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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 application to radio
apparatus, also tables of data of general engineer-
ingvalue, 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
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v 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
Abbreviations, Codes of,
41

6
A B C code, 417
Accumulator, 98

Air gap, 90

Airplane antennas, 81

Alexanderson  alternator,
139, 258

Alternating current, 13

A.-C. supply for receiving
sets, 348

A.-C. supply for sending
sets, 351

Alternation, 14

Alternator, Alexanderson,
139, 258
Elementary  revolving-

armature, 133
500-cycle revolving-arma-
ture, 134
inductor, 500-cycle, 136
inductor, 100,000-cycle, 138
inductor, Principle of,

136
Revolving-field, 128
sets at telephone trans-
mitting stations, 273
Single-phase, 132
Undamped-wave stations
using, 259
Alternators, General
theory of, 126
American Morse code, 405
Ammeter for power cir-
cuit, 7
Ammeters, 7

Ammeters, Expansion type

o1,
for radio circuits, 7
Hot-wire type of, 7

Ampere, Definition of. 7
Amplification factor, 395
Radio and audio, 337
Amplifier action of three-

element electron tube,
237
Amplifiers, Audio -fre-
quency,
Clafssiﬁcation and types
of,
Inductively coupled, 330,
332

Large-capacity, 339
Radio-frequency, 327
Resistance-coupled, 327,
331

Transformer-coupled, 328,
332

Angles, Measure of, 454

Anode, 95

Antenna circuit, coupled,

250

circuit, Tuning the, 296

Coil, 78

Definition of, 73

Directly excited, 249

Fan-type, 77

Indirectly excited, 250

insulators,

Inverted L-type, 75

masts, 87

modifications, 79

Multiple-section, 76

pm})erties, Measurement
of, 384
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Antenna, Range of, 87
Resistance of, 82
spreaders, 88
systems, 73
T-type, 75
towers, 87
Umbrella-type, 76
Vertical wire, 74

Antennas, Airplane, 81
cosil, Characteristics of,

11

Properties of, 82
\'\'Saz)/e-length of flat top,
1

Arc, Direct-current, 187

generators, Factors af-
fecting the frequency
of, 190

generator, General prin-
ciples of, 186
Oscillating, 187
Poulsen, 186
telephone transmitter, 275
Arcs, Measure of, 454
Armstrong super-regenera-
tive circuit, 377
three-tube circuit, 380
two-tube circuit, 378
Arrester, 90
Artificial magnet, 16
Asembling of storage bat-
tery, 106
Atmospherics, 4
Audio frequency, 15
frequency amplifiers, 331
frequency transformers,
66

oscillator, 201
Autodyne reception, 320
Autotransformer, 54
Avoirdupois weight, 454

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

“'.B"g battery, 233
Back electromotive force,
161
voltage, 161
Batteries, Electric, 94

Batteries, General classifi-
cation, construction,
and operation of stor-
age,

Battery chargers of various
types, 120

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
transmitter, 253

Uses of, 199

(o}
“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 Fahren-
heit degrees, 500
Centimeter of capacity, 40
Centimeters of inductance,
34
Changing the wave-length,

Characteristics of coil an-
tennas, 511
of three-element tube, 394
of two-element tube, 390
Charges, Electron theory
applied to, 3
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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,
Super-regenerative, 377
Circuits, Calculation of
frequency of,
Coupled, 49
Oscillating, 46
Parallel, 29
Receiving, 284
Regenerative, 398
Resistance of,
transmitting,
wave, 246
Circular measure, 483
Code, International, 407
Learning the, 415
Morse, 407
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,

Damped-

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

in parallel, 44
in series, 4
Variable, 41
Condensive coupling, 51
reactance, 4
Conductors, 15
in parallel groups, Re-
sistance of,
C.-W. receiving_ sets, 311
C.-W. station with chopper,
271
C.-W. stations, 258
C.-W. system, 245
C.-W. transmitting circuit,
Combination, 269
Construction of lead-sul-
phuric-acid cell,
Continuous waves, 245
Control devices for D.-C.
motors, 161
Conventional signals, 409
sy‘t‘ggols for radio devices,

Conversion factors, 448
Copper wire, Resistance
variation with  fre-
quency, 494
wire tables, 487
Copperclad wire, 494
Coulomb,
Counter
force, 161
Counterpoise, 74
Coupled circuits, 49
Coupling, Condensive, 51
devices,
Direct, 51
Inductive, 49
Variation of, 61
Crystal detectors, 174
Crystals, Galena, 175
Cube root, 464
root, Examples of, 484
root table, 466
Cubes, 466

electromotive
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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,
Currents, Direction of, §
Curves, Received-current,
00

3
Cycle, 14
D
Damped-wave electron-

tube detector sets, 301
transmitting cir-

wave
cuits, 246
waves, 245

Decimal equivalents of

parts of 1 inch, 457
Decrement measurement
with wavemeter, 359

Decremeter, 362
Deﬁ‘aistions of radio terms,

Degrees, Centigrade and
Fahrenheit, 500
Depolarizer, 96
Depolarizing agents, 96
Detector action of three-
element electron tube,
3

23.
Carborundum, 177
characteristics, Summary
of, 179
Electrolytic, 179
Galena, 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
scts, 288

Direct coupling, 51
current, 13
-current arc, 187
-current generators, 142
-current machine, Opera-
tion of, 153
-current motors, 150
Direction finding by a coil
antenna, 91
Directly excited antenna,
249

Dielectric, Definition of, 40
Dot, dash, and space,

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,
terms, 1
units and measuring de-
vices, 6
Electricity, Dynamic, 4
Quantity of, 6
Static, 1
Electrolytic detector, 179
interrupter, 72
Electromagnetic effect, 31
field, 31
Electromagnets, 33
Electromotive force, 5
force, Unit of, 11
Electron, Definition of, 3

theory, 21

theory applied to
charges, 3

-tube detector s ¢ t s,

Damped-wave, 301
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Electron-tube radio-tele-
phone transmitters, 277
-tube transmitters, 263
tube, Two-element, 218
tubes, 216
Electrons, Movement of,
229
Electrostatic charges, 1
laws, 2
Electrostatically
receiving set,
End-turn losses, 8
Ether, 244
Evolution, 464
Exciter, 128
Expansion-type ammeters,
7

coupled

F

Fahrenheit degrees, 500
Fan-type antenna,
Farad, 40
Federal Jr. receiver, 375
Feed-back coupling, 242
Field coils, 145
coils and connections, 155
Electromagnetic, 31
exls“{tation, 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, 3
Main types of, 341
Necessity for, 345
tu;ed in receiving sets,

Fire regulations, Under-
writers’, 441
Fixed condensers, 42
Flat spiral-coil transform-
ers, 60
-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

General conversion factors,
448

operating instructions for
storage batteries, 117
Generator, Accumulatively
compounded, 149
and motor rotation, Re-
lation of, 152
Armature of, with sev-
eral coils, 144
Compound, 148
Difgerentially compound-
ed, 1
Flat-compounded, 149
parts, 145
Separately-excited, 146
Series, 147
Shunt, 146
Generators and motors, 126
arc, General principles
of, 186
Bipolar, 145
Direct-current, 142
direct-current, Inspection
of, 153
Government license, Oper-
ator’s, 440
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,
leak, 308
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Grid modulation, 277
of electron tube, 225
Ground switch, 89

H
Hard tube, 379
Helsiscal-coil transformers,
Henry, 33

Hertzian waves, 181
Heterodyne reception, 317
High-frequency resistance
measurements, 387
-pass filter, 343 ]
Honeycomb-coil data, 512
coils, 37
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,

measurements with wave-

meters, 357

Unit of, 33
Induction coils, 68
Inductive reactance, 36

Inductively coupled am-
plifiers, 330, 332
coupled receiving set,
292
Inductor alternator, 100,000-
cycle, 138
alternator, 500-cycle, 136

alternator, Principle of,
Insulating materials, Prop-
erties of, 494
Insulators, 15
Antenna, 88
International abbrevia-
tions. 419

International ohm, 23
Interrupter, Explanation 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

X
Key, Code practice with,

414
Method of holding, 412
radio, Large-capacity,

19
radio, Small-capacity, 194
Relay, 196
sp:{lx;xg, Adjustment of,

Keysi_ radio, General uses
o1,

Troubles of, 198
Kilowatt, 12

-hour, 13

L-type antenna, 75
Laws, Electrostatic, 2
Lead burning, 111
Lead-in, 75, 89
-sulphuric-acid cell, Con-
struction of, 99
Learning to receive, 415
License, Government sta-
tion, 438
Manufacturer’s, 437
Operator’s  government,

regulations, Radio, 437
Licenses, Grades of, 441
Lightning arrester, 90
Linear measure, 453
Lines 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
field, 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,

8!
Measures, 453 N
of capacity, Metric, 456
of length, Metric, 455
of surface, Metric, 456
of volume, 456 |
of weight, Metric, 456
Measuring capacity with
wavemeter, 356
decrement with wave-
meter, 359
devices, Electrical, 6
inductance with wave-
meter,

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

Modulated signals, Receiv-
ing, 322

Modulation, 271

Grid, 277
Plate, 277
transmission, 269

Modulator, 244

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 set, S500-cycle
alternator and direct-
current motor, 158

-generator set, Simple
type of, 157
-generator sets, General

principles of, 156

-generator sets, Uses of,
156

-speed regulation, 166

starter, 162

starter, Single-step auto-
matic,

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 3

Multi})le-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
-irofn-alkaline cell, Plates
oft,
-iron-alkaline cell, Re-
pairs to, 117
-iron-alkaline cell, Sepa-
rators and electrolyte
of, 113
-iron-alkaline cell, Spe-
cial precautions for, 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-
Wwave stations using, 260
circutt coupled to an-
tenna, 250
ci(cuits, 46
Oscillation, frequency, and
sv(»;ave-length constant,

tr?;lsformers, Purpose of,
Osci‘lgations, Production of,

Oscillator action of three-
gl;ment electron tube,

3
Audio, 201
Overloads, 154

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

Plate hattery, 233
modulation, 277
Polarization, 95
Pole faces, 145
pieces, 145
shoes, 145
Positive resistance, 377
Potentiometer, 294
Poulsen arc, 186
Powzesg-buzzer transmitter,

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

Quenched spark gap, 183

R
Radiation resistance, 82
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Radio and audio amplifica-
tion, Circuit connec-
tions for, 337

devices, 171
experiments, 384
formulas, 400

frequency, 15
-frequency amplifiers, 327
-frequency transformers,

keys, 193
license regulations, 437
receiving circuits, 284
receiving transformers, 61
symbols, 422
telegraphic abbreviations,
19
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 telephone re-
ceivers, 213
Reactance, Condensive, 44
Inductive, 36
Received-current  curves,
Receiver horn, 214
Receivers, Telephone, 209
Receiving circuits, Radio,
284

modulated signals, 322
set, Carborundum-crystal,
29:

set,4 E lectrostatically
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,

Receiving set, Westing-
house RA,

set with tuned oscillat-
ing circuit, 290

sets, Calibration of, 362
sets, Commercial, 365

sets, Crystal-detector, 284

sets, Direct-coupled, 288

sets, Iductively 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,
442

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

receiver, Operation of,
398
Regulation, Motor-speed.

1
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

measurements,
quency, 387

Negative, 377

of antenna, 82

of conductors in parallel
groups, 30

Positive, 377

Radiation, 82

Unit of, 23

variation with frequency,
494

High-fre-

Resonance, 46

Reversal of rotation of
direct-current motor, 152

Revolving-field alternator,

1
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
-inguctance, Definition
o,
Sending set with voltage
transformer,
sets, Autotransformer
coupling of antenna of,
250
sets, Directly coupled
antenna of, 247
sets, Transformer coup-
ling of antenna of, 250
setssl with A.-C. supply,
3

sets with direct-current
supply, R

station, Operating a, 283

sta;ons, Wave curves at,
2!

Separately excited gener-
ator, 1

Series generator, 147

hape of received-current
waves, 299

Shunt, 30

generator, 146

Silico7n-antimony detector,
1

Single-phase alternator, 132
-f}xase current, 132
slide tuner, 288
-step automatic
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, Igature of discharge
ot, 1
gaps, Operation of, 180
gaps, Types of, 182
Sparking distances, 499
distances in air, 186
Special international Morse
code signals, 409
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
Stan;‘lard inductance coil,
3

motor

Starting a motor, 165
box, Simple type of, 162
resistance, Purpose of,
162

rheostat, 162
Static, 4
electricity, 1
Station license,
ment, 438

Govern-
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Stations, Undamped-wave,
2358

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

batteries, Normal voltage
of,
battery, Capacity of, 106

battery, Efficiency of,
106

battery, Initial charge
of, 108

battery, Polarity of, 107

battery, Putting out of
commission, 110

battery, Regular charge
of,

battery, Returning to
commission, 110

cells, 98

Strays, 4

Super-regenerative circuit,
Armstrong, 377 .
Switches on receiving

transformers,
Symbols, Radio, 422
Synchronous spark gap, 252

T

Tables and data, 448
Copper wire, 488
Trigonometric, 459

Telephone apparatus, 204
circuits, Grid modulation

of, 278
circuits, Plate modula-
tion of, 279

receivers, 209
receivers, Rating of, 213

Telephone receivers, Stand-
ard type of, 210
receivers, Watch-case
type of, 211
signals, Receiving, 322
transmitter, Arc, 275
transmitters, 204
transmitters, Electron-
tube, 277
transmitting circuits, 271
Telgg‘l"lony, Definition of,

Temperature, 499
c02e7mcxent, 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,
tharactenstic curves
o1,

-element electron tube,
Detector action of, 233
-element electron tube,
Modulator action of, 244
-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,

-element tubes, Commer-
cial types of,
-step automatic
starter, 167

Tikker, 314

motor
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Toll charges, 422
Torque, 150
Towers, Antenna, 87
Transformer-coupled ampli-
fiers, 328, 332
Transformers, Audio-fre-
quency, 66
Cooling of, 55
Core-type, 54
Flat-spiral coil, 60
Hetical-coil, 58
Interstage, 66
oscillation, Purpose of,
57

Power, 52
Radio-frequency, 67
Radio receiving, 6l
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
telephone, Arc, 275
Variable-resistance type,
204

Transmitters, Telephone
and radio, 204
telephone, Electron-tube,
277

Transmitting circuits,
Damped-wave, 246
stations, General features
relating to the classifi-
cation of, 244
stations, Regulations for,

transformers, Radio, 56
Trigonometric functions,
57

4
tables, 459

Triode, 225, 303

Troubles on direct-current
machines, 154

Trov weight, 454

Tube rectifiers, 123

Tuned filter in receiving
sets, 346

Tuner, Double-slide, 288
Single-slide, 288
Tungar rectifier, 123

Tuning a receiving set,
27
coils, 61

coils, Dimensions of, 513
set with wavemeter, 362
the antenna circuit, 296
Twoz-les]ement 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
-e;;nent tube, Uses of,

Types of antennas, 74

U

Umbrella-type antenna, 76
Undamped-wave receiving
sets, 311
-wave stations with al-
ternator, 259
-wave stations with elec-
tron-tube oscillators,
263

-wave stations with os-
cillating are, 260
-w;‘asge 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

85297
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Vacuum tubes, 216
Variable condensers, 41
Variation of coupling, 61
Variometer, 3

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 ﬁat-top an-
tennas, 510
shapes in various cir-
cuits, 254
train, 256
Wavemeter, Definition of,
283

for tuning sets, 362

Wavemeters for measuring
capacity, 356

for measuring decre-
ment, 359

for measuring induc-
tance, 357

for measuring w a v e-
length, 358

Principles and uses of,
352

Types of, 353
Uses of, 356
Waves, Continuous, 245
Damped, 245
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ELECTRICAL TERMS

INTRODUCTION

Electricity manifests itself as an electric charge, or as
an electric current. An electric charge is an accumula-
tion of static electricity, 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 electricity 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 be 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 electrified by either means, the
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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 unelectri-
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 demonstrates that
there are two kinds of electric
™ charges, to 'which the names
positize and megative have been
applied. The charge developed
on glass when it is rubbed
with silk is arbitrarily called
positive, and that developed on

Fie. 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
are combined, the effect of each is neutralized.

ELECTROSTATIC LAWS

The following laws apply to electrostatic charges:

1. When two dissimilar unelectrified substances are
rubbed together, one assumes a positive and the other a
negative charge.
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2. An unelectrified body on coming into contact with
an electrified body becomes electrified 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 electron theory. An
atom is the smallest part into which matter may be
divided by chemical means. An electron is a minute
particle of negative electricity, and represents the smallest
known component of matter. It is conceded that all
atoms consist of a mass, or nucleus, of positive electricity
and that each 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 electricity, 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 electrons 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
trics 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 body 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
1t 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 wvecry large, the
accumulation may produce an electric spark several inches
long. From this analogy it seems 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 the 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, but 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 (often 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 be
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 called 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 negative potential to a point of
positive potential.

The direction of the flow ot 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 carefully prepared
electrolyte containing silver dissolved in nitric acid.
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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 equal 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 10100 ampere; 1,000 milliamperes equal 1 ampere.
One micy’ pere is 1 ampere, or —L milliam-
i 1,000,060 ' 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 F16. 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 Radlo Clircuits.—Ammeters of the
expansion type, or, as sometimes called, of the hot-wire
type, are often used for measuring current in radio cir-
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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 proportional
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
4; 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 c; 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-
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 S5-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.

r1G. 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 before taking a
reading, in order
that the deflection
shall read the true
current. A knob n
enables this cor-
rection to be made
by shifting one
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 at g 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
instrument is 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 ammeter 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 milliammeter operating
on a somewhat different
principle is shown in Fig. 6.
Briefly stated, its principle
is: 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 be congested
near the lower values of current. For some uses, which
will be 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 electromotive 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 woltage.

VOLTMETERS

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

F16.7

Fig. 7. A voltmeter should be connected across a circuit,
and will then indicate the electromotive 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 electrical 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
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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 elec-
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
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name suggests, the reading may be in watt-hours, although
the kilowatt-howr (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
fow 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 furthcr designated as a con-
tinuous direct current. The current from most machines
which generate direct currents have small variations or

N ey

O s

F16. 9

pulsations due to inherent characteristics of the design
and construction, and the current, strictly speaking,
should be called a pulsating 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 ag to prevent
the use of a generator unless special auxjjary 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 @, 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 cd. 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 { 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 each cycle or rather the
duration of each cycle would be gy 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

arann
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to the human ear, hence are known as audio frequencies.
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 and 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, carbon,
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 insulator is a non-conductor which offers so much
opposition to the flow of electricity that practically no
current can pass through it. Among the best known
insulating materials are glass, porcelain, rubber, mica,
ebonite, dry parafined 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.
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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 wused to guide ships
over the seas. 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-
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 ends 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.

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 needle will come to rest with one end

Fic. 10

Fic. 11
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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-

tion and the filings will not adhere there. If one end
of the magnetized bar is brought near a piece of soft
iron, the iron will be attracted, and, if not too heavy,
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 S 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
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south pole of the compass needle 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
magnets, that like magnetic poles repel each other while
unlike poles attract each 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-

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 magnetie
substance will be attracted or repelled is its magnetic
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
lines 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 magnetism, 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 easily magnetized, 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 clectric circuit is a conductor, or a combination
yof conductors, through which electricity 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 ecarth, 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 those 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 itself 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 between 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 electron movement
with a consequent increased agitation of the atoms caused
by their increased bombardment. This results in heating
of the conductor, which increases with an increase of cur-
rent,

If large amounts of power are to be 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 @, 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 results 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 unit is shown in Fig. 2, and it will maintain
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
weighing 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 chardcteristic 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;
in which p = ordinary, or volume, resistivity; / = length
of conductor; @ = 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 be expressed in the following
manner: If the length of a2 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 in 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 I.—Amperes equal volts divided by ohms.

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

Rule IIL—Ohms equal volts divided by amperes.

These relations stated as formulas give: I = -IE;
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 be 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 not 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




ELECTRIC CIRCUITS 25

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 an electromaotive
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 cffect, is not
noticeable on direct currents, nor usually on commercial
power circuits, as the phenomenon is very rapid, and only
a very short interval of time is required for the current
distribution over the cross-section to become 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 relatively smaller
section.

With a moderately low-frequency alternating 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

skin effect always depends upon the factor ‘\fzif,whcrc

# = permeability of the material; f = frequcnc‘;' 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 above factor is x, or the
permeability. This causes the skin effect of the con-
ductors made of inagnetic 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

value r = 7w d V%if' where 7 is 3.1416, and d is the
P .

diameter of the wire in centimeters. By reference to a

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

may be obtained for the calculated value of . The valu:
R is the resistance at the high frequency f, 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 effect. 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 on 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 method 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 ohin
per degree change of temperature is the temperature
ceflicient. If R, is the resistance of a piece of wire at
any temperature ¢, and ¢ is the temperature coefficient of
the substance at that temperature, its resistance R, at a
higher temperature t, may be calculated by the formula
R =R (1+at
where ¢ is the dxﬂ’erence in temperature between ¢, and f,.
If the resistance R at a lower temperature t is desnred
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 consideration. Thus,
if a temperature rise from, say, 40° C. to 60° C. is to be
1
2345 + 40 274.5
= .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 ¢ at the starting temperature, 60°,
would be obtained as given previously, This would be

1 . a o
2345760 .0034, which is a 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-‘Increase in Resistance of
ductor in Degrees C. at, Copper per Degree C., per

Which the Starting Re- Ohm of Starting Resis-

sistance is Measured. tance.
0 .00427
5 .00418
10 .00409
15 .00401
20 .00393
25 .00385
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 conducter, making the current equal
in each of the conductors. For example, Fig. 3 repre-
sents a closed series circuit from cell B through c—r e-r,~d
and through cell B. The cell, conductors, and ﬁsnstances

Fi16. 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 », and r,, The resistance
of several conductors or resistances connected in series is
equal to the sum of the resistances 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 ¢ 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

6 T a shunt of the

other, or in shunt

[ — with it, and the

( ) two together form
a divided circuit.

a4 -t 2 A circuit shunted
Fm'f“‘ by a low-resis:

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 parallel two conductors of the same material
and of the same size and length is equivalent to making
one conductor twice as large as either 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:

R= !

1,111,
N +—4—+4—4 etc.
n r rn n

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

When electric cells or other sources 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 connected together, and these two
common points used as the regular 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 force
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 compasé 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
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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

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

The direction of the magnetic lines of force may be
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 field are then in the direction in which the
fingers point, in circles whose planes are perpendicular
to the wire.

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 turns combine to form larger
loops a or b enclosing several or all of the turnms. 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 of
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
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rate of 1 ampere per second induces an electromotive
force of 1 volt in the circuit. As the henry is quite large,
the one-thousandth part of it, or the millihenry, is fre-

quently used. The millihenry = or 103 henry.

1
1,000
The microhenry = 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, then the inductance of the coil in henrys is

¢T

L=igi

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

4xT24

L=—wm

in which T is the number of turns in the coil, 4 is its
mean area in square centimeters, and / is its length in
centimeters. For a cylindrical coil whose mean area is
m 9, the formula reduces to

3948272

L="Sow

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

10,028 272

0

L=

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 flux 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.

