
xxiiiPREFACE

INTRODUCTION 11

11-1 Overview of AM, FM, and FM Stereo Receivers

Superheterodyne receivers 1
Amplitude modulation 2
Frequency modulation 4
AM-FM receivers 6
FM stereo 6

8Organization of This Text

10Looking Ahead

POWER SUPPLIES 132

13Objectives

Transformer Fundamentals 13

Secondary voltage and cu"~nt
Multiple secondaries 14
Power relationships 14
Isolation properties of a transformer

2-7

13

15

Filament Power Supplies 162-2

iii



Half- Wave Rectifiers 17

Basic circuit 17
Filter capacitors 17
Half-wave rectifier with filter capacitors ~
Surge current 20
Vacuum-tube half-wave rectifier 20
Filament string 21
Plate circuit 21
Filter circuit 21
Effect ofripple 22

Fu/I-Wave Rectifier Using Center-Tapped Transformer

Vacuum- Tube Fu/1- Wave Rectifier Variation 24

Use ofan inductor as a filter element 25

Bridge Rectifier 25

Regulated Power Supplies 26

Zener regulators 27
Variation in load current 28
Pass transistor regulator 29

Voltage Doublers 30

Summary 33
Problems 33
References 35

2-3

79

222-4

2-6

2-7

36VACUUM- TUBE AND SOLID-STA TE BIASING ARRANGEMENTS3

37

37

3-1

.

iv Contents



3-2

3-3 44

3-4

Contact (Grid Leak)-Biased Triode Amplifier 43

Biasing Requirements of Bipolar Junction Transistors (8JTs)

Biasing the base-emitter junction 45

Base Bias 46

Signal amplification 47
ACjunction resistance 47
Demonstration circuit 49
Input resistance to base 49
Input impedance Zinfor base bias 50
Gain formula for base bias 51
Disadvantages of the base-bias circuit 51

3-5

3-6

55

3-7

Base Bias with Emitter Feedback (BBEF) 52

Collector-cu1Tent stability 52
AC characteristics 53

Base Bias with Collector Feedback (BBCF) 53

Input impedance, Zin 54
Collector-cu1Tent stability 54
Gain dependence upon A C junction resistance

Base Bias with Collector and Emitter Feedback (BBCEFJ 55

3-8 Base Bias with Separate Supply (BBSS) 56

59

Universal Bias 57

.Input impedance 58
StabilitY oltke universal-bias arrangement
Modified universal bias 59

Universal Bias with Collector Feedback (UBCF)

Emitter Bias with Two Supplies (EBTS)

Miscellaneous Topics 63

Biasing PNP transistors 63
Relocation of ground 63
Emitter bypass capacitor 65
Erii,'tter bypass capacitance versus input impedance

Junction Field-Effect Transistors (JFETs) 67

Junction FET (JFET) 68
Drain characteristics 71
Channel material 72

60

62

67

.

Contents v



DC voltage polarities 73
FET versus BJT biasing 73

JFET Biasing Arrangements 74

Self-bias 74
DC load linefor self-biased JFET RC-coupled amplifier
Source biasing 75
Voltage-divider bias 76
Modification 77

Insulated Gate FETs-MOSFETs 77

Depletion and enhancement modes 78
Substrate 78
Dual-gate MOSFETs 80
Handling MOSFETs 80

Biasing Arrangements for MOSFETs 81

Biasing dual-gate MOSFETs 82
Summary 83
Problems 85
References 88

7_~

3-16

89AUDIO AND POWER AUDIO AMPLIFIERS4

93

97

98

99

100

101

Objectives 89

4-1 Cascaded Stages 90

4-2 Direct-Coupled Amplifiers 91

Complementary amplifier 92
DC-stabilized direct-coupled amplifier
Darlington pair 94

4-3 Amplifier Configurations 95

Common-base configuration 95
Cathode follower 96
Emitter follower ( common collector )

4-4 Tube- Type Single-Ended Power Audio Amplifiers

Output transformer 98
Plate-to-speaker impedance matching
Output circuit operation 100

