CONTENTS

Contributors . . . . . . . . . . . . . . vii

Foreword . . . . . . . . . . . . . . . xi

Preface . . . . . . . . . . . . R . . xiil
SECTION 1

RULES, REGULATIONS, AND STANDARDS

Introduction to Section 1 . . . . . . . . . . . 1-2

Part 1. FCC Administrative Procedures for AM, FM, TV, and Related

Services . . . . . . . . . . . . . 1-3
Selecting a Frequeney . . . . . . . . . . . 1-3
Applying for a Construction Permit . . . . . . . . . 1-4
Application Processing . . . . . . . . . . 1-4
Hearings . . . . . . . . . . . . . 1-4
Construction Permlt . . . . . . . . . . . . 1-5
License . . . . . . . . . . . . 1-5
Forms for Other Purposes . . . . . . . . . . . 1-5

Part 2. Frequencies Used by the Broadcast Service . . . . . . 1-7
Standard Broadcast { AM) Stations . . . . . . . . 1-7
FM Stations . . . . . . . . . . . . . . 1-12
Television Stations . . . . . . . . . . . . 1-14
Frequency Selection . . . . . . . . . . . . 1-16
Translator Stations . . . . . . . . . . 1-16
Auxiliary Broadcast Services . . . . ] . . . . 1-17
AM/FM Sectiou . . . . . . . . . . . . . 1-18
Televisiou Section . . . . . . . . 1-22
Other Frequencies of lntcrcst to Broadcasters . . . . . . o125
Frecquency Tolerances . . . 1-28
Summary of Frequencies Allonated to thc Bloadmst Seruces . . . 1-31

Part 3. Federal Communications Commission: Part 3—Radio Broadcast

Services . . . . . . . . . . . . . 1-33
Subpart A—Standard Broadcast Stations . : . . . . . . 138
Subpart B—FM Broaclcast Stations . . . . 1125
Subpart C—Noneommercial Educational FM Bmadgast Statlona . . 1-161
Subpart D—[Reserved]

Subpart E—Teclevision Broadcast Stations : . : : . . . 1174

XV



xvi Contents

Subpart F—International Broadcast Stations . . . . . .

Subpart G—CONELRAD for Standard, FM, and Television Broadcast
Stations

Subpart H— CO\TELRAD for Noncommerual Educatloml FM ancl Inter—
national Broadcast Stations

Part 4. Federal Communications Commission: Part 4—Experimental,
Auxiliary, and Special Broadcast Services

CONELRAD .

Subpart A—Experimental ToIe\ iston Bmddcast Statums .

Subpart B—Experimental Facsimile Broadcast Stations .

Subpart C—Developmental Broadcast Stations

Subpart D—Remote Pickup Broadcast Stations

Subpart E—Standard and FM Broadcast STL and FM Interuty Rehy
Stations .

Subpart F—Television Auxllmly Broad(‘ast Statlons .

Subpart G-—Television Broadcast Translator Stations

Part 5. Federal Communications Commission: Part 13—Commercial Radio
Operators .

Part 6. Federal Communications Commission: Part 17—Construction, Mark-
ing, and Lighting of Antenna Structures

Subpart A—General Information

Subpart B—Criteria for Determining \Vther Apph(‘atu)ns fm Badm Towers
Require Special Aeronautical Study

Subpart C—Specifications for Obstruction M(ukmrf and Lxghtuw of Antenna
Structures . . . . . . . . . .

Specific Criteria to Be Used by Radio/Television and Aviation Interests
Relative to Height and Location of New Antenna Structures and New
Airports—A Report by the Joint Industry/Government Tall Structures
Committee

ACC/AGA Rec(mm)enddtmns for Markmg aud Llrrhtmg

Part 7. Standards of Interest to Broadcast Engineers

Foreword

NAB Recording 1nd Reploduang Stﬂndards .

C.C.LR. Standards of Sound Recording for the lntelmtlonal E\chmge of
Programs .

Standards of the Ameumn Standmds Assouatmn

Institute of Radio Engineers Current Standardization Reports

Standards of the National Association of Broadcasters .

Reconmmended Standards of the Electronic Industries Association .