1f 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 tfe 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 equal voltage from an alternating-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 is

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

X1=237 fL,

where X; is the reactance in ohms, 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 increases 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 are 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 i ™
that there is no magnetic :
material in the mountings.
They must also be securely ¢
wound and fixed in place
after setting to the desired
value. The whole is mounted
in a substantial case to pro-

tect the coils from dirt and ﬁ =
injury. e PN E
Variable Inductance Coil. @& & T 1
A type of inductance coil 5le
which is extensively used in ;16.9

radio sending work is shown
in Fig 9. The winding a is mounted on a cylindrical
frame b. Each turn in this case is brought out to a ter-
ininal ¢ to which connection may be 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
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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 thickness layer by
layer.

Variometer.—The usual purpose of changing the num-
ber of turns used in coils of receiving 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 the
inductance may be changed by
altering their relative positions.

Fic. 10 Fic. 11

In Fig. 11 is shown the operating principle of a device
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 a. The 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
scale 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 one 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 direction, the lines of force which they estab-
lish act in the same direction, and the coils have prac-
tically no effect on each 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 continuous 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 has 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

used as the practical unit. The mi':wfarad=1,00(1),000' or

10-¢ farads. The micro-microfarad is equal to m
microfarad. Another unit of capacity, sometimes used, is
the centimeter of capacity, which is one nine hundred
thousandth of a microfarad (W),%(TO microfarad). 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 be a flow of elec-
tricity into the condenser. The flow
will be at a maximum value upon clos-
ing the cirenit and then will rapidly
fall off so that after a fraction of a

second the flow will practically have Il
ceased and the condenser will be =
charged. With the battery connected Fi16. 12

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 @, view (a), are rigidly mounted and remain

(a) F16. 13 L

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
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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 g, 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 outside influences and
tends to make its readings more reliable. The scale d in
this case is mounted on the condenser shaft and rotates
with it,

An extension handle e attached to the knob f provides
an easy method of making fine settings of the condenser
as it is easier 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 A 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 either 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
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-

§o

Fi6. 14
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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
If 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 Cn%
and =%

The capacity of a condenser is given by the formula

885 Ka
axi00*
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 ¢ = #us.
When a and d are given in square inches and inches,
respectively, the formula becomes
2,248 Ka
ax 10w
The vapacity 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
solume the inductivity or dielectric power of many

C (microfarads) =

C (microfarads) =




44 ELECTRIC CIRCUITS

materials may be obtained. There are many materials
which so far as the capacity is concerned are much
better than air, but they 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,+C2+Ca+ etc,

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

P S
1,11
a a-{-a-{'— etc.

There are as many' terms in the denominator as there
are condensers connected in series. For example, the
capacity of four condensers of 2, 4, 5, and 8 microfarads
capacity connected in series is calculated as follows:

34+143+4=1.075, and 1—01-73 = .93 microfarad.

CONDENSIVE REACTANCE
The opposition or reactance of a condenser to an
alternating current is called the capacitive or condensive
veactance as distinct from the inductive reactance of a
coil. Expressed as a formula it is
1
Xc-ﬂ‘f—
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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 be

expressed as
1 2
= 2 .
z \/R=+( wfL 21rfC)

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 a
with the inductance coil b and the con-
denser c¢. These are considered as con-—/g
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
I=3

where Z is the preceding value of impedance Fic. 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 be expressed as

=1
2ﬂ'fL*erfC
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When these two terms are equal they will cancel in the

equation for the impedance Z, leaving Z = VR2+ 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 condenser 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 electricity 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 ceases 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, whxch 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

1= ZNVLC 4L*
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If the resistance is zero, the formula reduces to
1

e

2% 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

2\% the circuit will not oscillate. However, if R is

less than 2\% there will be an oscillatory discharge
current from the
4 condenser.
The effect of
resonance in a
series circuit and
the effect of the
resistance ar e
shown in Fig. 1.
At g, 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-
creased, the line
current incrcases
until point & is
Condenser Capacity re.aChed’ .at Whic}'
Frc. 1 point the inductive
and 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

line Curront
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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
a and ¢ the current will likewise be 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 cd. 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 cf, 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 ef
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.
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When the key s 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

I SO S P

FiG. 2

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 inductive 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 b and
condenser ¢ which is ex-
cited by an alternating
current introduced at d.
The secondary circuit in-
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 diffcrent than if coil a 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
i c-b-¢-f. Coil e performs
i L the actual transfer of
energy between the pri-
mary and secondary cir-

Fi6. 3

S cuits, and must be con-
sidered when obtaining
the natural period of
oscillation of both the

Rl primary and secondary

Fie. 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. In 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 currcent is continually reversing, and an clectromotive
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

N2
Ez~mEx

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

N
I= N:Il
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,
E I, =E,I

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. -

High Voltage Coils
Low woltoge Coils

Fic. § F1c. 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 g, 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.
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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.
o Relative positions of
the windings and
2 core are shown in
z 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 nd con-
centric with them,

T he shell-type
transformer, Fig. 7,
is distinguished by a
divided magnetic cir-

core

71 .

J 3 | I HR | cuit, all coils being
ioh et — leg. The mid-

< =773 “|-Low oOR one leg. e mi
wg} = = = i ‘2,,-,2 dle leg is usually
L s - divided, as shown,
O 1 N virtually making two
Fic. 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 traasformer
having but one winding, which serves both for the primary
and secondary coils. Fig 8 shows the general arrange-
ment; 4 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 L
to the primary potential Ep depends on the ratio of the
number of turns ¢ 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 }:p
along the coil.

The chief advantage of the
autotransformer lies in the sav-

ing effected by the combination Es

of the primary and secondary 2 |
windings. The electrical con- - &
nection between the high- and

low-voltage coils is very undesir- \T‘ l \ l l ‘ ‘ [
able in practice, on account of z 4

the liability of getting a high
voltage impressed on the low-
voltage windings because of o A
faults in the. wxindmgs or in Fic. 8
the external circuits.

Cooling.—Heat 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
neccssary. The cooling is effected by natural air-currents
created by the difference in temperature 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-

es 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
e, from the windings to
i ""','-'W""ﬁ'f‘j‘;l'{?- d the outer tank. In

il v
)

111} i

ilii;mhlllulul:lu” addition to carrying

Aol away heat, the oil
serves as an insulator
between the various

windings, and betwcen

the windings and the

Fi1c. 9 COTE

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 elements. Suitable primary terminals d and scc-
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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 /I, its position
being controlled by the small gear-wheel i to which the
handle j is fastened. The gear-wheel i meshes with teeth
on the tongue 1 and thus, when rotated, moves the tongue
into or out of the air gap.

When the tongue fills the air €
gap, there is a closed magnetic
circuit through the iron core f
in shunt with the one through
coil b. As there is considerable
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 tongue a short
distance places an air gap in the
flux path through f. The air gap
offers greater opposition to the
establishment of the flux than
Joes the path formed entirely of Fie. 10

iron, therefore some of the flux will shift from path f
to path ¢. Continued withdrawal of the tongue increases
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 neans 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 transformer. 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 tuners 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 ¢
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 a sets up
lines of force
which interlink
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

Fic. 11
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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 & 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 the primary and secondary 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.

To reduce the losses due to skin effect, it is desirable
to use flat strips of copper or copper ribbon instead of
round copper wive. The oscillation transformer shown
in Fig. 13 has both its primary winding a and secondary
winding b made of flat copper strips. 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 edge. 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
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Flat Spiral-Coil Transformer.—Aunother type of con-
struction is shown in Fig. 14, in which the two coils
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 thcy 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 energy will
decrease considerably, and when the coils are at right
angles very little energy 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 conductors 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 other. The principle of operation is nearly the



OSCILLATING CIRCUITS 61

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
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.

Fic. 15 Fic. 16

RADIO RECEIVING TRANSFORMERS

Recelving 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 betwcen adjaccent 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 e by sliding along stationary rods which
support it. By this means the amount of coupling may
be varied over a considerable range.

A slider ¢ may be moved along coil a, 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 c. 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 cffective 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 d in Fig. 17, Fig. 19 illustrates the
connections for such a switch. The main coil is shown
at a and the switch proper at b, Taps 1, 2, 3, 4, and 5
are connectcd 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 sccondary
current is that included between the point with which the
switch point makes contact and the fixed termninal ¢ that
is connected to the receiving devices. In this case, the
portion of coil c¢d between ¢ and e 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 b to
the other terminal of the
receiving devices.

b c
900003000000
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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 a 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
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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 setting
shown would be such that fifty-five turns would receive

Fic. 20

the antenna current. The current enters at switch gq,
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 neces-
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
considerable 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 cail is very large,
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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 rcgular design makes contact with sev-
cral switch points, which are in turn connected to the
coil by short leads. Switches ¢ and f serve to connect
the short coil scctions in series when it is desired to use
more than one scction.

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 fromn 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 been 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 TFig. 22, The lox a houses the
primary coil, thereby affording considerable protection
from reckless handling. The secondary coil & 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, one 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 e permits adjustment of the number of secondary
turns actually connected 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.

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 a 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 a 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 used,
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
3 inch in diameter by § inch long. The spool may be
turned from hard 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,

F1e6. 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 H, 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 I/ connects the post E with the terminal
P,, and the terminals Pl and P, are joined to the battery
B through leads L, and L,. The terminals S, and S, of
the secondary coil 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—W P—B—P —wire
P’-primary coil P-wire P-, and back to the condenser 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 instantaneous 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 scondary
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 broken, however, the current not
only almost instantly decrcases 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 sccondary 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 Coils.—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 increasing 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 to 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 smechanical interrupter
shown in Fig. 25 is fairly satisfactory for low-power
coils. It is not readily adjustable to different frequencies,
as the vibrating 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 ojl. 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 anfenna, or aerial, consists of one or more wires
suitably arranged to radiate or receive energy in the form
of clectromagnetic waves. Consider a simple type with
a conductor reaching for some distance above and below
a source of very high-frequency currcnt, such as an alter-
nator. The two wires ab and cd,
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 e by a conventional symbol.
Simultaneous with the electrie

L

v
lines there is a combination of \\ \\‘\‘\ !
magnetic lines, indicated by N\ \\\\ N
dotted lines, established at right AN \:
angles to the axis of the con- S

ductors. These lines merely repre- 3
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
be reversed rapidly enough it may start to establish a
new set of electric and magnetic fields around the antenna
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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. TIf 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, strictly
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 gencral appearance is that of an
inverted L as shown in Fig. 2. The instruments for
sending or receiving would be connected at ¢. 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
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 the 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 froin 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.

FiG. 2

T-TYPE ANTENNA
The T-type antenna is quite commonly used on ship-
board because of constructional features. The ends of
the flat top are supported by masts, and a lead-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.

“ MULTIPLE-SECTION ANTENNA

( A type of antenna that has been and
Fic. 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, ¢, and f. The action simulates several verti-
cal antennas, which, being in parallel or multiple, have
a lower ground resistance. DBy properly adjusting the
coils in the various branches, maximmmn radiation may
be obtained. By unbalancing the adjustments, fairly

//////

Fig. 4

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 lead-in wire g connects at the
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top with the antenna wires, and with the set at 5, 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 mmake 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 hest 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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relatively 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 turng
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 I ‘
loop, which feature is Hil
one of its chief advan- H'

|

tages. Unless made in
awkwardly large sizes it

is not very good as a I

transmitter, hence is lit- Il’[‘
tle used in transmitting |
stations. — lﬂ

e
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The loop antenna, because of its compara.tively small
size, is often mounted on a framework which may t?e
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 be
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 each 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 freedom
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 vertical-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 be used in
various positions. The wires mav 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 receiving 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 inches 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 anténna are particularly free from static dis-
turbances, but the signals themselves are also quite weak.
Some experiments on 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 sevcral
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 vearly 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 largcly used where space is
limited, 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 are 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 low-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 manuer.

When a recciving set is within a very few miles of a
powerful sending or broadcasting station nearly 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 theend to keep it taut has
been much employed. The framework is carefully honded,
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 various
types and 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
Janding 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 wavelength 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 kncwn. 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 cendenser. 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.



ANTENNA SYSTEMS 83

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
f=%rxLc

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
f S
L
2\ (+2)
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.
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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 effectivcness 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 becomcs 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 wave-length of =a vertical or flat-top
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 mecasured in feet. Multiply the sum by 4.2,
and lo get the natural 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 comhined height and horizontal length of the
antenna mecasured in meters.

The natural wave-length of a vertical-wire aerial 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 fect.
When such large spacing is used, the natural wave-
length is increased by the addition of wires to the flat-
top part. Trees and buildings 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 wave-lengths, and is
carefully designed to have the proper values of indue-
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 special means must be employed. Due to the high
voltages encountered, the apparatus may be rather expen-
sive, especially if of special design. The following
methods of changing the wave-length of an antenna apply
in general to both sending and receiving 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 ¢ in Fig. 8.
Tuning over a limited range of
wave-lengths may be obtained by
using a variable antenna condenser,
and, in general, the smaller the
capacity, the shorter the wave-leng.h.

The period of an antenna may
be increased by inserting an in-
ductance coil b in series with the
antenna ¢ and the regular tuning

a
coil d. As this tends to produce
losses or an extra load in the

antenna, such a coil is often called

Fic. 8 a loading coil. If coil d had a
sufficient number of turns they

could be used to increase the inductance and con-
sequently the wave-length of the antenna circuit.
Extra turns on a coil, however, produce losses of
various kinds which are termed end-turn 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 b 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 d.

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 ¢. As this permits some of the
energy to go around coil d without doing any useful
work, it is an objectionable method.

RANGE OF AN ANTENNA

It is very difficult to specify the range of an antenna,
or of a sending or receiving 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-
able 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 steel-tower
construction is preferable and more economical in the
large stations. When metal towers are used they should
be insulated fromn 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 energy 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 sprcaders, 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 height. Con-
nection between the spreader and the mast should he

made by means of

SN good insluators; the

@_\ﬂ}i}lﬂh}lﬁ type shown in Fig. 9

MY g 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 auy 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 lead-in, although the end 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.

Fic. 10

The lead-in should connect to the blade of a siugle-
pole, double-throw knife switch of a design similar 1o
that shown in Fig. 10. If local fire 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.
Ashestos board is frequently used in this connection.
This type of switch is not generally used in large stations,
as those better suited to thcir purpose, and of special
design, are usually employed.

When the set is not in use, the ground switch should
he thrown so as to conncct the antenna to the ground
lead. This should be of heavy copper, well insplated,
and if regulations require it, must be outside of the
building, and possibly 5 inches from the wall. Less
than No. 14 B. & S. gauge copper wire, or less than
No. i7 B. & S. gauge copper-covered steel wire, should
not be used. It should run in a direct path to the
ground, with as few sharp bends as possible.

The ground, or earth, connection is important. A large
sheet of copper, zinc, or copper mesh buried some feet
below the surface of the earth is usually sufficient. Many
metal rods driven into the ground, or a network of buried
wires also form good ground systems. The buried con-
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ductors should be deep enough so that they are in damp
earth at all times. In some cases it has been found
desirable to bury a considerable quantity of charcoal with
the ground conductors to help the retention of moisture
near them. Where the soil is dry or sandy, it is often
preferable to construct the ground system a few inches
above the earth, and insulated therefrom, to form a
counterpoise.

In cities it is quite common practice to run the ground
wire to a inetal pipe of the water system. If this is
done care should be taken to see that a very good contact
is made between the wire and the pipe. It is also best
to connect onto the street side of water meters, if there
is one in the line, as they sometimes have an insulating
joint. Couplings in the pipe are not any too good elec-
trically as a general rule. If clamps on the pipe are
used they should be carefully installed in order to make
good electrical contact. A coat of rust is apt to form
under them, which may act as a partial insulator. All
connections should be well soldered whenever possible.

In some cases it is permis-

sible to use a lightning arrester,
,‘5'_ ,,’;:,‘:,’:, instead of a ground switch with
» a receiving set. Such an ar-
rester is shown in Fig. 11. It
has terminals at the end, one of
which goes to the antenna and
the other to the ground. Inside
of the main body are two small
metal disks separated about 4%
of an inch. The gap is in a
vacuum. This allows any large
Ground €harge on the antenna
to discharge across the gap

and pass harmlessly to ground.
Mounting the gaps in a partial vacuum is desirable as the
device will operate on a lower voltage, and the disks are
not so apt to be injured by a discharge. A protective
covering protects the unit from moisture when it is

v

Fic. 11
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mounted outdoors, as is sometimes recommended. In
other styles the gap is in special rarefied gases, while
sometimes only a plain spark gap is used.

Fig. 12 shows a single-wire antenna with its auxiliary
equipment. The ground switch is thrown upwards in
position for signals to be carried from the antenna

/on.-r—/oo to 300 Fi

fogles ,.\\\\.(,‘\‘(’

%o Receiving Set”

Fic. 12

through the receiving set and thence to ground. The
lead-in from the switch to the set must be insulated from
the wall by a bushing. A long tube of electrose, or other
composition material may be used, with the lead-in wire
inside the tube. Porcelain tubes are not recommended as
they take up moisture.

DIRECTION FINDING BY A COIL
ANTENNA

A coil antenna will receive signals with much greater
strength when they come from stations in the plane of
the coil than from any other direction. So reliable is
this directional property of a coil antenna on the recep-
tion of short wave-lengths and for relatively short dis-
tances, that this type of antenna is successfully used in
the guiding of ships and airplanes, especially during times
of low visibility. This use has given rise to the name
of radio compass, a term which is highly descriptive.
Steering may be accomplished by keeping a bearing with
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the coil antenna of the vessel on a fixed station which is
transmitting continuously. Two or more radio compass
stations may be used to obtain the location of a sending
station with a very close degree of accuracy. The United
States Government has established several such stations
along the coast particularly for the use of ships during
weather of low visibility.

A ship located at q, Fig. 13, requests its bearings from
the compass stations & and ¢, and starts sending signals.
The operator at station b turns his coil antenna until he
obtains the direction of the line ad, and sends the read-

ing to the ship’s operator, usually

,7‘ so many degrees from the geographic
north in a clockwise direction. As
this station is located on a peninsula,
the operator at b is unable to tell
in which direction the ship lies; that
is, whether the ship is in direction

a or d from him. The operator of

the ship, knowing the position of

station b, would locate the line ad

on a map, or, if he knew his position

with respect to b, he would need to

draw in the lower part of the line

only. As a ship station could not lie

on the land side of the station ¢, the
exact dircction of the ship from this station may be
obtained by the opcrator at ¢. With the data sent by the
operators at b and ¢, the navigation officer on the ship
at a is able to determine his exact location from the
intersection of the lines ad and ac.

This is a very accurate method for ships to get bear-
ings, and their regular radio apparatus is all that is
necessary. It is rather expensive, and the number of
bearings which can be given per hour is decidedly limited,
especially around busy ports. As the rcadings must be
handled several times there is also considerable chance
for error.

The recent tendencv is to place the compass station

Fic. 13
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on board the vessel, and to use simple transmitting
stations at strategic points on shore or on lightships.
These stations transmit signals which are easily distin-
guishable by one not familiar with the telegraph code.
The navigating officer may take bearings himself, and
as often as he deems necessary. IHe may even use one
station near his port as a bearing station, and from
some distance at sea, lay his course directly for it. In
case of disaster to another ship, he could get the
location of that vessel, or rather its direction, and could
proceed toward it immediately. Actual location readings
by this method do not seem to be so accurate as when
determined by land stations, but the accuracy is well
within the limits by which a ship can hold its course.
The Jand station, where it only transmits, need not have
a skilled operator. Locations at sca may be obtained over
a greater distance when the compass is on shipboard than
when on land.

As the signal strength is a maximum when the plane
of the coil cuts the sending station, so is it a minimum
when the plane of the loop is at right angles to the
direction of the sending station. In many installations,
the minimum setting is taken instead of the maximum,
as the ear can better differentiate small changes in the
strength of signal when that signal is very weak than
when the signal is very loud. Long wave-length signals
are not nearly so accurate in this work as are short wave-
length signals, so the latter are always used. Also, con-
tinuous wave signals tend to set up interference bands
which often make readings inaccurate. Spark signals are
thoroughly reliable and are always used.
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ELECTRIC BATTERIES

PRIMARY CELLS
GENERAL THEORY

A primary, voltaic, or galvanic, cell, as it is variously
called, is an apparatus for converting chemical energy
directly into electrical energy. The cell consists of two
conducting elements immersed in a solution that acts
chemically on one element only or on one more than on
the other. If the two elements or poles of the cell are
joined by a continuous metallic wire or circuit, electricity
will flow in one direction through the metallic circuit as
long as the circuit remains complete, or closed, provided
the chemical action is sufficient to maintain the electro-
motive force. Two or more cells used in a group form a
battery, although the term battery is often applied to
single cells.

While a knowledge of the chemical actions that occur
in cells is interesting and necessary for a thorough
understanding of the theory of cells, it involves a knowl-
edge of chemistry that is not really necessary for those
having only to consider the proper application of the
various kinds of cells and their care.

In general, it may be considered that the electrolyte is
divided into very small electric charges, which combine
to produce the electric current observed in the circuit
connecting the poles. The cell is said to be charged when
it is in condition to deliver its full rated amount of elec-
trical energy. Primary cells are fully charged just as
manufactured. The electrolyte deteriorates, or loses its
strength, as energy is given up, and the cell is said to be
discharged when it can furnish no more electrical energy.

Some forms of primary cells may, when exhausted, be
more or less recharged by passing through them, in the
direction opposite to the current they produce, a current
from some external source. As the amount of energy
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which the primary cell will give up after recharge is very
small compared with the amount required to recharge the
cell, this is not considered good practice.

A simple primary cell is shown in Fig. 1, with the two
plates or elements partly immersed in the electrolyte.
Zinc is the metal most commonly used for the element of
the primary cell to be con-
sumed, and either copper or
carbon for the element that is
not attacked. The eclectrode
from which electricity enters
the electrolyte is the anode, and
the electrode toward which elec-
tricity flows in the electrolyte
is the cathode; thus, the elec-
trode with the negative terminal
is the anode, and the electrode
with the positive terminal, the
cathode. The current passes
into the cell through the anode
and passes out to the external
circuit through the cathode.

Many different electrolytes are used in primary cells,
the materials used depending largely upon the service
for which the cell is intended. The simplest electrolyte
is salt water, or water with a little acid added, although
this can hardly be said to be commercially practicable.
The zinc electrode is eaten away by the electrolyte,
which also changes its nature in the process. Cells with
liquid electrolytes were, and still are to some extent,
used in telegraph offices. The care required to keep them
clean and their bulk have caused their discontinuance in
many lines of work. They are known as weé cells.

Polarization and Depolarization.—During decomposi-
tion of the electrolyte, free hydrogen is liberated near
the cathode, and, if not removed, collects on the cathode
in bubbles of gas. The formation of hydrogen is disad-
vantageous, as it forms in a layer on the surface of the
cathode, enormously increasing the internal resistance of
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the cell, and diminishing the current that the electro-
motive force of the cell can send through any given
external resistance. The formation of hydrogen on the
surface of the cathode is known as polarization, and its
removal, by any mneans, mechanical or chemical, is called
depolarization; the agent used is called the depolarizer.

