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Presenting the Man and the Purpose Behind This Book:

HAROLD C. LEWIS
President of Coyne

By RAYMOND A. SNYDER, Manager,
Electrical Book Division, Coyne Electrical School.

EHIND every good book there is an ideal.

Behind every ideal stands a man. The Coyne
Electrical and Radio Trouble Shooting Manual
which you now have before you deserves to rank
as an mstitution for it has been the means of
guiding and advancing thousands of ambitious
men into a better and broader future in Elec-
tricity. That was the IDEAL behind this book
and the man who has made this great hook pos-
sible is in many ways, as unique and remarkable
as the hook itself.

Harold C. Lewis is a man's man: big, powerful,
tireless. Yet, underncath his rugged, dynamic
exterior burns a flame of understanding and sym-
pathy for the “other™ fellow. 11 C. Lewis is a
tvpical American. His rise to fame from a small
farm in lowa to the leader of one of America’s
leading trade schools, typifies opportunity that
is truly American. e knows what it means to
be ambitious, to overcome obstacles, to plan to
keep fighting when the odds are all against you.
He knows above all, the value of education and
preparation for opportunities ahead. | have had
the privilege of learning these things about this
man, due to a very close association with him
during the past fiftecen years.

It was only natural that 1. C. Lewis should
become a trainer of men. So, twenty-five yeurs
ago he associated himself with the Coyne Elec-
trical School, pioncer school of practical electricity.

Founded in 1899, Coyne had already won recog-
nition as a producer of able electricians. Mr,
Lewis built it into the leading trade school of
America. Under his guidance, thousands of men,
often without previous experience and with little
education, have forged to the front in the great
ficld of Electricity and Radio,

Coyne Shop Training has become synonymous
with a thoroughly sound, usable knowledge of
Electricity.

Coyvne men “learn by doing,” and as a result.
when they get out on the job they have the prac-
tical “know-how™ to make good,

WHY THE COYNE ELECTRICAL-RADIO
TROUBLE SHOOTING MANUAL
WAS DEVELOPED

Mr. Lewis realized, however, that many fellows
needed a Manual of this kind and were handi-
capped by not having it so he decided to make
the material available to help these fellows by
PUTTING THE MATEREAL, USED IN THE
COYNE SHOPS, into an EASY TO UNDER-
STAND practical trouble shooting manual.

Several years were spent in preparing and
assembling the material necessary for the job.

H. C. LEWIS, President
COYNE ELECTRICAL SCHOOL

THE RESULT IS THE DOOK YOU NOW
HOLD IN YOUR TIANDS FOR INSPEC-
TION. This is more than a book. It is a course
in Shop print reading and Electrical and Radio
trouble shooting. Tt contains the same shop prints,
motor diagrams, formulas, charts and explana-
tions that are covered in the regular Electrical
and Radio courses given in the big training shops
in Chicago. Mr. Lewis has presented this material
so that it 1s valuable to the “beginner,” the “old
timer” or anvone who is interested in the great
field of Electricity.

As you inspect this book you will note that
it is CAREFULLY INDEXED SO TIHAT
TIHE SHOP PRINTS CAN BE LOCATED
INSTANTLY. For instance, if any subject
should come up that should stump you, you can
refer to the index and immediately locate the sub-
ject and find the solution to your problem.

Now, in order that vou might get a better idea
of the foundation upon which this manual was
built. T thought you might be interested in seeing
a few pictures of the Coyne shops, so on the ad-
joining page we have included several photos of
our shops illustrating the methods of practical
training we use. Then, starting on page 11 there
are complete instructions for using this set. Read
these pages very carefully.

I am sure after you examine this book, you will
appreciate how valuable it can be all vour life.
TIERE 1S NO BOOK ON THIE MARKET
LIKE I'T. This manual has A BACKGROUND
OF 44 YEARS OF LELECTRICAL EXNIPERI
ENCLE BEHIND FI. It can be your most valu-
able and prized possession.



The Shop Prints and Motor Diagrams and material in the
COYNE ELECTRICAL-RADIO TROUBLE SHOOTING
MANUAL Are Used as the Basis for the Training
Programs in Electricity and Radio in the Coyne Electrical
Training Shops. For Your Information We Include Here-
with Some Photos of Our Training Quarters in Chicago.
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1t you yourself are interested in a practical shop training in Electricity, or if you know of anyone else |
who is. we will be glad to send you or them our big free catalog on our shop training course.
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DIRECTORY

HOW TO LOCATE THE VARIOUS SHOP PRINTS
AND MOTOR DIAGRAMS

HE purposc of this DIRECTORY is to aid the user of this Manual in locating information on any

subject covered. As an example, if you want to study the special section on step-by-step Trouble
Shooting procedure, the Directory tells you it can be found on Pages 12 to 32. Likewise, if you wanted
to check up on the definition of some Electrical phrase or word, the Dircctory would tell you exactly
where you could find the Electrical Dictionary section, The same thing applies in the event you want
to study some motor diagrams on some certain subjects—the Dircctory tells you WHERE ALL of the
diagrams on that particular subject are to be found.

On the adjoining page, you will note we have the first page of our MASTER INDEX. Now, the
Directory differs from the Master Index in this respect. The MASTER INDEX is much more detailed
than the Directory and tells you where EVERY specific SUBJECT can be found. The Directory, on
the other hand, tells you where each branch (as a whole) is covered in the Manual. We furnish both
these methods of INDEXING IN OUR BOOK FOX YOUR CONVENIENCE IN LOCATING THE
INFORMATION YOU NEED QUICKLY.

Pages Pages
Master Tndex .. V-IX A. C. Transformers ..., 175-181
Acknowledgements ... e X \. (. Polyphase Motors ... 183199
How to Use the Coyne Electrical and \. (. Single Phase Motors ... 200-22%
Radio Trouble Shooting Manual._........ 5-11 A Co Motor SGIFLCES oo 2292250,
Step by Step Electrical Trouble AL Co Controllers oo e . 257-274
Shooting Program o 12-32 \. C. Starters and Controllers ... . 275-294
Llectrical Diagrams — What they
Mecan — How to Use Them.......... . 33-38 —
ELECTRICAL WIRING DIAGRAMS Electrical Refrigeration and Air
Conditioning Diagrams .. 295-340

Electrical Circuit and Wiring Diagrams.... 39-71 .
e ‘ g & Automotive Electrieity ... 341-370

I T CURRENT WIRING
DIREC RADIO AND TELEVISION DIAGRAMS

DIAGRAMS
Instructions for Reading D. C. Motor Radio Principles and Cirenits .. 371-3%9
Diagrams ... R 73-70 Radio Tubes and Receiver
Direct Current Motors e /7-91 Components ... B RCRELTITT LELI L 310402
“ “ Cienerators 092 98 Radin Receivers and Controls ... 403-431
“ * Armature Windings 0 99113 Sound and P\ Systems K320
« o Testing oo 114120 I'hotacell Applications . . 147-151
Direct Current Motors, Starters and Television Systems .. 452100
Controls ... e 121100 Radio Transmission and Transmitters. 401481
Radio Testing and Ndjustment ... 485-521
ALTERNATING CURRENT Riadio Service Diagrams and Data ... 522-505
DIAGRAMS N - . .
Radio-Electricity and Electronic
Instructions for Reading .\, C. Diagrams Dictionary ... B SR | (A B |
A, C. Principles and Cireuits ... B Y I ) Spawre ‘Time Job Plans e, 593012

0000000000000 ~



MASTER INDEX

The Master Index is furnished for your convenience in locating the Shop Prints and other

information you want.

Subjects are arranged alphabetically like a classified telephone

directory. Use this Index often—it saves time for you.

A
Subject Page
Air Conditioning, Chrysler “Air Temp”.............. 314
«“ “ Complete System 315
“ “ Amer. Blower Corp. «ceceeceonnnneneenee 316
Alarms, 2 Section 48
Aligning, Superhet. Receivers 504
“  Emergency 508
“« “ 509
Alternating Current Principles 161
Ammeter 171
Amplification, Classes , 443
Amplifier, 14 Watt 453
‘“  Modulated, R, F, 467
“ 2 Stage Audio Amp. 467
“ Type C 471
Amplifiers, 3 Stage Resistance 395
Analyzer, Trouble Shooting. 503
Annunciators 48
Antenna, Diagrams 385
“  Information 386
“  Systems 387-390
Application Chart 93
Armature Winding, Lap 102
“ “  Connections 102
“ “  Winding Diagrams ............ 104-105
«“ “  Principles 106
“ “  Connections 107
“ “  Simplex 107
“ “  Duplex 107
“ “  Triplex 107
“ “  Diagrams 108
“ “ Wave 109
“" " " llO
(1] “« (1] 111
«“ “ Equalizer Connections.............. 112
“ “ Coil Forming 113
“ “ Data Sheet 114
“ “ Tools and Material.................... 115
“ “  Tests with Meters.....ou........... 119
“ “ Field Tests 120
“ “ Lap Windings eecomeoreeeen. 190
({3 “" “ “ 191
“ ({3 “ “ 192
“ " “" “” 193
“ “ “ “ 194
Audio Amplifier 441
Audio Amplifier, 2 Stage 406
Auto Radio Installation 432
“ “ “ 433
Automatic Tuning, “Admiral”....................... 420-421
« “ Zenith, Utah ..o
“ “ Delco, Erla ..
“ “ Howard, G. E. Detrola........
“ “ Stromberg Carlson ............ 424
Automatic Volume Control 419

