length
of the antenna may be obtained. Represent the wave-
length in meters (1 meter = 3.3 feet) by A, then

A-1.884\/ (L+’§‘) Ca
when the inductances are in microhenrys, and the capacity
is in microfarads. The inductance and capacity of an
antenna may be measured by methods described elsewhere
in this volume.

The length of the radiated wave depends upon many
features of design, construction, and location of the
antenna. Among the specific factors controlling or
affecting the wave-length may be mentioned: vertical
and horizontal dimensions of antenna, type of construc-
tion, length and ohmic resistance of lead-in wire, length
and ohmic resistance of ground wire, effectiveness of
ground connection, number of wires in the aerial and
their spacing, the proximity of absorbing mediums, and
the effectiveness of the insulation of the conductors from
their supports. Comparatively simple devices for measur-
ing the wave-length are on the market, and represent
the only reliable means for determining the wave-length
of a particular radiated wave. By their use the so-called
natural wave-length of an antenna may be determined.
These devices will be described under another heading.

As an antenna will radiate a larger amount of the
energy supplied to it when its natural wave-length is near
that of the transmitted wave, it becomes desirable that
the wave-length be known. This is rather hard to pre-
determine accurately when building a particular station.
Methods will be explained later by which small changes
in the natural wave-length may be accomplished.

The wave-length is not such an important factor in
the design of an antenna used only for receiving radio
messages. In case the antenna is used for both sending
and receiving, it is designed primarily for the sending
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qualities, as these are usually the more important. It
will then usually be suitable for receiving purposes
especially for working with other stations operating on
nearly the same wave-length. Signals may be received
on very small antenna systems, but they are apt to be
quite feeble. In general, a large aerial will bring in
much stronger signals than a small one, and apparently
with no loss in accuracy or readableness.

The natural waveength of a vertical or flattop
antenna may be calculated, but with only rough approxi-
mation to accuracy, as follows:

Add the average height of the antenna to the horizontal
length, both measured in feet. Multiply the sum by 4.2,
and to get the matural wave-length, expressed in meters,
divide the product by 3.3. In the case of the vertical-wire
type of antenna, use the total height. This is the same
as saying that the natural wave-length is slightly greater
than the combined height and horizontal length of the
antenna measured in meters.

The natural wave-length of a vertical-wire acrial is
slightly less than the value obtained by the foregoing
rule, while the calculated value for the umbrella-type
aerial and others having large tops is apt to be rather
low.

In the L and T types of antennas of moderate sizes,
the number of wires in the flattop part is not very
important unless they are widely spaced, say about 10 feet.
When such large spacing is used, the natural wave-
length is increased by the addition of wires to the flat-
top part. Trees and Dbuildings in the vicinity, and
especially below the antenna, tend to increase the wave-
length to some extent. Results obtained by the above
rules are not apt to be so accurate as those obtained by
the use of a good wavemeter.

An antenna for transmitting purposes usually must
operate over a short range of wavelengths, and is
carefully designed to have the proper values of induc-
tance and capacity such that its natural period is near
the specified range. Auxiliary devices tend to decrease
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the useful output of the antenna, so are used as little
as possible in sending stations. Conditions do arise, how-
ever, when it is necessary to change the wave-length,
and spccial means must be employed. Due to the high
voltages encountered, the apparatus may be rather expen-
sive, cspecially if of special design. The following
methods of changing the wavelength of an antenna apply
in general to both sending and rcceiving systems, but
there are natural limits to the range over which the
natural wave-length may be changed.

CHANGING THE WAVE.LENGTH
A condenser in series with the antenna will reduce
the natural wave-length of the antenna. A condenser
when so used is ordinarily con-
nected between the set and ground,
although its effect will be the same
if it is connected in the lead-in
wire near the set. Such a series
condenser is shown at a in Fig. 8.
Tuning over a limited range of
wave-iengths may be obtained by
using a variable antenna condenser,
and, in general, the smaller the
capacity, the shorter the wave-length.
The period of an antenna may
be increased by inserting an in-
ductance coil b in series with the
antenna ¢ and the regular tuning
coil d. As this tends to produce
losses or an extra load in the
antenna, such a coil is often called
Fie. 8 a loading coil. If coil d bhad a
sufficient number of turns they
could be wused to increase the inductance and con-
sequently the wavelength of the antenna circuit.
Extra turns on a coil, however, produce losses of
various kinds which are termed end-furn losses. For
this reason, coils should be used that do not have a
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large number of unused turns of wire. Coil & is indi-
cated as being a variable inductance, but this is not
absolutely necessary, as fine adjustments of wave-lengths
may be made by the slider on coil 4.