Depolarizing Agents.—Various mechanical and physical
devices for depolarizing cells have been used. The
cathode has been arranged to be agitated in the liquid,
or to be entirely removed from the liquid at intervals.
The cathodes, and, in some instances, both electrodes
have been made in the form of disks, dipped to about
half their diameter into the electrolyte; on rotating the
disks, the hydrogen is prevented from remaining on the
cathode by its motion. Such devices are commercially of
little value, especially as chemical depolarizers may be
more easily used.

The depolarization by chemical means may be accom-
plished by surrounding the cathode with a solid or liquid
substance, with which free hydrogen may combine. This
combination usually merely disposes of the hydrogen
and prevents the bad effects of a deposit on the cathode.
Under these circumstances the compound formed at the
cathode is usually water, the depolarizer being a sub-
stance rich in oxygen, with which the hydrogen com-
bines.

DRY CELLS

The name dry cells is applied to cells in which the
electrolyte is carried in the pores of some absorbent
material, or combined with some gelatinous substance,
so that the cell may be placed in any position without
spilling the- liquid. These cells are usually made with
zinc and carbon elements. The zinc usually forms the
outside of the cell, being made into a cylindrical can;
in the center of this is the carbon, surrounded by its
depolarizing compound. The space between the elements
is filled with some absorbent material, such as mineral
wool, asbestos, sawdust, blotting paper, etc., and the
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whole, including the depolarizer, is then soaked in the
electrolyte; or, the electrolyte is mixed with a hot solu-
tion of some gelatinous body, such as Irish moss, which
mixture is poured into the cell; on cooling, it forms a
soft jelly. The first-mentioned method of preparation
is most used. It is quite necessary for dry cells to have
a depolarizer, as otherwise they would have to be made
open to allow the hydrogen gas to pass off. This would
also allow the small content of water to evaporate. To
prevent this latter action, these cells are sealed with a
resinous compound. To insulate the
cell, the zinc is covered with paste-
board.

Fig. 2 shows the cross-section of a
dry cell such as has just been described.
The zinc container a¢ forms the anode,
or negative terminal, of the cell, with
a connector at f. The cathode, or posi-
tive terminal, is a carbon rod b, placed
in the center of the can with a con-
nector at i. The electrolyte in this
case is a solution of sal ammoniac, part
of which is absorbed by a pulp-board
lining ¢, and the mixture d is of pow-
dered carbon and manganese dioxide.
The latter is the depolarizing agent.
The cell is closed by a water-tight
seal ¢ that is separated from the lin-
ing ¢ by a layer of corrugated paper f,
which is prevented from adhering to Fic. 2
the seal by a layer of fine sand g. A :
layer of sawdust /i separates the corrugated paper from
the lining ¢. The purpose of the corrugated paper is to
serve as a cushion between the seal and the mixture, thus
allowing for any expansion or contraction in the cell.

There are many modifications in the general arrange-
ment and kinds of materials which are used, but the fun-
damental principles remain the same. Dry cells are
manufactured in very compact units for pocket flash-
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lights and for certain wireless applications where a
relatively high voltage is required with only a very
small current output.

GENERAL USES

Some types of wet cells are more economical than dry
cells, and provide a limited amount of electrical energy
at a very reasonable cost. Dry cells are very conve-
nient, readily portable, of small bulk, and relatively
cheap as compared with wet cells. The advantages
mentioned have offset the disadvantage that this type of
cell cannot be economically refilled or recharged. The
result is that dry cells have largely replaced wet cells
in many lines of work. Even the best dry cells will not
usually remain in good condition longer than three
years, while the poorer ones depreciate in much less
time. Dry cells should be kept in a cool dry place when-
ever possible. The internal resistance of fresh dry cells
varies from .1 to .7 ohm and the electromotive force from
1.3 to 1.6 volts. Dry cells of ordinary size should not be
used where a steady current exceeding about .2 ampere is
required or they will have a short useful life. Dry cells
find their greatest usefulness in intermittent service and
in furnishing a fairly high voltage with small current
consumption.

STORAGE CELLS
GENERAL CLASSES

The storage cell, secondary cell, or accumulator, as it is
variously called, is fundamentally the same as a primary
cell, but different in this respect, that when discharged,
either wholly or partly, the storage cell can be restored
or recharged by passing current through it in the reverse
direction for a sufficient length of time. The material
of the electrodes that undergoes chemical changes during
charge and discharge, called the active material, is gener-
ally supported on the surface or in the openings, or
pockets, of a conducting framework, called a grid. The
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grid with its active material is called a plate. Each elec-
trode in a storage cell consists of a plate or of a group
of plates connected in parallel. The plates of the posi-
tive electrode alternate with those of the negative, in
order to provide the shortest path for the current through
the electrolyte. The two outside plates are negative
since there is one more negative plate than positive plate.
Two types of commercial storage cells are in use: the
lead-sulphuric-acid cell, sometimes called simply the lead
cell, and the nickel-iron-alkaline cell, known also as the
nickle<iron, or Edison, cell. The names, with the excep-
tion of Edison, are derived from the chemical natures of
the electrodes and electrolytes.

THE LEAD-SULPHURIC-ACID CELL

Construction.—In the lead-sulphuric-acid cell the grids,
both positive and negative, are of lead or of lead-
antimony alloy. The electrolyte is a solution of
sulphuric acid, formed by mixing 1 part of pure con-
centrated acid with 2.5 parts, by weight (4.5 parts by
volume), of distilled water. The specific gravity of the
electrolyte—that is, the ratio of the weight of a given
volume of electrolyte to that of an equal volume of
water—is about 1.2. Two fundamental, or general, types
of plates have been developed for use in the lead cell:
the Planté, or formed, plate, and the Faure, or pasted,
plate.

The Planté plate, so called after its inventor, Gaston
Planté, consists of a sheet or a grid of pure lead, usually
ribbed or corrugated, in order to increase the superficial
arca. By an electrolytic process, the active material is
formed on the surface of the plate from the metal com-
posing the plate. This type of plate is rather heavy and
costly, but is very durable. The formed-plate cell is
commonly used in stationary batteries for heavy service
and where durability is of primary importance.

The Faure plate, invented at practically the same time
by Faure in France and by Brush in the United States,
consists of a grid provided with ribs, openings, or
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pockets, to which is applied the active material in the

form of a paste consisting of red lead for the positive .
plate and of litharge for the negative. After the paste

has set, the red lead of the positives is changed to lead

peroxide and the litharge of the negatives to pure sponge

lead by passing current through them in the proper

direction in the forming bath of dilute sulphuric acid.

The pasted type of plate is almost exclusively used in

portable cells, where weight and space are of more

importance than durability.

An external view of a portable storage battery, which
is also a good example of the lead-sulphuric-acid cell, is
shown in Fig. 3. The battery consists of three cells
g, b, and ¢, that are contained in a woodcn box. The
cells are electrically connected by two conductors d and e
that connect the positive terminal of each cell with the
negative terminal of the next. The terminals of the bat-
tery are shown at f and g.

The construction of the ordinary type of storage bat-
tery is shown in Fig. 4, which shows one cell of the
battery cut in two crosswise, exposing to view the
various parts. The elements of cach cell are contained
in a semiflexible rubber jar a that carries the plates b and
¢ on supports d and thus provides a space in the bottom
of the jar for any sediment from the plates. Like plates,
that is, either the positive or the negative plates of a cell,
are connected at each end, as shown at e and f, and a
terminal from each set of plates is brought up through
the top of the battery. In the cell shown, one terminal g
is a battery terminal while the other terminal & is con-
nected to the adjoining cell. When the cell is in work-
ing condition, the electrolyte, which consists of sulphuric
acid and water, should fill the jar high enough to cover
the plates, or, when the cell is freshly filled, up to the
first cover i. Provision is made by means of a remov-
able plug 7 for the addition of water at regular intervals
as the water in the electrolyte evaporates. The plug con-
tains a small hole that serves as a vent, through which
liberated gases may escape. An expansion chamber k is
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provided in the upper part of the cell for changes in the
volume of the electrolyte during charging or discharging.
A top cover ! of polished hard rubber is placed over the
expansion chamber and sealed acid-tight. The outer

(]
Fic. §

wooden box m is provided with an expansion joint » to
allow for any changes in its volume. A plastic sealing
compound o surrounds the rubber containing jar between
it and the box, and acts as a cushion. The wooden sepa-
rators, which are placed between the adjacent plates, are
hidden from view by the plates. These prevent the posi-
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tive and negative plates from touching each other and
thus short-circuiting the cell and rendering it inoperative.

A part sectional view of the rubber containing jar used
in a battery of this type is shown in Fig. 5 (a). One side
of the jar is shown partly removed in order to expose
to view the supports on which the elements rest. A de-
tailed view of the plates, arranged as they are in the cell,
is shown in Fig. 5 (b). The like plates of each cell are
connected by means of connecting straps a and b, to
which straps the terminal posts are attached. The out-
line of the framework of the plates in which the lead
paste is pressed can be seen. One of the separators,
which for this particular battery are made of wood, is
shown in view (c). In some makes of latteries porous

rubber separators, or both wooden and rubber separators,
are used. The rubber separators would, in the latter
case, be placed between the wooden separators and the
positive plates, as the rubber separators might embed
themselves into the soft sponge lead if placed adjacent
to the negative plates.

Fig. 6 shows a type of storage battery often used as
the B battery in radio receiving sets. For this purpose
a high voltage is desired with a very small current out-
put. The cells are often assembled in units or racks
with 11 cells connected in series and the voltage of the
battery is 22 volts, approximately.

Normal Voltage.—~The normal discharge voltage of a
storage battery is usually taken as 2 volts per cell, this
being about the average voltage delivered during the
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normal discharge of a cell, as shown by Fig. 7, which
represents typical charge and discharge curves for a
lead-plate cell. For instance, the normal discharge
voltage of a three-cell storage battery is 6 volts, although
the actual value of the voltage of the battery, when
fully charged, is approximately 1 volt higher. Storage
batteries are generally designated by their normal
voltages, as, for instance, a 6-volt battery, a 12-volt
battery, a 16-volt battery, and so on. When the voltage
has dropped to about 1.7 per cell, the battery should be
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recharged, because it retains only a comparatively small
amount of electrical energy at this pressure and the
voltage drops rapidly during discharge after getting
below 1.7. The life of the battery is shortened by dis-
charging below 1.7 volts per cell. The voltage usually
remains fairly constant for a discharge at normal rate,
but drops off rapidly if the battery is discharged at a
more rapid rate. However accurate the voltage readings,
they should not be the only factor on which the state
of charge or discharge of a cell is based.
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The value of the time or voltage may be easily
obtained from Fig. 7, when the value of one of thcse
factors is known. For instance, if the voltage at any
particular time is desired, the proper value in hours is
obtained on the lower horizontal scale. Then by follow-
ing the vertical line above that point until it cuts the
proper curve, and tracing from that point horizontally to
the lcft until the vertical scale is reached, the voltage
value can be read. Suppose it is desircd to know the
voltage after the cell has discharged for 3 hours. Follow
the vertical line above 3 until it cuts the discharge
curve. Then, follow the horizontal line to thc left and
it will show that this line cuts the vertical scale at 2
and the voltage is therefore 2.

If the voltage impressed on the cell after the cell has
been charged for 3 hours is dcsired, it is necessary to
follow the vertical line above 3 until it cuts the charge
curve. Following the lhorizontal line to the left scale
shows that the corresponding charging voltage is 2.2,

Specific Gravity.—The specific gravity of a substance
is the quotient obtained by dividing the weight of a
given volume of the substance by the weight of the
same volume of somc other substance used as a standard.
Pure water is usually taken as the standard for solids
and liquids. It will be noted that the strength, or
specific gravity, of the electrolyte decreases during dis-
charge and increases during charge, and furnishes an
indication of the state of discharge of the cell. A fully-
charged cell should show a spccific gravity of the elcc-
trolyte of from 1.275 to 1.300. The cell is practically
discharged when the specific gravity is as low as 1.150,
and recharge should be started as soon as possible. In
practice the specific gravity is often uscd as a whole
number. For cxample, a specific gravity of 1.275 is often
called simply twelve seventy-five.

The hydrometer is used fur measuring specific gravities
of electrolytes, and may be obtained with numbered scales
ranging from 1.100 to 1.300. The hydrometer sinks into
the liquid, and the reading is taken on the scale at the



ELECTRIC BATTERIES 105

level of the top of the electrolyte. A convenient device
is the hydrometer syringe, Fig. 8, which consists of a
rubber bulb provided with a glass barrel containing the
hydrometer. The electrolyte is drawn up into the barrel
until the hydrometer floats, when the reading may be
taken, and the electrolyte then returned to the cell.
The hydrometer test represents one of the most accurate
methods of determining the condition of a
cell, and is the one used most.

Another type of hydrometer syringe has
three balls, each of different specific grav-
ity. A white ball has the same specific
gravity as does the electrolyte when fully
charged, so just floats when this condition
obtains. If the electrolyte is partly dis-
charged, its specific gravity is less than
the white ball, and the ball sinks. A green
ball has about the same specific gravity as
does the electrolyte of a cell with about
half charge. With charges less than one-
half the green ball sinks. A red ball has
a specific gravity slightly higher than that of
a completely discharged cell. The red ball
will sink, thercfore, when the cell is com-
pletely discharged. This may be sumimed
up by saying that: if only the white ball
sinks the battery is well charged, if the
white and green ones both sink the charge
is low, while if all three sink the battery
is discharged. The colors of the balls serve E
as means of identification. If the balls Fic. 8
were all of one color, but of different
specific gravities, the sinking of one would indicate that
the battery was well charged; the sinking of two, that
the charge was low; and the sinking of all three would
show that the battery was completely discharged. The
indications of such a device are not nearly so accurate
as are those of a graduated hydrometer, but the test is
somewhat simpler to make.
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It is not good practice to test the condition of a
battery by temporarily connecting the terminals by a
short wire and noting the spark produced when the
connection is broken. The wire short-circuits the bat-
tery and the short circuit will probably injure the plates.
The practice is to be strongly condemned.

Assembling.—Special instructions are furnished by the
manufacturers for assembling and connecting up the
cells of a battery. The following are the more impor-
tant precautions to be observed:

The positive and negative groups should first be
assembled in the containers and connected up before the
clectrolyte is put in, the positive terminal of each cell
being connected to the negative terminal of the adjacent
cell. The wooden separators should be kept wet until
they are placed in position in the cells, and the elec-
trolyte should then be added before the separators are
allowed to dry.

Electrolyte of the proper density for immediate use is
usually furnished. If strong acid (oil of witriol, or
1.800 specific-gravity sulphuric acid) is obtained, it must
be diluted with pure water before being poured into the
cells. This diluting, or breaking down, of strong acid
must be done with great care, as a large amount of
heat is developed during the operation. Never add the
water to the acid, as this will produce dangerous sput-
tering. Add the acid to the water very slowly, especially
when a glass vessel is used, in order to avoid cracking
the glass with excessive heat, and stir constantly during
the process. Allow the mixture to cool before putting it
into the cells.

Capacity of Storage Batteries.—The capacity of a stor-
age battery is usually stated in units called ampere-hours.
An ampere-hour is a current of one ampere maintained
for one hour; hence, the capacity of a battery in ampere-
hours is found by multiplying the number of amperes
of current delivered by the number of hours during
which the current passes. For instance, a storage bat-
tery that is capable of discharging 5 amperes of current
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continuously for a period of 8 hours has a capacity of
5X8=40 ampere-hours; in like manner, one.that will
deliver a current of 10 amperes for a period of 12 hours
has a capacity of 120 ampere-hours, etc. The rate of
discharge of a battery is often referred to in terms of
hours. In the examples just given, the batteries are
said to be discharged at the 8 and 12-hour rates, respec-
tively. The ampere-hour capacity varies with the rate
of discharge, being less at high rates than at low rates.
The term efficiency applies to the ratio of energy output
to energy input. Under usual conditions, the efficiency
of a battery that is fully charged and subsequently
completely discharged, varies from 70 to 80 per cent.
The output of a battery depends upon several variable
characteristics of its make-up, each of which may cause
an appreciable variation in its efficiency. Under favor-
able operating conditions, where the battery is only
partly discharged and soon recharged, the efficiency may
be over 90 per cent.

The size of storage battery to use depends largely
upon the rate of current output required, and the fre-
quency between charges. If a relatively large output is
required it is desirable to use a fairly large battery,
while if charging facilities are not convenient, one does
not like to take the battery to be recharged too often.
The 60-ampere-hour battery is one very largely used in
radio work where a current of 1 to 3 amperes is required.
For some radio work a current of less than .1 ampere is
required. Some storage cells of very small capacity
have been designed especially for this class of work.
They possess small elements made up in miniature
sizes, and sell for a much lower price than the large
batteries. They may be recharged in the usual manner,
and are convenient when used in large radio stations
where dry cells would have a short life. They have
found a large field of application in research labora-
tories.

Polarity.—Before connecting a battery to the charging
circuit, the polarity (positive or negative) of each of
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the two conductors of the charging circuit must be deter-
mined. If there is any doubt as to this, a simple test
may be made by connecting two wires, one to each
conductor of the supply circuit, with enough resistance
in series to limit the current to about 1 ampere or less,
and then dipping the two wires in a vessel of acidulated
water or in water in which a small amount of common
salt has been dissolved, the ends of the wires being
kept about an inch apart. The wire from which bubbles
of gas are given off more freely is connected to the
negative side of the circuit. The positive terminal of
the battery must then be connected to the positive con-
ductor of the circuit, and the negative terminal to the
negative conductor. The positive terminal of a stationary
battery may be distinguished by the dark-brown color
of the plates to which it is connected, the negative
terminal being connected to the slatc.gray plates. The
terminals of portable batteries, in which the cells are
sealed, preventing inspection of the plates, are usually
marked for polarity. If thcy are not marked, a volt-
meter may be used or the test just described may be
employed.

Initial Charge.—Immediately after assembling and
as soon as possible after the electrolyte has been put
into the cells, charging should be started and continued
at its normal charging rate with as little interruption
as possible, for a period of from 35 to 60 hours, depend-
ing on the type of plate. Special instructionss are fur-
nished by the manufacturers.

Regular Charge.—A regular charge is given to the bat.
tery as frequently as may be necessary to restore the
energy taken out on discharge. This regular charge can
be given at the normal rate throughout; but if it is
necessary to hasten the charge, a much higher rate can
be used at the beginning, provided the rate is reduced
from time to timc to prevent violent gassing and to keep
the temperature of the cells below 110° F. The regular
charge should be continued until the specific gravity of
the pilot cell is from 3 to 5§ points below the maximum
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reached on the preceding overcharge. All the cells
should then be gassing moderately, but not so freely as
at the end of overcharge.

When a battcry has been completely discharged, the
charge should be started as promptly as possible. Long
standing in a discharged condition tends to produce
a hard and crystalline forn of lead sulphate on the plates
that will reduce their capacity temporarily. This sul-
phate may not cause permanent injury, because it can
be decomposed by a long overcharge at low rate.

The most reliable indication of a complete charge in
a lead cell is the fact that the voltage and specific
gravity have reached a maximum and become stationary
for 15 minutes to 3 hour, the charging current being
kept constant. These final values of voltage and specific
gravity are not always the same, the voltage varying
with the temperature, the rate of charge, the type of
plates, and the age of the battery; and the specific
gravity with the temperature, the height of the electro-
lyte, and the amount of acid lost by spilling, gassing,
or combining with sediment in the bottom of the cell.

Toward the end of the charge the cells will gas very
freely, an indication in a healthy cell that the charge is
nearing completion. While portable cells in sealed rub-
ber jars are being charged, the soft-rubbcr stoppers in
the covers should be rcmoved and the cover of the bat-
tery box or compartment should be left open.

It should always be borne in mind that the gases,
oxygen and hydrogen, given off by a battery toward the
end of charge form an explosive mixture. The battery
room or compartment should therefore be freely venti-
lated at such times, and exposed flame should be abso-
lutely kept away.

The clectrolyte should be kept above the tops of the
plates by filling the cells with chemically pure water
from time to time. The local supply of city water is not
sufficicntly pure, and the use of distilled water is
strongly recommended in all cases. Water for filling
cells should be stored and handled in wooden, earthen-
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ware, or glass vessels; the use of vessels made of iron
or other metals should be avoided. Under normal condi-
tions of temperature and ventilation, filling and inspec-
tion once a week are sufficient. The acid in the electro-
Iyte does not evaporate, and during normal operation
should never be added to the cells except by special
instructions from the manufacturer.

Putting Battery Out of Commission.—If the use of the
battery is to be discontinued entirely for a period not
longer than 9 months and it is not practical to charge
at least once a month, care should be taken that an
overcharge is given just before the idle period. Water
should be added to the cells during the overcharge so
that the gassing will insure thorough mixing. The level
of the electrolyte should be about % inch from the top
of the jars. After the overcharge is completed, the
operator should be sure that all the cell covers are in
place and the battery fuses removed. Though not likely,
the level of the electrolyte may, owing to excessive
evaporation during the idle period, fall below the top of
the plates; if this should occur, water must be added to
keep them covered; if in a place where freezing is apt to
occur, the electrolyte should be stirred after adding the
water to insure thorough mixing.

When a battery is stored, it should be put in a cool
place but not allowed to freeze. A battery that is com-
pletely discharged will freeze at about 20° above zero,
Fahrenheit, while one having a specific gravity of 1.210
will freeze at 20° below zero, Fahrenheit.

Returning Battery to Commission.—If, in taking a
battery out of service, the electrolyte has not been
withdrawn, the battery can be returned to service by
adding water, if needed, to the cells and overcharging
the battery until the specific gravity of the electrolyte
has ceased to rise during a period of 5 hours.

If the battery has been standing without electrolyte,
new wooden separators should be installed and the cells
then filled with electrolyte of 1.210 specific gravity. If
the old electrolyte has been saved, only enough new



ELECTRIC BATTERIES 111

electrolyte is added to replace any loss. The. battery is
then charged for 35 hours at the normal rate, or for a
proportionately longer time at a lower rate. If the
specific gravity of the electrolyte is low after the first
charge, it should be restored to standard by the addition
of acid.
Lead Burning. —In
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lead and lead, repair-
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THE NICKEL-IRON-ALKALINE CELL
Plates.—The positive plate, Fig. 9 (a), of the nickel-
iron cell consists of a number of hollow tubes, or pencils,
of perforated steel, nickel-plated, supported vertically
in a nickel-plated steel grid. The pencils, Fig. 9 (b), are
made of steel ribbon wound spirally with overlapping
riveted seams, and aie reinforced at intervals by steel
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bands. The active material consists of nickel peroxide
and flake nickel tamped into the tube in alternate layers,
the flake nickel being added to decrease the internal
resistance.

The negative plate, Fig. 10, consists of rectangular
pockets of perforated nickel-plated steel supported in a

Fic. 10 Fic. 11

nickel-plated steel grid, the pockets being filled with
finely divided iron oxide, which is reduced to metallic
iron by the initial charge.