Subject Page
Automotive, Internal Comb, Engine..................... 343
“ Starting Motors 346
“ Test ... 366
“ Voltage Tests 367
“ High Rate Discharge Test 370
B
Baffle Boards 397-398-399
Ballast Tubes, Circuits 431
Batteries, Telephone 51
Battery Receivers, Circuit Tracing...cecoeceeoeeees 493
Bearing, Sleeve Type 292
Braking, Dynamic 144
Brushes, Setting 88
Cc
Cadmium Test 365
Cappillary Tube 312-313
Charger, Magnet 342
Charging Oil Through S. S. V. e 335
Charging Refrig. Systems 328 to 331
Chassis, Radio Layout , 418
Chemical Chart, Ref. 330
Circuits, Inductive-Capacitive 174
Circuit, 2 Tube Regenerative 405
“  Resonant 380
“ Relay ... 42-46
“ Electric Range 64
“ D.C. 125
“ “ 126-127
Code, “Learning the Code” 483
Co-efficient of Heat Transfer 337
Coils, Forming 113
“ Magnetic Blowout 149
Compensators, Square D, 2205 264
“ G. E. Automatic 265
“  Westinghouse Automatic 266
*“ Cutler Hammer, Photo Cell...........uen..... 271
Compound Motors 83
Compressor, Installation 333
“ Overhaul ... 334
Condenser, Testing 500
“  Capacity Test 501
“ Tester 502
Condensers, Testing 403
“ 302
“ Action (Radio) 375
Conductor, Voltage 487
Connection Diagram, Century, 2 Volt Motor.... 200
Controllers, Drum 139
“ “ with overload panel................. 140
“ “ Y series mMOtOr ..ooooeeeceeeec... 141
“ “ for starting and reversing........ 143
“« 6 “" “" “ “ 143
“ “ Dynamic Braking ... 145-146
“ “ for Starting, Reversing ...147-148
“  Magnetic 156-157




Vi Master Index

Subject Page
Controllers, Drum, Slip Ring, Ind. Motor......... 282
“ “ 5 Speed 283
“ Cutler Hammer Non Reverse........cccoune.e.e. 284
Controlling, Speed 129
“ Industrial 135
“ 4 Point 136
“  Printing Press 138
Controls, Farm Work 245
Converters 173
Current, Opposition 165-166
Cycle, Refrigeration 311
D
Detectors, Power 294
Dehydrators 336
Demodulation by Diodes 372
Dictionary 565-591
Discharging, Refrigerator Systems 326
(13 “ e aaaas 327
Distribution, Voltage D.C. 491
“ “ “ 492
Distribution System, Power and Light................ 182
Diesel Engines, Uniform Type 363
Drives, Variable Speed 289
“  Differential 290
E
Electrical and Radio Step by Step
Trouble Shooting ... 12-32
Electro.ux, Air Cooled 322
“ Water Cooled 325
Emerscn Radio, Auto Tuning 420
Engine, Automotive 4 Stroke 360
“ 113 2 ‘“ 362
F
Farm Lighting Plants, Kohler 341
Floats, Ref. Trouble Chart 305
“ High Side, Trouble Chart 310
Ford V3 Wiring 368
Frequency Modulation 416
Frequency Control 417
Fuel Controls, Automotive 361
Fuel Injector Nozzle, “Bosch” 364
Fundamentals of Radio 374
G
Gauges, Installation 323-324
Gears 291
Genera: Electric Touch Tuning 422
Generazors, Self Excited 94
‘““ Separately Excited 94
“ Shunt Type 94
“ Paralleling 96
“  Series Welding 97
“  Characteristics 101
“  Amphdyne 159
“ Paralleling 169
“  Automotive 3rd Brush 347
“ Test Chart 348
“  Auatomotive Aux. Control 356
“ 2 Rate Step Down 357
“ Vibrator Type 358

Subject Page
Generators, “Autolite” Delco-Remy ................... 359
Grid Bias 393
Growlers, Wiring 116

“ Specifications 117

“ Tests 118
Guide, Motor Controls 276-277

H
Heat Transfer 337
Hydraulics 288
1-J-K
Ice Cream Freezer, “Mills” 317
Iconoscope 461
Ignition, Battery 353

“ Timing Rules 355

“ Coils, Testing 345
Illumination Standards 71
Impedance 376

“ Test 167
Indicators 188
Inductance 376
Insulation Tests 121

“ Resistance Tester 122
Jumping Ring 287
Keystoning Circuit 462
Kinescope, Cathode Ray 464

L-M-N
Lamps, Glow Discharge 466
Loads, Refrigeration Service 340
Locator, Interference 521

“ Operation and Construction ....ccccoceeeceeece. 523

“ 13 {3 e, 524
Magneto 349

“ 2 Pole Scintilla 350

“ Wico Type E K 351

“ Testing 352
Magnetic Field 187
Maintenance Short Cuts 89

“  Trouble Shooting 90
Measurement, 3 Phase 172
Meter Connection, Analyzing 510
Meters, Connections 65

“ 2 Wire 65

(1] 3 “ 65

“ 3 Phase 65

“ Base Wiring 66

“  Qutput 505
Microphones 440
Milliammeter 494
Modulation 468
Motorola, Auto Tuning 420
Motors, Squirrel Cage 185

“ A. C. Polyphase 186

“  Polyphase Induction 186

“ Century, SC. SCN-SCH, SCX-AS-SR

3 Phase 201

“ Century 2 Phase, 4 Wire 202

“ “ Multi Speed Squirrel Cage.................. 203

“ “ “ [ “ N 204

“ “ 3 Speed Variable Torque...................... 205

“ “ “ Consequent 278




Master Index Vil

Subject Page
Motors—Synchronous 208
“ Single Phase 213

“  Repulsion Start 213

“ Split Phase 214

“ Shaded Pole Ind. 213

“ Single Phase Split Phase 215

“ D.C. 77

“  Operation 77

“  Rotation 77

“ Armature Poles 77

“ Interpoles 78

“ Reversing Rotation 78

“ Principles, D. C. 79

“ “ “ 79_80

“ Shunt Motor 81

“ Series 82

“  Compound 83

“  Universal Series 84

“ Construction 86-87

“  Emerson KS60 354

“  Century, Split Phase Ind. S. Pu.uureeeeeec... 219

“ Capacitor Type, Principles 220-221

“ Single Phase 242

“ Shaded Pole 243
“  Farm Operating Data 244

“ “What Is a Capacitor Motor"................ 267-268

“  Century, Multi Speed Cap. Motor.............. 279
Neutralizer 184

O-P

Oscillator 467
Oscillograph 506-507
Panel, Mixer 469
“ Type “C” Monitor 470
“  Volume Indicator 470
Paralleling 172
“ 3 Phase Transformers 178
“  Polarizing 178

“  Phasing Out 178
Phasing 172
Phono- Radlo Crystal Plckup 425
“ 426

“ Radios, G. E. Galvin, Pilgrim.....e.... 426

“ “ Sears, R. C. A, Philco......cccuueeee.. 426
Photo Electnc Cell Across Lme Starter............ 254

Cutler Hammer

Compensator .....coeceeeeeees 271

“ “ “  Circuits 452

‘“ “ (13 “ 453

“ “ “ Relays 454

“ “ “ Relay Assembly ................. 455

“ “ “ Burglar Alarm .................... 457

“ “ “ Relay, 2 Stage -.cccoeeeeeeecececne 456
Power Factor 164
“ “  Correction 175
“ “  Testing Full Load Efficiency...... 177
Power Stroke, Automotive 344
Power Supply, D. C. Radios 402
Pressure, Control 308
“ Switch Settings 318
“ Temp. Chart 319

Refrig. Balancing 332

Subject Page
Projector, Sound 451
Pubhc Address, 40 Wt. Amplifier...oooeeoeecnces 447

“ 4 Wt. C eereeeenencmnaeeaeae 445

“ “ Diagrams 400

“ “ Input Circuit 444

R
Radio Sets, Crosley 53-54-57 525

“ “ Emerson FS, FB2 526

“ “ FR 527

“ “ “ Portable 528

“ “ “ 6 Tube A.C. Receiver........ 529

" “ [ 7 Tube “ @« 529

“ “ “ CB243 530

“ “ “ AX211 513

“ “ “ AX240 531

“ “ Farnsworth C5-1, CO-1 e 532

“ “ C7-1, C1-3 e 533

“ “ “ C4-1,C4-2 e 534

“ “ “ C3-1,C3-2 e 535

“ “ “ CZ-l, 2,3, 4 536

“ « General Electnc, RLCS 648W........ 537

“ “ RLS,916............. 537

“ “ “ “ Portable Self

Charging ........ 538

(14 [ L4 {3

9 Tube LI15 ...... 538

« “ “ “ Battery Port.
LB412 ............ 539
“ “ “ “ A.C. D.C. Rec..... 539

“ “ “ “ 7 Tube 3 Bd.
Phono, LC 758 540

“ “ “ “ 6 Tube Phono
LC 608 ... 540
“ “ Motorola 43-H 541
“ “ 42 S 542
“ “ «“ 36C-2 543
‘“ (13 “ 36C_1 544
“ “ “ 39B-2 545
[{3 “ “ 39B_1 546
“ “ “ 2S5F, 28-0, 30P ....eeeene. 547
“ “ “ 27D, 27D6 e 548
“ “ “ 34K6, 34K7 ..ceeeeeeeaeae 549
“ “  Philco, 41-110 550
“ “ “ Pt 30,42,44,49...cceeeeerccene 551
“ “ “ 41-230, 41-235 ... oeeeeeeeeeeee 552
“ “ Stewart Warner, 11-5V9 ... 553
“ “ Westmghouse o 554
“ “ Mayfair cececeeceeeceececeee 555
«“ “ Ward’s Airline 04BR........ccccooeeece..... 556
“ “ Wells Gardner, 00A Series....cccoeu..... 557
“ “ “ Auto Radio 6]........ 558
“ “ Westmghouse WRI173L, WR175 ... 559
“ “ WR388 ... 560
“ “ “ WR470 ..o 561
“ “  Zenith, S8500Z, S9000 .......ccoeeeecenn-e- 562
“ “ “  8A04, 8S593 ... 563
Radio, Principles 383
“ Servicing Charts 384
Range, Electric 64
Reactance 377
Refrigerants 298-301
Regulators, Cutler Hammer 70577D-1.................. 155
“ Square D No. 2310 264