Standards of the Society of Motion Picture and Television Encnneers
(SMPTE)

Part 8. NAB Sample Transmitter Operating Logs and Pertinent FCC Rules
and Regulations

Introduction
Part 1—Pertinent Fzmta about thc Format dl‘Jd UbL of Transnntter Opemtmg
Logs .

1-254

1-258
1-259
1-263
1-267
1-271

1-278

1-283
1-290

1-312
1-313
1-316

1-317

1-324
1-352
1-8373
1-373
1-373

1-396
1-407
1-407
1-408
1-408

1-410

1-417
1-417

1-417



Contents xvii

Part II-Explanations and Illustrations of Sample Logs . . . . . 1-419

Part 9. National Bureau of Standards Standard Frequency Transmissions . 1-423

Standard Frequencies and Time Signals WWV and WWVH | . . 1-423
SECTION 2

ANTENNAS, TOWERS, AND WAVE PROPAGATION

Part 1. Wave Propagation, Radiation, and Absorption . . . . . 2-3

The Natwre of Radio-wave Propagation 2
Propagation in Free Space . . . . . . . . . . 2-
Propagation over Plane Earth 2

Propagation over Smooth Spherical Earth . . . . .24
Effcets of Hills, Buildings, Vegetation, and the Atmmphere . . . S |
Statistical Evaluation of Propagation . . . . . . .22
Sclection of Station Sites . . . . . ‘ . . 287
References . . . . . . . . . ) . . 2-39
Part 2. Design, Erection, and Maintenance of Antenna Structures . . 2-41
Introduction . . . . . . . . . . . . . 2-41
Tower Cost . . . . . . , . . . . . . 2-41
Shape of Materfal . . . . . . . . . . 244
Tower Assembly . . . . . . . . . . . . . 244
Tower Configuration . . . ‘ . . : . ) . 2-46
Tower Attachments . . . . . . . . . . . 2-48
Tower Protection . . . . . . . . . . . . 2-51
Tower Guys . . . . . . . . . . 2-53
Winds, Weather, and Hazards . . . . . . . . . ) 2-62
Insulators . . . . . . . . . . . . . . 2-67
Bonding . . . . . . . ) . . . . . 2-70
Lightning . : . . . . . . . 272
Soils, Anchors, and F(Juudatlons . . . . . . . . . 272
Tower Acceptance . . . . . . . . . 2-78
Tower Lighting . . . . . . . . . . . 2-80
Simplified Tower Design . . . . . . . . . . . 281
Part 3. Standard Broadcast Antenna Systems . . : . . . . 2-87
Preface . . ] . . . . . . . . . . . 2-87
Introduction . . . . . . . . . 2-87
The Single-tower N(m(hle(t]ona] Antemm 2-88
Two-tower Directional Antenna . . . . . . 2-97

Directional Antennas Having More than Two Towers

General Conditions and Plant Layout

Required Preadjustment Information

Multipurpose Antenma Systemis .

References .

Appendix A, Smgk tower Anttnnas

Appendix B. Two-tower Directional Antcnnds

Appendix C. Directional Antennas Having More than Two Towels

[T NI (SR (] ll\'.)l\.)[\? ]
I T =T e
>
[ia)



xviii Contents

Part 4. Maintenance of Directional Antennas . . . . . . . 2-166
Introduction . . . . . . . . . . . 2-166
General Maintenance Plocedmes . . . . . . . . . 2-168
Readjustment of Array . . . . . . . ) . . . 2-176

Part 5. Transmission Lines for Broadcast Use . . . . . . . 2-184
Introduction . . . . . . . . . . . . 2-184
Description and Appllcqhon . . . . . . . 2.185
Electrical Characteristics of Transnnssmn mes . . . . . . 2-189
Installation . . . . . . . . . . . . . . 2-198

Part 6. Antennas for FM Broadcast . . . . . . . . . 2-211
General Theory . 2-211
Field Pattern of Any Antenn1 fmm Knowledge of the Currents and Phases

of the System . . . . . . . . . . 2212
The Practical FM Tr: msnnttmg Antenn'l . . . . . . . . 2-212
Polarization . . . . . . . . . . . 2215
Side Mounting of FM Antenn'ls . . 2-215
Bandwidth, Standing-wave Ratio, and Problems lntroduced by Multlplex . 2-218
Hints for Field Tuning of FM Transmitting Antennas . . . . . 2-217
Some Antennas Currently in Production . . . . . . . . 2218