Condenser a could be removed from the circuit or its
effect eliminated by a short-circuiting switch while using
the antenna on long wave-lengths. The wave-length may
also be increased by using a shunt condenser, indicated
by the dotted lines near e. As this permits some of the
energy to go around coil d without doing any useful
work, it 1s an objectionable method.

RANGE OF AN ANTENNA

It is very difficuit to specify the range of an antenna,
or of a sending or rcceiving set for that matter. There
are many factors to be taken into consideration beside
merely the physical dimensions of the elevated wire net-
work. Antennas of the same design and dimensions
often do not work equally well, and any one antenna
is often subject to considerable variation. However, there
are many cases of apparent signal variation which cannot
by any means be attributed to the antenna, but rather
to some force in nature. Too much emphasis cannot be
placed upon the necessity for a good ground connection.
Perhaps the ground lead and ground connection account
for as much trouble in radio stations as any other factor.
Even if it does not prevent operation, it may cause rela-
tively large losses. As good results should not be
expected on a small indoor antenna as on an outdoor one
of proper design but it does not follow that an exces-
sively large antenna will operate satisfactorily on short-
wave work, for such is not the case.

AUXILIARY DEVICES

The antenna is supported by towers or masts of suit-
ible strength to support the maximum load to which
they may be subjected. In localities subject to sleet
storms this load may be quite large. Wood is often used
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for masts of the smaller sizes, but iron- and stcel-tower
construction is preferable and more economical in the
large stations. When metal towers are used they should
be insulated from ground at their bases. In any case
suitable guying should be provided to enable the mast
to withstand high winds and other atmospheric disturb-
ances. Insulators should be placed at intervals in the
guy wires to prevent the loss of euergy through leakage.

It is very important that an antenna should be
rigidly supported so that it may not come in accidental
contact with power or light wires carrying current at a
dangerously high voltage. Considerable interference is
liable to result also, if the antenna runs close to such
lines for an appreciable part of its length.

The wires are kept a suitable distance apart by a
rigid mounting on supports called spreaders, which are
commonly made of wood. Insulators are often placed
between the ends of the wires and the spreaders sup-
porting them. The spreaders, in turn, are supported on
masts which elevate them to the proper beight. Con-
nection between the spreader and the mast should be
made by means of
good insluators; the
type shown in Fig. 9
is very good for that

Fic. 9 purpose. As their

prime purpose is to

prevent leakage of antenna current to the ground, they

must be of ample dimensions to meet the given operat-
ing conditions.

In antennas used only for receiving it is quite satis-
factory to use shorter insulators, for example, those about
3 inches long. They should in any case, be of a
material that does not absorb moisture, which would ruin
their insulating properties. These insulators should be
placed about 5 to 10 feet from the rigid end supports.

The conductor system from the elevated antenna
system to the receiving set is frequently designated as
the lead-in. In the vertical-wire type of antenna there
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is no special iead-in, although the eud of the antenna
lead near the receiver set may be called the lead-in.
The lead-in may be made by bunching the antenna con-
ductors, if there is more than one, and bringing them all
direct to the set, or a single conductor of large cross-
section may be used. It preferably should not be placed
on a wall, but should take a free air route from the
antenna to the set, and need not be of insulated wire.

The lead-in should connect to the blade of a single-
pole, double-throw knife switch of a design similar to
that shown in Fig. 10. If local firc underwriters’ regula-
tions require it, this switch should be mounted 5 inches
from the wall by pedestal supports. The base must not
be of slate, as this material absorbs considerable water.
Asbestos board is frequently used in this connection.
This type of switch is not generally used in large stations,
as those better suited to their purpose, and of special
design, are usually employed