vill Master Index
Subject Page Subject Page
Rectifiers 173 Starting, D. C. 129
“ Radio 401 “ D, C. 130
Refrigeration, Trouble Diagnosis.......c.ccceeeunen.. 296-297 “ “ 131
Refrigerants .... 338 “  Cutler Hammer 19273D
Receivers, JRF, 3 Tube 407 Motor Starting Rheostat 132
« TRF, 5 Tube 408 “ 15 Starting Diagrams 133
“  Superheterodyne 409 “ Cutler Hammer 20311D Compound............ 137
“ Mechanical Layout 410 *“ Solenoid 150
“ Superhet. Principles 411 “ Carbon Pile, Allen Bradley....ccecoeeeesecececcee 150
“ Mech. Layout, TRF 412 Sparton Radno Selectronne Auto Tuning........... 423
“ 3 Band Receiver 414 “ “ Trans. Switch ........ 423
Relays Pony : 45 Switches, G. E. Magnetic 249
Dixie 45 “ 8 Ways to Apply Plugging Switch.......... 273
“ Western Union 45 “ Square D Selector Switch 274
“ Clapper 45 “ “  “ Microflex Timer .oecoeeeecereececeeeas 274
“ Square D Magnetic 248 “ G. E. TSA-14 Time 275
“ Applications 47 “ Elect. Refrigeration 307
“ Railroad Track 47 “ Terminals 41
“ Square D 151 “ Uses 55
Resonance 831 “ Single Pole 55
Resonant Circuits 382 : Double Pole 55
Record Players—Admiral, Sparton, Lafayette, B Electrolier 55
Philco, Knight, Meissner, Sonora........cc.ccceeee... 428 . 4 Way - 55
Carthweise 56
S “ 3 wray 57
Switchboard, D. C. 158
Series, Motor 82 © A.C. 170
Selsyns 285-286 Standards, Illumination
Shunt, Motor 81 Symbols, Wiring Plans 54
Sine Curve . 488 “  Standard 39
Sound Projector 451 “ “ 40
“ Recording 448 “ “ 124
“ 449-450 “  Refrigeration 295
“ Volume Chart 439 “ Radio 373
“ 2 436-438 Syncl;ronous, Motor 209
Spare Time Job Plans 593-612 . 3 Phase 210
Sgeakers, E:{tra 396 Small 212
Speed, Adjustment 207
Starters Square D, A.C. Line Volt. 8536............ 252 T-U-V
« o “« « O e 253 Tables, Resistance, Reactance 163
“  Westinghouse, Across Line Photo Cell.... 254 “ H.P Killowatt, Kva. 163
& Allen Bradley, Semi-Auto H1852................ 255 “ Mensuration, Surface, Volume .................. 163
. < Auto-Resistance ....ccoe... 256 “ Power Factor Correction 164
“ Cutler Hammer, Auto, 80091D..........c.coer.... 257 “ Appr. Amperes, Ind. MOtOFcecrcoeeereeerecane 164
“ Square D, Red. Voltage 258 “ Conduit Sizes 164
“ “« “ Sec. Res. TYPE woreererreemeememsammssnenes 259 “ Standard Capacitive Kva. Rating.................. 176
“  Auto-Transformer Starters .....cocecoeeeeeecees 260 “ H.P. Synchronous Speed Rating....ccececeoo. 208
“  Westinghouse Auto 185156 weeemeereoreecereens 262 ‘“ Rating Chart G. E, Synch. Motors.............. 211
“ Western Electric Auto 261 Telephones, Battery 51
“ Cutler Hammer Auto Trans. .eeeeeeee. 263 “ Central Energy 52
“ Allen Bradley Auto. 269 “  Elementary System 53
“ Cutler Hammer Auto. 74341.....nnneeeeece. 270 “  Polarized, Bell 53
“ Star Delta 272 Televisior,, Receiver 463
“ Square D Rev. Mag. 281 “ Systems 460
“ Reversing Line Square D 7732.................... 153 “ Meca. Transmission 465
“ Square D 7735-7736 153 “ System Layout 458
“ “ “ Time Accelleration .oceceeeeeeec. 154 “  Definitions 459
“  Across the Line 246 Tester, Dynamic 519
“  Allen Bradley Auto. 247 “ “ 520
“  Westinghouse Across Line weeeecceeeenes 250 Terms 68
“ Cutler Hammer, 90041 Auto. .ccccececoececee- e 251 Test Set, High Voltage 67
“ Square D Manual Line Volt. ...cccnreeeeee 280 Testing, H.P., Output, Efficiency.ccceveereeeeeecececnc 134




Master Index

Subject Page
Tesla Coil 180
Timer, Square D, Microflex 274
Tracing Circuits 42
Tranceiver, 2.5 Meters 415
Transformers 49

“ Step Down 49

“ Step Up 49

“ Connections 179

“ Power 442

“  Radio 404
Transmission, Radio 371

“ Elect. Dist. System 181
Transmitter, Tone CW. Voice 475

“  Adjustment 476

“  Shipboard 477

L3 “ 478

" “ 479

" “ “Q” 480

" “ 481
Touch Tuning, G. E 422
Trigonometric Functions, Chart 162
Trouble Sheet, Radio 489-490
Tubes, Vacuum 391

“  Circuits 392

“ Characteristics 511

{3 “ 512

“ “ 513-518

U-v
Universal Series Motor 84
Units, Electrical 70
Valves 304

“ Expansion 306

“ High Side Float 309

“ Standard Service 320-321
Vibrators, Testing 435

“  Auto, Radio 434
Voltage Drop 44
Voltage Control, Variable 95
Voltmeter 171

W-X-Y-Z
Watt Meter 123
Watt Hourmeter 123
Welder, Butt 183

“  Spot 183
Welding, Generator 97

“  Multiple Operator System ......ccoceeeememmee..e. 160
Windcharger 486
Winding, Principles of Consequent...................... 196

“  4-8 Pole, 3 Phase 197

“ 3 Phase Wave 199

“  Comparison, Lap and Warve........................ 198

“ Spiral Type 216
Wireless Record Player 427
Wiring Diagrams 43

“ " 44

“ “ Closed Circuit Alarm ................ 50

“ “ Specification Bungalow .............. 58

“ “  Contractor’s Form ... 59

“ “  Estimate Chart ..ceeeeeeeeeeeenc. 60

Subject
Wiring Diagra

Page
ms, Bungalow (5) Room.............. 61
Computed Load ..o 62
Circuit Wiring, Bungalow .......... 63
G. E. V35835197 ... 99
O V5837239 e 99

“ *“ V35872093 Dynamotor ... 100
“ V5837402 AM Gen. Set.... 100
“ V5837029 KH Overload.. 217
“ “ V35870447 KH Pole

Charging oo 217
“ V5837494 KH Motor

Overload ..o, 218
“ V5870409 Set Rot. MTO-

CAP 222
“ % V5872000 KC Motor, Non

Rev. 222
“ V5870431 SEP, CAP, KC

Motor 223
“ “ V5872066 60 FR Single

Volt THERM............... 223
O V5870483 e, 224
“4 V5872083 e 224
“ % V5870232 KC o 225

“ “ V5835194 Rev. Sep. Cap. 225
“ V5837020 SC Motor Dual 226

“ % V5870485 KC Rev. ......... 226
Century CSH, CSX Cap. Start.
Induction ................... 227
“ CSH, CSX Cap. Start.
Induction .................... 228
“ CSXM 3 Lead, 2 Speed
Rev. . 229
“ CPXM 2 Speed, 2
Winding .................... 230
“ Type C Unit Heater
Motor e 231
G. E. V3870260 KC 2 Speed...... 232
“ V5837051 “ O 232
“ V5870203 “ R 233
“ " V5079601 ¢ C 233
“ 1 V5872054 KCP 3 Lead
Rev. 234
“ % V5870449 KC Pole
Changing ..o 234

“ % V5837082 KC 3 Stud Rev. 235
“ % V5837425 SMY Motor...... 235

w

“ V5870273 KC Rev. 2 Cap 236
“ “ V5830564 SMY Motor.... 236

“ ¢ V5870458 Internal Rev..... 237
“ % V5870496 Rev. Thermo-
tector 237
“ V5834076 SCA Rev. with
Brake 238
“ ¢ V5835133 Rev. Thermo-
teCtOr e 238

Repulsion Start. Ind. Motor........ 239
Century Type RS Rep. Start.
Ind. Motor ..o 240
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IMPORTANT

DIAGRAMS AND ILLUSTRATIONS
IN THIS BOOK
ARE EXACTLY THE SAME AS USED IN THE
COYNE SHOPS

Because they have been proven correct through actual applica-
tion over and over again the sheets are presented without

On many pages are references to tests and inspections as made
by our instructors and supervisors, also job numbers, and to
certain procedures followed by the men studying practical elec-
trical work in the Coyne School. We have included these special
notations because we feel they add to the value of these diagrams.
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In determining the value of any manual, the
thought to keep foremost in mind is—Who pub-
lished it and What experience have they had in
the subjects covered.

The Coyne Electrical School offering this com-
plete and unique book for both the beginner and
the “old timer,” are pioneers in the Electrical and
Radio training field. For over 40 years, the Coyne
Electrical School has been training men in Elec-
tricity and various other Electrical and Radio sub-
jects. his book represents not just the material of
one individual writer as is the case in most books
but the combined efforts of Coyne instructors,
who are men with a wide field and teaching ex-
perience in all branches of Electricity and Radio.

In submitting material for this book, these men
kept two thoughts in mind. 1. Make it simple
enough for the “beginner”—2. Make it complete,
practical and valuable to the “old timer.”

The Coyne Electrical and Radio Trouble-Shoot-
ing Manual is really two books in one. First of
all, there is the complete step-by-step Electrical
trouble-shooting plan that provides an easy, prac-
tical, dependable program for checking any Elec-
trical or Radio trouble on industrial or household
equipment. There are many publications that deal
with one phase of the subject of Electrical Trouble-
Shooting but here for the first time is a complete,
carefully field tested program for the location and
repair of any Electrical or Radio problems. Many
purchasers of the Coyne Electrical and Radio
Trouble-Shooting Manual have told us that this
section alone was worth many times the cost of
the book.

The second portion of this book contains care-
fully selected shop prints and diagrams of motors,
controllers, starters, generators, compensators,
transformers and hundreds of other types of Elec-
trical and Radio equipment. It includes actual wir-
ing diagrams of the equipment manufactured by
Westinghouse, General Electric, Century, Emerson,
Allen Bradley, Allis Chalmers, as well as dozens
of other large electrical and radio companies.