4-5 BJT Single-Ended Power Audio Amplifiers

4-6 Vacuum- Tube Push-Pu// Audio Amplifiers

Contentsvi1



101

4-7

Phase inversion by interstage transformer
Output transformer core saturation
Hum rejection 103

Harmonic Distortion 104

4-8 105Phase Inverter

Phase Splitter4-9 106

4.-1n 108Solid State Transformer-Coupled Push-Pu/I Amplifier

Basic circuit 108
Crossover distortion 109
Practical circuit 110
Thermistor 111
Complete audio section 113

4-11 Output Transformer-Less (OTL) Audio Output Stage 113

4-72 114Complementary-Symmetry Amplifier

Practical circuit 115

4-13

4-14

Ouasi-Complementary Amplifier

Commercial Amplifiers 118

Second commercial amplifier
Third commercial amplifier
Summary 122
Problems 124
References 125

119
120

5 RADIO-FREQUENCY AMPLIFIERS 126

Objectives 126

5-1 126Introduction

5-2 Resonant Circuits

Frequency response
Shunt resistance
Tuned transformers

127

128

129
1?1

5-3 Triodes as RF Amplifiers 131

Miller effect 133
Grounded grid RF amplifier

5-4 Pentode RF AmIJlifiers 134

134

5-5 Gain of Triode and Pentode RF Amplifiers

"iirnnt..nt~



5-6

5-7

5-8

5-9

5-70

145

5-77

Thermal noise 146
Shot noise 146
Partition noise 146
Flicker noise 147
Semiconductor resistance noise
Noise spectrum of a transistor
Noise dependence upon bandwidth
Signal/noise ratio 148
Noisefactor 148
Noise factor of cascaded stages
Effects of noise 149
Zener regulator noise 151

1~1

147
147

14R

149

Summary

Problems

References

152

154

6 FREQUENCY CHANGERS

Objectives

1 n traduction

156

1566-7

1576-2

. 6'-3

158

Principle of Frequency Changers-Heterodyning

Basic Oscillator Circuits 158

Resonant circuits as si.s;rnal sources

VIII Contents



Simple oscillator 159
Series-fed Hartley oscillator 160
Shunt-fed Colpitts oscillator 161
Transistor versions 162

Separate Mixer-Osci//ator Frequency Changer6-4 163

6-5 PentBgrid Converters 164

168

1686-6

6-7 170

Practical circuit 166
Capacftive winding 167
Series:Jed Hartley 168
RFamplifier-converte'..

Bipolar Transistor Converters

Frequency-Changer Considerations

Oscillator drift 171
Oscillator pulling 172
Conversion transconductance 172

6-8 Frequency Changers for FM 172

6-9 Automatic Frequency Control (AFC)

Reactance Tube 174

173

176

178

17~

6-11

6-12

FM Frequency Changer with AFC

Voltage- Variable Capacitors (WC)

FM Converter with WC Type AFC

Summary 180

Problems 182

References 183

PRINCIPLES OF AMPLITUDE MODULATION 184

7-1

187
187

189
189

. 7-2

Objectives' 184

Aspects of Radio Waves 184

Frequency and wavelength
Reception ofradio waves
Field strength 188
Ionospheric effects 188
Atmospherio effects-lightning
Antennas for AM receivers

Simple Transmission System 190

Contents ix



7-3 Voice Transmission System 192

7-4 Practical AM Transmitter 194

Characteristics of an AM signal

AM sidebands 196

AM power distribution 7-5 Tuned Radio-Frequency (TRF) Receivers

Superheterodyne Receivers 200

Local oscillator radiation .