Part 7. Antennas for Television Broadcast . . . . . . . 2-221
General Information . . . . . . . . . . . . 2221
Design and Theory . . ) . . . . . . . . . 2-228
Types of Antennas . . . . . . A . . . 2-250
Antenna Tests . . . . . . . . . . . . . 2-271
Installation . . . . . . . . . . . . . . 2-273
Maintenance . . . . . . . . . . 2275
Safety in Working Ncal RF Fldds . . . . . . . . . 2275

Part 8. The Measurement of FM and TV Field Strengths (54-890 Mc¢) . 2-277
Introduction . . . . . . . . . . . . 2-277
Basic Equipment leupkb . . . . , . . . . . 2-279
Practical Field-strength Meters . . . . . . . . . . 2-280
Receiving Antennas . . . . . . . . . . . . 2-284
Antenna-supporting Mast . . . . . . . . i i . 2-284
Chart Recorder . . . . . . . . . . . . . 2-284
Power Supplies . . . . . R . . . . 2-285
Measuring Procedures and Teghmques . . . . . . . . 92.985
FCC Standard Method . . . . . . . 2-985
TASO Recommended Chanrres in FCC Procedule . . . . . . 2-286
New Method Recommended by TASO for Ficld Trials . . . . . 2-287
Recommended TASO Method for Special Studics . . . . 9-287
Practical Problems Encountered in Making Ficld-strength Surveys . . 0987
Fading of Signals Near the Radio Horizon . . . . . . . 9988
References . . . . . . . . . . . . . . 2-288

Part 9. Field-strength Measurements (540-1600 K¢) . . . . . 2990
Introduction . . . . . . . . . . . . . 2-290
Factors to Be Conmder?d . . . . . . . . . . . 2991

Radial Measurements . . . . . . . . . . . . 2.201



Contents

SECTION 3
TRANSMITTERS

Part 1. Standard Broadcast Transmitters |

Introductiou .

Continental Electromcq l\LmqucturlnfT Company Type 317B Trmsnntters
Gates Model BC-50B Transmitter

General Electric Type BT-30-A Tranxmltter

RCA Type BTA-30G Transmitter

5- and 10-kw Transmitters .

250- and 1,0000-wait Transmitters

Transmitter Maintenance .

Performance Tests

Persomnel Training

Part 2. FM Transmitters

Introduction .

Modulation Theory

Bandwidth

Noise Reduction .

Preemphasis .

Commercial FM Broadcast Eqmpment
Tndustrial Transmitters and Anteuna Company
Gates Radio Company FM Transmitter
Standard Electronics Company FM Transmitter
Radio Corporation of America FM Transmitter

Part 3. TV Broadcast Transmitters

Introduction .

Visual Tldl]bllllttt‘l—Bclbl(_ Cnuutry

Aural Transmitter—Basic Circuitry

Rectifier and Regulated Power Supplies

Control and Protective Cireuitry

A Typical Transmitier—Type TT-36- A lhrrh-dmnnc_l 50- kw Telc\ ision
System .

Instellation Conﬁldemhons .

Test and Alignment

Maintenance Considerations

Personnel Training

SECTION 4
PROGRAM-TRANSMISSION FACILITIES

Part 1. Network Facilities for Radio and Television Transmission .

General Considerations
Video-network Fucilitics
Audio-network Facilities

Part 2. TV Microwave Systems Engineering .

Introduction .

Xix

3-1

3-3
3-5
3-7
3-9
3-10
3-13
3-22
3-28
3-30
3-31

3-32

3-32
3-32
3-35
3-36
3-36
3-37
3-40
3-46
3-46
3-53

3-61

3-61
3-81
3-75
3-78
3-80

3-82
3-83
3-84
3-87
3-85

4-3
4-3
4-13
4-46
4-61
4-61



XX Contents

Wave Propagation

Fading .

Signal-level CdlCuth]OllS

System Evaluation

Multihop Evaluation

Equipment Tests and Measurements
References

Part 3. Electrical Performance Standards for Television Relay Facilities

Introduction .

Scope

Dcfinition of T elevmon Relay System .
Over-all System Performance Characteristics .