Any book to be of maximum benefit to a man
learning to read Electrical shop prints or using
the book for field reference, must be complete in
every possible detail. The Coyne Electrical School
has exerted every possible effort to see that this
book has a complete set of Electrical and Radio
shop prints and wiring diagrams.

The prints and diagrams provide the fellow inter-
ested in Electricity with a tremendous advantage
as they contain the material to enable him to diag-
nose and remedy practically any Electrical, Radio,
Refrigeration or Automotive Electrical problems

in the field. One buyer aptly described this book by
saying, “THE COYNE ELECTRICAL AND
RADIO TROUBLE-SHOOTING MANUAL IS
TO AN ELECTRICIAN WHAT A SET OF
LAW BOOKS IS TO A LAWYER—it provides
the answer to hundreds of problems in the Elec-
trical field.” This book could likewise be compared
to a set of medical books for a Doctor. Regardless
of whether a Doctor, or a lawyer is just starting
his practice or whether he is an “old timer” and has
been in the profession for many years, he has
many occasions to refer to his reference books on
certain cases in order TO BE SURE. A lawyer
will look up some similar case to that upon which
he is working, to see what decision was rendered,
the same as a Doctor in diagnosing an ailment for
a patient, and prescribing the proper treatment,
will refer to his books to guide him on the matter.

This same situation prevails in the Electrical
and Radio industry. Whenever a man has an im-
portant problem to handle involving the installa-
tion, carc or maintcnance of Electrical or Radio
equipment, he often needs a reference book to
make certain that he has the proper knowledge
to proceed with the job.

The shop prints, diagrams, and other material in
this book are exactly the same as thosc used in
our shop training courses. Every print has been
used by hundreds of men, so it has been tried and
tested by actual use.

WE HAVE USED THESE PRINTS AND
HAVE ELIMINATED ERRORS FOUND IN
PRINTS THAT MAY HAVE BEEN DIRE-
PARED IN A HURRY AND HAVEN'T AC-
TUALLY HAD THE BENEFIT OF ACTUAL
FIELD EXPERIENCE IN DETERMINING
WHETHER THEY ARE ELECTRICALLY
CORRECT. There are many diagrams today that
haven’t undergone the test of actual shop and field
use and which, therefore, stand the possibility of
being incorrect. This is a very important point to
keep in mind in using the prints in this book; they
are ELECTRICALLY CORRECT, because they
have been field tested.

ELECTRICAL, RADIO AND ELECTRONIC
DICTIONARY OF 1200 TERMS
INCLUDED

In preparing the material for the Coyne Electrical
and Radio Trouble-Shooting Manual we realized
the need of simple explanations of commonly used
Electrical, Radio and Electronic terms. We have
therefore prepared a 1200 term Llectrical and Radio
Dictionary as a part of this manual. Electricity and
Radio, like any other specialized field of endeavor
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ables you to PREPARE NOW for additional
responsibility TOMORROW.

A study of the shop prints and the “step by step”
practical trouble shooting program covered in this
book will provide the necessary training for the job
ahead and will also act as a guide to your know-
ledge of various phases of your trade.

IF YOU ARE DOING ELECTRICAL WORK,
KEEP YOUR COYNE TROUBLE-SHOOTER
ON THE JOB

Many Electricians take the Coyne Electrical and
Radio Trouble-Shooting Manual to the plant in
which they work, to keep it handy for immediate
reference. Many things happen to Electrical equip-
ment and very often a man needs a diagram or a
shop print to help him trace the trouble. This book
will be worth its weight in gold many times over,
if you let it work for you.

At this point, we'd like to cover a very important
feature regarding the material and its form of pre-
sentation in this book. We have found through
years of experience that shop prints printed in
black on white paper, with a space around the print,
for special notations and comments, are more valu-
able and practical for the beginner and the experi-
enced electrician. Practically anyone using these
prints makes notes on them and it is easy to under-
stand that print on white paper is far better for this
purpose. This is particularly true in tracing circuits
where various colors are used to designate different
circuits. Therefore, we thought it greatly to the
advantage of the user of the set, of these shop
prints, to have them printed in black on white
paper.

HOW THE ELECTRICAL HELPER OR
BEGINNER USES THIS BOOK

One of the questions the average fellow starting
out to learn how to read shop prints, asks himself
is:

“What education do I need to understand the
reading of shop prints as used in the Electrical and
Radio industry?” We have made these prints prac-
tical and easy to understand so that anyone should
have no difficulty with them. All that you have
to do, is to understand a few simple rules and
symbols. Shop Print reading, (once these few sim-
ple things are understood), is just as easy as read-
ing a newspaper or a book. There is an old Chinese
proverb which reads, “One picture tells the story
of 10,000 words.” It is conceivable then that one
shop print can tell the story of 5,000 words. You
see the basic principle of any shop print or diagram,
is to tell a complete story by the use of lines and
symbols that might otherwise require thousands
of words of explanation.

One thing about shop print reading that is
significant is the fact that there are many branches

of this “sign writing” that you have probably al-
ready used from early childhood without being
conscious of the fact. As you make a study of
circuit tracing and shop print reading in this book,
you will readily note this.

Although each section of the shop print book
has complete explanatory instructions, we’'d like
to illustrate at this time how very simple the trac-
ing of circuits and motor diagrams can be. To do
this, let us use a common, every-day illustration
that brings home a basic, elementary lesson.

The explanation we shall use, has nothing to do
with Electricity, but it provides a very simple
explanation of a diagram.

Suppose, for instance, we take the average Coyne
student attending our school, who wishes to go to
the Chicago Theatre in Chicago’s “loop,” and want-
ed a diagram on just how he could trace his steps
to get there and get back again without becoming
lost. Now the following diagram indicates exactly
where he starts from and in what direction he
would have to travel in order to arrive at the Chi-
cago Theatre, then to complete the diagram, it
shows how he can get back to the school after the
show is over. This is a simple diagram, similar to
many that you may have drawn yourself, in giving
friends or relatives some instructions or directions
on how to reach a certain point in your locality.
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Now if you wanted to bring this down to an
Electrical explanation, you might consider the
Coyne School Building, marked “A” in the above
diagram, as a battery and the Chicago Theatre as
a bell or alarm to be operated. It is readily under-
standable that the wires would have to run from
one side of the battery to the bell and from the
other side back to the battery. THIS IS A SIMPLE
WIRING DIAGRAM OF AN ELECTRICAL
CIRCUIT.

Here’s another example of a simple “LINE PIC-
TURE.” Suppose you wanted to explain to some-
one just how a baseball field was laid out. The
easiest way to illustrate this would be to draw a
diagram of a baseball field, such as we have indi-
cate below. Then to indicate how baseball is played,
you would place arrows indicating the progress
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In determining the value of any manual, the
thought to keep foremost in mind is—Who pub-
lished it and What experience have they had in
the subjects covered.

The Coyne Electrical School offering this com-
plete and unique book for both the beginner and
the “old timer,” are pioneers in the Electrical and
Radio training field. For over 40 years, the Coyne
Electrical School has been training men in Elec-
tricity and various other Electrical and Radio sub-
jects. his book represents not just the material of
one individual writer as is the case in most books
but the combined efforts of Coyne instructors,
who are men with a wide field and teaching ex-
perience in all branches of Electricity and Radio.

In submitting material for this book, these men
kept two thoughts in mind. 1. Make it simple
enough for the “beginner”—2. Make it complete,
practical and valuable to the “old timer.”

The Coyne Electrical and Radio Trouble-Shoot-
ing Manual is really two books in one. First of
all, there is the complete step-by-step Electrical
trouble-shooting plan that provides an easy, prac-
tical, dependable program for checking any Elec-
trical or Radio trouble on industrial or household
equipment. There are many publications that deal
with one phase of the subject of Electrical Trouble-
Shooting but here for the first time is a complete,
carefully field tested program for the location and
repair of any Electrical or Radio problems. Many
purchasers of the Coyne Electrical and Radio
Trouble-Shooting Manual have told us that this
section alone was worth many times the cost of
the book.

The second portion of this book contains care-
fully selected shop prints and diagrams of motors,
controllers, starters, generators, compensators,
transformers and hundreds of other types of Elec-
trical and Radio equipment. It includes actual wir-
ing diagrams of the equipment manufactured by
Westinghouse, General Electric, Century, Emerson,
Allen Bradley, Allis Chalmers, as well as dozens
of other large electrical and radio companies.

Any book to be of maximum benefit to a man
learning to read Electrical shop prints or using
the book for field reference, must be complete in
every possible detail. The Coyne Electrical School
has exerted every possible effort to see that this
book has a complete set of Electrical and Radio
shop prints and wiring diagrams.

The prints and diagrams provide the fellow inter-
ested in Electricity with a tremendous advantage
as they contain the material to enable him to diag-
nose and remedy practically any Electrical, Radio,
Refrigeration or Automotive Electrical problems

in the field. One buyer aptly described this book by
saying, “THE COYNE ELECTRICAL AND
RADIO TROUBLE-SHOOTING MANUAL IS
TO AN ELECTRICIAN WHAT A SET OF
LAW BOOKS IS TO A LAWYER—it provides
the answer to hundreds of problems in the Elec-
trical field.” This book could likewise be compared
to a set of medical books for a Doctor. Regardless
of whether a Doctor, or a lawyer is just starting
his practice or whether he is an “old timer” and has
been in the profession for many years, he has
many occasions to refer to his reference books on
certain cases in order TO BE SURE. A lawyer
will look up some similar case to that upon which
he is working, to see what decision was rendered,
the same as a Doctor in diagnosing an ailment for
a patient, and prescribing the proper treatment,
will refer to his books to guide him on the matter.

This same situation prevails in the Electrical
and Radio industry. Whenever a man has an im-
portant problem to handle involving the installa-
tion, care or maintenance of Electrical or Radio
equipment, he often needs a reference book to
make certain that he has the proper knowledge
to proceed with the job.

The shop prints, diagrams, and other material in
this book are exactly the same as those used in
our shop training courses. Every print has been
used by hundreds of men, so it has been tried and
tested by actual use.