Antenna-Iocal oscillator tracking

Images and spurious responses

IF amplifier 202

Intermediate frequency selection

Summarv 203

196

100

199

?00
201

201

202

204

205

Problems

References

VACUUM- TUBE RECEIVER ANAL YSIS 2078

8-1

Objectives 207

Power Supply 207

Input circuit 209
Rectifier and filter
Hum-bucking winding

Converter 211

Oscillator 211
Output circuit 212
Converter adjustments

211

8-2

212

8-3 IF Amplifier -

Detector 214

A VC source

?13

8-4

215

8-5

8-6

8-7

8-8

215

216

First Audio Amplifier

Power Audio Amplifier

Current Analysis

Resistance Analysis 217

Contentsv



218

218

Receiver with RF Amplifier

Power suoolv

221

"one Compensation at the Volume Control 223

8-14

227

8-15

Problems 229

References 231

9 SOL/D-STATE AM RECEIVER ANAL YSIS 232

Objectives 232

9-1 232

234

Power Supply

B+ circuitrv

9-2 235Direct-coupled, single-ended audio amplifier

FirstAFamplifier 235
Tone compensation 235
Tone control 235

f Direct-coupled power amplifier

AF signalfeedback 237
OutDUt circuit 237

237

9-3 IF Amplifier. Detector. AVC

Detector and A vc
First IF amplifier
Second IF amplifier

239

239

240

240

Q-.f 241

241

Converter Stage

Output circuit

9-5 Variation: Bridge Rectifier; Push-Pull Audio 242

Contents xi



9-6

Power supply 242
First audio amplijier-driver
Tone control 244
Audio output stage 244

Variation: Transformer Power Supply;
OTL Push-Pu/l Audio Amplifier

Power supply 245
Detector 247
Audio Section 248

9-7

253

9-8

Variation: Complex Power Supply 250

Power supply 252
Converter, IF amplifier, and AF amplifier
AF amplifier 255

Variation: QuBsi-Complementary AF AMP
with Darlington Pairs 256

Power supply 256
Audio amplifier 256
DCfeedback loop 259
ACfeedback loop 260
Converter, IF, Detector, AGC 261

Summary 261

Problems 262

265INTRODUCTION TO TROUBLESHOOTING10

265Objectives

Tools. for Electronic Servicing 265

Service data 266
Receiver disassembly 266
Removing and replacing components
Soldering and desoldering devices
Light sources 268
Alignment tools 269
Chemicals 269
Miscellaneous items 269
Safety 270

Equipment Considerations 271

VTVM-VOM 271
RFProbefor VTVM 274

10-1

267
268

10-2
.

Contents
xii?



10-3

10-4

10-5

Signal generators 274
Component checkers 277
Use of VTVM as a component checker
Oscilloscope 277
Signal tracer 278

Failure Mechanisms In Tubes 278

Microphonics 279
Tube sockets 279

Failure Mechanisms in transistors 280

Ohmmeter Identification and Testing of BJTs

Procedure 281
Trick 282

Choosing Replacements for Defective Parts

Resistors 283
Control potentiometers 284
Capacitors 285
Temperature coefficient 285
Transformers 285
Solid-state devices 286

Tips on Replacing Defective Parts -~~

Volume controls 286
Top-side exchange 287
Heat sinks 287

,. Forming leads 288
Broken PC boards 289

Summary 289

P,nh/~,"~ 290

10-6

10-7 ?R"

..~_.~...~

Reference 292

11 BASIC TROUBLESHOOTING PROCEDURE 294

11_1 294

Objectives 293

Basic Troubleshooting Procedure (BTP)

Questioning the owner 294
Verify the complaint 294
Sensual examination 295
Isolation procedures 295
Replacement or repair of defective part

Contents xiii



295
296

296

297
298

198

Air check
Cleanup

Signal Injection

Audio section
IF amplifier
Front end

Signal Tracing 301

Voltage-Resistance Analysis 303

Basic circuits 303
V-R analysis of a simple power supply
Resistance analysis of leakage on B+ line

Voltage-Resistance Analysis of Tube Amplifiers

Pentode amplifier 309

Voltage-Resistance Analysis of Transistor Circuits

Universal bias with collector feedback
Universal bias 313
Base bias with emitter feedback 314

Generator Coupling to Receiver Test Points

Summary 316

Prnblems 318

304
305

306

310

311

3151'-7

321TROUBLESHOOTING TUBE- TYPE AM RECEIVERS12

Objectives 321

Symptom-Function Diagnosis 321

Filaments Do Not Light 322

Filaments Light; No Sound From Speaker 324

Low resistancefrom B+ to ground 326
Audio output troubles 326

Low-Level 60-Hz Hum from Speaker; No Static
with Volume Control at Full Volume 326

IF amplifier problem 329

Low-Level Hum; Static Present at Full Volume Setting

Circuit disturbance 330

72-7

12-2

12-3

12-4

33012-5

xiv Contents
.