Part 4. Planning, Construction, and Operation of a Reversible Intercity
Microwave Relay System with Automatic Fault-reporting Equipment

Introduction .
Description of Systenl

Part 5. Television-signal Analysis

Introduction .

The Television Slgnal
Television Test Signals
Signal-impairment Analysis
Glossary of Television Terms

SECTION 3
COLOR-TELEVISION FACILITIES

Introduction to Section 5

Part 1. Color Fundamentals

Compatibility

Television—A System of Commumc.ltlons
The Monochrome-television System .
The Three Variables of Color

Part 2. Electronic Aspects of Compatible Color Television

Matrixing

Band Shaping .
Two-phase Moduhtlou—Genuatlon of Color Subcarrler .
Frequency Interlace .

Color-frequency Standards

The Over-all Color System

The Color-receiving System

Part 3. Color Fidelity .

Color-system Analysis .

Characteristics of the Eye .

Possible Errors in Transducers .

Possible Encoding and Decoding Dlstortlons

4-62
4-63
4-67
4-69
4-73
4-73
4-86

4-88

4-88
4-88
4-88
4-90

4-98

4-98
4-99

4-112

4-112
4-113
4-118
4-127
4-161

5-2
5-3
5-3
5-3
5-6
5-8

5-11

5-11
5-12
5-13
5-15
5-16
5-17
5-18

3-21

5-21
5-23
5-25
5-32



Contents xxi

Possible Distortions in the Transmission System . . . . ‘ . 587
State of the Art . . . . . . . . . . . . 5-47
Tolerable Color Ervors . . . . . . . . . . 548
Part 4. The Colorplexer . . . . . . . . . . . 53-30
Basic Functions . . . . . . . . . . . . 5-50
Design Features . . . . . . . . . . . 5-51
Operation of the Cohnple\er . . . . . . . . . . 553
Part 5. Factors Affecting Color-camera Performance . . . . . 5-57
“Q” and “Skew” Controls . . S . e . . 5357
Test-chart Lighting . . . . . . . . . . . . 398
Objective-lens lIriy Setting . . . . . : . . . . 5-38
Image-orthicon Operation . . . . . . . . . . 5-58
Lighting and Subject MAtermI . . . . . . . . . 564
Part 6. Color Test Equipment . . . . . . . . . . 5-66
Color Studio Test Equipment . . . . ‘ . . . . . 567
Transmitter Test Equipment . . . . . . . . . . 5-72
SECTION 6

STUDIO FACILITIES

Part 1. Planning AM/FM Studio Facilities . . . . . . ) 6-3
General Planning Considerations . . . . . ) . . 6-3
Eguipment Planning . G-4
Illow to Design the (,omhnmtmn Cmmol Room Announce Bm)th to Cl\e

Good Acoustical Performance . . . . . . . . . G-20
Roum Acoustic Design . . . . . . . . . . . 6-23
Liveness in Broadcasting . . . . . . . . . G-43
How to Improve Program Pic kupb . . . . . . . . 6-53

Part 2. Cost Estimating for Television Facilities . . . . . . G-67
Introduction . . . . . . . . . . . . 6-67
Sample Problems . . . . . . . . . . . . . 6-68

Part 3. Studio Lighting for Monochrome and Color Television . . . 6-72
Planning TV Studio-lighting Facilities . . . . . . . B8-72
Lighting Facilitics for a TV Studio . ) . . . : ) : . 6-73
Suspension Systems . . . . . . . . . . . . B-73
Electrical Distrihution . . . . . . . . : . . 6-75
Lighting-load Requirements . . . . . . . . . . 677
Budget . . . . . . . . . . . . . 6-79
Lighting (,ontlol . . . . . . . . . 6-82
Budget Prices for Lmhtmgw.onhol Svstems . . . : . . 687
TV Lighting Practice . ‘ . 6-88
General Lighting Technigues dnd Plocedmes i01 \/Ionochrome Operatlon . 6-89
Lighting Routine on the Show . . . . . . . . . . 690
Lighting Instruments . . . . . . . . . . . . 693
Equipment . . . . . R . . . . (-99