Assembly.—As in the lead cell, the positive and nega-
tive plates of the nickel-iron cell alternate, with nega-
tive plates outside, there being one more negative than
positive plate. The plates of each cell are assembled
into positive and negative groups by bolting the corre-
sponding lugs together and to the terminal posts by
means of steel connector rods with clamping nuts at
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each end, the plate lugs being spaced apart by steel
washers. All steel parts are nickel-plated. Fig. 11
shows the plates of one cell when assembled.

Separators and Electrolyte.—The plates are separated
from each other by vertical strips of hard rubber, square
in section, inserted with their vertical edges against
the plates, as shown
in Fig. 12, which is a
view of a cell from
ahove. Sheets of hard
rubber are inserted be-
tween the outside nega-
tive plates and the jar,
and hard-rubber bridges
a, Fig. 11, notched to
receive  the  vertical
edges of the plates,
serve to separate these
edges from the sides
of the jar. The plates
rest on hard-rubber
bridges on the bottom
of the jar, as shown in
the same figure.

The electrolyte is a Fre. 12
dilute (21 per cent.) solution of potassinm hydrate
(caustic potash), the specific gravity of which is approxi-
mately 1.200. A small amount of lithia (lithium hydrox-
ide) is added.

Container.—The container of the nickel-iron cell is
a box made of nickel-plated sheet steel, corrugated to give
added stiffness, the cover being welded on after the ele-
ment is in place. The two terminal posts @ and b, Fig. 13,
pass through circular openings provided with rubber
bushings. Another opening in the cover, used for filling
the cell, is closed by a spring cap containing a valve ¢
that allows the gases to escape during charge, but excludes
the external air.

Capacity.—The rated capacity of the nickel-iron
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cell is based on a 5-hour discharge rate. The actual
capacity in ampere-hours, however, is but little affected
by variation of discharge rate, provided no limit is set
to the final voltage. In order to obtain maximum
ampere-hour capacity
from a battery when it
is discharged at one of
the higher rates, the
final voltage must drop
to a point too low for
many classes of service.

Though the rated
capacity is obtained by
charging at the normal
5-hour rate for about
7 hours, it is possible,
by giving the cells an
excessive overcharge (16
hours at nermal rate),
to obtain on the subsequent discharge an increase in
capacity of about 25 per cent. The excess is therefore
obtained at a sacrifice in efficiency.

Voltage.—The open-circuit voltage of the nickel-iron
cell is 1.5 approximately when fully charged, and the
average discharge voltage 1.2, After a substantial dis-
charge, the open-circuit voltage is restored only very
slowly, and never completely vntil a freshening charge
has been given, .

In Fig. 14 are curves that show charge and discharge
voltages of the nickel-iron cell at normal rate. The
discharge curve, as shown, is carried to .9 volt, though
the normal-rate discharge is seldom carried below 1 volt
in practice. The manufacturers recommend providing a
charging voltage of 1.85 per cell.

Efficiency.—The efficiency of the nickel-iron cell is
lower than that of the lead cell under similar con-
ditions. Not only is the difference in voltage between
charge and discharge proportionately greater in the
nickel-iron cell, but the efficiency is low on account of
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the gassing that occurs during the entire charging period.
An efficiency of 50 to 60 per cent. in commercial operation
is about as high as can be expected, and this figure may
be reduced if an attempt is made to utilize the maximum
capacity of the battery.

Advantages and Applications.—The principal advan-
tages of the nickel-iron cell are durability, mechanical
ruggedness, and ability to withstand neglect and abuse
without injury. Life curves published by the manu-
facturers as a result of laboratory tests show a maximum
of 1,100 complete cycles of charge and discharge. The
cell is not injured by standing in a discharged condition,
nor by excessive overcharge, provided excessive tem-
perature is avoided. At low rates of discharge, the
nickel-iron cell is much lighter than the lead cell for
the same watt-hour output; but this difference in weight
disappears as the rate of discharge increases, on account
of the proportionately lower voltage of the nickel-iron

]
}
180 )

1 ]

T Dactac T
! + 1 |
11
| |
I

L |

4
un
II]

Volts per Cell
Iy
o
yis

11

4 5
Hours of Charge and Discharge

Fic. 14

cell. The Edison cell is, therefore, best adapted for ser-
vice at low discharge rates where the cost of charging
current is low, where light weight is important, and where
indifferent care and attention are given. On the other
hand, the nickel-iron cell is not well adapted for high
rates of discharge, nor for service in which the cost of
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charging current is high, nor where a battery must retain
its charge for a long period of time without recharging.

Charging.—The state of charge of the nickel-iron cell
cannot be determined Dy the density of the electrolyte,
which does not change. Neither is the cell voltage or the
amount of gassing a reliable guide., The only practicable
method is to measure the output and input in ampere-
hours, either by noting the rate in amperes and the time
or by means of an ampere-hour meter. The manufac-
turers recommend a charge of 7 hours at normal rate
after a discharge of 5 hours at the same rate, which is
equivalent to 40 per cent. overcharge, in ampere-hours.
The cell temperature should not be allowed to exceed
120° F.

The method of operation best adapted to the nickel-iron
cell is that in which partial, or boosting, charges are given
in the intervals between partial discharges. Boosting
charges are particularly advantageous where the rate of
discharge is sufficiently high to produce excessive
polarization drop. The boosting charge quickly restores
the cell voltage to normal, where otherwise it would
remain abnormally low.

Changing Electrolyte.—The electrolyte in nickel-iron
cells gradually deteriorates, owing to the absorption of
carbonic-acid gas from the air. Deterioration, however,
cannot be absolutely prevented, and although this gas does
not permanently injure the plates, it reduces the capacity
of the cells temporarily. About once in 6 months the
electrolyte should be completely renewed.

Water that is to be used for filling the cells must be
protected from exposure to the air for any considerable
length of time, because water absorbs carbon dioxide
(carbonic-acid gas) from the air. The local water supply,
or even rainwater, which is very nearly pure, cannot
safely be used for filling; distilled water protected from
exposure to the air is generally necessary.

Special Precautions.—The containers of nickel-iron
cells, being of metal, must be carefully insulated from
each other and must be kept clean. The wooden crates
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in which the cells are supported, as well as the sides and
floor of the battery compartment, must be kept clean
and dry for the same reason. If the insulation between
cells becomes defective from any cause, a small leakage
of current will, by electrolytic action, puncture the steel
containers.

The nickel-iron cell is gassing more or less at all
times, whether charging, discharging, or standing on
open circuit. These gases (oxygen and hydrogen) produce
an explosive mixture, Care must therefore be taken to
guard against bringing an exposed flame or producing an
electric spark in the vicinity of the cells, unless the
ventilation is very thorough.

Repairs.—The covers of nickel-iron cells are welded
in place after the cells are assembled. The plates cannot
readily be removed from the containers, and whenever
repairs are required it is necessary to return the cells to
the factory for this purpose.

GENERAL OPERATING INSTRUCTIONS

Charging Storage Batteries.—Before a storage battery
will deliver a current, it is necessary to bring its active
materials to the proper condition for generating electricity
by charging it, that is, by passing through it an electric
current obtained from some outside source. The current
used in charging a battery must be a dircct current,
as an alternating current would merely charge and dis-
charge the battery because of the rapid reversals of cur-
rent. After a battery is properly charged, it will deliver
a direct current when connected in a closed circuit; the
length of time that the current will pass depends on the
ampere-hour capacity of the battery and the amperage of
the current. The rate at which a storage battery will
discharge depends on the resistance of the external cir-
cuit, and can be changed by varying the resistance.

Charging Through Resistors.—A charging resistor is
connected as at r, Fig. 15, where the voltage of the
charging source is greater than that required for the
number of cells in series. The resistor in this case may
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be adjusted to give any desired resistance within its
range when connected in a circuit. In such cases, the
voltage of the charging source should be slightly in excess
of the voltage of the battery at the end of the charge;
the resistor serves to reduce this voltage to that required
at the beginning of the charge, and the resistance is
gradually cut out as the charge proceeds, thus compensat-
ing for the increase of battery voltage.

Charging Through Lamps.—Fig. 16 shows a method
of connecting a battery to charge from a 110-volt cir-
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cuit through five 110-volt incandescent lamps connected
in parallel. The groups of lamps and the group of cells
are connected in series across the line wire of the charg-
ing circuit. The voltage across the group of cells will
be less than the line voltage because of the voltage
expended in forcing current through the lamp bank. The
current consumption of the lamps will then determine
the charging current. The charging current passes
through the switch, the right fuse, the lamp, the battery,
the ammeter, the left fuse, and the switch. The lamps may
be connected in either lead to the battery. If, in the
arrangement shown in the figure, there are 25 cells in
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series, having a voltage between S5 and 65 while charging,
the voltage across the lamps will be between 55 and 45,
or about half the normal lamp voltage. Only half the
normal amount of current will then be transmitted through
the lamps, provided their resistance remains constant.
But the resistance of a carbon-filament lamp increases as
the amount of current through it decreases while the
resistance of a tungsten filament decreases as the current
is reduced, and allowance must be made for this. The
charging current is best determined by connecting an
ammeter in series in the circuit.

The approximate number of either tungsten-filament or
carbon-filament lamps required for the charging lamp
bank may be found by multiplying the charging rate in
amperes by the line voltage and dividing the product by
the watt consumption per lamp. For example, if
40-watt lamps are to be used, with a voltage of 110
and a charging current of 8 amperes, the results would be
Qf‘—é—l—9=§4800= 22 lamps. If the battery has a con-
siderable number of cells in series, a few more lamps
should be used, as the voltage across the lamp bank will
be considerably less than 110 because of the opposing
voltage of the battery.

Charging Panel.—A very well designed panel outfit,
with switching and testing apparatus included, is shown
in Fig. 17. This small switchboard is particularly designed
as one to be installed on ships, provision being made for
charging a set of storage batteries from the direct-current
supply, usually available on board steamships. Should
the ship’s power fail from any cause, the battery may
be used to furnish power to operate the radio equipment,
so that communication and the sending of distress signals
may not be interrupted or prevented. The necessary
apparatus and devices for performing the various switch-
ing operations and for protection to the several circuits
are conveniently mounted on the panel. The panel is
often made of marble or slate, as these materials are good
insulators and present a good appearance.
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Chemical Rectifiers.—
The chemical type of
rectifier is suitable for
charging  rather  high-
voltage storage batteries
that do not have a very
large ampere-hour capac-
ity. The current from
this type of rcctifier
used commercially is
much less than one
ampcre, but is very sat-
isfactory for charging
20- or 22.5-volt storage
battcries used in some
branches of radio work.
One type of chcmical
rectifier depends for its
action on the fact that
electricity will flow in
only one direction be-
tween aluminum and cer-
tain other metals through
the electrolyte in which
the electrodes are ime
mersed.

If an aluminum rod or
post is partly immersed in
a solution of ammonium
phosphate or of common
borax, and if another
metal such as lead is
used for the containing
vessel for the solution,
electricity may flow from
the lead to the aluminum,
but cannot flow in the
opposite direction. While
the aluminum is positive,
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a large number of small bubbles of gas are formed
around the rod and act as an insulator prcventing the
flow of electricity. When the lead is positive these
bubbles are not formed betwcen the electrolyte and either
metal so elcctricity can flow through the device.

A mecthod of connecting a chemical rectifier for charg-
ing a storage batiery a of 20 to 60 volts, is indicated in
Fig. 18. The aluminum rod b of the rectifier is mounted
so as to projcct a short distance into the clectrolyte con-
tained in the lead jar or cup ¢. An ordinary 40-watt
electric lamp d is connected in serics in the line to
reduce the voltage and also limit the current. This
arrangement is suitable for connecting across a 110-volt
alternating-current supply line, although it may be used
on lines whose volt-
age is 10 or 15 volts
from this value. Itis

desirable to install a ar =
fuse and a double- .,r""-’l‘.l.i‘
pole, single-throw iy .
knife switch in the " a

supply line for ad-
ditional protection and
convenience. It should be noted that the + ter-
minal of the Dbattery is connected to the aluminum
rod so that the battery may receive a charging current.
The current supplied to the battery when only one rectifier
is used is a pulsating direct current coming in at every
other half-cycle.

Mechanical Rectifier.—A mcchanical, or magnctic, recti-
fier may be used for charging storage battcries from an
alternating-current supply line. One type of such device
is shown in Fig. 19. The plug a is connected to the two
ends of the primary coil of a transformer b. The plug
may be scrcwed into a socket of an alternating-current
lighting circuit. Two battery terminals are shown at ¢
One, usually colored red, lcads from the center point of
the secondary coil of the transformer to the positive
terminal of the battery to be charged. The two ends of

F1G. 18
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the secondary coil are connected to the contacts d and e.
The negative terminal of the storage battcry is connected
through an ammeter f to an armature spring g. The
ammeter f indicates the rate at which the battery is being
charged. A pilot lamp may be inserted in the socket &
to indicate when the charging set is in use.

Fic. 19

A permanent magnet is shown at i; the poles of this
magnet are placed on either side of the armature spring g.
The armature spring is magnetized from the core of the
transformer b; therefore, the left end of the spring is
alternately north and south. The spring will be attracted
toward the pole of the permanent magnet which is of
opposite polarity to that of the spring at any given
instant. The armature spring carries two copper con-
tacts which alternately press against the station-
ary carbon contacts d and e. Contact is made
to the carbon contact that is connected to what
is at that instant the negative side of the secondary
coil. Current thus passes from the middle point of the
secondary coil through the battery, the ammeter, the arma-
ture spring, the negative stationary contact to the nega-
tive end of the secondary coil. First one half and then
the other half of the secondary coil furnishes current to
the battery. If the positions of the contacts are properly
adjusted by the adjusting screws at their ends, the
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armature spring will keep in step with the alternations of
the alternating current and the battery will receive a
pulsating direct current. If a low-voltage battery is to be
charged, switch j is thrown to the right, if a high-voltage
battery, the switch j is thrown to the left.

The closing of these contacts is so timed as to rectify
each negative half-wave, thus producing a pulsating direct
voltage and current, as represented in Fig. 20. Here,
line a b represents zero voltage and line ¢ d the battery
voltage. Only the rectified voltage above the battery
voltage is effective in charging the storage battery; that
is, only the portion represented by the curves above line
¢ d is useful in charging the storage battery. The con-
tacts are, therefore, timed to be closed at instants cor-
responding to points ¢ and f, and to break at instants
corresponding to points ¢ and d. If either pair of con-
tacts were closed at points below the battery voltage, the
battery would tend to discharge through the rectifier.
The period of time represented by the space e f elapses
between the instant that contact is broken on one side of
the line and made on the other by the vibrating armature.
The humps or pulsations prevent the use of the rectifier
to furnish direct current for a radio set where the cur-
rent must be continuous or unvarying. The pulsations
do not affect the battery, as it can charge from the pulsat-
ing current practically as well as from an unvarying
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current. It is not possible to use a battery in a radio
set while on charge, as the pulsations produce objec-
tionable noises in the set.

Tube Rectifiers.—A bulb, or tube, filled with an inert
gas, such as argon, and containing a hot and a cold electrode,
may be used as a rectifier for changing alternating
current to direct current. Fig. 21 shows one type, known
as the tungar rectifier, with the upper protective cover
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removed. This device consists ecssentially of a rectifier
bulb a; a compensator b; a fuse and receptacle c; alternat-
ing-current leads d; and direct-current leads ¢. The bulb
is shown separately in Fig. 22. The cathode ¢ is a
tungsten filament which is heated by alternating current

taken from the compensator. The anode b consists of a
piece of graphite.

The connections of the rectifier are indicated in Fig. 23.
When the plug is connected to an alternating-current cir-
cuit, usually of 110 volts, the compensator winding is
excited and a low electromotive force is applied to the
filament. The effect of the heated filament on the gas
is to make the gas conductive for a flow of electricity
from the anode to the cathode when the filament
is negative as compared to the graphite electrode.
On the other half-wave of the cycle when the filament
is positive as compared with the graphite electrode, the
gas is non-conductive and current cannot pass between
the two electrodes, therefore electricity can flow in only
one direction through the bulb, from the anode to the
cathode.

When a storage battery is connected to the direct-
current leads, current can pass from what is at a given
instant the positive lead of the alternating-current circuit,
through the storage battery, the anode, the conducting
gas in the bulb, the cathode and to some point on the
compensator winding which at that instant is negative as
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compared to the positive lead that is directly connected
to the battery.

At the instant when the red lead, Fig. 23, is connected
to the negative side of the alternating-current circuit,
current cannot pass through the bulb. In the particular
device shown only alternate half-waves of the alternating-
current cycle are utilized. The battery cannot discharge
through the rectifier bulb when the alternating-current
circuit is open, because the gas is not conductive when
the filament is cold,

To use the rectifier, the alternating-current leads are con-
nected to an alternating-current circuit of suitable voltage
and the other leads to the storage battery. This type of
rectifier is made in several sizes to charge storage® batteries
of different current capacities and voltages. In some

FiG. 22 Fi16. 23

types, voltage adjustments covering a considerable range
can be made through taps to the compensator. Care
" should be taken that the voltage of the battery to be
charged is less than the voltage that can be delivered
to the direct-current leads by the action of the rectifier.
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GENERATORS AND MOTORS

ALTERNATORS
GENERAL THEORY

The alternator is one of the simplest machines for the
transfer of mechanical energy into electrical energy. The
alternator generates an alternating electromotive force by
what is commonly called electromagnetic induction. When
an electric conductor is moved across a magnetic flux,
or a magnetic flux euts across a conductor, an electro-
motive force is induced, or generated, in the conductor.
Most of the modern alternators have revolving magnets
which produce a revolving flux, and an electromotive
force is generated by the action of the flux cutting across
conductors mounted on a stationary frame. In some
cases the active conductors are rotated past stationary
magnets, thereby cutting magnetic flux. In either case,
the stationary frame is called the stator, and the rotating
element is called the rotor.

No electromotive force will be gencrated if both the
flux and the conductor are stationary or if the motion
of the conductor or the flux is such that the conduetor
does not cut across the flux or the flux cut across the
conductor.

The eonductor ¢ b, Fig. 1 (a), is moved toward the
right across the magnetic flux of the permanent magnet,
as indicated by the full-line horizontal arrow. The diree-
tion of the inducing flux is downwards, as shown by the
arrowheads on the dotted vertical lines. An electromotive
force is set up in the conductor in such a direction that
the current established will always produce a conductor
flux that agrees in direction with the inducing flux on
the side of the conductor that first comes in contact with
the inducing flux and is opposite in direction on the other
side of the conductor. This fact holds true whether the
conductor or the flux is the moving element. The direc-
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tion of the conductor flux is indicated by the arrowheads
on the curved lines surrounding @ b. The direction of the
electromotive force, as well as that of the current in this
case, is from @ to b in the conductor, as indicated by the
arrowheads on the circuit wires. The flux is more dense
ahead of the conductor than behind it because of the
relation between the direction of the inducing flux and
that of the conductor flux.

TF16. 1

The direction of the induced electromotive force in any
case where the relative direction of the movement of the
flux and of the conductor is known may be determined
by considering which side of the conductors has the
denser flux. The direction of the circular conductor flux
on that side agrees with the direction of the inducing
flux, and the direction of the induced electromotive force
is determined from the relation of the conductor current
and its flux,
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The conductor a b, Fig. 1 (b), is moved toward the
left and the induced electromotive force is from & to a.
In (¢) a conductor is represented as moving to the right
in a field in which the direction of the flux is vertically
upwards. The direction of the induced electromotive
force is from b to a. In (d) the conductor is moved
toward the left in the same field, and the direction of
the induced electromotive force is from a to b.

It should be noted that when either the direction of the
motion of the conductor or the direction of the flux is
reversed, the direction of the electromotive force is
reversed, as in views (a) and (b) or in (a) and (¢); but,
when both the direction of the flux and the direction of
the motion of the conductor are reversed, the direction
of the induced electromotive force remains unchanged, as
in views (a) and (d) or in (b) and (c). The straight
dotted arrows relate to the direction of the movement of
the conductor when considered as a motor conductor.

REVOLVING-FIELD ALTERNATOR

Fig. 2 (a) shows an elementary alternator having a
two-pole, revolving-field rotor @ mounted within a stator b.
The rotor is assumed to revolve in a clockwise direction
as indicated by the long curved arrows. The active
windings, in which alternating electromotive forces are
generated, are distributed in slots in the inner cylindrical
surface of the stator, the stator and its windings being
known as the armature. For simplicity only one coil of
a single turn is shown, consisting of active conductors
¢ and d and connecting wires on the front and back of
the stator. Connections on the rear of the machine are
indicated by dotted lines.

The exciter e is a small direct-current generator, such
as is described later, often mounted on the end of the
rotor shaft and turning with it. In other cases the
exciter is separately mounted and driven by a belt from
the alternator shaft, or an independent direct-current
supply system may be used for exciting several alter-
nators in a large station.
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Direct current for exciting the field-magnet winding,
which with the core forms an electromagnet with poles of
special shape, is transmitted to the rotor from the exciter
through two stationary brushes f/ and two slip rings g,
the latter mounted on and revolving with the rotor. The
polarity of the field magnets and the general distribution
of the fluxes in the magnetic circuits of the machine are
indicated in view (@), which represents the magnetic field
flux as uniformly distributed in the air gap. In actual
electrical machines th flux distribution is usually not so
uniform. In order to aveid confusion, only two lines
of force and their dircctions are shown in the stator by
the short-curved arrows, although there are many lines
of force in all parts of the stator.

As the rotor turns, the flux cuts across the stationary
active conductors on the stator and an electromotive force
is generated in them except when the rotor is in the
position shown in views (a) and (c). At these positions
the fluxes are parallel to horizontal planes through con-
ductors ¢ and d, and no electromotive force is established,
as the fluxes do not cut across either ¢ or d.

With the rotor in the positions indicated in views (&)
and (d), the fluxes froin the poles are cutting across the
conductors at maximumn rate, therefore the maximum
values of electromotive forces are generated; but it should
be noted that in (b) the flux from the north pole cuts
across conductor ¢ and in (d) the flux entering the south
pole cuts across this same conductor. The electromotive
forces induced in these two positions are in opposite
directions, as the electromotive force must always agree
with the principles concerning the relative motion of the
conductor and flux given previously.

The conductors ¢ and d are so placed and connected
that the electromotive forces generated in them act in
unison, or series, to send current through the coil and
the external circuit when a load is connected to the
terminals of the generator. In actual alternators many
conductors are coiled together and connected in series
to give a higher voltage than would be generated by a
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coil of one single turn. Other coils are ordinarily dis-
tributed around the stator, thus considerably increasing
the output of the machine.

Fig. 2 (e¢) indicates very closely the rise and fall of
an alternating electromotive force or current established
by an alternator of the type shown. The vertical dis-
tances between the base line 1-5 and points 1, 2, 3, 4,
and 5 on the curve correspond to the values of the electro-
motive forces generated at positions of the rotor shown
in (a), (b), (c), and (d), point 5 referring also to the posi-
tion shown in (a). The direction of the current in the
coil and the external circuit at position (b) is assumed,
simply for the purposes of comparison, to be positive, repre-
sented by the curve at point 2 above the base line in
view (e). A negative value could have been assigned to
this electromotive force if desired.