WE HAVE USED THESE PRINTS AND
HAVE ELIMINATED ERRORS FOUND IN
PRINTS THAT MAY HAVE BEEN DIRE-
PARED IN A HURRY AND HAVEN'T AC-
TUALLY HAD THE BENEFIT OF ACTUAL
FIELD EXPERIENCE IN DETERMINING
WHETHER THEY ARE ELECTRICALLY
CORRECT. There are many diagrams today that
haven’t undergone the test of actual shop and field
use and which, therefore, stand the possibility of
being incorrect. This is a very important point to
keep in mind in using the prints in this book; they
are ELECTRICALLY CORRECT, because they
have been field tested.

ELECTRICAL, RADIO AND ELECTRONIC
DICTIONARY OF 1200 TERMS
INCLUDED

In preparing the material for the Coyne Electrical
and Radio Trouble-Shooting Manual we realized
the need of simple explanations of commonly used

Electrical, Radio and Electronic terms. We have

therefore prepared a 1200 term Electrical and Radio

Dictionary as a part of this manual. Electricity and

Radio, like any other specialized field of endeavor
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have a special “language” for the explanation and
discussion of its problems. This language includes
words, abbreviations, letters and schematic sym-
bols, each representing an idea or picture. We have
found that the “beginner” just by reading this
dictionary carefully, a few pages each day, can
become surprisingly familiar with the subjects of
Electricity and Radio.

We have always felt there was no necessity in

going “High Brow,” defining Electrical terms, and
the more simple the language of Electricity and
Radio can be made, the easier it is for anyone to
understand it.

In our Electrical and Radio Dictionary, we ex-
plain terms and words employed in commercial
and industrial applications of Electronic devices
and apparatus. All the words, terms and abbrevia-
tions are arranged in one continuous alphabetical
order. Wherever possible, we have included dia-
grams of Electrical apparatus or devices. We have
found that this helps to enable a ‘“‘beginner” as well
as an “old timer” to more readily understand the
definitions. You will note in the dictionary, as well
as throughout this entire book, the entire thought
in preparing the material was toward making it
easy to understand. There is no reason for using
three words where one will do the job. We believe
that the material as we have prepared it, will make
clear many of the Electrical and Radio expressions
and afford a more complete understanding of vari-
ous Electrical and Radio terms, each of which has a
very definite meaning. This Electrical Dictionary
should enable you to be an authority on the exact
meaning of any Electrical or Radio term or ex-
pression.

HERE’'S HOW YOU CAN BENEFIT FROM
COYNE ELECTRICAL AND RADIO
TROUBLE-SHOOTER

In preparing this complete Electrical and Radio
Trouble-Shooter, and in making these books avail-
able to all who are interested in Electricity, we
made them easy to understand and practical for
the “beginner” as well as the “old timer.” The
Electrical and Radio shop prints are valuable to
anyone learning Electricity or working at it for
his living. Suppose we take the Electrician who
works at the trade every day. This fellow has a
definite need for this book for use in his daily work
in handling all types of Electrical Trouble-shoot-
ing, maintenance and Electrical installation work.
The step-by-step trouble-shooting instruction as
well as the section containing over 500 actual wir-
ing diagrams, provide the answer to any Electrical
problem,

Then let us consider the helper Electrician. THIS
FELLOW WORKS IN A PLANT AND IN
MOST CASES, IS AMBITIOUS AND ANXIOUS
TO GET AHEAD BUT LACKS THE KNOWL-
EDGE TO PROGRESS FURTHER IN HIS
JOB. These men can make excellent use of the
Coyne Electrical and Radio Trouble-Shooting Man-

ual to acquire the knowledge of shop print reading,
circuit tracing and step-by-step trouble shooting
procedure that is vitally essential for them to know
before assuming added responsibilities in their
organization.

In fact, in every plant, there are many men who
are working at various jobs—other than Electrical
work, who see great opportunity in the Electrical
department. These plants in most cases, are not
Electrical plants, but still depend on Electricity for
all production power. As an example, take the Sears
Roebuck Company’s large plant in Chicago. Here’s
a plant that does no Electrical manufacturing—it
is not known as an Electrical Company and from
all outward appearances, would not provide oppor-
tunity for Electrical men. However, in this plant
alone, which is strictly in the Mail Order Mer-
chandising business, there are dozens of men who
are engaged in Electrical work of one type or an-
other. The same thing is true of Textile Mills,
Paper Mills, Steel Mills, large office or apartment
hotel buildings, Aircraft Plants, Arsenals, Ship-
yards, etc.

The point that we are trying to bring home is
the fact that Electricity and Electrical jobs are on
hand all over for the man who is trained to handle
them. To handle Electrical jobs, men must know
first of all the proper method of locating and re-
pairing Electrical equipment. Secondly, it is vitally
essential that they understand shop print reading
and circuit tracing. To the man who may be work-
ing in one type of occupation and is anxious to
get into the Electrical Department of his plant,
this course is valuable because it provides an easy,
practical way to learn Electrical Trouble-Shooting
and Shop Print and Motor Diagram reading in the
quickest possible time.

ELECTRICAL AND RADIO WORK

Throughout the length and breadth of this coun-
try, there are thousands of men who do Electrical
work in their spare time, either as hobby or as a
spare time job. The material in this book is espe-
cially valuable to a man of this type because it has
so many practical shop prints on equipment and
wiring done in the average home. As an example,
refer to Diagrams No. 61 and 63. Here you will
note that we have included the complete wiring of a
S-room house, including all outlets, junction boxes,
switches, etc. A shop print of this type is extremely
valuable to anyone doing house wiring, whether he
plans to wire the entire house, or whether he is
merely interested in installing an extra outlet or
doing some incidental wiring in a home that is
already wired for Electrical power. If a man didn’t
use the knowledge obtainable from this book in
any other way, but to take care of the Electrical
work to be done in and around his own home or
farm, the book would more than pay for itself
many times each year. In fact, many times one
little job will more than pay for the cost of this
book.
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There are many other prints of value to a man
working at Electricity or Radio, in his spare time.
Some in particular that would be extremely helpful,
are in Automotive Electricity. One is shown on
page 345 of this book. To realize the value of the
investment in the Coyne Electrical and Radio
Trouble-Shooting Manual a man doesn’t have to
use the material every day on a job. JUST TO BE
ABLE TO HAVE IT AVAILABLE FOR EVEN
OCCASIONAL REFERENCE, WHERE A MAN
WANTS TO BE SURE, BEFORE GOING
AHEAD ON SOME ELECTRICAL OR RADIO
WORK, MAKES THIS BOOK EXTREMELY
VALUABLE.

Regardless of what kind of work you may be
doing—whether you are a “beginner” or an “old
timer” in the Electrical or Radio Field, you will
find the material we have covered in this book to be
of extreme value to you all through life.

We have tried to prepare the greatest amount
of up-to-date instruction on the subject of Electrical
Trouble-Shooting and have “geared” it to modern
industrial and domestic needs. Yet, we have always
made the material simple enough so that a fellow
who is learning Electricity can readily understand
and follow the instructions and information.

IMPORTANT—READ CAREFULLY

HOW TO USE THE COYNE ELECTRICAL AND RADIO
TROUBLE SHOOTING MANUAL

There are many ways that this book can be used.
To get the maximum benefit from it, we want you
to know just how to use this book for whatever
purpose you have in mind. If you are an experi-
enced Electrician at work in the field, there is a
certain way that you can benefit most by the ma-
terial in this book. On the other hand, if you are
a “beginner,” and interested in learning how to
read shop prints and motor diagrams, then there
is a definite way that we suggest that YOU study
the material in this book. We will try to outline
the best plan to follow for you individually, to get
the most out of this material.

HOW THE EXPERIENCED ELECTRICIAN
USES THE COYNE ELECTRICAL AND
RADIO TROUBLE SHOOTER FOR REFER-
ENCE WORK IN THE FIELD.

The experienced Electrician—the fellow who has
been “in the game” for some time and is daily
working in the field, has a great need for a reliable,
authoritative and complete reference book on Elec-
trical Trouble Shooting and Shop Prints and Motor
Diagrams. He should have something available at
all times to which he can refer with confidence—
something that he knows contains material and
information given on any motor or Electrical mach-
ine that is above all, accurate and dependable. This
book fills the need for the Electrician, because it
provides him with the material that has been field
tested by actual use. We also feel that the ma-
terial we have prepared for the benefit of the “be-
ginner” or the fellow interested in learning how to
read shop prints, would be of equal advantage to
the “old timer” as well.

THE ELECTRICIAN'S JOB IS TO “KEEP 'EM
ROLLING”

In every plant, there are Electrical motors, con-

trollers, switches, starters, meters and dozens of

other pieces of Electrical apparatus. The job of the
Electrician is to keep the equipment operating and
to get the greatest possible service out of it. The
more information he has on his company’s equip-
ment, the more valuable he can be to his organiza-
tion on his job. Now here’s how the experienced
Electrician can get the most out of this book.

DETAILED INDEX PROVIDES EASY WAY
TO LOCATE THE PRINTS YOU WANT

To begin with, we have spent a great deal of
time in preparing a complete simplified index for
this book that will enable you to get the utmost
value from it. This index is detailed and cross refer-
enced in every possible respect. We want every
man, and particularly the Electrician on the job, to
be able to FIND THE SHOP PRINTS AND THE
INFORMATION HE WANTS EASILY. That is
why we have provided an index that would enable
anyone in a few seconds, to locate any information
he may want at any time.

PREPARE FOR A BIGGER PAY JOB

The important thing to consider as you go over
the material and shop prints in this book is the fact
that regardless of size or make the PRINCIPLES
of ELECTRICITY apply on ALL ELECTRICAL
EQUIPMENT. In most plants there are many
motors, controllers, starters, transformers, etc.,
ranging from fractional horse power up to possibly
several hundreds or thousands of horse power per
unit. Now the Electrical principles embodied in the
smallest motor are also the same in the largest
motors. So, to the man employed as an Electrician,
we suggest that he prepare in advance for the
handling of more responsible Electrical jobs by
studying ALL the diagrams and other material in
this book. A very wise man once said, “The secret
of success is to PREPARE TODAY FOR TO-
MORROW.” This Trouble Shooting Manual en-
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ables you to PREPARE NOW for additional
responsibility TOMORROW.