Lighting-control- qystem Termmulogy . . . . . . . . 6-99



xxii Contents

Language of Lighting . . . . . . . . . . . . 6-100
List of Reference Material . . . . . . . . . . . B6-101
Part 4. Magnetic Recording on Disc and Tape . . . . . . 8-103
Theory of Magnetic Recording . . . . . . . . 6-103
Components of Magnetic Bewrder/Reproducers . . : : : . 6-105
Recording-medium Characteristics . . . . . . . . . 6-110
Applications . . : . . : . . . . . . . . 6111
Circuit Connections . . . . . . . . . 6-113
BRecording from Single- channcl Consoles . . . . . . . . 6-114
Maintenance . . . . . . . . . . . . . 6-114
Part 5. Video-tape Recording . . . . . . . . . . 6-117
Basic Principles . . . . . . . . . . . 6-117
Recording the Television Slgnal . . . . . . . . . 6-119
The “Video-tape” Recorder . . . . . . . . . . 6-122
Cueing Video Tape . . . . . . . . . . . . 6-132
Interchangeability . . . . . . . . . . . . 6-133
The Future of TV Tape . . . . . . . . . . . 6-138
Part 6. TV Film Handling and Processing . . . . . . . . 6-139
Introduction . . . . . . . . . . . . . . 6-139
References . . . . . . . . . . . . . . 6-154
Part 7. Audio and Video Special Effects . : . . . . . . 6-155
Visual Effects . . . . . . . . . . . . . 8-155
Audio Effects . . . . . . . . . . . . . 6-170
SECTION 7

REMOTE-PICKUP FACILITIES

Part 1. A Practical 26-Mc Remote-pickup Broadcast System . . . . 7-3
Introduction . . . . . . . . . . . . ) . 7-5
Conversion . . . . . . i . . . . . . . 7-7
Installation . . . . . . . . . . . . . . 7-20
Operation . . . . . . . . . . . . . . 7-21

Part 2. A Practical 160-Mc Remote-pickup Broadcast System . . . 7-28
Conversion of the Matorola FMTRU 30 Equipment for Use in the 160-Mc

Remote-pickup Band . . . . . . 7-28
Remote-pickup Broadcast Coverage Tests on 137 93 Mc . . . . 7-39

Part 3. Rcmote-pickup Broadcast Operation on 450 Mc . . . . . 7-49

Part 4. Radio on Wheels . . . . . . . . . . . 7-54
Choice of Vehicle . . . . . . . . . . . . 734
Equipment . . . . . . . . . . . . . . 754
Optional Ttems . . . . . . . . . . . . . 7-60

Part 5. Television Remote Program Originations . . . . . . 7-62,
Equipment and Facilities . . . . . . . . . . 782

Operation of a Typical Remote . . . . . . . . . . 7-86



Part 1.

Intr

Adv

Contents

SECTION 8
MEASUREMENTS, TECIINIQUES, AND SPECIAL APPLICATIONS

The Transistor—A New Friend for the Broadcaster

oduction .
antages .

Present Limitations . .

The Transistor as a Relative of tlu Dlode .

The Transistor as a Relative of the Vacuum Tube
Low-frequency Performance of Typical Practical Circuits
Handling Hints and Precautions

Part 2.

FM

Subsidiary Multiplex Service for FM Broadcast Stations

Multiplexing .

Practical Aspeets of Multlplcxmﬂ‘

Part 3. A Compatible Single-sideband System for Standard Broadcast Stations

Compatible Single Sideband
Experience with CSSB at KDKA

Part 4. UHF Television Translators

Intr

oduction .

Signal-reception System
Translators

Are

a-coverage Problems

Installation and Maintenance
References

Part 3. Remote Control of Broadcast Stations

Intr

oduction .

A D-C Remote- Contro] System .
The Remote-control System
Conclusion

Part 6. Automalic Logging and Control of Broadcast Transmission

Intr

Parameters

oduction .