12-6

Insufficient Volume with Normal Sensitivity 34312-9

12-10 Receiver Oscillations: Motorboating, Squeals, Howls

Procedure 346
Microphonic oscillations 346

Noisy Reception 347

Intermittent Problems 348

Mechanical defects 349
Thermal problems 349
Special problems 350

345

12-11

12-12

12-13 350

352

AM Receiver Alignment

General accuracy
A!ignment instructions
Typical procedure
Precautions 354

352
352

Summary

Problems

354

356

13 TROUBLESHOOTING SOLID-STA TE AM RECEIVERS 359

13-1

13-2

13-3 364

13-4

13-5

13-6

Objectives 359

Introduction 359

Dead Receivers 360

Turn-on Plop Is Present; Little Static

Turn-On Plop with Lots of Static 365

Loud 60-Hz Hum. with Volume Control CCW

Distorted Audio 368

367

Contents xv



Loss of Sensitivity 371

Insufficient Volume, Sensitivity Normal

Oscillations 375

13-7

37413-8

375Noisy Reception
376Intermittents

377Solid-State AM Receiver Alignment13-12

378Summary

379Problems

382PRINCIPLES OF FM RECEIVERS14

Objectives 382

Introduction to FM 382

Noise reduction by amplitude limiting
FM propagation 385
Antennas for FM 385
Audio fidelity of FM transmissions
Modulation index 386

384

385

387
387

388

FM Sidebands 386

Sideband frequencies
Sideband amplitudes

Superheterodyne Receivers for FM

14-4

391

Limiters 391

Sha1p-cutoffpentode limiter
Solid-state limiters 391

Phasors- Vector Representation of Sine Waves 393

Phasor addition of sine waves 394

Foster-Seely Discriminator 396

Phase relationship of primary and secondary voltages
Phasor addition of primary and

secondary voltages, fin = fc 399
k > fc 400
k <fc .400
Discriminator operation 400
Discriminator sensitivity to AM 401

74-5

14-6
397

xvi Contents



Variation 402

Ratio Detector 402

Ratio-detector response
Limiting action of ratio detector
Variation' 407

404
405

Quadrature Detectors 407

Solid-state quadrature detectors 407

407

14-10

Phase-Locked-Loop (PLL) FM Detector

Preemphasis and Deemphasis 410

Summary

Problems

411

413

415References

15 VACUUM- TUBE AM-FM RECEIVERS 416

Objectives 416

Introduction 416

FM Front End 417

FM RF amplifier 4]8

422

427

~

15-5

FM converter 419

AM Front End and AM-FM IF Sections 421

FM IF and FMdetector 421
Ratio detector 421
Function switch 422

AM-FM Front End; Common AM Converter-First FM IF

FM RFamplifier 422
FM oscillator and AFC 422
FM mixer 425
AM converter; first FM IF amplifier 425
AM converter 426
AM detector; FM limiter; F-S discriminator
AM detector 427
FM limiter 428
Discriminator 428

Separate Front-End and IF Sections 428

FM RF amplifier and mixer 428

xviiContents



FMoscillator 429
FM IF amplifiers 429
Ratio detector and tuning indicator 431

Complex IF Coupling 433

AM signal path 433
FM signal path 433

Stereo Audio Amplifier 435

Volume-balance control 435
Common cathode connection at output stages
Function switch 436

Switch s+ Power Supply 437

Summary 437

Problems 438

References 440

15-6

75-7

436

75-8

SOLID-STATE AM-FM RECEIVERS 44116

16-1

16-2

447

44916-3

16-4

76-5

76-6.