Starting with point I of view (e) and with the position
of the rotor as shown in (a), the field flux begins to cut
the armature conductors ¢ and d at an angle as the rotor
is turned. Due to the relative direction of the flux and
the position of the conductor, the rate of cutting the lines
of force of the flux is low, as indicated by the portion
of the curve in (e) just to the right of point 1. As
rotation of the rotor continues, the lines of force of the
flux cut across the conductors at a higher rate and the
generated electromotive force increases at a correspond-
ing rate. This increase will continue until the rotor has
reached the position shown in (b), when the electro-
motive force will have attained its maximum value as
shown by point 2 in (e).

As rotation continues from position (b), the rate at
which the lines of force of the flux cut across the con-
ductors gradually decreases until position (¢) is reached,
and the electromotive force generated during this move-
ment will be as shown by the curve in (e) from point
2 to 3. This portion of the wave from 1 to 3 represents
an alternation.

Continued motion of the rotor will produce an alter-
nation similar to the one just generated, but of opposite
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polarity. In the preceding case the flux from a north
pole cuts conductor ¢, while now flux that euters a south
pole cuts that condunctor. According to the principles
shown in Fig. 1, the generated electromotive force is in the
opposite direction to that just produced. This will give
the wave shown in Fig. 2 (e) from point 3 through
negative maximum at point 4, and back to zero at point 5.
It should be noted that at both points I and 5 the electri-
cal conditions are the same, and the position of the rotor
is shown in view (a). Another complete revolution of
the rotor would produce ancther curve exactly similar
to (e).

A complete set of positive and negative values of elec-
tromotive force or current in any conductor is, as has
been mentioned previously, called a cycle. The curve
shown in (e) represents a cycle, which is made up of
two alternations. The frequency, as has been defined, is
the number of cycles through which the electromotive force
or current passes in one second. The shape of the curve
generated under the above conditions is a sine curve, and is
so represented in view (¢). The current being directly
dependent upon the voltage, varies according to the same
laws, and would also be represented by a sine wave.

The machine shown in Fig. 2 is known as a single-
phase alternator, as it generates a single wave of current.
The current generated by such a machine and represented
as a single curve such as shown in (e), is called a
single-phase current. In other electrical work machines
are used which generate two-, or three-, or occasionally
six-phase current. The principle of their operation is
quite similar to that already described.

The value of the electromotive force generated by an
alternator depends upon the speed of the rotor, the num-
ber of conductors in series and their distribution between
any two terminals, and the total flux from all poles. In
practice it is usually undesirable to increase the voltage
of the alternator by increasing the speed of the rotor.
Increasing the strength of the current in the coils of an
clectromagnet increases the amount of flux set up by the
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magnet. The rheostat h in Fig. 2 (a), which contains
an adjustable resistance, controls the current through the
field windings of the rotor. The current furnished by the
exciter ¢ may be increased by decreasing the resistance
of h, or decreased by increasing the resistance that is
active in the rheostat. With an increase of field current,
the field flux is increased, and as a result the generated
elcctromotive force is also greater on account of the larger
number of lines of force which cut the armature con-
ductors.

ELEMENTARY REVOLVING-ARMATURE ALTER-
NATOR

An elementary type of revolving-armature alternator
is shown in Fig. 3. A soft-iron armature core a on a
shaft b carries on its convex surface conductors at ¢
and d and revolves between magnetic poles N and S so
that the conductors cut the flux of the magnetic poles.
Electromotive forces are gecnerated in these active con-
ductors, which are connected by other conductors to the
slip rings ¢ and f. Stationary brushes g and h, which

F1c. 3

bear on the rings, serve to connect the armature con-
ductors with an external circuit.

With a counter-clockwise direction of armature rotation
and the flux in the direction indicated, the electromotive
force in ¢ is toward the front, and in d toward the rear
of the armature. The principles of electromagnetic induc-
tion, as explained in connection with Fig. 1, should be
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applied to the conditions of Fig. 3. The two conductors
are so connected across the back of the armature that the
two electromotive forces act in series to force current
through the circuit. The shape of the current wave will
be a sine curve similar to that shown in Fig. 2 (e).

THE 500-CYCLE REVOLVING-ARMATURE ALTER-
NATOR

A section through the revolving armature and station-
ary ficld frame of an alternator used in the generation of
500-cycle alternating voltage is shown in Fig. 4 (a). The
armature of the same machine is shown separately in
view (b.) It will be seen that there are many coils @ on
the armature b of this machine. The slip rings at ¢
serve to make electrical connection to the external cir-
cuit by means of brushes, which in the asscmbled machine
bear on, and make contact with, the slip rings. View (c¢)
shows the iron field frame d with the pole projections
carrying the field coils e. The field coils are separately
excited by direct current. The large number of poles
combined with the high rotative speed of the armature
serves to produce a voltage of rather high frequency.

The magnetic circuit of the alternator shown in Fig. 4
is of rather unusual construction, in that there are twice
as many field poles as there are field coils. For explana-
tion, a simple electromagnet in the shape of a horseshoe
may be considered. If equal windings are placed on both
legs and energized by a current, poles will be formed
near the ends of the core when the coils are energized.
If only one coil is energized by the same current, poles
will be established as before, but as there are now only
one-half as many active turns of wire, the strength of the
poles will be approximately one-half their former value.
If all the winding were placed on one leg of the core,
the magnetic flux produced when the coil is energized
would be only slightly less than that originally established
by the two separate windings.

In the case of the alternator shown in Fig. 4 this prin-
ciple is applied, as every alternate pole is energized though
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the magnetizing action of the windings on adjacent poles, a
feature which seemed desirable in the design of this
machine. A consequent pole is formed when the flux
through the pole is due to the combined magnetizing effects
of the two field windings of two adjacent magnetic

circuits.
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In actual machines the magnetic field is usually pro-
duced by electromagnets excited by windings on the pole
projections. The windings are usually equally divided
among all the poles, but practically the same results are
obtained by placing larger windings on one-half of the
poles as mentioned above. In the alternator shown in
Fig. 4, the arrangement of placing the field windings on
alternate poles saves space and reduces manufacturing
expenses.

PRINCIPLE OF THE INDUCTOR ALTERNATOR

Magnetism may be established through iron much more
readily than through air. Consequently when iron is
placed in the air gap of a magnetic circuit, the number
of lines of force will be greatly increased. Withdrawing
the iron will cause the flux to decrease to its former
value. As changes of flux take place through the whole
of the magnetic circuit, an electromotive force will be
induced in a coil surrounding the magnetic circuit by
what is known as induction. If the iron is periodically
inserted into and withdrawn from the magnetic field, an
alternating current will be established in the coil sur-
rounding the magnetic circuit.

Such, briefly, is the principle of the inductor alter-
nator, in which both the field frame and armature are
stationary. Changes in the number of lines of force
cutting the armature coils are produced by rapidly passing
sections of iron through portions of the magnetic circuit.
The lengths of the iron sections are such as to close the
magnetic circuit, except for small mechanical clearances,
between moving parts. Large variations in the number
of lines of force, evident as pulsations in the flux, gener-
ate alternating voltages at rather high frequency.

THE 500-CYCLE INDUCTOR ALTERNATOR
Fig. 5 shows a type of 500-cycle alternator made by
the Crocker-Wheeler Company. The field winding a,
view (a), consists of a large stationary coil and is in a
plane at right angles, or perpendicular, to the shaft. The
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flux produced when the coil is energized passcs from one
cnd of the rotor b, view (b), to the other end, and

F16. 5

returns through the outer shell of the stator, thus form-
ing a closed magnetic loop. The armature windings are
in two groups of twelve coils each, one group being
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shown at ¢ and the other at d, view (a). The coils are
mounted on inwardly projecting sections of iron and are
all connected in series, thus giving a high generated
electromotive force. The magnetic flux follows the iron
of the twelve teeth to their ends in preference to passing
through the air spaces between the teeth. When the pro-
jections on the rotor are directly opposite the armature
projections, maximum flux will be established, as the
magnetic circuit is nearly all iron. When rotation brings
the long air space, or gap, opposite an armature projection,
the flux is considerably decreased because of the increased
length of the air path in the magnetic circuit. The con-
stantly varying field flux induces an alternating voltage
of high frequency in the armature coils.

The projections on both the rotor and armature are
made up of thin sheets of iron insulated from each other
by shellac, forming what are known as laminations. This
tends to prevent excessive heating which would be caused
by local currents established in the iron if the projec-
tions were of solid iron.

The disks e, view (b), with the radial blades act as fans
and help keep a current of air circulating over the
armature and field windings. All current-carrying con-
ductors heat to some extent due to energy losses, and if
not properly cooled, their insulation may be injured by
overheating. This is especially true of windings which
are partly enclosed, in which case some means of insur.
ing a circulation of cooling air must be provided.

This alternator does not require slip rings, as external
connections may be made directly to the stationary wind-
ings, leads being brought out at f. Two plates support
bearings for the shaft g, and are shown and described
more completely under the discussion of motor-generator
sets.

THE 100,000-CYCLE INDUCTOR ALTERNATOR

Alternators have been constructed which furnish
100,000- or, in some cases, 200,000-cycle alternating volt-
ages. For the generation of voltages at these excessively
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high frequencies, special construction and design features
must be followed. As the inductor alternator may be
made without rotating windings, which is a distinct advan-
tage in securing mechanical strength and ruggedness, that
type is commonly used. Several machines of the inductor
type designed for very high frequencies have been
developed.

The Alexanderson alternator, so named from its de-
signer, has been successfully operated for the generation
of voltages at 100,000 and 200,000 cycles. The field and
armature windings are stationary and properly mounted
with respect to the magnetic circuit. A rotor of magnetic
material with numerous radial slots cut near its outer
edge, produces many changes in the flux of the magnetic
circuit per revolution, thereby generating in the station-
ary armature coils a voltage of very high frequency.

The general arrangement of the elementary parts of an
Alexanderson alternator is shown in Fig. 6 (a), which
represents a radial section from the center of the shaft
to the outside of the machine. The magnetic circuit is
energized by the current in two coils a,’ each extending
completely around the inside circumference of the outer
frame of the machine. In some machines when the stator
frame is in two parts a slightly different arrangement
of ficld coils has been developed. The field coils receive
exciting current from an external direct-current source.
The armature windings located as shown at b are wound,
as represented in view (b), in zigzag formation in open
slots around the whole circumfercnce of the machine.
This type of construction is necessary in view of the
large number of active conductors (in some cases 600)
which must be placed in a rather limited space. The
rotor ¢, view (a), a portion of which is shown in view (c),
is mnade of very high grade steel, carefully machined and
halanced. Radial slots are cut near the outer edge of the
rotor, and filled with some non-magnetic material. This
makes the face of the rotor smooth, which, at the high
rotative speed, is very essential iu preventing excessive
windage losses.
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The magnetic flux, tending, as always, to follow the
path of least opposition, will be tufted or bunched through
the spokes of the rotor. The non-magnetic filling of
the rotor slots between the spokes will act practically the
samne as air so far as its influence on the field flux is
concerned. As changes in the number of lines of force
occur with the passing of the rotor teeth or spokes, the
recurring increase and decrease of field flux must neces-
sarily cut the armature conductors and generate voltages
in them. The conductors are so spaced that as the flux
is increasing necar one conductor, it is decreasing near
the one next to it, and so on around the armature. Thus
the electromotive forces generated by the different con-
ductors can he combined to give the desired value of
voltage. As the changes in the values of the magnetic
fluxes affecting the armature conductors are made very
rapidly, a high-frequency voltage is generated. In some
installations the alfernator armature windings are connected
to a transformer and the voltage for the wireless system
taken from the high-voltage coils of this device.

The rotor bearings at d, Fig. 6 (a), are lubricated by
oil, supplied by a positive-feed oiling system. It is
imperative that oil be kept supplied to the bearings,
otherwise they would soon burn out.

The portion of the magnetic circuit near the armature
conductors is made up of laminated iron to prevent local
currents being set up by the rapid changes of flux. In
larger capacity machines these local currents may cause
considerable heating. In some machines of this type,
cooling is effected by water circulating through pipes
placed near the armature conductors.

These machines are usually driven by high-speed alter-
nating-current or direct-current motors equipped with
special apparatus to give them constant speed with
fluctuating load. An enclosed gearing is usually employed
between the motor and alternator to give a high rotative
speed to the alternator rotor. The speed of the rotor is
usually at least 2,000 revolutions per minute, and in some
cases is as high as 20,000 revolutions per minute. Whe-
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a rotor with several hundred spokes is used, it is quite
possible to generate an alternating voltage of exceedingly
high frequency.

DIRECT-CURRENT GENERATORS
COMMUTATION

Elementary Generator.—A direct-current generator, or
dynamo, is a device for converting mechanical energy
into electrical energy in such manner as to produce
a flow of electricity in one direction through the external
circuit that is connected to the machine. An elementary
direct-current generator is shown in Fig. 7. The arma-
ture, indicated at a, is supported within the space between
the poles N and S by the shaft b, When the generator
is in action, voltages are generated in armature con-
ductors ¢ and d since these conductors cut up or down
across the lines of force between the poles. The wind-
ings of the field coils are not indicated in Fig. 7.

The voltage, or electromotive force, generated in the
armature conductors is an alternating one, since each
conductor cuts down and then up across the same group
of lines of force, thus causing a reversal in the direction
of its generated electromotive force. The alternating
voltage is changed to direct voltage, as far as the external
circuit is concerned, by a rectifying device called a
commutator. The action of a commutator in producing a
direct voltage from an alternating one is known as
commutation.

The simple commutator shown in Fig. 7 consists of
two semicircular bars ¢ and f mounted near, but not
touching, each other on the shaft b and insulated from
it. Conductor ¢ is connected to bar ¢ and conductor
d to bar f. The brushes g and h serve to connect the
external circuit with the commutator. As the shaft turns
counter-clockwise, brush g, view (a), makes contact with
bar e, and brush h with bar f.

The electromotive force generated in the turn, as
soon as the conductors start to cut across the lines of
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force, causes a flow of elcctricity out through the bar e,
the positive brush g, the external circuit, and into the
armature by means of the segative brush h and bar f. At
the end of the first quarter revolution the positions of
the armature conductors ¢ and d, the positions of the
commutator bars, and the direction of the current are
as indicated in (b). At the end of the second quarter,
the conductors ¢ and d are generating no electromotive

Fi6. 7

force and the bars are just reversing their connections
to the brushes, as indicated in (¢). At this time there
is no current in the circuit. During the third and fourth
quarters, the bar f, view (d), is in contact with the
positive brush g and bar e is in contact with the nega-
tive brush A The direction of current in conductors
¢ and d is indicated by the arrows. At the end of the
fourth quarter, the conductors are again in the positions
shown in (a), and the commutator bars are about to
reverse their connections with the brushes.
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As indicated by the arrows near conductors ¢ and d,
views (b) and (d), the direction of current in each con-
ductor is reversed because the direction of motion of the
conductors with reference to the flux is changed; but
commutation serves to keep the current uniform in direc-
tion in the external circuit.

The alternating voltage generated in a conductor on the
armature would be represented by a sine curve if the flux
were uniformly distributed in the air gap. The com-
mutator serves to produce in the external circuit a
pulsating electromotive force which in turn produces a
pulsating direct current of the shape shown in Fig. 8.

The voltage or cur-
rent in the exter-
nal circuit starts
at zero, rises to

a Y a maximum value,

Fic. 8 decreases to zero,

: and repeats this

action as long as the circuit is active, the current being

in the positive direction at all times with respect to the
refcrence line a b.

A current changing in value in the general manner
indicated in Fig. 8 is called a puisating current. The
term, as ordinarily employed, refers to a direct current
that varies in magnitude through a regular series of
changes between maximum and minimum values; the
minimum value may or may not be zero.

Armature With Several Coils.—The variations of the
current, as indicated in Fig. 8, are due to the armature
having only a single turn of wire. In an actual arma-
ture, there are many coils and commutator bars. The
conductors of a few coils are passing through positions
in which little or no electromotive force is generated in
them, and their connections to the brushes are then
reversed; but there are always a number of coils con-
nected in series in the two or more parallel paths between
the positive and negative sets of brushes. Therefore, the
dircct electromotive force impressed on the external cir-
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cuit does not fall to zero, as indicated in Fig. 8, but
assumes a nearly constant value for all positions of the
armature conductors during a revolution. The action of
a coil of several turns connected in series is identical
with that of a single turn, except that the electromotive
force is increased in proportion to the number of turns
in the coil.

GENERATOR PARTS

The purpose of the clectromagnets that form the field
magnets of an electric generator is to establish a magnetic
flux. Some types of small direct-current generators have
only two pole picces, and these are known as bipolar
gencrators. In some very small generators, called mag-
netos, the exciting
magnetic flux is
furnished by one or
more permanent mag-
nets, and in such a
case no windings are
placed on the field
magnets.

The dotted lines,
Fig. 9, indicate, in 2
conventional manner,
the magnetic circuits
of the field-magnet
frame and armature
core of a four-pole
gencrator. The field-
magnet cores, or pole
pieces, are shown at a and the field frame, or yoke, at b.
The broadened ends of the pole pieces are called pole shoes,
and the surfaces of the shoes near the air gaps ¢ between
the pole pieces and the armature core d are called pole
faces. The field coils, or magnetizing coils, are shown
at e.

The field coils, field-magnet cores, pole shoes, and the
yoke, taken collectively, are called the field of the machine.
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The field-magnet cores, pole shoes, air gaps, armature
core, and field yoke, taken collectively, form the mag-
netic circuits of the machine.

When the current in the exciting coils is in the direc-
tion indicated by the arrowhcads, the polarity of the pole
faces is as indicated by the letters N and § and the paths
of the magnetic fluxes are as indicated by the dotted
lines. The field frame, field-magnet cores, pole shoes,
and the armature core are made of very soft iron or of
steel.

METHODS OF FIELD EXCITATION

Separately-Excited Generator.—Generators may be
classified according to the method employed to energize,
or evcite the ficld coils. In a separately-excited gener-
ator, the current for energizing the field coils is pro-
vided from a source external to the generator.

The exciting coils are placed on the field-inagnet cores
and are connected to a battery or to another direct-current
generator. Brushes bear on the commutator and serve
to rectify the electromotive forces induced in the moving
armature conductors and to impress it on the external
circuit. The value of the generated electromotive force
may be varied by changing the speed of the armature or
by changing the value of the magnetic flux. The latter
change may be effected by means of a variable resistance
in the field circuit, or by changing the electromotive force
causing the exciting current.

Shunt Generator.—Another type of machine is called a
self-excited shunt gencrator, or simply a shunt gemerator,
from the fact that the exciting current is provided by
the generator itself. The exciting circuit is connected
across the bushes on the armature and is in shunt, or
parallel, with the external circuit of the machine. A
shunt, in its broad scnse, refers to a side path; when
applied to an electric circuit, it refers to a side path
Letween two points already connected by another path.

A resistance device, called a field rheostat, is included
in the exciting circuit .and serves to adjust the exciting
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current and thus regulate the electromotive force gener-
ated by the armature conductors.

The field coils of a shunt generator are formed of many
turns of fine copper wire, and the individual coils are
connected in series, but this group of coils is connected
in shunt with the armature. The resistance of the excit-
ing circuit is high and only a very small part of the
current from the armature is required to energize the
field magnet.

Building Up a Magnetic Flux.—In order that a self-
exciting machine may start to generate, some residual
magnetism is required in the field of the generator. The
frame of even a new machine is often slightly magnetized,
but if it is not magnetized sufficiently, or if it is of
incorrect polarity, the field coils mnay be separately excited
temporarily from another gcnerator or from a few cells
of a battery. The shunt circuit is then disconnected from
the separate source and connected to the brushes of its
own armature,

The slight electromotive force generated by the arma-
ture will establish a current in the exciting circuit.
This will increase the inducing flux, resulting in an
increase of electromotive force and further building up of
the exciting current and the flux, A point of balance
of the electrical and magnetic effects is finally obtained
where the generated electromotive force and the exciting
current become constant for existing conditions of opera-
tion. The operation of setting up the magnetic flux is
termed picking up, or building up, the flux,

Series Generator.—Another type of self-exciting ma-
chine is the series generator. The exciting coils are
connected in series with the armature and the external
circuit. No electromotive force, except the slight value
due to residual magnetism, is gencrated in the armature
unless the external circuit is closed and a current is
established throughout the circuit. The electromotive
force generated depends on the value of the current in
the circuit, which consists of the field coils, the arma-
ture, and the external circuit. The field coils on this
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type of machine are formed of a conductor of compara-
tively large sectional area, and each coil has compara-
tively few turns.

Compound Generator.—Automatic regulation of the
electromotive force of a generator may be effected by a
combination of shunt- and series-field coils forming part
of a compound-wound generator, connections for which

Fic. 10

are shown in Fig. 10. The shunt coils are shown at a
and the series coils at b.

In a generator as ustally connected, the magnetizing
forces of the shunt coils a and the series coils b act in
unison to set up fluxes in the cores of the main field
magnets. When the generator is running, but is not
connected to the external circuit, the magnetizing forces of
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the shunt coils @ produce the main flux of the magnetic
Geld of the mackine. When the external circuit is closed,
current in established in the serics coils b and the
fluxes in the cores of the main field magnets are increased
and a higher electromotive force is generated. If the
load on the generator increases still further, the exciting
current through the series coils increases, thus building
up the fluxes in the magnet cores and causing a higher
electromotive force to be gencrated. This higher electro-
motive force is desired because of the increased drop in
volts necessary to force the larger load current through
the armature, the extcrual circuit, and the series-field
coils. The gencrated electromotive force may be adjusted
by means of the field rheostat in the circuit of the shunt-
field coils.

Compounding.—The preceding method of regulating the
electromotive force of the generator is called compound-
ing. A machine is flat-compounded when the magnetizing
force of the series coils is adjusted so that the voltage
at the generator terminals remains practically constant
for all loads. It is said to be overcompounded when the
voltage at the terminals rises with the load so that some
distant point on the external circuit may have nearly
constant voltage for all loads.

In an accumulatively compounded generator, the shunt
coils and serics coils are so connected to their respective
circuits that they act in unison to establish the inducing
flux and thus to increase the generated electromotive force
as the load increases.

In a differentially compounded gencerator, the connec-
tions of the shunt and series coils are such that the
flux of the series coils acts in opposition to, or bucks,
that of the skunt coils. Generators of this kind are used
in automobiles and to a limited extent in wireless work.
If the speed of a variable-speed generator exceeds a given
value, the electromotive force at the terminals does not
increase, because of the bucking effect of the series coils.
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DIRECT-CURRENT MOTORS

DEVELOPMENT AND DIRECTION OF TURNING
FORCE

Motor Action of Conductor Flux.—A motor may be
defined as a machine for converting electrical energy
into mechanical energy. The turning cffort, or torque,
which maintains rotation of the armature, is established
by the interaction of the fluxes of the field magnets and
the fluxes set up by the currents in the armature con-
ductors. While the torque for each conductor is usually
small, the torque for the whole armature consisting of
many conductors may be very large.