A study of the shop prints and the “step by step”
practical trouble shooting program covered in this
book will provide the necessary training for the job
ahead and will also act as a guide to your know-
ledge of various phases of your trade.

IF YOU ARE DOING ELECTRICAL WORK,
KEEP YOUR COYNE TROUBLE-SHOOTER
ON THE JOB

Many Electricians take the Coyne Electrical and
Radio Trouble-Shooting Manual to the plant in
which they work, to keep it handy for immediate
reference. Many things happen to Electrical equip-
ment and very often a man needs a diagram or a
shop print to help him trace the trouble. This book
will be worth its weight in gold many times over,
if you let it work for you.

At this point, we’d like to cover a very important
feature regarding the material and its form of pre-
sentation in this book. We have found through
years of experience that shop prints printed in
black on white paper, with a space around the print,
for special notations and comments, are more valu-
able and practical for the beginner and the experi-
enced electrician. Practically anyone using these
prints makes notes on them and it is easy to under-
stand that print on white paper is far better for this
purpose. This is particularly true in tracing circuits
where various colors are used to designate different
circuits. Therefore, we thought it greatly to the
advantage of the user of the set, of these shop
prints, to have them printed in black on white
paper.

HOW THE ELECTRICAL HELPER OR
BEGINNER USES THIS BOOK

One of the questions the average fellow starting
out to learn how to read shop prints, asks himself
is:

“What education do I need to understand the
reading of shop prints as used in the Electrical and
Radio industry?” We have made these prints prac-
tical and easy to understand so that anyone should
have no difficulty with them. All that you have
to do, is to understand a few simple rules and
symbols. Shop Print reading, (once these few sim-
ple things are understood), is just as easy as read-
ing a newspaper or a book. There is an old Chinese
proverb which reads, “One picture tells the story
of 10,000 words.” It is conceivable then that one
shop print can tell the story of 5,000 words. You
see the basic principle of any shop print or diagram,
is to tell a complete story by the use of lines and
symbols that might otherwise require thousands
of words of explanation.

One thing about shop print reading that is
significant is the fact that there are many branches

of this “sign writing” that you have probably al-
ready used from early childhood without being
conscious of the fact. As you make a study of
circuit tracing and shop print reading in this book,
you will readily note this.

Although each section of the shop print book
has complete explanatory instructions, we’d like
to illustrate at this time how very simple the trac-
ing of circuits and motor diagrams can be. To do
this, let us use a common, every-day illustration
that brings home a basic, elementary lesson.

The explanation we shall use, has nothing to do
with Electricity, but it provides a very simple
explanation of a diagram.

Suppose, for instance, we take the average Coyne
student attending our school, who wishes to go to
the Chicago Theatre in Chicago’s “loop,” and want-
ed a diagram on just how he could trace his steps
to get there and get back again without becoming
lost. Now the following diagram indicates exactly
where he starts from and in what direction he
would have to travel in order to arrive at the Chi-
cago Theatre, then to complete the diagram, it
shows how he can get back to the school after the
show is over. This is a simple diagram, similar to
many that you may have drawn yourself, in giving
friends or relatives some instructions or directions
on how to reach a certain point in your locality.

o
Ln'x Sr. G
0 B8
<
=Y
& w
Harrifson ST. -
== e -
A 7))
O

Now if you wanted to bring this down to an
Electrical explanation, you might consider the
Coyne School Building, marked “A” in the above
diagram, as a battery and the Chicago Theatre as
a bell or alarm to be operated. It is readily under-
standable that the wires would have to run from
one side of the battery to the bell and from the
other side back to the battery. THIS IS A SIMPLE
WIRING DIAGRAM OF AN ELECTRICAL
CIRCUIT.

Here’s another example of a simple “LINE PIC-
TURE.” Suppose you wanted to explain to some-
one just how a baseball field was laid out. The
easiest way to illustrate this would be to draw a
diagram of a baseball field, such as we have indi-
cate below. Then to indicate how baseball is played,
you would place arrows indicating the progress
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around the bases in scoring a run. Your DIA-
GRAM or “Line Picture” would look like this.

HoMmE.

(R 15 380,
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You have often heard the expression of baseball
—*“A CIRCUIT CLOUT”—that means a home run
or a drive that has completed the circuit of bases.
What actually happens when a home run is hit, is
that a fellow hits the ball so far that he can com-
plete the circuit of bases before the ball is returned.

Fig. 1. Parts for a simple battery operated door bell.

Now these are simple illustrations to give you
an idea of DIAGRAMS. You can readily see that
you don’t need any advanced education to follow
these simple instructions and that you have already
actually drawn many diagrams or “line pictures”
during your lifetime. If you will keep the thought
in mind at all times that a diagram is always in-
tended to simplify the explanation of any Electrical
machinery or principle, you should have no trouble
in understanding the shop prints in this book. These
preliminary instructions as well as the detailed
explanation in each section of the shop prints, will
provide you with all the instructions you should

need to thoroughly understand wiring prints for
Electrical and Radio apparatus.

O

-

©

S

Fig. 2. Wiring diagram of equipment pictured in Figure 1.

USE OF PLANS AND SYMBOLS

When equipment for any signal system is PIC-
TURED as in Figure 1, it is of course, easy to
recognize each part and also to connect the wires
as shown. But we must have some form of plan
or sketch, from which to do such work and the
plan must be made more quickly and cheaply, than
a photograph. So instead of having actual pictures
of the equipment, various symbols are usec to
designate different types of materials that go into
any wiring job. The various symbols that are used,
are discussed in detail in another section of this
book. At this point, however, we’d like to give you
some preliminary instruction in the very simple

_
T

Fig. 3. Connections for drop relay.

door bell wiring job. In Figure 1, we have
shown by way of photographs, the various equip-
ment in a simple battery operated doorbell signal
system, In Figure 2, is shown a simple sketch of
the same doorbell system, as in Figure 1.

This sketch, uses symbols for the various parts
and can be quickly and easily made and also easily
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understood with a knowledge of the various sym-
bols designating the equipment on this wiring job.

The part marked “A” is the symbol for a cell,
or battery the long line representing the positive
terminal at which the current leaves, and the short
line the negative terminal. “B” is the symbol for
the bell and “C” is the symbol for the switch.

The heavy top line of the switch represents the
movable contact. The arrow underneath represents
the stationary contact. Note that the arrow does
not touch the upper part, showing that the switch
is open as it should be normally. Imagine that you
were to press down this top part causing it to touch
the arrow and close the circuit (that is like press-
ing the button in Figure 1). Current would im-
mediately start to flow from the positive cell to
the bell, and back to the switch, to the negative
side of the cell. The arrows along the straight line
representing wires, show the direction of the cur-
rent flow.

This illustration is given so that you will under-
stand in reading any Electrical diagrams in this
book that the current flow should always be traced
out in this manner.

TRACING CIRCUITS IN DROP RELAYS
AND CONSTANT RINGING SIGNALS

In certain alarm and signal systems it is often
an advantage to have the bell continue to ring
until it is shut off by the person it is to call. For
example a burglar alarm, in order to give a sure
warning, should not stop ringing if the burglar
stepped in through the window and then closed
the window quickly. To provide continuous ringing
of a bell, once the switch is closed, we use a device
called a drop relay. Figure 3 shows a sketch of
the connections of a drop relay with a bell, battery
and switch, ready to operate. Study each part of
this circuit and examine the parts of the device
carefully, and its operation will be easily under-
stood.

When the switch is closed, current first flows
through the circuit as shown by the small arrows,
causing the coils to become magnetized and to at-
tract the armature. This releases the contact spring
which flies up and closes the circuit through the
stationary contact to the bell. Before being tripped,
the contact spring is held down by a hook on the
armature, which projects through a slot in the
spring. The button “B” extends through the cover
of the relay, being used to push the contact spring
back in place, or reset it, and to stop the bell from
ringing.

In tracing the bell-operating circuit, shown by
the large black arrows, we find that the current
flows through the frame of the device from “C”
to “D.” The marks or little group of tapered lines
at “C” and “D” are symbols for GROUND connec-
tions. From this we see that a ground connection
as used in Electrical work does not always have

to be to the earth. Instead, a wire may be
GROUNDED to the metal frame of any electrical
device, allowing the current to flow through the
frame, thus saving one or more pieces of wire and
simplifying connections in many cases. This is a
very common practice in low voltage systems and
is extensively used in telephone and automobile
wiring.

It is not our intention in these preliminary in-
structions, to go into detail concerning the tracing
of circuits and diagrams. We merely wanted to
present these explanations to illustrate how com-
paratively simple the subject, “Shop Prints and
Motor Diagrams” reading is for anyone who has
an interest in the subject.

Electrical shop print reading is the same as any
other reading—the more you do of it, the more
efficient you become. The Coyne Electrical Shop
Prints in this book are especially valuable to you
because they not only have the actual motor dia-
grams, but also carry valuable explanatory material.
In going over any material in this book, if you do
not get the thought immediately, go over it again
and again until you thoroughly understand it. Re-
member that any Electrician or any man who hopes
to hold a responsible Electrical job MUST DEFIN-
ITELY KNOW AND UNDERSTAND SHOP
PRINTS, DIAGRAMS, CIRCUIT TRACING,
ETC. It is as vitally essential to know these things,
as it is to actually know the motors and Electrical
equipment you work on, because the knowledge
of these things provides a source for “short cuts”
to trouble shooting and fault location in improperly
operating Electrical equipment.

USE SPARE TIME JOB LESSONS TO EARN
EXTRA MONEY

Another valuable feature of the Coyne Electrical
and Radio Trouble-Shooting Manual (and one of
the things that will make the book pay for itself),
are the spare time job lessons, located at the back
end of the book. I'd like to explain just how we
prepared these special lessons, and how they can
mean extra money to you.