Logging Philosophy .
Automatic Logging Equipment .
Conclusion

Part 7. CONELRAD

Background .
Alert System .
Transmitter Op(.ld.thl] on CO\IELRAD (Jhdnne]:. .
Sequential Switching of Trausmitters
Over-all Capabilities

Use

of Remote-pickup kac111t1es in CONELRAD

Methods for Obtuining Equipment for CONELRAD Bmadcqst Stlt]()l]S
Bibliography

xxiii

8-3

8-3
8-4
8-4
8-5
8-6
8-12
8-14

8-16

8-16
8-28

8-34

8-34
8-41

8-33

8-53
8-54
8-57
8-71
8-77
8-82

8-83
8-83

8-108

8-108
8-109
8-110
8-122

8-123

8-123
8-126
8-137
8-140
8-143
8-143
8-135
8-156



XXiv Contents
Part 8. Lightning Protection for Broadcast Stations

“Magniphase” Protection System

Part 9. Maintenance of Television and Radio Equipment

Preventive vs. Casnal Maintenance .

Studio Preventive-maintenance Schedule .

Field Pickup ( Remote) Preventive-maintenance SLhedule
Transmitter Preventive-maintenance Schedule .

Safety

Genceral

Tests and Test Equlpment .

Life Expectancy and Operating l\otes on the Image-orthicon Types 5820

and 6474/1854
First Aid and Resuscitation Poh(,y

Part 10. The Possible Use of Facsimile in Broadcasting .

Introduction .

Transmission Maternl
Facsimile Equipment

Speed of Transmission
Svnchronization

FM Multiplexing Eqmpment

Part 11. Audiofrequency Proof-of-performance Measurements

General .
How to Make Meﬂsmementb

Part 12. Proof of Performance for a Television Station .

Why a Proof of Performance
The Performance of a Proof
The Proof of Performance .

Part 13. Audio Program Transmission Standards for Television

Introduction .

Observations and Fmdmgs
Discussion and Recommendations
Implementation

Additional Benefits

Summary

Addenda

Part 14. Stereophonic Broadcasting

Introduction

Program Sources .

Live Pickups

Use of Multiplex for Stereo

SECTION 9
CHARTS AND GRAPHS

Decibel Tables anc Graphs

8-157
8-160

8-166

8-166
5-167
8-169
8-169
§-170
§-171
8-172

8-180
8-186

8-192

8-192
8-192
8-193
8-193
8-194
8-194

8-198

8-198
8-201

8-215
8-215
8-218
8-230

8-250

§-250
8-250
8-251
§-252
8-252
8-253
8-253

8-254
8-254
8-255
8-256
8-257

9-3



Contents

Transformation of Microvolts to Dbu .
Transformation of Kilowatts to Dbk
Decibels vs. Current, Voltage, Power Ratio
Dbm vs, Watts . . . . .
Resistance Values of Sy mmetum] Attenuation Networks
Resistive Pads
Nomograph for Microphone Dlstancm in leumss Broadcdstmrr
Bridging Loss at Varfous Impedance Ratios .
Parallel-T Nomograph
Microphone Nomograph .
Frequencey vs. L, C, XL/XC .
Characteristics for Guyed Radiators of Lmh)rm CIOHS Sechon
Coaxial-line Impedance Chart
Coupling and Tuning Capacitor for Vauous Antcm)as
Application of Proximity-effect Curve
Waveguide Loss Charts .
Impedance Cliart for Parallel-line VVues
L-uetwork Design
Table for Comparison of Opcn -wire Sohd dldectl ic Lines and V\’a\ (,guld(s
Distance to Horizon vs. Height of Transmitting Antenna . .
Comparison of Radiant Energy from Fluorescent and Tungsten S()urgeq
1Icater Surge Chart
Slide-rule Short Cut to Con\ ert Elcctuml DL“I’CLb to Feet
Great-circle Distance and Bearing Calculations .
Temperature-conversion Chart
Conversion Table for Units of Length .
Transistor Characteristies for Circuit Designers .
NAB Data Concerning Tower Failures
Decimal Equivalents
Standard Metal Gauges .
Drill Sizes .
Welding Char'lcteushcs of \Ietals
Standard Symbols for Electronies .
Standard Telephone-cable Color Code .
Resistor and Capacitor Color Codes

Index follows Section 9.

XXV

9-5

9-5

9-6

9-6

9-7

9-9
9-11
9-12
9-12
9-14
9-16
9-19
9-19
9-20
9-22
9-24
9-26
9-26
9-31
9-32
9-32
9-33
9-34
9-34
9-36
9-39
9-39
9-54
9-54
9-55
9-56
9-57
9-58
9-61
9-61