Fig. 11 shows one arrangement of conductors on an
armature intended for a four-pole motor. The active
conductors, indicated by small circles, lie in slots in the
armature core and are connected across the back of the
core by wires indicated by dotted lines and to the com-
mutator at the front of the core by wires indicated by
solid lines. One-turn coils are shown, but usually a coil
consists of a number of turns. A solid black circle
indicates that the current in the conductor is away
from the observer and a circle with a dot in its
center means that the currcnt is toward the observer.
White circles indicate little or no current because
of commutation. Arrows near the pole faces indi-
cate the direction of the field flux, and a loop with
arrowheads drawn around one pair of armature con-
ductors opposite each pole face indicates the paths of
the flux set up by current in these conductors. To avoid
confusion of lines, only a few paths for conductor flux
are shown. The denser flux on the side of each con-
ductor, where the directions of the conductor and field
fluxes agree, tends to move all conductors so as to cause
counter-clockwise rotation of the armature, as indicated
by the curved arrow near the brushes 4 and B. The
direction of motor action is also indicated by the straight
dotted arrows in the group of sketches used in the
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discussion of the direction of the electromotive force
generated in a conductor, under a preceding heading.

As the armature rotates, successive commutator bars
slide under the brushes so as to reverse the direction
of current in each conductor while the conductor is
passing through the neutral space between the tips of

Frc. 11

adjacent pole pieces. The actions occurring at the com-
mutator of a direct-current motor are exactly the reverse
of those occurring in a direct-current generator com-
mutator. Direct current comes to the motor commutator
but is rectificd, or commutated, into alternating current
before reaching the armature conductors. The com-
mutator serves to make the necessary current reversals,
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so that at all times the conductors adjacent to north
poles carry current in one direction and the conductors
adjacent to south poles carry current in the opposite
direction, as indicated in Fig. 11. The reaction between
the flux of the poles and the conductor flux thus main-
tains the torque that keeps the armature in motion.

Relation of Generator and Motor Rotation.—If a ma-
chine that has been operating as a shunt-wound gen-
crator is opcrated as a shunt-wound motor, the polarity
of the circuit wires and the connections between the
circuit and the machine being unchanged, the armature
will rotate as a motor in the same direction as it did
as a generator. Current now passes into the arma-
ture at the positive motor brushes, which are the same
as the generator positive brushes. This causes a reversal
of the direction of the current in the armature windings.
The direction of the flux around a motor conductor
ncar a north pole is opposite to that around a similarly
placed generator conductor. The polarity of the pole
pieces remains unchanged, because cach end of the field-
coil circuit is connected to a circuit wire of the same
polarity as before. As far as magnetic interaction between
field flux and conductor flux is concerned, the motor
armature would rotate in the opposite direction from
that of a generator armature, but it must be remem-
bercd that the generator armature is driven by a steam
engine or other prime mover in a direction against this
magnetic force, therefore the armature of the motor
or of the generator will rotate in the same direction
under the assumed conditions.

Reversal of Rotation.—If the current in either the field
coils or the armature of a dircct-current motor is
reversed, the direction of rotation will be reversed; but
if the current in both the field coils and the armature
be reversed, the direction of motion will remain
unchanged. Reversing the line connections to the ter-
minals of a direct-current motor simply reverses the
current through both the armature circuit and the
ficld coils and does not change the direction of rotation.
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In order to reverse a direct-current motor, either the
armature terminals must be interchanged, so as to reverse
the current through the armature only, or the current
through the field coils only must be reversed.

Motor Classification.—According to field winding, all
direct-current motors are in thrce classes, namely, shunt,
series, and compound, where these terms imply the same
type of field-Coil connections as were given in the dis-
cussion of the subject of dircct-current generators. Shunt-
wound motors start and operate with current input pro-
portional to the torque, or turning effort, and run at
practically constant speed at all loads. The current
input to a series motor varies less than directly propor-
tional to the torque and the specd varics widely with
varying load. For example, at twice full-load torque, a
shunt motor requires approximately twice full-load cur-
rent and opecrates at only a trifle below its full-load
spced, while a scries motor requires considerably less
than twice full-load current, but operates at much below
full-load speed. Compound-wound motors have char-
acteristics intermediate between those of shunt and serics
motors, resembling most closely the one that its pre-
dominating field winding most nearly resembles.

OPERATION OF DIRECT-CURRENT
MACHINES

Inspection.—Direct-current generators and motors have
many featurcs in common; in fact, they are sometimes
used interchangeably. A ‘brief consideration of the
operation and care of direct-current machines will apply
to both generators and motors. Dynamo-electric machines
and all devices connected with their operation or rcgula-
tion should be kept scrupulously clean. No copper or
carbon dust, dirt, grease, or oil should be allowed to
remain on any part of the machine. Each part should
be systematically examined, and cleaned, or repaired if
necessary, at regular intervals. Connections should not
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he allowed to come loose, thereby producing a possible
source of serious trouble.

Heating of the Armature.—An armature should run
without undue heating; if it heats so as to smoke or give
off an odor, the machine should be stopped at once and
the cause of the heating located and the trouble remedied.
Heating may be caused by damp insulation, which, as a
general rule, is shown by steaming, and may he remedicd
by baking the armature in an oven. Oterloads, that is,
loads greater than the rating of the machine, tend to heat
the armature excessively, due to no fault of the machine.

If, instcad of the whole armature running hot, the
heat is confined to one or two coils, there is probably a
short circuit either in a coil or between the two com-
mutator bars to which the ends of the coil connect.
If a short-circuited coil is run in a fully cxcited field,
it will soon burn out. Repair of the defective coil
should be made before using the machine again. By an
open circuit in the armature is meant a break in one of
the armature wires or its connections. Excessive cur-
rent may burn off one of the wires or a bruise of
some kind may nick a wire so that the normal load, or
perhaps less, burns it off. This condition would be mani-
fested Dy excessive sparking at the commutator and by a
slightly decrcased output. An inspection would probably
locate the open-circuited coil and suggest a method of
repair.

Care of the Commutator.—The commutator is usually
made of copper bars insulated from each other by thin
strips of mica or mica composition. DBrushes of carbon
or, in some cases, copper press on the commutator and
serve to conduct current from the commutator to the
external circuit. A moderate amount of sparking at the
commutator is not very objectionable, but if it becomes
sufficient in amount or in duration to blacken or roughen
the commutator bars, the cause should be located and the
fault corrected. Numerous small white sparks, evenly
distributed along the edge of the brush and producing
no distinguishable noise, usually work little injury.
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Too large a load on the machine will often cause
sparking, which in many cases may be lessened by shift-
ing the brushes. In any case, the brushes should be so
located that they reverse the connections to the armature
conductors when they are cutting minimum flux. If the
brushes are in good condition, make good contact, aud
are properly set, very little sparking should be evident.
l.arge sparks under such conditions would tend to indi-
cate trouble in the armature. In some cases the com-
mutator does not wear down smoothly and will require
resurfacing either Dby fine sandpaper or by machining.
Emery paper must not be used on the brushcs or the
commutator, as emery is a conductor and may cause
short circuits between adjacent commutator bars. More-
over, particles of emery sticking to the face of the
brush, being more gritty than sand, will scratch the
conmuinutator.

Field Coils and Connections.—The field coils are sta-
tionary, are usnally well protected, and are not apt to
cause a great deal of trouble. In installation, or assembly,
the field windings may be connected incorrectly, but
the proper connections for correct polarity of the pole
pieces can be easily found experimentally.

The inagnetic circuit of the generator may lose its
residual magnetism. in which case it is probable that
the armature voltage will not build up, or if it does, it
is apt to be wrong for the proper direction of rotation.
In either case, the machine should be shut down, and
the field circuit disconnected. A low voltage, taken
from the circuit of a direct-current generator or from
a battery consisting of a few primary or secondary
cells, is applied to the terminals of the field-coil circuit.
The positive terminal of the source is connected to what
should be the positive terminal of the field circuit and
the corresponding negative terminals also connected. The
current will set up a flux in the magnetic circuit of the
generator and when the exciting circuit is opened, a
residual magnetism of proper polarity should be estab-
lished. The positive terminal of the field circuit should
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now be connected to the positive brush and the negative
terminal of the field circuit to the negative brush. The
armature should be driven at full normal speed and in
the proper direction to cause the brushes assumed to be
positive to be really so.

An open in the field circuit of either a generator or 2
motor may cause serious trouble. Frequent inspection
and tightening of terminals will usually prevent this
trouble.

Grounds.—The armature or field windings may become
grounded on the armature core or on the frame of the
machine. This condition should be corrected when
found. Grounds are apt to cause considerable loss of
power, and will constitute a short circuit if the windings
are grounded at two or more points. The frame is
often grounded intentionally by means of a high resis-
tance in order to prevent the possibility of shock to any
one coming in contact with the frame. The high resis-
tance may under some conditions limit the current should
one of the windings become grounded. The high resis-
tance between the frame and ground permits any static
charges, such as are caused by the friction of the belt
on the pulley, to be conducted to the ground.

MOTOR-GENERATOR SETS
GENERAL PRINCIPLES AND USES

A motor-generator set is a combination of a motor
coupled to one or more generators. The machines are
connected by mechanical means and may be mounted on
one base, but the armature windings with their corre-
sponding field windings are entirely distinct. They may
be merely two commercial machines whose shafts are
connected by a coupling, or, for compactness, they may
be of special design with both armatures mounted on a
short shaft supported by one bearing at each end.

Motor-generator sets are commonly used for the fol-
lowing purposes: to change alternating current to direct
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current, or vice versa; to change direct current from
one voltage to another; and to change alternating cur-
rent at one frequency to alternating current at some
other frequency. These changes are in some cases
necessary, for example, where electricity of one voltage
or frequency is available, but some other value is required.
The motor may be designed to operate satisfactorily on
the available source of electricity and the generator
may be designed to furnish current which will meet
the particular requirements, such as high-frequency cur-
rent for radio use.

SIMPLE MOTOR-GENERATOR SET
In its simplest form the motor-generator consists of
a shunt-wound, direct-current motor driving an alter-
nator excited by the same direct-current supply. Fig. 12
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shows such a combination with a motor a driving the
alternator b, which is of the revolving-field type. Rheostats
¢ and d serve to regulate the amount of current through
the motor field ¢ and alternator field f, respectively.
Direct current is supplied to the motor through leads g,
and alternating current is taken from the alternator
armature, of which only one turn i is indicated, by
means of leads or terminals i. The frequency of the
alternating current will depend upon the design of the
alternator and the speed of rotation.
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When used in radio work the alternator must often oper-
ate under conditions which fluctuate from no load to full
load with manipulation of the sending key. These large
variations of output cause sudden changes in the amount
of power required and tend to cause appreciable changes
in the motor speed. To sccure more uniform speed,
it is desirable to use a compound-wound motor whose
spced remains nearly constant with load variations. The
only change required in Fig. 12 to adapt it to represcnt
this type of machine would be the addition of a motor
ficld winding in series with the motor armature which
would oppose the action of the shunt winding. Increase
of armature current with increase of load would decrease
the resulting field flux, thereby maintaining the speed
constant. This would keep the frequency of the alter-
nating current at a constant value, which is very desir-
able in radio work.

Alternators to be used in motor-generator sets may be
of the revolving-armature type as well as of the revolv-
ing-ficld type. The operation and results are prac-
tically the same in either case. When the alternator
is of the revolving-armature type, a field winding con-
nected in series with the motor armature may be placed
on the alternator so as to aid the field flux established
by the field cores of the winding on these same ficld
cores that is in parallel with the motor armature,
Decrease of speed with increased load is accompanied
by an increase of current in the series winding on the
field cores of the alternator. This in turn increases the
field flux of the alternator and the alternator voltage is
kept nearly constant.

A 500-CYCLE REVOLVING-ARMATURE ALTERNA-
TOR CONNECTED TO A DIRECT-CURRENT
MOTOR
A motor-generator set for furnishing 500-cycle alter-
nating current from a direct-current supply is shown in
Fig. 13. The frame g, view (a), of the machine is
provided with screens over the ventilating open-
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ings to permit air circulation and prevent to a large
extent the cntrance of injurious substances. The rotor,
view (b), is arranged with the motor armature b and
the alternator armature ¢ mounted very close together
forming a compact unit, The motor-armature coils are
connected to the commutator d, which, by means of

Fic. 13

brushes and leads, completes the path for current from
the source of supply. The motor-field windings e, view
(a), serve to energize the field circuit. The revolving-
armature alternator has already been described under that
heading. There is an end plate f, view (c¢), at each end
of the frame which carries bearing g for the rotor shaft.
A small oil gauge i shows the height of oil available
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for lubrication of the bearings. Supports for the motor
and alternator brushes are carried on the inside of the
end plates at their proper ends. The end plates are
also closed by means of screens. The units comprising
a motor-generator set need not differ materially from
those same machines when used individually.

Fic. 14

A 500-CYCLE INDUCTOR ALTERNATOR OPERATED
BY A DIRECT-CURRENT MOTOR

Fig. 14 shows a direct-current motor directly mounted
on the same shaft with an inductor alternator. When
operated at its proper speed, the alternator furnishes
500-cycle alternating current. The direct-current motor
armature g, view (a), with its field winding presents no
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marked variation from the usual construction. The char-
acteristics of the inductor-alternator rotor b with its
proper armature and field windings were stated under a
previous heading.

The assembled machine is shown in view (b) with exits
{for the direct-current leads at ¢ and for the alternating-
current leads at d. The end plate e at the direct-current
motor end is shown propcrly mounted on, and fastened
cto, the frame. The brushes and brush holders are
mounted on the inside of the end plate and the brushes
bear on the commutator of the motor. The ventilating
openings of this machine are protected by wire screens.
The motor-generators illustrated in Figs. 13 and 14 are
made by the Crocker-Wheeler Company,

CONTROL DEVICES FOR DIRECT-
CURRENT MOTORS
COUNTER ELECTROMOTIVE FORCE

When an armature conductor is forced by motor action
to move across the flux of the field magnets, an electro-
motive force is generated in it. This electromotive force
is usually called counter clectromotive force, but it is
also known as mofor electromotive force, back electro-
motive force, and back tvoltage.

An armature has but a very low resistance—a fraction
of an ohm in many cases—and if the armature is clamped
so that it cannot rotate and the full voltage of the line
is then impressed on its terminals, the windings would
probably be damaged by the resulting large current.

If the armature is free to rotate, the counter electro-
motive force established in the active conductors acts
in direct opposition to the impressed electromotive force
from the power circuit, and thus limits the current. As
the speed increases, the counter electromotive force
increases and the armature finally reaches such a speed
that the opposing action of the counter electromotive
force is such that just enough current is taken by the
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motor to develop the required torque. In the case of a
shunt motor, if the load changes, the speed varies
slightly and there is automatically established a new
value of the counter electromotive force that is suit-
able for the new value of the current required for the
motor load.

The pressure that is actually effective in forcing
current through the armature is the difference between
the impressed electromotive force and the counter electro-
motive force. This difference is usually only a few volts,
because the ohimnic resistance of the armature is so low
that only a low effective voltage is required to force the
necessary current through the windings.

PURPOSE OF STARTING RESISTANCE

In starting very small motors, the voltage of the line
may be impressed directly on the armature terminals,
because these armatures have a comparatively high ohmic
resistance. In larger motors, the impressed voltage is
adjusted to a lower value for starting by the insertion
in the armature circuit of an adjustable resistance, called
a starting box, starting rheostat, or motor starter. As the
speed and counter electromotive force of the armature
increases, the resistance of the rheostat is gradually cut
out of circuit until, finally, the armature is connected
directly across the line wires.

With smaller rheostats, the face plates, on which are
mounted the arms and contacts by means of which resis-
tance sections are cut into or out of circuit, are placed
on the front of the box containing the resistance coils
or grids. With larger rheostats, the face plates may be
mounted on a switchboard and the resistance sections
installed separately.

STARTING BOX OF SIMPLE TYPE
Fig. 15 shows one type of motor starter connected to
a motor and its power circuit. This box has four ter-
minals for connections to external circuits. A protec-
tive coil ¢ is mounted on the face plate. This coil will
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hold switch lever b when the lever is at its on-position.
The lever is shown in its off-position. The con-
nection to the positive line is then open and the
motor is at rest. To start the motor, switch ¢ is closed,
thus connecting the starter to the line, and the switch
lever is moved to the right, making contact with button d.
The shunt-field circuit of the motor is then energized.
At the same time the armature circuit is closed through
the resistor sections e. The current established will
depend on the voltage and on the resistance active in the
motor starter and of the rest of the armature circuit.
Under normal conditions there will be sufficient current

Fic. 15

so that the armature will start to rotate and a counter
electromotive force will then be established in the arma-
ture conductors. In case of a heavy load on the moter,
the lever may move over two or three contact buttons
before the motor starts.

Further movement of the lever reduces the active
resistance in the starter and the motor armature comes
up to normal speed. At the extreme right-hand position
of the lever, all of the resistor sectious are cut out of
the armature circuit and the armature is connected
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directly across the power circuit. This is the normal
running position of the lever.

The holding coil & in series with a resistor f and the
armature-starting resistors to the left of lever b, when
the lever is at its on-position, is connected across the
circuit. The rcsistors ¢ have a very low resistance as
compared to the resistance of coil ¢ and resistor f. The
coil holds the lever in its on-position, but if the powcr
circuit is opened, the magnet a releases the lever and a
spring carries it back to its off-position. The motor stops
and must be started again when the line is in opcrating
condition.

Speed control is accomplished by changing the active
resistance of the field rheostat g. A change in the cur-
rent in the field circuit changes the field flux and this
affects the speed that is required to generate the proper
value of the counter electromotive force for the given
load conditions. It is important when connecting up a
starting box that all connections be made exactly as
specilied for proper starting and operation of the notor.
The terminals on the box are usually designated by
names or letters representing the correct circuit con-
nections for each terminal.

PROTECTIVE DEVICES

Fuses.—In addition to the protective devices mounted
on the face plate of a starter, such as the low-voltage
release coil g, Fig. 15, fuses and, in some cases, circuit-
breakers are also installed in the motor circuit, usually
ncar the main switch. Fuses are short pieces of metal
that will melt at a comparatively low temperature. They
are usually encascd in a fiber tube and installed in the
incoming line as shown in Fig. 15. The fuses will
carry the normal current for the motor indefinitely, but
will melt and open the circuit in case the current
exceeds a safe value. A new fuse must then be installed.

Circuit-Breakers.—\Vhere overloads are of frequent
occurrence, a special type of switch, known as a circuit-
breaker, is often installed, in some cases in addition to
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the main switch and in others in place of the main switch,
The switch blade is closed against spring pressure and
is held closed by a catch. A coil connected in series in
the circuit connected through the breaker actuates a trip
which releases the catch when the current exceeds a
predetermined value, The switch blade opens the circuit
very quickly, thereby affording the necessary protection
for the motor. The main advantage of the circuit-breaker
is that the switch arm may be easily closed, which will
place the circuit in operating condition without the expense
and delay occasioned by the renewal of fuses. The cir-
cuit-breaker can also be tripped, or opened, by hand,
thus serving both for overload protcction and as a line
switch.

STARTING AND STOPPING A MOTOR

Starting a motor with a starter like that shown in
Fig. 15 is accomplished by first closing the line switch
and then moving the starting lever over the row of
resistance contacts, frequently called stcps, or points.
The movement should be slow enough to atlow the motor
speed to accelerate smoothly. On the point at the extreme
right, the lever is held by the low-voltage retaining
magnet; this is the point on which the lever remains
while the motor is running aud is therefore called the
running point. The lever will not remain al rest on any
intermediate point and must not be held there longer
than necessary for the speed to pick up.

Stopping a motor with the starter illustrated is gen-
erally best accomplished by opening the line switch, or
circuit-breaker. A circuit-opening device should be a
part of every motor installation. When the switch is
opened, the motor speed and the counter electromotive
force will decrease. The current m the low-voltage
release magnet, now due to the counter electromotive
force, will soon be so low that the magnet will release
the rheostat switch lever which will then return to off-
position,
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MOTOR-SPEED REGULATION

Changes in the spced of a direct-current motor can
be effected by changing the impressed voltage at the motor
brushes or by changing the field strength of the motor.
In either case, the motor speed automatically changes
enough to keep the difference between the impressed
volts and the counter volts at the value necessary for the
torque. Specd-regulating devices for controlling the speed
by varying the voltage impressed on the brushes are the
same in appearance and in general design as motor-
starting devices, the chief difference being that the con-
tacts and resistors of regulating devices are generally
Jarger, better to withstand the more severe service of
some or all of them remaining in circuit for long periods
of time. The resistors of motor starters are selected to
carry a large current during only the short period
required to accelerate the motor speed. In most cases
these resistors would be overheated and possibly ruined if
left in the circuit too long, that is, if too much time is
taken to start, or if used to control the speed.

The more common and desirable method is to secure
speed control by a field rheostat as indicated in Fig. 15.
The field rheostat is usually placed near the operator
so that he may have direct control of the speed of the
motor,

SINGLE-STEP AUTOMATIC STARTER

The starting device may also be of the automatic
motor-starter type, in which case the switching is done
automatically, each operation cutting out a section of
resistance when the motor speed has accelerated to the
proper point.

The automatic starter shown in Fig. 16 is of the
single-step type, as there is only one resistance step to
be cut out of the circuit when starting. The single-step
starter is satisfactory when used with motors of rather
low power output, as they will readily reach full speed,
especially when starting without load. Closing the line
switch a serves to establish a current through the motor
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armature b which is limited in value by the current-
limiting resistance ¢. As the speed of the motor increases,
the counter electromotive force of the armature increases.
The coil d is connected in shunt across the brushes and
hence the voltage across the coil is the same as that
across the motor. W hen there is sufficient current in the
coil, plunger ¢ is drawn up and the resistance ¢ is short-
circuited by the bar across contacts f and g, thereby
placing full line voltage on the motor. Simultaneously
with the rise of the plunger, the key /A moves upward
placing resistance i in series with coil d, which operation

Fic. 16

decreases the current through this branch circuit. The
smaller current through the coil is sufficient to hold the
plunger in position, and reduces the likellhood of the coil
becoming overheated.

Speed adjustment of the motor is by variation of the
field current through changes in the field rheostat j.
Opening the line switch stops the motor and the plunger
drops, due to gravity, to its proper position for the suc-
ceeding start.

THREE-STEP AUTOMATIC STARTER

A complete circuit diagram for a three-step automatic
motor starter connected to a motor-generator set is shown
in Fig. 17. The apparatus mounted in the box a is
designated as the motor starter, while that at b is an
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overload relay serving as auxiliary protective apparatus.
When the line switch ¢ is closed as shown and the
operator’s control switch d is open, a circuit is completed
from the positive line through the shunt-field rheostat e,
snunt-field winding f, and overload coil ¢ of the overload
relay, to the negative side of the direct-current supply
line. The motor field f is now energized.