It has often been said, “Time is the most prec-
ious thing in the world.” EVERY ONE IS GIVEN
A CERTAIN AMOUNT OF TIME AND HOW
HE MAKES USE OF IT, REGULATES IN A
LARGE MEASURE THE SUCCESS HE EN-
JOYS IN LIFE. Electricity and Radio offer tre-
mendous opportunities for a man to utilize his
spare time to make some extra money. There are
many ideas that can be used that would provide
a regular income for anyone who is willing to de-
vote a few hours each day or week to the dévelop-
ment of various Electrical Service programs.

The purpose of our spare time job lessons is to
explain some of these ideas, that have been used
by thousands, that have proven “Real money mak-
ers.” In most cases there is very little capital needed
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to start these plans and in practically every case
the service offered on the program is something
that should be needed in any community. Here are
some of the subjects in our Spare Time Job Lessons
that we have prepared in detail for you beginning
on page 591 of this book.

Spare time Job Plan No. I—HOME MODERN-
IZATION — Extra outlets, illuminated house
numbers, new modern lighting fixtures. Re-
placing worn appliances and lamp cords.

Spare Time Job Plan No. 2—FREE ELECTRIC
POWER FROM WIND - DRIVEN POWER
PLANTS.

Spare Time Job Plan No. 3—ELECTRIC AD-
VERTISING DEVICES — Introducing new
and novel advertising methods in your locality.

Spare Time Job Plan No. 4 — ELECTRICAL
MAINTENANCE CONTRACTING AS A
SPARE TIME BUSINESS.

Spare Time Job Plan No. 5— ELECTRICAL
WELDING OPPORTUNITIES FOR FULL
OR SPARE TIME JOBS.

Spare Time Job Plan No. 6—~AUTO IGNITION
AND AUTO ELECTRIC SERVICE PLAN.

Spare Time Job Plan No. 7—ADAPTING IN-
DUCTION MOTORS TO NEW OPERAT-
ING CONDITIONS.

Any one of these plans can provide a fine income
for a man who is willing to devote a little time
in preparing his program and selling it to his local-
ity.

If there wasn’t enough of work of any one of
these particular plans, certainly all of them com-

bined could provide a splendid source of additional
income every year.

You will notice in our cxplanation of these plans,
that we give specific instructions not only on how
to do the work, but in addition, how to “sell” the
ideas. I'd like to make it quite clear that you don’t
have to be a salesman to put these ideas across
because the service is so vitally essential that it
actually “sells itself.”

We included these special Spare Time Job
Plans as just another way of having this valuable
shop print book pay for itself.

In concluding this introductory material, we’d
like to leave this thought with you. Although the
Coyne Electrical and Radio Trouble-Shooting Man-
ual can be valuable to you almost every day on
the job, nevertheless if you used this only occas-
ionally for important Electrical or Radio problems
and even one particular occasion might more than
pay for the book. The value of a book isn’t always
regulated by how often you use it, but rather how
important and how valuable it can be WHEN YOU
NEED IT. This book can be the most valuable
book you have ever owned because it will provide
the help you need WHEN YOU NEED IT. Re-
member, if it pays a Doctor or a lawyer to spend
hundreds of dollars on reference books, so that HE
CAN BE SURE of his steps in important cases,
it is equally important for the Electrician or the
man aspiring to a good electrical job, to have his
reference books for important problems that come
up in his work. An investment, therefore, in a book
of this type is an investment in your future success.

H. C. LEWIS, President,
Coyne Electrical School.
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STEP BY STEP METHOD OF ELECTRICAL AND RADIO
TROUBLE SHOOTING

Whether it is a door bell or a central power sta-
tion, every electrical system begins with plans and
layouts, followed by installation of the equipment
and making of connections that place the system in
operation. If every part of the system were then
to operate indefinitely without trouble there would
be no further work for electrical men. But sooner
or later something will go wrong, and then begins
the job of trouble shooting.

When electrical equipment fails to operate cor-
rectly, and you are called on to fix it, the people
who call for help won’t be able to tell you what
really is wrong or exactly where the trouble lies.
They will tell you simply that the motor won’t
start, that the lamp won’t light, that the flat iron
won’t heat—and from there on it’s up to you.

Trouble shooting — determining the kind of
trouble and its exact location—usually is considered
to be the most difficult of all electrical work. It
actually is difficult for most men because they go
at the job in a hit or miss fashion, hoping that luck
will be with them and that some fortunate twist
of a screw or pull on a wire will start things going
again. The fact that they do not thus really locate
the trouble and its cause means that it will reappear
in a short time, which won’t help the reputation
of the man who “fixed” it.

Like all other problems, trouble shooting can be
made much easier and the results more positive
and lasting if you work according to definite plans.
Working logically and systematically will quickly
eliminate one possibility after another until the
real fault is found, The first step in working out a
trouble shooting system is to investigate electric
circuits in general.

We must understand electric circuits because
nearly any kind of trouble allows either too much
or too little current to flow in the circuit. Trouble
shooting is the process of determining whether a
circuit will carry too much or too little current,
and of interpreting the results of systematic tests
so that we may locate the kind of trouble and its
position,

THE PARTS OF A CIRCUIT

Electric circuits of the kind we are interested in
are paths composed wholly of conductors through
which current may flow. At some point in the
conductive path is a source of electromotive force
or voltage. This force causes current to leave the
source, pass through the entire path outside the
source, and return to the source. In addition to the
source of emf all practical circuits include some
kind of load. A load is any equipment in which
electric power does useful work. A load may be a

motor which causes mechanical motion, it may be
a lamp which produces light, it may be a heater
which raises temperatures, or it may be any other
of a long list of things which are electrically op-
erated.

A circuit containing the fewest possible parts is
shown at “A” in Fig. 1. The source of voltage and
current is a battery, the load is a lamp, and between
the source and load are wires. Current leaves one
terminal of the source, flows to and through the
lamp, then returns to the source. At “B” we have
added a control, in the form of a switch that allows
turning the lamp on and off.

In case the voltage of the battery is so high as
to force excessive current overload and possibly
burn out the lamp we may add opposition to cur-
rent flow, the resistor ¢f diagram “C” in Fig. 1.
Suppose the lamp is where it canunot be seen when
operating the switch, we may add a signal in some
other part of the circuit, as at “D.” Next, wishing
to prevent overheating of devices in our circuit
because of excessive cur-ent, we add protection in
the form of a fuse in diagram “E.” Finally, in order
to determine just how much current flows in the
circuit, we provide measurement by means of the
ammeter in diagram “F.”

All of the parts in ordinary direct-current cir-
cuits may be classified as one of the types that we
have used in Fig. 1. To the list we should add
insulation, which preverts escape of current and
voltage from the conductors, and which frequently
acts at the same time as a means of support.

Now let’s examine the alternating-current circuit
shown by Fig. 2, noting whether we find parts
which perform in general the same functions per-
formed by parts in Fig, 1.

First in the a-c circuit we have a source, which
is the a-c generator. We have a load which con-
sists of the motor. There are connecting wires and
insulation. For control we have an automatic relay
that closes the generator circuit only after the gen-
erator voltage reaches a value suitable for oper-
ating the load. To protect the relay winding
against excessive current we have opposition in
the form of a resistor. A lamp connected across the
generator acts as a signal to show whether the
generator is in operatior. Protection against over-
heating of the motor due to overload is furnished
by an automatic circuit breaker that opens after
excessive current has continued for a predetermined
time. Measurement of voltage in the motor circuit
is provided with a voltmeter.

In the alternating cucrent circuit of Fig. 2 we
have one kind of device not found in the direct-
current circuit of Fig. 1, we have a transformer
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that changes the voltage from the generator into
a voltage suitable for the motor. This we may
classify as translation equipment.

Now we may list as follows all the general classes
of equipment found in electric circuits:

1. Sources: Batteries, generators, power lines,

thermocouples, etc.

2. Loads: Motors, lamps, heaters and other

power-consuming equipment.

3. Conductors: Wires and other metallic and

conductive parts for current.

4. Insulation: Often in the form of supports as

well as wire coverings.

5. Controls: Switches, relays, starters, control-
lers and similar devices.

Opposition to current flow. Resistors, coils,
capacitors, etc.

Signals: Lamps, bells, buzzers, annunciators,
sounders, etc.

Protective devices: Fuses, circuit breakers.
Sometimes transformers.

9. Measuring devices: Meters of various types.

10. Translation devices: Chiefly transformers and

converters.

The general types of parts just listed may be
combined in countless ways to form electric cir-
cuits. We may have one or more than one of any
of these parts in a circuit. The circuit of Fig. 2
certainly looks entirely unlike those of Fig. 1, yet
when we consider the parts according to their
functions we have the same general kinds in both
cases.

KINDS OF TROUBLE

Just as we classified switches, relays and starters
under the one heading of controls, and just as we
classified many other devices under some one gen-
eral heading, so we must classify electrical troubles
themselves into groups if we are to develop a
workable system of trouble shooting.

Considering individual or particular electrical
troubles we might have a burned out lamp, a
burned out resistor, a blown fuse, a disconnected
wire, a sticking contactor, or corroded relay con-
tacts. But in our method of locating faults all these
would be classified as open circuits. They would be
classified as open circuits because they prevent flow
of current in the circuit—from the standpoint of
current flow the circuit is open, and when a circuit
is open at any point and for any reason no current
can flow in any part of that circuit,

We group all these troubles, and many others,
together because it is relatively easy to determine
when there is an open circuit and then to locate
it as existing in some one section of the circuit.
Knowing the general class of trouble present, and
knowing its approximate position, we simply ex-
amine the parts to see which of them is out of
order in the one particular manner.

Fig. 3 illustrates an open circuit caused by a
wire end disconnected from one side of the lamp-
socket or lampholder. Even with the switch closed

o N o

no current can flow in any of the conductors of the
circuit,

Such things as dirty or corroded contacts and
weak springs in automatic switches might not keep
the circuit completely open but might introduce
abnormally high resistance. The contacts might
come together, but instead of making a full and
clean connection they might make a connection
through only a limited area, and through the dirt
and corrosion instead of through clean metal sur-
faces. Abnormally high resistance, from any cause,
is our second general classification of circuit
troubles,

An open circuit prevents flow of any current at
all. High resistance allows only a relatively small
current to flow. These two classes of trouble are
somewhat similar in that both reduce the flow of
current, and they are identified and located by the
same general methods of testing.