Objectives 441

Typical AM-FM Front End 441

FM RF amplifier 443
Complex coupling 444
FM converter 444

Typical AM-FM IF Section 445

First AM-FM IF amplifier 445
Second IF amplifier 445
AM detector 447
Third FM IF amplifier and ratio detector

Common AM Converter-FM First IF Amplifier

FM front end 449
First FM IF amplifier 450

Complex Coupling in IF Sections 450

Ceramic and crystal filters 452

Tuning Meter 452

Switched B+ Power Supply 456

Simple switched power supply 456

ContentsXVIII~



An unswitched power supply 456
Full-wave supply with center-tapped transformer 457

Summary

Problems

17 TROUBLESHOOTING AM-FM RECEIVERS 462

Objectives

Introduction

AM Normal; No FM

462

77- 7 462

17-2 464

17-3 AM or FM; Turn-On Plop (or Hum) Present

AM Normal; Insufficient FM Sensitivity

470

17-4 471

17-5 Oscillations on FM; AM Normal 473

17-6 Distorted Audio on FM: AM Normal 474

17-7 474Insufficient AM and FM Sensitivity

Noisy FM: AM Normal 475

FM Alignment-An Introduction

FM IF Alignment: AM- VTVM Method

Disciminator 476
Ratio detector 477

Sweep/Marker Generator Operation

Marker generators 479

Sweep/MarkerFM IF Alignment

Discriminator 481
Ratio detector 482

17-8

17-9 475

17-10 476

17-11 478

17-12 481

17-13 484FM Front-End Alignment

Summary 486

Problems 488

18 PRINCIPLES OF FM STEREO 490

Objectives 490

Compatibility Requirements18-1 490

XIXContents



Subcarrier transmissions 491
SCA 492
Direct approach to PM stereo 492

(L + R), (L -R) Scheme of Multiplexing

Special property of (L + R) and (L -R)

FM-Stereo System 495

Modulation percentages 496

Simple Balance Modulator 497

AM waveform restoration 499

492
18-2

495

78-3

18-4

516

521FM-STEREO DECODER CIRCUIT ANAL YSIS
19

Objectives 521

Typical Matrix Decoder 521

Input amplifier and cathodefollower
19-Kflz oscillator-doubler 523
Two-phase detector and matrix
FM/FM stereo switching 524

Matrix-Decoder Variation 524

19-1

523

524

.

19-2

Contents1 xx



Signal separation 524
19-KHz oscillator-doubler 526
Single-phase detector 526

Standard Time-Division Multiplex Decoder 526

MPX input amplifier and signal separation
19-KHz amplifier and doubler 528
Decoder circuit 528
Stereo Indicator 528
Mono-stereo switch 529

Bridge- Type Time-Division Decoder 529

Composite amplifier 529
Doubler, 38-KHz AMP, and indicator control
Bridge MPX detector 531
Correction 533
FM/FM stereo function switch 533

Bipolar Detector 534

FM monaural signal path 536
Typical circuit 536

Integrated-Circuit Time-Division Decoder ;.I"'

526

531

19-5

19-6 E:~7

53919-7

19-8

Phase-Locked-Loop Decoder Principles

PLL decoder 540

AM, FM, FM-Stereo Receiver 541

PM limiter/decoder, mute source
Mute amplifier 543
Mute buffer 543
PLL stereo decoder 543
AM section 544

543

544Summary

Problems 545

TROUBLESHOOTING FM-STEREO RECEIVERS 54820

548()hiprtivp.~

Introduction 548

549One Channel Inoperative on All Functions

Troubleshooting IC stages 549
.

VVIr~~.~~.~



AM Normal; FM and FM Stereo Inoperative 550

Precaution 553
One Channel Inoperative in FM-Stereo Code 554

Monaural FM Stereo 554

Nonfunctioning Stereo Indicator 558

Stereo-Decoder Alignment-An Introduction 558

Matrix-Decoder Alignment 559
Matrix-decQder alignment without stereo generator -

Time-Division-Decoder Alignment 562

Time-division-decoder alignment without a stereo generator

PLL-Decoder Alignment 563

20-4

20-5

20-6

20-7

~60

563

565

566

Summary

Problems

577INDEX

.

Contentsxxiif