If the machine is to stand idle for some time the main-
line switch should be opened, but it is normally lcft
closed. The current in the shunt field is usually small
and the power loss is not objectionable when operating
intermittently in view of the better starting and stopping
characteristics obtained.

To start the motor-generator set, the operator closes
the control switch d. This operation closes a circuit
starting with the positive line, through rcsistance h and
coil 7 to the lowcr contact of the overload relay and its
lever j, then through control switch d, and back to the
negative line. The current through coil i draws up the
plunger k which makes contact with point /, between
which point and points m, u, and o are connected the
resistance units of the three steps. The rotor will now
start due to current through the circuit from the posi-
tive line to point o, through the resistance units, point /,
plunger % and flexible connection p to the positive arma-
ture connection, thence from the negative armature con-
nection through coil g, to the negative side of the line.
Further movement of the plunger k cuts out the three
resistance steps and the motor attains full spced. The
rapidity of stepping up of the plunger is controlled by the
adjusting point of the rcsistance &. When the movement
of Ik is completed, the shunt around h is opecned auto-
matically making the holding current through coil § small.
The motion of the plunger k is steadied by the action of
a piston in a vacuum chamber and this action permits a
slow regular advance. After the plunger brings the motor
up to full speed on point o, it also makes contact with
point g. A circuit is now cstablished through the alter-
nator field winding as follows: the positive line to point o,
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through plunger % to point g, thence through the alter-
nator-field rheostat r to the inner slip ring, through field
windings s and outer slip ring to coil g and negative line.

Speed control of the motor, and consequently of the
frequency of the alternator, is accomplished by varying
the motor-field rheostat e. The alternator-field rheostat
serves to control the current through the alternator
field s and the voltage at the terminals ¢,

The weight of the plunger inside coils g and % of the
overload relay normally keeps the lever of switch j down
against the lower contact. The control circuit is then
complete and is in its normal operating condition. Should
the current through coil g become excessively large, due
to overload or other unnatural condition, the iron
plunger will be drawn up, by increased electromagnetic
action, thus opening the lower switch contact of 7 and
closing the upper contact of the same switch. Opening
the lower contact of j opens tha circuit through coil i.
The plunger k then falls and opens the motor armature
circuit. The closing of the upper contact of switch j
energizes coil « in the circuit established through the
positive line, resistance z, coil %, upper contact of switch
§, control switch d, and to the negative side of the supply
line. This serves to hold the lever j on its upper contact
until control switch d or switch ¢ is opened, thus pre-
venting restarting until the trouble can be investigated
and corrected.

When the control switch d is opened to stop the
motor, the coil { is deenergized and plunger k opens the
armature circuit in practically the same way as has just
been described. In either case plunger k falls across
contacts = and x and makes a low-resistance path between
them. A circuit is now closed through the positive arma-
ture terminal, contact x, plunger k, contact w, resistance
¥, to the negative armature terminal. As the motor field
is excited and the armature will continue to rotate due to
inertia, an electromotive force will be generated, sending
considerable current through the resistance y. This will
provide a dragging load on the motor armature and bring
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it to a quick stop, so that the operator may begin receiv-
ing very soon after he quits sending. The three-step
starter is particularly desirable in starting large motors,
and in giving an acceleration more uniform and steady
than would be possible if fewer steps were used.

The current through the control switch d, Fig. 17, is
only enough to excite the coils ¢ and % and is so small
that an ordinary snap switch or push-button switch can
be used. The switch can be located it any convenient
point near to or remote from the starter. For example,
such a starter can be located near its motor and con-
trolled by means of a small hand-operated switch some
distance away. Closing the switch causes the relays to
operate and start the motor; opening the switch causes
the relays to open and stop the motor.

MISCELLANEOUS RADIO DEVICES

GENERAL INTRODUCTION

Some of the many devices used in radio practice do
not fall under any of the general headings which are
discussed elsewhere. so are grouped under this one hcad-
ing. Because they are thus grouped does not reflect
on their value, as the principles of practically all of
them have done, and still are doing, their share in the
constant advance of the radio art. In fact, some of these
devices may be said to be essential parts of some forms
of radio sets, while others, perhaps not so essential, have
been of great value in radio communication.

THERMOELECTRIC COUPLES
Development of Thermoelectric Force.—A thermoelectric
force is developed by the contact of two dissimilar metals,
and it varies not only with the kinds of metals and the
physical condition of each but also with their tempera-
ture.
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A thermoelectric couple is a combination of metals
joined together that is capable of producing with proper
heat treatment a thermoelectric force. That a voltage is
developed by heating a contact of two dissimilar metals
may be shown in the following way: Solder or other-

Copper Wire . d L - o
; ¥
- 66"
i
? L lron Wire
125° m
i Fre. 1

wise join together a copper and an iron wire, as shown
at d and b, Fig. 1, and include somewhere in the circuit
an instrument A that will detect or measure an electric
current and also indicate its direction. If the junction &
is heated to a temperature of 125° and the junction d is
kept at the temperature of the room, say 65°, then the
instrument 4 will show that electricity flows from the
copper wire across the hot junction b to the iron wire,
through the iron wire and the instrument 4 to the
junction d, then across this junction to the copper wire,
as indicated by the small arrows i.

If the junction b is cooled below the other parts of the
circuit, the flow of electricity will be in the opposite
direction, or from the iron through the contact b to
the copper wire, etc., that is, in the opposite direction
to the arrows i. In either case, encrgy in the form of
heat is converted into encrgy in the form of electricity.
This phenomenon is known as the Scebeck effect, after
the man who discovered it.

In general, the thermoelectromotive force is larger in
proportion as the difference of temperature increases.
The current produced in a given circuit will be pro-
portional to the difference in temperature between the
two junctions, provided the mean temperature of the two
junctions has remained the same or nearly the same.
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If two dissimilar substances are joined at one point
and the two free ends connected by a third substance,
for instance, a long copper wire, the thermoelectromotive
force developed will be exactly the same as if the two
substances were connccted directly together without the
third substance, provided the two frce cnds that are
joined to the copper are at the same temperature.

Thermocouple Materials,—In one type of construction,
the thermocouple elements are made of constantan and
iron, and constantan and platinum. A somewhat different
type of constfuction gave good results when tellurium was
used with either constantan or platinumn. The voltage
produced by the thermocouple is at best only a few milli-
volts, which may be slightly incrcased by enclosing the
heater wire and couple in a vacuum. Should the clement
be burned out by an excessively large current it is not
so easily repaired when in a vacuum, so this procedure
is not always used.

Application of Thermoelectric Force.—The construction
features of a sensitive radio-milliammeter are indicated
in Fig. 2. A wire a b carries the current under obser-
vation, and is heated by the passage of that current.
A thermocouple rests on or near
this wire at ¢, and is heated by
the current in wire a b, The couple
¢ is connected with a very sen-
sitive direct-current voltmeter d, as
the voltage of the thermocouple
depends only upon the fact that it
is heated, and the direction of the
current in a b does not affect it
The voltmeter d is usually calibrated
to read the current in the hcater
wire direct in amperes or some related values, such as mil-
liamperes. As the thermocouple element is very small, it
can follow the changes in the maiu current, if any, thereby
giving good readings. The device is not appreciably affected
by local room temperatures, so may be used to give readings
continuously without correction. The whole unit is fre-
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quently mounted inside a single case, as indicated by the
dotted lines, to present a better appearance. If desircd,
several couples may be used with one voltineter, it being
necessary to have a separate calibration curve with each
thermocouple. This type of instrument can be made with
extremely low ranges and of low resistance, twe very
desirable features in some phases of radio measurements.

Practically the only other commercial use of thermo-
electric currents is in determining very high and very
Jow temperatures. Strangely enough, here again the
thermocouple element is coupled to a direct-current instru-
ment, and although the voltage of the thermocouple is
the factor actually read, the scale of the voltmeter may
be calibrated to recad the temperature of the junction
directly in degrees.

CRYSTAL DETECTOR

A crystal rectifier, or as it is more commonly called, a
crystal detector, is a device for changing an alternating
current into a pulsating direct current. This rectifica-
tion may not be complete, but for practical considera-
tions it is generally considered that a good rectifier passes
only the positive, or the negative, pulses of current. The
operation is based on the unilateral, or one-way, con-
ductivity of some crystals, which allows them to pass
a much larger current in one direction than in the other.
The application of crystal rectifiers to the detection of
radio signals will be considered further on.

It has been found that contact between a metal point
and almost any metallic crystal or between two such
crystals may possess very good rectifying properties. The
contact point seems to present a very high resistance
to the passage of a current in one direction, while it
offers but little opposition to the current in the opposite
direction. Also, different points on any one crystal
possess this rectifying property in varying degrees. By
trial it should be possible to find some points on the
crystal which are much more sensitive than others, and
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one of the sensitive points should be used while receiving
messages.

GALENA CRYSTALS

Characteristic curves indicating voltage and current
conditions for a typical galena crystal are given in Fig. 3.
Curve a a indicates these conditions when contact is made
at a sensitive point on the crystal. Curve b b indicates
the conditions when the contact is made at a point that
is much less sensitive. The relative values of the currents
for the two points
when positive or 1
negative voltages are t
applied are the im-
portant points to be
brought out by Fig. 3,
not the actual values
of either the voltages
or of the currents.

The voltage scale
might cover an oper-
ating range of two
volts positive to two
volts negative on the
right and left re-
spectively of the
zero voltage point Frg. 3
marked o in the
fignre. It is well to keep in mind that it is the dif-
ference between the two currents which determines the
rectifying power or effectiveness of the crystal,

With equal positive and negative alternating voltages
impressed on the crystal, as indicated by o ¢ and o d,
there will be good rectification if the cortact is on a
sensitive spot. The current produced by the voltage
o ¢ is ¢ e, while that produced by the equal negative
voltage is only a relatively small current as shown by d f.
The positive pulses of current will be allowed to pass
through the crystal without much opposition, while the

Current
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regative pulses of current will be almost choked out.
The corresponding currents produced on the poor point
by the alternating voltages are shown as ¢ ¢ and d h It
is seen that the currents produced by the positive and
negative voltages are approximately equal, a condition not
conducive to good rectifier action.

A detector employing a galena crystal is shown in
Fig. 4. The crystal a is mounted rigidly in a containing
cup through which electrical connection is made to one of
the terminals. The lower end
of the small coil spring b
presses against the crystal and
makes contact with it. The
metal spring is supported and
adjusted by a handle ¢, which,
being mounted in a ball-and-
socket joint, permits a very
large range of adjustment. In
this manner the contact point
may be placed on nearly any
desired spot on the surface of
the crystal. The supporting
post d provides a mounting for
the handle and also completes
the electrical path between the metal contact point and the
remaining terminal. The glass tube ¢ is used to protect
the rather delicate parts from injury, particularly from
moisture. The whole device is mounted upon a suitable
base f of insulating material.

Galena crystals possess the general characteristics of
sensitiveness, but a sensitive point is sometimes hard to
find and does not remain in good condition for a very
long time. The metal point should be small and exert
a light pressure against the galena crystal. A satisfactory
arrangement is shown in Fig. 4, in which the point is an
extension of the phosphor-bronze coil spring . A good
galena crystal will give very clear and very strong
signals.

Fic. 4
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SILICON-ANTIMONY DETECTOR

A detector for radio use may be formed by a silicon
crystal with an antimony crystal pressing against it. The
rectifier action occurs at the contact between the point
of the antimony crystal and the silicon crystal. It has
been found that this combination of minerals will operate
satisfactorily and that such a detector will maintain a
sensitive setting under the influence of high voltages
from the antenna due to static. The contact point of
antimony is not necessarily pointed sharply, as such a
point is hard to maintain, and the operation is usually
satisfactory with a rather blunt crystal.

ZINCITE AND BORNITE

Another combination that has come into considerable
use is that employing zincite and bornite crystals. The
detector is quite frequently arranged, as in the antimony-
silicon combination, with the zincite stationary and the
bornite mounted on a movable arm. The detector will give
very good results, is rather ecasily set, and will maintain
a sensitive setting for a reasonable length of time. Other
crystals and combinations of crystals have been used as
detectors.

SOME OTHER CRYSTALS

Lenzite and cerusite have also been used as detector
crystal materials to a limited extent. The perikon
detector, formed of zincite and chalcopyrite, is suited for
use where it is subjected to jarring, since this detector has
nearly uniform characteristics over its entire surface.
All of the crystals which have been mentioned work very
well without a battery, hence are simple to operate.

CARBORUNDUM CRYSTAL
The carborundum crystal is of the same material as
that of which carborundum abrasive wheels are made.
Experiments have proved that for best operation the con-
tact should be made by means of a metal point very firmly
pressed against the crystal. For this reason a steel needle,
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such as is used on a phonograph, will prove entirely satis-
factory, and it should be forced against the crystal with
considerable pressure.

The main characteristic of the carborundum ecrystal is
that signals may be received from nearly any point on
the surface at which good contact is made, and the
detector will keep its setting for some time. The signals
are usually not so strong as when some other dectectors
are used, but the reliability feature does much to com-
mend it. Another point which adds to the reliability of
the carborundum crystal is the fact that its rectifying
qualities are not injured by dirt, successful operation con-
tinuing as long as the needle makes a firm contact with
the crystal. In many cases, satisfactory operation has
been obtained by using a wide spring which exerts a heavy
pressure against the highest point on the crystal.

A characteristic curve of a carborundum crystal would
look very much like that of the galena crystal, except that
with a carborundum crystal the curves do not have the
pronounced bend near the value of zero voltage. The
bend in the characteristic curve of a carborundum crystal
is usually to the right of the natural zero point. The
portion of the curve where it passes through zero
approaches a straight line, therefore, if an alternating
voltage is applied to the crystal, there will be compara-
tively little difference between the current established by
the positive half wave and that established by the nega-
tive half wave. The rectification will be poor. In order
that the alternating voltage may work on the bend of
the curve, a battery of from 1 to 2 volts is placed across
the crystal in such manner that the current line estab-
lished by this voltage crosses the characteristic curve near
the bend. If an alternating voltage is now impressed on
the crystal, the alternating voltage when of one polarity
is able to force more current through the crystal than
when the polarity is opposite. The rectification is then
good. In practice, this refinement is not often used,
because of its inconvenience.
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ELECTROLYTIC DETECTOR

The electrolytic detector has fallen into disuse in the
United States, but is widely used in some European
countries with excellent results, It consists of a small
glass cup containing an electrolyte of a dilute solution
of nitric or sulphuric acid. One terminal is formed by a
platinuin plate in the electrolyte. The other terminal is
made by a minute platinum wire about .0001 inch in
diameter inserted in the electrolyte for only an exceed-
ingly short distance. A battery is connected across these
elements so that the positive terminal of the battery goes
to the fine point while the negative terminal is connected
with the larger platinum plate. The external receiving
circuit is also connected across these two points. The
battery tends to send a current through the electrolyte,
and this current causes a decomposition of the electrolyte
and a film of bubbles of gas to collect around the fine
positive wire, Current in one direction is passed without
mich hindrance, while a current in the opposite direction
1s checked to a large extent. An alternating current will
then be recfified, as one-half of the pulsation, either
positive or negative, will be allowed to pass while the
opposite pulsations will be rejected. The electrolytic
detector requires rather sensitve voltage adjustments and
also a careful adjustment of the fine point that barely
projects into the electrolyte.

SUMMARY OF DETECTOR CHARACTERISTICS

A detector that will give the strongest possible signals
and that possesses a high degree of reliability is usually
desired. By this is meant that the detector should be of
such a nature that it can be easily and quickly set in
operation, and that it will hold its setting for a reasonable
fength of time. To be satisfactory, a detector should give
an accurate rectification of the signals, without unneces-
sarily decreasing their strength. A crystal that will fulfil
all these requirements has not been found, although
several materials have come into general use that operate
quite satisfactorily. As particular characteristics fit a
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detector to operate more satisfactorily under certain con-
ditions than others, it is desirable to select the type of
detector which will give the best results under existing
conditions.

SPARK GAPS
GENERAL FEATURES

A spark gap as used in radio practice is a device that
will complete a circuit in the power-supply line of a radio
set or in an oscillating circuit under proper conditions,
and later will open the circuit at that point, thereby
helping in the formation of high-frequency oscillating
currents. The successful performance of the duties of the
spark gap has a direct relation to the amount of radiation
that may be secured from the antenna, and, consequently,
the distance over which communication may be estab-
lished. Spark gaps were formerly used in a larger per-
centage of the sending stations than they are at the present
time. The type of signal radiated is apt to cause inter-
ference and it is not adapted to radio telephony, so has
a tendency to be superseded by other devices.

Operation.—In a general way, the operation of a spark
gap is as follows: An alternating electromotive force is
applied to the terminals of the spark gap at a frequency
of 60 to 900 cycles. The spark gap includes a short air
gap between the conducting terminals across which the
voltage is impressed. When the voltage reaches a certain
high value, it will rupture the air and a spark discharge
will take place. When the proper devices are connected
in a circuit with the spark gap, the spark discharge will
be at radio frequency, and the energy may be transmitted
to an antenna and radiated into space. The main require-
ments of a spark gap may be stated as follows and the
operation should be in the sequence ‘given: It must keep
the circuit open until the proper voltage is impressed
upon its terminals; it should offer a rather low resis-
tance path for the spark discharge that gives rise to the
radio-frequency oscillations; and it should reestablish
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its original conditions immediately upon cessation of the
discharge.

When the above conditions are fulfilled, communication
between stations will be at its best and the strength of
the signals will be a maximum. When the gap is not
operating properly, there will be a large loss of energy
in the gap itself, and the range of communication will
be greatly reduced. Certain characteristics of the circuits
are apt to cause considerable interference by an improperly
adjusted spark gap, or one that does not operate cor-
rectly under existing conditions.

Nature of Spark Discharge.~A spark discharge is
usually caused by an oscillatory current and hence pro-
duces an oscillatory magnetic field around the spark and
around the conductors connected on each side of the spark
gap. This magnetic field increases in strength as the
current increases, and decreases as the current decreases.
Consequently the magnetic field has the same frequency
as the oscillating current and is proportional to it in
strength. Such rapid changes in the magnetic field sur-
rounding the oscillating current produce disturbances that
are supposed to travel as waves through space. These
electro-magnetic waves, which are also called Hertcian
waves, may be produced with such energy as to travel
long distances. These are generally supposed to be the
waves that establish radio communication from station to
station. It has also been proved that electromagnetic
waves travel through space with the same velocity as
light, although they have a different frequency of vibra-
tion.

Just before a spark passes between two conductors
separated by air or other dielectric, the dielectric is
electrically strained; that is, an electric disturbance or
displacement is produced in the surrounding region.
Moreover, about the same kind of an electrostatic field
is set up by this disturbance as the magnetic field set up
by a current of electricity, except that the line of force
of the electrostatic and electromagnetic fields are at right
angles to each other. When the spark does pass, an
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oscillating current is established and an oscillating mag-
netic field is set up around the path of the current as
an axis. This field restores part of its energy to the
circuit as the current dies away, and part is doubtless
radiated into space.

When a voltage difference is equalized by a sudden
discharge, the electric tension in the dielectric is relieved,
and displacement currents, or electric waves, are said to
be sent out into space. As a result of the electrostatic
and electromagnetic disturbances, whether they are distinct
or are one and the same phenomenon, disturbances in the
form of waves are sent out into space in all directions;
hence the energy due to these waves that is received at
various distances decreases rapidly as the distanice from
the originating point increases.

TYPES OF SPARK GAPS
Open Spark Gap.—A rather simple type of open spark
gap is shown in Fig. 5. The air gap proper is formed
between the electrodes a and b. Electrode a is securely

fastened to its supporting post, while » is mounted on the
end of a long screw terminating in a knob ¢ so that the
distance between the electrodes, and the length of the gap,
may be varied. The supporting posts carry terminals
d and e to which the circuit connections are made. The
posts are mounted on an insulating base f. It should be
noted that there are three flanges near the back end of
the electrodes. These are not always supplied, but are
useful in keeping the electrodes cool as they present a
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large cooling surface to the air. The spark gap performs
its function better if kept cool by some such means,
or if it shows a tendency to overheat, a blast of air may
be directed across the electrodes.

Copper cannot be used for electrode material as it
tends to form an arc or actually to burn. Zinc is very
largely used, as it does not arc, and has a very long
life if the gap is properly adjusted. Monel metal, which
is a combination of nickel, copper, and other materials,
is also used. The spark gap forms an insulating section
until the air between the electrodes is actually broken
down by the electromotive force between them. Under
this condition the air is a fairly good conductor and
remains so until the current has fallen to a fairly low
value.

When adjusting a spark gap of this type it is well to
remember that the clectrodes should not be separated so
as to draw the longest possible spark, hoping thereby to
obtain a larger amount of radiation. Instead, the spark
gap should be adjusted so that a strong fat spark is pro-
duced. If the gap is too long, sparks will not pass, or
only at very irregular intervals. If the gap is too short
it will have a tendency to form an arc which will burn
away the clectrodes. The length of gap is controlled by
the available voltage of the power supply, the ability of
the condenser to withstand the voltage, and the desir-
ability of securing uniform spark discharges. The gap
length to use in any given case may best be determined
by trial.

Quenched Spark Gap.—The operation of a spark gap
may be improved to a large extent by using several
short gaps in series instead of a single long gap. The
quenched spark gap consists of several circular copper
plates of special design, a few of which are shown in
Fig. 6. The sparking surface ¢ is very smooth and varies
from 3 to 1 inch in diameter, depending upon the amount
of energy that the gap must handle. These plates are
placed together in series with their sparking surfaces
adjacent, and are separated at b by mica or fiber washers ¢
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which insulate the plates and keep the sparking surface
at the proper distance. A circular groove d is cut in each
of the plates surrounding the sparking surface, so that
the inner edge of the washer extends over it, thus pre-
venting the spark from forming across the edge of the
washer, which would soon carbonize the washers and
cause a short circuit between the plates. The sides of

the insulating rings ¢ are coated
" when assembling, with shellac or
some similar substance, and the
whole set is clamped together,
forming air-tight chambers for the
spark discharges. The gaps being
entirely enclosed, operate with
very little noise and may be
placed quite close to the rest of
the set with no discomfort to the
operator. Extensions, or fins, e
on the outer edges of the copper
plate form cxccllent radiators and
dissipate the heat rapidly. The larger sizes of quenched
spark gaps have a blast of air playing over the outside
fins e.

The immediate quenching of the spark is brought about
partly by the fact that the oscillatory discharge occurs
in an air-tight chamber, and partly by the good cooling
effect obtained by distributing the discharge among a
number of relatively small gaps. This gap gives a high,
clear spark note, and has been used in many up-to-date
installations. Any number of plates may be connected in
series, the number used depending upon the set with
which the gap is to be operated. In many cases a per-
manent connection is made to one end of the gap, and
the other terminal is arranged to connect any desired
munber of gaps by means of a suitable clamp which may
be attached to the fin of any of the plates as indicated
at f and h.