SHORT CIRCUITS AND GROUNDS

In Fig. 4 the wire that became disconnected from
the lamp socket terminal in Fig. 3 has made con-
tact on the other lamp socket terminal. Now cur-
rent from the battery flows, as shown by arrows,
through the fuse, the accidental connection at the
socket terminal, the switch, and back to the battery.
The relatively high resistance of the lamp filament
no longer is included in the current path, and the
current will increase to a very high value. The
excessive current will almost instantly blow the
fuse. The blown fuse will protect the battery from
excessive discharge, but the real trouble still re-
mains and if a new fuse is put in it will blow just
like the first one.

Fig. 4 illustrates a short circuit, which is a cir-
cuit in which current from the source may flow
and return to the source without going through
the load. This is our third general class of circuit
troubles. A short circuit may result from any one
of many particular faults. In our testing method we
are able to determine that there is a short circuit,
and are able to determine its approximate location
in the circuit. After that it is just a case of examin-
ing parts at this location for such faults as allow
conductors on opposite sides of the circuit to come
together.

At “A” in Fig. 5 we have a one-wire circuit or
ground-return circuit. Instead of the entire circuit
being completed through insulated wires a portion
of it between the battery and lamp is completed
through any metallic supports or framework that
extend from near the battery to near the lamp. A
connection to ground is indicated by a symbol con-
sisting of several horizontal lines.

At “B” in Fig. 5 one of the wires has come off
the lamp socket and the bare end of the wire has
fallen against the metallic ground. Now current
from the battery flows, as shown by the arrows,
through the fuse and the metallic ground back to
the battery—without going through the lamp. As
you will recognize, this accidental ground is simply
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a variety of short circuit. An accidental ground
permits current to leave the source and return
to it without going through the load. This is our
fourth general class of circuit troubles.
1. Open circuits. No current in any part of the
circuit.
2. High resistances. Abnormally small current
in the circuit.
3. Short circuits. Abnormally large current until
some protective device acts.

4. Accidental grounds. A variety of short circuit

occurring through ground.

While our four classes of circuit troubles will
cover nearly all faults that affect the flow of current
in circuits, they will not cover all electrical troubles.
For example, in the case of motor troubles we
would not cover such faults as uneven air gaps,
wrong brush positions, reversed phase connections,
and many other faults. However, the great major-
ity of electrical troubles are circuit troubles, and
the simpler the equipment or device the more likely
it is that any existing fault is either an open circuit,
a high resistance, a short circuit, or an accidental
ground.

CIRCUIT TESTERS

For testing a circuit or part of a circuit that is
suspected of being in trouble we require a source
of voltage and current, also some means for indi-
cating the flow of current or the lack of it, or a
means for showing the presence of a voltage or
potential difference.

The source of voltage or of voltage and current
for testing may be the same source regularly used
for the circuit being tested. That is, for a circuit
normally operated from a power line or from the
power and light wiring in a building we might use
the same line for our testing source. For a circuit
normally operated from a battery we might use the
same battery. Of course, these sources can be used
only if they themselves are not in trouble.

Many kinds of electrical equipment which nor-
mally are operated from batteries, radio sets for
example, are conveniently tested with voltage and
current taken from a power line. Similarly any
portable appliances which may be disconnected
from the light and power circuits of the building
then may be tested with voltage and current from
the building line.

A separate source of testing voltage and current,
used only for testing, may be a battery. The bat-
tery may be connected to the tester only when
there is trouble shooting to be done, or it may be
mounted within the tester and be a self-contained
part of the testing device. Still another source is
a small hand-operated magneto, a small alternating-
current generator. Magnetos are commonly used in
telephone work, also for tests on long lines or long
circuits of any kind.

When it comes to indicators for testing voltage
and current we have a wide choice. We may use
a bell, a buzzer, an incandescent lamp, a neon lamp,

a voltmeter, a milliammeter, or a telephone receiver
of the type we call a headphone.

With the great variety of sources and indicators
for voltage and current it is possible to make up a
great many different kinds of test equipment. In a
general way the methods of recognizing open cir-
cuits, high resistances, short circuits and grounds
are the same regardless of the kind of testing equip-
ment used. Before discussing the particular advan-
tages and disadvantages of the several testers we
shall talk about the methods of making systematic
tests.

LOCATING OPEN CIRCUITS

To locate the position of an open circuit we may
proceed as in Fig. 6, where the accidental open
point is in the right-hand vertical wire. For a
tester we use a voltmeter, and for a source of
testing voltage we use the regular source which
supplies the circuit in trouble.

First, as in diagram “1,” we disconnect a circuit
wire from one side of the source, and to this side
of the source connect one of the leads from our
testing meter. Starting from the point at which the
test meter has been connected to the source we
now shall follow along the circuit, and every time
we come to a terminal or other point at which the
conductors are exposed we shall touch that point
with the free lead of the testing meter.

The first test point is the left-hand terminal of
the lamp socket. With the tester connected to this
point, as in diagram “1” of Fig. 6, the meter reads
zero. The next test point as we follow along the
circuit is the right-hand terminal of the lamp socket.
Here also the test meter reads zero, as shown by
diagram “2.”

Still following along the circuit we come next
to the right-hand terminal of the switch. With the
test lead connected here, as in diagram “3,” the
meter reads the full voltage of the source. Current
to actuate the meter flows as shown by the broken-
line arrows.

The open point in the circuit is somewhere be-
tween the last point at which the meter read zero
and the first point at which we had a voltage read-
ing. Thus we determine in which section of the
circuit there is an open.

Note that had the circuit not been disconnected
from one side of the source before commencing to
make tests there would have been a complete con-
ductive path through the circuit wiring between
the points at which the test leads are connected.
In Fig. 6 no current would flow through this path,
because of the open farther along the circuit, and
the meter still would read zero in diagram “1” and
“2” even had one end of the circuit not been dis-
connected from the source. But had the circuit been
of some more complex type, and had it been pos-
sible for some current to flow in the sections
bridged by the meter, then the meter would show
some voltage drop and the indications might be
misleading.
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In Fig. 7 we have the same kind of a circuit and
have the same open point as in Fig. 6, but instead
of using the regular circuit source for our testing
voltage we have a “self-contained” tester consisting
of a dry cell attached to and connected in series
with the testing meter. The connections and the
meter indications are exactly the same as in Fig.
6—the meter continues to read zero until we pass
the open point, then gives a voltage reading.

Fig. 8 shows what would happen if we failed to
disconnect one end of the circuit when using a
self-contained tester. With the test connections of
diagram “1” the meter would indicate voltage, with
current flowing as shown by broken-line arrows.
With the test connections of diagram “2” the meter
still would read voltage. Therefore, we would have
no means of locating the position of the open point
in the circuit—the meter would give the same in-
dications no matter where connected.

If we fail to disconnect the circuit being tested,
the test indications may or may not be reliable. If
we disconnect one end of the circuit the indications
always are reliable. Therefore, the safe thing to do
is always disconnect one end of the circuit if this
is at all possible,

Now let’s see what will happen if we proceed to
test around the circuit in a direction the opposite
of that followed in Figs. 6 and 7. This might mean
simply reversing the order of tests; commencing
with the test connections of diagrams “3,” then
making the connections of diagrams “2,” and end-
ing with those of diagram “1.” With this order of
testing the testing meter would indicate voltage
with all connections before reaching the open point,
and would read zero with all connections beyond
the open.

One order of tests would give indications just as
reliable as those with the other order, but since the
indications are reversed you would have to keep
constantly in mind the order in which you are pro-
ceeding. The more things of this kind you have to
remember the more difficult will be your work, so
it is wise to adopt one order or the other and stick
to it. Generally it is better, as shown in Figs. 6
and 7, to disconnect one end of the circuit, connect
one side of your tester at this end, then proceed
from there around the circuit. Then remember that
you get a reading after the open point has been
passed.

In Fig. 9 we have two opens in the same circuit.
One of the open points is a blown fuse, the other is
a break in the wire at the right-hand side of the
circuit. The successive test connections and the
indications are shown by the test meter positions
numbered from “1” to “5.” With test “2” we have
passed an open point in the circuit, yet still have a
zero reading of the meter. The zero reading results
from the second open point farther along in the
circuit. Tests “3” and “4” likewise will give zero
readings, but test “5” wil show voltage because we
now have passed the last open point in the circuit.

You might conclude that the only open point is
the one disclosed by test “5.” This would be the
same kind of error made by men who just “hunt”
for trouble without making systematic tests. The
thing to do in every case is to repair whatever
trouble you first locate, then repeat the tests right
through from the beginning. In the present case
the second series of tests would locate the blown
fuse, because with the connections for test “2” you
would have a voltage reading and would know that
an open point existed between tests “1” and “2.”
Having replaced the fuse you then should start over
again with the series of tests. Not until all the
tests indicate no opens should you consider the job
complete. This rule applies no matter what your
method of testing and no matter what kind of equip-
ment you are using.

The methods of testing so far discussed might be
called progressive tests, in which we connect one
side of the tester to a certain point and then progress
from that point around the circuit. With a self-
contained circuit tester, having its own battery or
other source of voltage and current, it is possible
to test each part and section of a circuit individually.

Individual tests for opens are shown by Fig. 10.
The leads from the tester are bridged across one
portion of the circuit after another until you have
gone all the way around or have located and re-
paired a trouble that permits the circuit to act
normally again. In each test the indicator will
show voltage if the parts fested are not open, and
will show no voltage if the parts are open. Current
will flow and voltage will be indicated through any
portion of the circuit that is complete, If the por-
tion tested is not complete, or is open, there can be
no current flow and no voltage will be indicated.
No voltage will be indicated because every volt-
meter takes some flow of curent in order to move
its pointer,

In Fig. 10, tests number 1, 3, 5 and 7 check sec-
tions of the wiring, and would disclose an open in
whichever section is bridged by the test leads.
Test number 2 would show up a blown fuse, test
number 4 a burned out lamp, and number 6 would
show defective contact in the switch. When making
individual tests the circuit being tested must be
disconnected from th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>