Rotary Spark Gap.—A rotary spark gap is one with
one or more rotating electrodes, the movements of the
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electrodes assisting materially in keeping the sparking sur-
faccs cool and in controlling the discharge. Fig. 7 shows
a rotary spark gap with its small driving motor. The
main part of the rotor ¢ is of cast copper with broad
thin tecth formed on its outer edge. Thesc teeth in their
rotation pass very close to the stationary electrodes
b and ¢ which also form terminals to the external circuit.
When the teeth are opposite the stationary clectrodes, as
shown, the air gap is very short.

A rather low voltage impressed across the terminals
will establish a spark across the air gaps. If the rotor
is turned a short distance the length of the air gap will
be rapidly increased until it bccomes sufficient to extin-
guish the spark. Continued rotation will bring the next
pair of teeth opposite the electrodes and permit another
short period of spark discharges. There will be a spark
discharge every time the teeth pass the stationary electrodes
and the resulting tone of the set will depend directly
upon the speed of rotation of the rotor. The shape of

the teeth is such that they blow a current of air over
the electrodes b and ¢ to keep them cool. The rapid length-
ening of the air gap just after the spark starts, causes
the spark to be suppressed in a very short time, which
is a very desirable characteristic in a spark gap.

The rotor a of Fig. 7 is mounted on a disk of insulat-
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ing material d and rotates with it. An extension ¢ of
the shaft of the motor f provides a support for the
rotating disk. The speed of the motor may be varied
over certain limits to produce a good tone for the spark
gap.

In many cases the rotary spark gap is mounted on the
end of the alternator shaft, thereby eliminating the cost
of a separate motor. By proper adjustment of the rotor
of the spark gap, the discharge may be made to occur
at the moment of the maximum values of the positive
and negative waves of the alternating current, This
regular occurrence of the discharges produces a pure
musical tone, when used on a high-frequency alternator.

SPARKING DISTANCES IN AIR

If the voltage across a spark gap is steadily increased,
it will be found that the spark occurs at some definite
value of voltage. This may be repeated, and the voltage
at break-down will be found to check very closely each
time. The distance between the gap electrodes is the
main factor controlling the voltage at which the gap will
break down, although the shape of the electrodes has some
influence. For instance, a gap with large spherical
electrodes will require a much higher break-down voltage
than will one with needle-point electrodes. With the
irregular.shaped electrodes used in radio practice, it is
very difficult to give tables covering all cases. Tables of
sparking voltages with some certain types of electrodes
are given in the latter part of this volume.

ARC GENERATORS

GENERAL PRINCIPLES
The arc system for generating high-frequency un-
damped waves has been used in many stations, with con-
siderable success. This is frequently called the Poulsen
arc, as it was invented by Valdemar Poulsen. Many
refinements have been added since its original introduc-
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tion. This device is especially applicable to medium and
high-power work, in which fields it finds its greatest
usefulness.

DIRECT-CURRENT ARC

The fundamental part of an arc set is the electric arc
which is instrumental in producing the high-frequency
oscillations, When an electron is taken from or added to
a neutral atom or molecule, the charged particle thus
formed is called an idon. This process is known as
ionization. The particle will have a negative charge if
one or more electrons are added to the formerly neutral
body, and a positive charge if one or more electrons are
removed.

Tonization may be set up by heat vibration as well as
by other means. When the two conducting electrodes
a and b, Fig. 8, are brought together, a current is estab-
lished, the surfacc contact heated, and ionization of the
air between the electrodes
produced. The liberated ions
act as carriers of electricity
and a current can pass from
one electrode to the other 4
even when these are sepa- t +j@
rated a short distance. The ‘xb
high temperature of the arc J
produces incandescence of
the particles of matter in and Fi16. 8
near the ends of the elec-
trodes and thus a glow of light. The flow of ions pro-
duces a current-carrying path of rather low resistance
between the electrodes. An excessively large current is
prevented by the introduction of the variable resistance ¢
between the direct-current generator d and the arc.

THE OSCILLATING ARC
An arrangement of apparatus that will establish an
oscillating arc was developed hy Poulsen and consists
essentially of a direct-current arc shunted by a tuned
oscillating circuit. When the electrodes forming the ter-
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minals of the arc are connnected to a source of direct
current, a high-frequency alternating current will be
established in the oscillating circuit. Fig. 9 shows the
fundamental connections of the arc and its shunt circuit.
The electrodes, usually of copper and carbon, are shown
at a and b; a variable resistance at ¢ and an inductance
coil at d, both in the generator circuit; an electromagnet
in two sections at e; a variable condenser at f; a variable
inductance coil at g; and a direct-current generator at /.
The oscillating circuit consists of the condenser f and the
inductance coil ¢ and forms a shunt across the terminals
of the arc.

When a direct current passes between the electrodes,
thus forming an arc, a voltmeter connected across the
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electrodes will indicate a certain voltage. If, with fixed
electrodes, the current through the arc is increased,
greater ionization of the air is produced, the cross-
sectional area of the arc is increased, and the resistance
offered to the passage of current reduced to such an
extent that the voltage across the electrodes is reduced.
If the current through the arc is reduced, the voltage
across the electrodes is increased. An inductance coil
in a circuit in which the voltage is variable tends to
delay changes in the current beyond what would occur
with the inductance coil omitted. Both of these effects
are important when considering the operation of the
oscillating arc.
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The arc electrodes are first connected to the generator
with the oscillatory circuit disconnected. The electrodes
are placed in contact and then separated, thus starting
the arc. The oscillatory circuit is then connected to the
electrodes. As soon as this circuit is completed, the
condenser begins to accumulate a charge, the left plate
being positive since it is connected through coils ¢ and d
to the positive brush of the generator. Since the
oscillatory circuit is in shunt with the arc, and the
inductance coil d in the generator circuit tends to keep
the generator current constant, the oscillatory circuit now
takes from the arc some of the current that formerly
passed through it. The current through the arc decreases,
the voltage across the electrodes increases, and this
increase in voltage aids in giving the condenser a higher
charge than it would otherwise take.

The inductance coil g causes the highest point of the
charging current in the condenser to take place a short
time after the voltage across the electrodes has risen to
its maximum value. When the condenser is fully charged
no current passes through the oscillatory circuit and the
arc carries the normal full current of the generator. The
arc voltage resumes its previous value and for a very
short interval of times does not vary.

Because of the inductance and arc effects just mentioned,
the voltage of the condenser rises temporarily to such a
value that it is higher than the voltage of the supply cir-
cuit. The condenser, therefore, starts to discharge a cur-
rent through the arc from a to b, the current established
by the condenser being in the opposite direction from that
of its charging current. The discharge current through the
arc is, therefore, in the same direction as that supplied
by the direct-current generator. The current though the
arc is increased, the wvoltage across the electrodes is
decreased, and this decrease helps the condenser in send-
ing current through the arc.

The inductance coil g in the oscillatory circuit causes
the current in the condenser to be prolonged over what
it would be if this coil were omitted. The discharge cur-
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rent will, therefore, continue past the point at which it
would cease if the circuit had no inductance. As a result,
the condenser accumulates a charge opposite in polarity
to its former charge; the right-hand plate of the con-
denser f now becomes positive. As the charging of the
condenser with its new polarity nears its end, the accom-
panying current through the arc and the oscillatory cir-
cuit dies out, and with normal conditions restored in the
arc, the voltage of the arc rises and resumes its usual
value,

The voltage of the condenser under the new conditions
discharges a current from b to a. This discharge cur-
rent neutralizes part or all of the generator current in the
arc, thus raising the voltage across the electrodes. When
the oscillating arc is properly tuned, the arc may be
temporarily extinguished and the voltage from the gen-
erator sends a charging current into the condenser f in
such direction as to make the left-hand plate positive
again. This cycle of charges and discharges takes place
continuously and an alternating current of high frequency
is, therefore, established in the oscillating circuit.

FACTORS AFFECTING THE FREQUENCY
If the discharge current from the condenser is of such
value that it is equal to or greater than the arc current,
it will stop the current through the arc when the con-
denser current is equal to and opposes the generator
current. When this condition is reached, the whole
device is operating properly, and will continue indefinitely
to do so. As this operation is depen-
d dent upon the values of inductance and
ﬁt capacity in the oscillating circuit, vari-
a b able condensers and variable induc-
Fic. 10 tance coils are commonly installed,
so that the circuit may be readily
tuned. As soon as the arc is stopped, the supply voltage
alone charges the condenser. The charge continues until
the condenser has voltage sufficient to break down the
arc gap and reestablish the arc. This cycle of events



MISCELLANEOUS RADIO DEVICES 121

recurs at very frequent intervals and the time during
which there is no current through the arc is actually very
minute.

Fig. 10 represents the two electrodes of the arc at
a and b. The arc may he considered as established along
some path between the electrodes, as at ¢, not considering
the action of the electromagnets e, Fig. 9. When these
magnets are energized by current from the generator, the
stream of ions is forced to some position as at d, Fig. 10.
The length of the arc is very much increased, and hence
the magnets can stop, or blow out, the arc quite readily
when the current in the oscillating circuit nearly if not
entirely neutralizes the normal direct current in the arc.
It is very important, in order to obtain a uniformly steady
wave, that the arc be broken each time before there is
enough voltage to start another one, or at least that the
current in the arc be reduced an amount sufficient to
cause the oscillating action to be continuous,

The operation of the arc, when establishing a radio-
frequency current, is largely dependent upon the deioniza-
tion of the space between the electrodes at an exceed-
ingly rapid rate as soon as the current through the arc
dies out. Several methods may be employed to deionize
this space, and, when properly applied, the arc will
oscillate steadily at a rate of several thousand oscillations
per second. The tuning of the oscillating circuit by
means of the variable condenser and variable inductance
coil is an important factor in determining the frequency
of the oscillations,

The flow of ions is affected by a magnetic field. A
magnetic flux at right angles to the path of the current
in the arc acts to distort the path of the flow of ions.
This helps to break the arc and also prevents, for the
required time, the reestablishment of another arc. If the
jons were allowed to remain in the space around and
between the electrodes, the voltage of the supply circuit
might be able to establish another arc before the con-
denser had stored up a sufficient charge.

The chamber surrounding the electrodes is entirely
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enclosed. Hydrogen gas has been found to assist mate-
rially in dispersing the ions of the arc; thcrefore, a gas
containing hydrogen is placed in the chamber. Illuminat-
ing, or coal, gas is often used for this purpose, but as
considerable foreign matter is also introduced, the cham-
ber may require frequent cleaning to remove the soot
accumulation. Another method that has met with con-
siderable success is the introduction of some substance
that contains a large amount of hydrogen. Either kero-
sene, alcohol, or ether is a suitable material, and the
hydrogen is liberated by the intense heat of the arc.
Provisions are usually made for introducing a small
amount of liquid into the chamber continuously. Only
a very few drops are required from time to time to supply
the chamber with a sufficient amount of hydrogen gas.

The positive electrode, also called the anode, is made
of copper, and is hollow. Water running through the
interior of this electrode keeps it comparatively cool, and
prevents it from being rapidly burned up by the intense
heat of the arc. The negative electrode, or cathode, is
of carbon and its supporting sleeve is frequently water-
cooled to keep the temperature down. The cooling of
the electrodes helps to disperse the ions and thus to
quench the arc. In some cases the electrodes are placed
in horizontal positions.

In order that the carbon electrode may be worn away
uniformly, a small electric motor geared down to obtain
a relatively low speed may be used for rotating the
carbon electrode. The gap between the two electrodes
may be adjusted by an extension handle, the latter being
placed in such a position that it is within easy reach of
the operator. In large apparatus the arc chamber is
usually water-cooled to remove much of the heat gen-
erated by the arc.

The electromagnet windings, being mounted on iron
cores, act as impedance, or choke, coils. Such coils do
not offer any opposition to direct current other than that
furnished by the resistance of the wire. Their opposi-
tion to current at radio frequency is strong enough to
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prevent the passage of such a current, and the high-
irequency oscillating current established by the arc in
the tuned circuit is effectually prevented from passing
through the direct-current generator.

The strength of the magnetic field is usually made
variable by switches which short-circuit some of the turns.
The turns which are short-circuited do not reccive any
current and, therefore, do not establish a magnetic flux.
When the frequency is high, the magnets should be
strong in order to remove very rapidly the ions from
the vicinity of the electrodes. With a lower frequency
therc is more time between the successive arcs, and the
field strength of the magnets need not be so great.

KEYS AND BUZZERS
GENERAL USES OF KEYS

The signals transmitted in telegraph systems consist
of proper groups of current impulses. A key is the device
used in telegraphy to open and close the electric cir-
cuit and thus forin the current impulses that aré trans-
mitted through the line. The current impulses acting on
the receiving device produce the signals or dots and
dashes of the various codes. The receiving operator trans-
lates the signal comnbinations into the proper characters,
or they may be recorded on some type of automatic
recorder and later transcribed into message form,

Keys such as are used in wire telegraphy are satis-
factory in radio work where the current to be broken
is not too large. The current used in wire telegraphy
is very small, and the contact points which actually make
and break the circuit are correspondingly smali. The
interrupted current in radio practice is often many tines
greater than that used in wire telegraphy, hence larger
contact points are necessary.

The downward stroke of the key is often called the
make, and the upward stroke, the break, referring, of
course, to the making and breaking of the circuit. The
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contacts on most good keys were formerly made of
platinum, because of the ability of that metal to resist
Letter than most other metals the corroding and fusing
action of the electric arc that is always formed at the
break. The scarcity of platinum and consequent advance
in price has been instrumental in causing the adoption of
silver as the metal from which the contact points are
made. Silver contacts must be larger than those of
platinum for the same current capacity, as the former
do not stand up quite as well as the latter. When the
silver contact points are properly designed and of ample
size, they have been found to give good service. Various
other muetals are used for contacts in the many different
types of keys, and are listed under numerous trade
names.
SMALL-CAPACITY RADIO KEY

A type of key suitable for use in small-power radio
stations is shown in Fig. 11. It will be noted that the
key as a whole is of rather rugged construction, so it
may stand up well under rough usage. The lever a
carries a comparatively large contact point at b which
closes the circuit through a stationary contact point just
below b. The base ¢ is made of bakelite dilecto, which
material has been found entirely satisfactory for that
purpose. The lowcr stationary contact is connected
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directly to one of the binding posts by a conductor under-
neath the basc. The circuit from the upper contact at b
is through the lever, thence through a flexible copper
braid d and a connection under the base to the other
binding post. The reason for using the copper braid is
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that a low-resistance connection is assured between the
lever and the binding post. With fairly large currents
it is not considered good practice to rely on the path
through the trunnion screws, which act as pivots to the
key lever, and the trunnion mounting, as that path is
liable to give trouble if it carries a large current.

LARGE-CAPACITY RADIO KEY
A key of somewhat similar design is shown in Fig. 12.
The lever @ carries a very large contact b, indicating
that this key is designed for interrupting quite large
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currents. The base ¢ is made of bakelite dilecto, with
countersunk screw holes to hold screws for fastening the
base to a table. A heavy copper braid d is provided to
carry current from or to the lever arm. The length of
the air gap between the confacts may be adjusted by
screw ¢. The rapidity with which the lever opens the
circuit depends largely upon the setting of screw f, acted
upon by the spring immediately below it. The gap must
be opened far enough to break the circuit completely, and
the more rapidly this is done the better.

The contact points are apt to become heated to a con-
siderable extent when the key is used to carry and inter-
rupt large currents. Making these points of large
dimensions assists materially in the dissipation of the heat
produced. In this key auxiliary cooling flanges g are
provided which offer a large cooling surface and are,
thereforc, instrumental in radiating a large part of the
heat. Keeping the contact points at a fairly low tem.
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perature has been found helpful in breaking the arc
quickly. The handle h of the key is fitted with a safety
disk to prevent the operator’s hand from accidentally
touching the metal lever.

RELAY KEY

A relay key is an electromagnet so arranged that
movements of its armature open and close an clectric
circuit. This circuit may or may not be separate electri-
cally from the circuit that supplies current to the winding
of the rclay. The electromagnet is usually so constructed

that it operates with a very low current and a hand-
operated control key can be uscd with safety to control
the low-voltage, low-currcnt cxciting circuit. The arma-
ture of the relay is capable of controlling a circuit of
such voltage and current as to make it undcsirable to
use a hand-operated kcy. In many cases it is desirable to
control the main circuit by a control key placed some
distance from the relay key, thus making it unnecessary
to cxtend thc main-circuit wiring to the point of control.

The circuit including the operating key and relay wind-
ing is called a local, or auxiliary, circuit, to distinguish
it from the main circuit, which is controlled by the arma-
ture of the relay.
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A relay key such as used in radio telegraphy is shown
in Fig. 13. TFig. 14 shows a wiring diagram of this
relay key connected to the operating key of the local
circuit. Corresponding parts of the device are lettered
in a similar manner in both figures. In Fig. 13 the
relative positions of the parts of the device are shown,
and in Fig. 14 the wiring within the protecting shells is
indicated. The electromagnet is shown at a and the iron
plunger at b, When the coil e is excited, the plunger b
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is drawn into the coil and the contact points at ¢ and d
are closed. These main contact points are connected to
binding posts e¢ and f which serve as terminals for the
heavy-current circuit from point e through ¢, b, and d to
terminal f. It should be noted that there are two points
at which the circuit is opened and closed. This arrange-
ment insures a more rapid break and also reduces spark-
ing and heating by dividing the arc. Thus, a larger
current may be interrupted than would be possible if a
single contact were used.

A spring connected to the adjusting and locking nuts
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at g is placed under tension when the plunger is drawn
up to close the circuit, and promptly withdraws the
plunger when the coil a is deenergized. The distance to
which the plunger is withdrawn depends upon the adjust-
ment of the nuts at 2 which screw on an extension of the
plunger core. The air gaps at ¢ and @ need only open
far enough to insure that the arc will be suppressed with
every opening of the contact points. Also, the tension of
the spring should not be so great that the plunger does
not have time to close the main contacts before coil a is
demagnetized during rapid sending.

A resistance coil 7 pcrmits the use of this relay key
on several different operating voltages. The positive
side of the control circuit is connected to terminal j, and
the negative side to the proper one of the terminals
k, I, and m. The coil itself mmay be operated satisfactorily
on 80 volts, but for higher voltages it is necessary to use
all or part of resistance 7. No spccial internal connec-
tions are necessary for operation at the higher voltages;
it is merely necessary to connect the line to the terminals
marked for that particular voltage. The device is mounted
on an insulating base n and makes a very compact unit,
as shown in Fig. 13. Fig. 14 shows how a small key o is
connected in series with coil ¢, the whole being connected
for operation from a 110-volt, direct-current supply cir-
cuit. Closing key o excites coil ¢ which attracts plunger
b, thereby closing the circuit between terminals ¢ and f.

TROUBLES OF KEYS

When a key, on rising, does not break the circuit, it is
said to stick. This sticking may be due to any one of
several causes. The principal cause is the fusing action
of the electric spark at the contact point, but it may be
caused by metallic dust collected on and bridging over
the contact points, or by an improper adjustment that
causes the points to come together improperly and bind.
The contact points, therefore, should be kept clean by
drawing between them a piece of hard, clean paper or
fine emery cloth, or they may be rubbed very gently with
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a very fine file and then wiped clean. Frequent use of
the file or emery paper, however, should be avoided.
Pivot, or trunnion, screws often become loose and
cause trouble; to prevent this they should be kept as
tight as is corisistent with a free and easy movement of
the key. Loose comnections are frequently the cause of
poor and irregular signals, but with frequent inspections
little trouble should be experienced from this source.

BUZZERS

A buzzer is an electromagnetic device that emits a buz-
zing sound when current is established through it. The tone
is similar to that produced in a telephone receiver by
radio signals and it is, therefore, common practice to use
a buzzer in learning the International code. There is a
considerable difference between the sound of the buzzer
and that of a sounder,
but a professional tele
,graph operator can usually
receive radio signals after
a short period of practice.
The ordinary buzzer re-
sembles the sounder in
that an electromagnet,
when excited, attracts an
armature of rather light
weight. The buzzer,
however, is provided with
a circuit-breaking device 7
which breaks up the re- Fic. 15
ceived current into still
smaller impulses, thereby causing a rapid vibration of
the armature.

Small Testing Buzzer.—Fig. 15 shows the arrangement
and connections of the parts of a buzzer of a type
often used in small radio testing sets. Fig. 16 shows an
assembled view. Similar reference letters apply to both
figures. The magnet windings are shown at a and their
jron cores are supported rigidly by the iron yoke b. A

a
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support ¢ holds firmly one end of the vibrator spring, or
armature, d. The armature near its free end carries a
small spring ¢ at the center of which a contact point is
mounted. When the buzzer magnets are decnergized,
this contact is pressed against the contact mounted at the
end of screw f. The main terminals of the buzzer are
shown at ¢ and & and an auxiliary terminal at i.
Adjustment of screw 7, which presses against the arma-
ture d near its fixed end, changes the tone of the buzzer.
Adjustment of screw f serves to make up for the gradual
burning of the contacts and to a certain extent changes
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the frequency of the vibrations of the armature. The
holes in the supports for screws f and j are made slightly
small; slots are cut to the holes and when the screws are
inserted, a tight fit is assured which is relied upon to hold
the screws in adjustment without the use of locknuts.
The operation of the buzzer is independent of the direc-
tion of the current through its windings. The current
enters, say at g, and passes through the device by way of
the magnet windings a-mounting c-the spring d-spring
e-contact point on spring e-point and body of screw f-
through mounting of screw f, and out at terminal . As
soon as current is established through coils a, the arma-
ture d is drawn toward the magnets. This movement of
the armature causes the contact points to separate and
open the circuit between ¢ and f. The opening of the
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circuit cuts off the current and the armature is released.
The springiness of armature d causes its free end to fly
back and the circuit is reestablished through the contact
points. This cycle of events is rapidly repeated and the
vibration of the armature gives rise to thie audible buzzing
sound. Due to the light weight of the vibrating parts, the
tone of the buzzer is quite high, and closely resembles
that given out by a radio receiving set.

A terminal i may be used in connection with terminal /
in case it is desired to connect only the circuit-breaking
part of the buzzer in another circuit for special testing or
other purposes. It is, however, nccessary to encrgize the
magnets a through terminals g and h. The various parts
of the buzzer are mounted on an insulating base shown in
Fig. 16. Suitable holes are provided for mounting screws
and for the entrance of connecting wires to the buzzer
terminals when the cover is in place, A metal cover
serves to provide mechanical protection to the device and
also adds to its appearance.

There is, apparently, considerable variation between the
types of buzzers made by the various manufacturers, but
the difference is chiefly one of design and in the arrange-
ment of parts, The fundamental principle of operation
remains the same in all of them, despite the particular
advantages of certain types. Numerous devices are in
common use, by means of which the emitted tone of the
buzzer may be varied until it gives out a clear high-
frequency signal.

Special Testing Buzzer.—A special type of buzzer,
which is capable of delivering an alternating current of
constant frequency is desirable in many radio and other
electrical measurements. A 1,000-cycle oscillator which
gives an alternating-current wave of very good shape is
shown in Fig. 17. A wiring diagram using similar ref-
erence letters is given in Fig. 18, which also shows some
parts not illustrated in Fig. 17. The terminals at e shoul